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PREFACE.

As a thoroughly practical treatise on the subject for the medical student,

Grays Anatomy, both in the original and its many succeeding editions, has long

been held in the highest esteem. In this as in pre\'ious reWsions the Editor has

endeavored to adhere to the plan as much as possible, supphing such facts and

views as the advances in the science of anatomy rendered it necessary to in-

corporate. Descriptions of undue length have been curtailed, and any difficult

passages in the text have been clarified; so that the essentials are here embodied

into a fairly complete account of the structures of the human body and their

development. It has also been the Editor's aim to achieve the utmost degree of

uniformity in the mode of treatment throughout the work.

Under the heading of Applied Anatomy many imp>ortant medical and surgical

considerations are discussed. In the use of descriptive terms, concerning which

widely different opinions prevail, the Editor has sought to take a middle course,

emploj-ing such designations as seem sanctioned by their usage in current medi-

cal literature. The Basle Nomina Anatomica Nomenclature, in italics, has been

added in parentheses, except where the two nomenclatures are identical, and the

terms are listed in the General Index. Here, also, they have been itahcized, and

thus distinguished they afford a working glossary* of the BNA system. Other

synonyms are printed in Roman tA"pe.

Illustrations have been added from original drawings and preparations, and

some from standard works, wherever it seemed that any important point could

be made more clear.

The Editor is greatly indebted to his assistants, Dr. Howard Dehoney, Demon-

strator of Anatomy, and Dr. Henr\' E. Radasch, Assistant Professor of Histology

and Embryology in the Jefferson Medical College, for valuable aid in the prepara-

tion of this rcA'ision. The Editor also wishes to thank Mr. William A. Hassett, of

Lea & Febiger, for indexing the book, for seeing it through the press, and for the

valuable aid he has ungrudginglv given.

E. A. S.
Philadelphia, 1913.
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PUBLISHERS' NOTE.

Books, like men, have characters that can be analyzed to a certain point,

but beyond or below lies a quality, subtle as life, and incapable of analysis or

imitation, which is called personality. The greater the author, and the more

intense his mental action in creating his book, the more it partakes of this ele-

ment. This principle, so clear as to be almost axiomatic, is illustrated to the

fullest extent in the work in hand. Henry Gray combined two faculties, either

one sufficient to make his name famous. He was a great anatomist and a great

teacher. He possessed a thorough knowledge of anatomy and an equal insight

into the best methods of imparting it to other minds. His text was unequalled

in clearness, and he united with it a series of incomparable illustrations. He
devised the method of engraving the names of the parts directly upon them,

thereby exhibiting at a glance not only their nomenclature, but also their posi-

tion, extent, and relations. His work, still unique in this respect, was also the

first to employ colors. Summing all, it is hardly to be wondered at that students

and teachers alike find their labors reduced and the permanence of knowledge

•increased by the use of such a book.

On its original appearance, half a century ago, it immediately took the

leading place, and it has not only maintained its position in its own subject,

but has also become the best-known work in all medical literature in the

English language. It is incomparably the greatest text-book in medicine,

measured by the numbers of students who have used it, and it is unique also

in being the one work which is certain to be carried from college to afford

guidance in the basic questions underlying practice.

The consequent demand is evidenced in the number of editions, which

collectively represent the labors of many of the leading anatomists since the

early death of its talented author. In this new re\'ision every line has been

carefully considered, any possible obscurity has been clarified, the latest acces-

sions to anatomical knowledge have been introduced, and much has been

rewritten. Care has been exercised to make the text a homogeneous, sequen-

tial, and complete presentation of the subject, sufficing for every need of the

student, physician, or surgeon.

As ample directions are given for dissecting, this volume will serve every

requirement of the student throughout his course. The new nomenclature and

that still in common use have been introduced in a manner rendering the work

universal in the prime essential of terminology. The Table of Contents is so

arranged as to give a complete conspectus of anatomy, a feature of obvious

value. The whole book is thoroughly organized in its headings and the

sequence of subjects, so that the student receives his knowledge of the parts in

their anatomical dependence.

• As a teaching instrument the new Gray's Anatomy embodies all that careful

thought and unstinted expenditure can combine in book form.
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DESCRIPTIVE AND APPLIED ANATOMY.

INTRODUCTION.

ANATOMY (ava, apart, and ziuuio, I cut) is the name given to that division

of natural science which deals with the structure or organization of living

things. Human anatomy is that division of general anatomy which applies to the

structure of man, bearing in mind the fact that man is distinguished as a sepa-

rate genus among primate mammals, an order of vertebrates.

Man, as a vertebrate, possesses an internal skeleton with a median longitudinal

axis, which is divided transversely into segments called vertebrae. This vertebral

axis (spinal column) in the habitually erect position of the human body is sup-

ported by the pelvic limbs, and is surmounted by the skull. The pelvic limbs

serve the purposes of progression, while the pectoral limbs are adapted as organs

of prehension; a distinction common to nearly all primates is the possession of

an opposable first digit or thumb. The possession of milk glands, rudimentary

in the male, but well developed and important in the female, relegates the human
species to the class of mammals.
The present work is an account of the various parts and organs of the human

body, being descriptive of their characteristics as revealed by dissection, and,

with a view toward practical application, certain parts or regions of the body

are examined in their entirety. These two methods of studying anatomy are

conventionally termed descriptive anatomy and applied or topographic anatomy.

Embryology deals with the origin and development of the body and its organs.

Histology deals with the minute structure of the tissues and organs as revealed

by the microscope. In the present work only brief accounts of the embryology

and histology of the organs are interpolated in their proper places; the minute

details must be sought for in special works upon these subjects.

The systematic consideration of the parts of the human body requires a foreword

as to the descriptive terms, nomenclature, and classification employed in anatomy.

The descriptive terms are names indicative of position and direction. Despite

the structural homologies discernible among vertebrates in general, there are

wide diflPerences regarding the natural attitude or position habitually assumed, so

that whatever is situated '* in front" in the erect man is "below" in the quadrupedal

animal. The use of terms like anterior, posterior, superior, inferior, in front of,

beneath, has given rise to great ambiguity and confusion whenever applied at one

and the same time to homologous parts in man and other vertebrates.

It is essential that the names used in designating structural parts shall be so

definite that each of the terms shall have but one signification. The study of

anatomy has been made unnecessarily difficult by a multiplicity of synonyms and

compound names, when single words would answer all requirements. Further-

more, many of the terms even now in general use are not equally applicable to

lower animals and man, a condition which constitutes a great hindrance to ana-

tomic progress. Various reforms have been proposed, chief of which has been

that of a commission of the German Anatomic vSociety, which, in 1895, formulated

a list of terms, the Basle Nomina Anatomica (BNA), which is unfortunately

3 (33)



34 DESCRIPTIVE AND APPLIED ANATOMY

replete with serious imperfections and inconsistencies. Thus while one of the

branches of the radial nerve is called the N. cutaneus brachii posterior, the nominal

suffix of two other branches of the same nerve is dorsalis. It cannot* be said

that the BNA has as yet completely displaced some of the designations in

common use to that degree which its enthusiastic advocates would wish. The
ambiguous, confusing, and vague terms will gradually fall into disuse as time

shows their inutility and better expressions achieve universal adoption.

For descriptive purposes the human body is supposed to be in the erect position,

the arms hanging by the sides and the palms of the hands directed forward.

The body, as a whole, as with most vertebrates, consists of two general divisions,

axial and appendicular; the former is the body proper (soma), the latter comprises

the limbs (membra). The middle plane of the body is called the meson, from the

Greek ro ixiaov, the middle; while mesal and mesad (ad being the Latin equiva-

lent of the English -ward) are adjectival and adverbial inflections. The mesal

plane is also the dorsoventral plane which passes approximately through the

sagittal suture of the skull, and hence any plane parallel to it is termed a sagittal

plane. A vertical plane at right angles to the mesal plane passes, roughly speaking,

through the central part of the coronal suture or through a line parallel to it;

such a plane is therefore called a coronal plane or frontal plane. A plane at right

angles to both the mesal and coronal planes is termed a transverse plane. The
terms anterior and posterior have been employed to indicate the relation of parts

to the front or back of the body, and the terms superior and inferior to signify the

relative levels of different structures; but the growing use of data derived from com-
parative anatomy and embryology in the elucidation of the human structure makes
it desirable that terms should be employed which may without ambiguity indicate

relative position in both man and animals. Thus, ventral and dorsal, cephalic and
caudal (together with their adverbial derivatives ending in -ad), are preferable and
are thus sometimes used in this edition. Lateral and laterad are general terms per-

taining to the sides of the body, while dextral and sinistral are specific terms for

right and left respectively. The terms central (centrad) and peripheral (periph-

erad) are in general use, though specially applicable to the bloodvessels and the

nerve system. The common terms "inner" and "outer," "deep" and "superfi-

cial," "beneath," "under," and so on, are too frequently ambiguous. The use of

the words ental and ectal, derived respectively from ivroc (inward) and i/roc

(outward), and their inflections entad and ectad often serve to avoid such ambi-
guity. Wherever a series of organs embraces several similar parts, bearing like

names, the general terms are combined with distinctive prefixes, as, for instance,

*Mpraspinatus and m/raspinatus. The terms proximal and distal refer to the

attached and free ends of the limbs and their parts, being preferable to the less

precise and sometimes confusing designations of upper and lower. The other

aspects (borders or sides) of each limb are variously designated by the terms
ulnar, radial, anconal, and thenar; tibial, fibular, patellar, and popliteal. It is

often convenient to speak of the flexor and extensor aspects of the limb divisions

and their bones. The designation of parts in the limbs by anterior and posterior is

still largely employed, though the demands of consistency and logic will probably
compel the adoption of substitutes more in accord with the nomenclature of com-
parative anatomy. The classification which is used in the present work is as follows

:

Osteology, or description of the bones.

Syndesmology, or description of the joints and ligaments.

Myology, or description of the muscles and fasciae.

Angiology, or description of the heart and the bloodvessels and lymph vessels.

Neurology, or description of the nerv-e system and organs of special sense.

Splanchnology, or description of the viscera, comprising the organs of respira-

tion and phonation, digestion, reproduction, excretion, and internal secretion.



OSTEOLOGY.

GENERAL AXATOJIY OF THE SKELETON.

THE general framework of the body is built up mainly of a series of bones,

supplemented, however, in certain regions by pieces of cartilage; the bony
part of the framework constitutes the skeleton.

In comparative anatomy the term skeleton has a wider application, as in some
of the lower animals hard, protective, and supporting structures are more exten-

sively distributed, being developed in association with the integumentary system.

In such animals the skeleton may be described as consisting of an internal or

deep skeleton, the endoskeleton, and an external or superficial, the exoskeleton.

In the human subject the exoskeleton is extremely rudimentary, its only important

representatives being the teeth and nails. The term skeleton is, therefore,

confined to the endoskeleton, and this is divisible into an axicd part, which includes

that of the head and trunk, and an appendicular part, which comprises that of

the limbs.

In the skeleton of the adult there are 206 distinct bones, as follows:

f Vertebral column 26
Axial 1 Skull 22

Skeleton { Hyoid bone 1

i^Ribs and sternum 25
— 74

Appendicular f Upper limbs 64

Skeleton ( Lower limbs 62
— 126

Auditor}' ossicles 6

Total 206

The patellje are included in this enumeration, but the smaller sesamoid bones

are not reckoned.

Bones are divisible, according to their shape, into four classes

—

long, short,

flat, and irregular.

Long Bones.—The long bones are found in the limbs, where they form a

system of levers, which sustain the weight of the trunk and confer the power of

locomotion and prehension. A long bone consists of a shaft and two extremities.

The shaft, or diaphysis, is a hollow cylinder, the central cavity being termed the

medullary canal; the wall consists of dense, compact tissue of considerable thickness

in the middle part of the shaft, but becoming thinner toward the extremities;

the cancellous tissue is scanty. The extremities, or epiphyses, are generally ex-

panded, for the purposes of articulation and to afford broad surfaces for muscle

attachment. They are usually developed from separate centres of ossification

termed epiphyses, and consist of cancellous tissue surrounded by a thin layer of

compact bone. The long bones are not straight, but cuned, the curve generally

taking place in two planes, thus affording greater strength to the bone. The
.
(35)



36 GENERAL ANATOMY OF THE SKELETON

bones belonging to this class are the clavicle, humerus, radius, ulna, femur, tibia,

fibula, metacarpal and metatarsal bones, and the phalanges^

Short Bones.—Where a part of the skeleton is intended for strength and

compactness, and its motion is at the same time slight and limited, it is divided

into a number of small bones united by ligaments, and the separate bones are

short and compressed, such as the bones of

the carpus and tarsus. These consist of can-

cellous tissue covered by a thin crust of com-
pact substance. The patellae also, together

with the other sesamoid bones, are by some
regarded as short bones.

Flat Bones.—Where the principal re-

quirement is either extensive protection or

the provision of broad surfaces for the at-

tachment of muscles, we find the osseous

structure expanded into broad, flat plates,

as is seen in the bones of the skull and the

scapulae. Flat bones are composed of two
thin layers of compact tissue enclosing be-

tween them a variable quantity of cancellous

tissue. In the cranial bones these layers of

compact tissue are familiarly known as the

tables of the skull; the outer table is thick

and tough; the inner table is thinner, denser,

and more brittle, and hence is termed the

vitreous table. The intervening cancellous

tissue is called the diploe. The flat bones

are: the occipital, parietal, frontal, nasal, lacri-

mal, vomer, scapula, os innominatum, sternum,

ribs, and, according to some, the patella.

Irregular Bones.—^The irregular or mixed
bones are such as, from their peculiar form,

cannot be grouped under either of the pre-

ceding 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 vertebrae, sacrum, coccjrx,

temporal, sphenoid, ethmoid, malar, maxilla,

mandible, palate, turbinated, and hyoid.

Surfaces of Bones.—If the surface of

any bone is examined, certain eminences

and depressions are seen, to which descrip-

tive anatomists have given the following

names.

These eminences and depressions are of

two kinds: articular and nonarticular. 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. Nonarticular 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 ridge, line, or crest.

E. A. S.

Fig. 1.—General view of the human skeleton.
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The nonarticular depressions are also of very variable form, and are described
as fossae, grooves, furrows, fissures, notches, sulci, etc. These nonarticular emi-
nences and depressions sene 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 grooves, fissures, and notches often transmit

vessels and nerves.

LAMCLLyC
LACUN>E
CANALICUL
HAVERSIAN
CANAL

COMPLETE
HAVERSIAN
SYSTEM

Fig. 2.—Diagram of the structure of compact bone. A small part of a transverse section of the shaft of a long
bone is shown. .\t the upp)ermost part is the periosteum covering the outside of the bone: at the lowermost
part is the endosteum lining the marrow cavity. Between these is the compact tissue, consisting largely of a
series of Haversian systems, each being circular in outline and j)erforated by a central canal. In the first one
is shown only the area occupied by a s>-stem; in the second is seen the concentric arrangement of the lamelke;
and in the others, respectively, canaliculi; lacuiue; lacunae and canaliculi; the contents of the canal, artery,
vein, lymphatic and areolar tis-sue; lamellse, lacunse, and canaliculi; and. finally, all of the structures composing
a complete system. Between the systems are circumferential and intermediate lamellae, only a few of which are
represented as lodging lacuncp. though it is to be understood that the lacunse are in all parts. The periosteum
is seen to be made up of a fibrous layer and a vascular layer, and to have upon its attached surface a stratum of
cells. From the fibrous layer project inward the rivet-like fibres of Sharpey. (F. H. Gerrish.)

A prominent process projecting from the surface of a bone which it has never
been separate from or movable upon is termed an apophysis (from d7:6(l"jac:;,

an excrescence); but if such process is developed as a separate piece from the*

rest of the bone, to which it is afterward joinAl, it is termed an epiphysis (from
i-c(/"j(T:^, an accretion). The main part of the bone, or shaft, which is formed
from the primary centre of ossification, is termed the diaphysis, and is separated,

during growth, from the epiphysis by a layer of cartilage, at which growth in

length of the bone takes place. Some bones are hollow and contain sinuses,
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which are spaces for air. Canals, or foramina, are channels or openings in bone
through which nerves or vessels pass.

Structure of Bone.—Bone is a highly specialized form of connective tissue. In reality, it is

white fibrous tissue, calcified and structurally modified until it becomes osseous tissue. Bone
is not simply a crude mass resulting from the calcification of cartilage or fibrous tissue; it is a
distinct tissue, of a definite structure, the constituent parts of which are arranged symmetrically.

There are two varieties of bone: dense or compact bone (substantia compacta), and can-
cellous, loose, or spongy bone (substantia spongiosa).

Compact bone is dense, and is always found upon the exterior of the bony tissue. Even this

apparently compact tissue is porous; it differs from cancellous bone in its greater density and in

the arrangement of its osseous substance into lamellfe. It

forms practically the entire shafts of the long bones and
constitutes the outer portion of their extremities and of the

short, flat, and irregular bones. With the exception of

enamel and dentin it represents the hardest substance of the

body, is tough and elastic, and much force is required to

break it.
* Compact bone consists of an outer membrane,

the periosteum, internal to which is seen the osseous
tissue.

The periosteum (Fig. 2) is a fibrous membrane adhering
to the surface of the bone in nearly every part except at the

cartilage-covered extremities. When strong tendons or

ligaments are attached to the bone, the periosteum is incor-

porated with them. By means of the periosteum many
vessels reach and enter the hard bone through Volkmann's
canals. This is shown by stripping the periosteum from
the surface of living bone, when small bleeding points are

seen, each of which marks the entrance of a vessel from
the periosteum. It thus becomes obvious that the loosen-

ing of the periosteum, by depriving a portion of the bone
of its nourishment, may produce necrosis. The membrane
is firmly attached to the bone by trabeculse of fibrous tissue,

Sharpey's fibres (Fig. 3), which penetrate the bone at right angles to its surface, and carry

bloodvessels. They do not directly enter the Haversian systems, but only the circumferential

and intermediate lamellae—parts that are formed by periosteal action. Prolongations from some
of these vessels reach the Haversian canals, and even the bone marrow. In the extremities of

Fig. 3.—Fibres of Sharpey from the
parietal bone (adult man) isolated by
dissociation. (After KoUiker.)

Fig. 4.—Transverse section of compart tissue of bone. Magnified about 150 diameters. (Sharpey.)

a long bone, vessels from the periosteum penetrate the layer of compact bone and reach the

cancellous tissue. In the newborn and in the young the periosteum is composed of three

layers: an outer or fibrous layer, containing some bloodvessels, and composed of bundles of

white fibrous tissue; a middle or fibroelastic layer, containing some bloodves.sels, fibrous

tissue, and much elastic tissue; and an inner or osteogenetic layer, which is very va.scular and
contains numerous cells, which are converted into osteoblasts or bone-forming cells.
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Transverse Section of Compact Bone (Fig. 4).—^The osseous tissue consists of cells,

osteoblasts, and intercellular substance arranged in lamellae. In the osseous tissue are

found Haversian systems, lacunae, canaliculi, and osteoblasts. In the middle of long bones

is a space, the medullary or marrow cavity, containing the marrow.

There are four varieties of lamellae: (1) The periosteal, peripheral, circtunferential, or

external; (2) the Haversian, or concentric; (3) the interstitial, ground, or intermediate;

and (4) the perimedullary, or internal. The periosteal lamellae are sometimes called primary,

as thev are the first to appear, and are formed by the direct transformation of the inner layer

of the" periosteum into bone. In the shaft of a long bone there are several layers of periosteal

lamellae, but no one layer is extensive enough to surround the bone completely. Lacunae and

canaliculi are present.

In the outer surface of the layeV of periosteal lamellae depressions exist that are known as

Howship's foveolae, or lacunae. These depressions are made by large cells, called osteoclasts,

which destrov lx)ne. There are no Haversian canals in this outer layer, but there are some

large channels, Volkmann's canals, that convey bloodvessels into the bone and run at right

angles to the jjeriosteal surface. Many small arteries from the periosteum enter the periphery'

boSi of the shaft and of the epiphyses.

The Haversian or concentric lamellae

are circular layers arranged around a

central space, or canal, known as the

Haversian canal. There is no fixed

number of these layers, there being

usually from five to ten. The layers of

each system are parallel to one another.

Fig. 5.—Nucleated bone cells (osteoblasts) and
their processes, contained in the bone lacunieand
their canaliculi respectively. From a section

through the vertebra of an adult mouse. (Klein

and Noble Smith.)

Fig. 6.—Combined transverse and longitudinal section of
compact bone. CH. Longitudinal Haversian canal and
ana;stomosing canals, o. Communicating with medullary
cavity. Si. Intermediate systems. Spe. Circumferential
lamellae. Spi. Perimedullary lamellae. o«. Osteoblasts.
(Poirier and Charpy.)

but the layers of different systems cross at various angles. Between these layers are small, irreg-

ular spaces called lacunae; and extending radially out from the lacunae and piercing the various
lamellae are delicate canals known as canaliculi, which connect the lacunae. The lacuna nearest

to the Haversian canal communicates with it by means of canaliculi; and canaliculi also com-
municate with other Haversian systems. The Haversian canal contains bloodvessels—an artery

or a vein, or both—and a ner%e. The vessel in the canal is covered with endothelial cells, and tne

canal itself is lined with them. The space thus formed is a lymph channel, and into these chan-
nels the canaliculi empty. Beneath the periosteum and at the periphery of the medullary cavity

there are lymph spaces that are in direct communication with the canaliculi of the Haversian
systems. In each lacuna is a bone cell—a corpuscle that almost fills the space, and sends arms,
or processes, out into the canaliculi (Fig. .5). This bone cell is an osteoblast.
The interstitial or intermediate lamellae occupy the spaces between the Haversian systems.

They represent the remains of peripheral lamellae. They are usually short and very irregular,

but possess lacunae and canaliculi, which are arranged as in the Haversian systems.
The perimedullary lamellae are irregular and few in number. They surround the marrow

cavity, and in areas may lie interrupted. Lacunae, canaliculi, and osteoblasts are present.

Lining the marrow ca\-ity surface of the bone is a membrane, the endosteum, that resembles
the perio.steum in structure, but is not quite so prominent.
The osteoblasts are irregular, flattened, stellate masses of protopla.sm, possessing a number

of processes. The protoplasm is granular, and each cell contains a large and distinct nucleus.
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Osteoblasts are met with in the deeper layer of the periosteum, in the endosteum, and in the

lacunae.

Longitudinal Section of Compact Bone (Figs. 6 and 8).—We do not see concentric rings,

as in a transverse section, but rows of lacunje parallel to the course of the Haversian canals—and

these canals apjiear like half tubes instead of circular spaces. The tulx'S are seen to branch

and communicate, so that each separate Haversian canal runs only a short distance. In other

respects the structure closely resembles that of a transverse section.

Cancellous bone is found in the interior of flat and irregular bones and forming the bulk

of the extremities of the long bones. It consists of anastomosing spicules of bone forming a

meshwork for the red marrow. The spicules have a fibrillar structure, and contain lacunae and

canaliculi, but no Haversian systems.

In the epiphyses the spicules are placed, as a rule, at right angles to the planes of the articular

surface (the lines of greatest pressure) ; these are bound together by other spicules that correspond

in direction to the planes of the articulation (the lines of greatest tension). Those spicules

nearer the marrow cavity are usually heavier and stronger (Fig. 181).
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Fig. 7.—Cells of red marrow of the guinea-pig. a-d. Myeloplaques. e-i. Marrow cells proper.
i-t. Erythroblasts, some in process of division. (Schaier.)

Marrow.—There are three varieties: red, yellow, and mucoid.
Red TOArrow \medulla ossium rubra) is found in the dij)loe of the cranial bones, in the cancellous

tissue of the vertebrae, ribs, and sternum, and in the extremities of the long bones. Red marrow
contains much less fat and is less solid than yellow marrow. It consists of a delicate net-

work of retiform connective tissue, supporting a dense capillary plexus; some fat; and numer-
ous cellular elements. Surrounding the marrow is the endosteum. The cellular elements
of red marrow (Figs. 7 and 12) comprise four main groups: (1) Marrow cells, or myelocytes,
which are granular protoplasmic masses, capable of ameboid movements, and containing large

nuclei. They are not found in normal blood, but are abundant in leukemia. (2) Small
nucleated, reddish cells called erythroblasts are found; they resemble the nucleated red cells

of the blood of the embryo; eventually by the loss of their nuclei they become normal red

blood corpuscles. (3) Nonnucleated red blood corpuscles; and (4) giant cells, containing one
or more nuclei—the osteoclasts—complete the cellular elements. In addition there are a large

number of leukocytes, or white blood cells, i. e., polynuclear cells, eosinophiles, and basophiles.

Yellow marrow is found in the shafts of long bones of adults, and differs from the preceding
in the presence of a great quantity of fat and a corresponding decrease in the number of cellular

elements.

Gelatinous or mucoid marrow is formed by the absorption of the fat and the cellular

elements of yellow marrow, and by the serous infiltration of the intercellular substance. It is

produced by starvation, old age, and certain pathologica,l conditions. Neither yellow nor
mucoid marrow are blood-cell forming in function.

Bloodvessels of Bone.—Small arteries derived from the periosteum enter Volkmann's canals
and pass to the Haversian canals and ultimately to the marrow. The cancellous tissue is sup-
plied by fewer but larger vessels, which are derived from the j^eriosteum, and which often pene-
trate the covering of the compact bone and ramify in the cavities of the spongy tissue.

The marrow is supplied by a large artery (sometimes more than one) called the nutrient
artery. It enters the bone by the nutrient foramen, which is usually near the centre of the
shaft, runs in an oblique canal through the compact substance, giving off branches to this
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structure, and entering the meduUarv cavity, sends branches toward the extremities, thus
forming capillary plexuses in the marrow. These branches communicate with branches from
the periosteal vessels. The walls of the ves.sels are very thin; the venous blood enters the
spaces of the red marrow, and the current becomes extremely slow. Small veins collect the
venous blood and emerge from the bone.

,,
- :::::' 1.:: All canals are filled

iiKii 1^ Here oiacK. Ha\ersian canals are cut longitudinaUy. ,-v 90. (Szymonowicz.)

Veins emerge from the long bones in three places: (1) One or two large veins accompany
the nutrient artery. (2) Numerous veins emerge at the articular extremities. (3) Many small
veins arise in and emerge from compact substance. The latter two classes do not accompany
arteries. The veins in the marrow and in the bone are devoid of valves; but immediatelv after
emerging from the bone they have numerous valves. In the flat cranial bones the veins are
numerous and large.

The lymphatics are chiefly periosteal; but some have been demonstrated as entering the bone,
along with the vessels, and running in the Haversian canals.

Nerves, medullated {myelinic) and nonmedullated {amyelinic), are found in bone. Thev are
distributed freely to the periosteum, and some of the fibres terminate in this structure as Pacinian
corpuscles. Xenes accompany the nutrient arteries into the interior of the bone, and also reach
the marrow from the periosteum by way of Volkmann's canals and the Haversian canals. They
certainly supply the arterial coats and possibly ramify about the osteoblasts. Nerves are most
numerous in the articular extremities of the long bone's, in the vertebrae, and the large flat bones.
Chemical Composition of Bone.—Bone consists of about 36 per cent, of animal {organic)

and about 64 per cent, of earthy (inorganic) substance intimately combinetl.
The anitnal part 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 shape as before, but per*
fectly flexible, so that a long bone (one of the ribs, for example) can easily be tied into a knot.
If now a transverse section is made, the same general arrangement of the Haversian canal^
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lamellae, lacunae, and canaliculi is seen, though not so plainly as in the ordinary section. The
animal basis is kreely composed of ossein, or fat collagen. When boiled with water, especially

under pressure, fat collagen is almost entirely resolved into gelatin.

The earthy part may be obtained by calcination, in which process the animal matter is com-
pletely burned out. The bone will still retain its original form, but it will be white and brittle,

win have lost about one-third of its original weight, and will crumble upon the slightest pressure.

The earthy matter confers on bone its hardness and rigidity, and the animal matter its tenacity.

The mineral matter consists chiefly of calcium phosphate, forming about two-thirds of the

weight of bone.

Ossification and Growth of Bone.—For the early development of t^e skeleton the

reader is referred to text-books on embryology. Embryonic connective-tissue cells of the meso-
blast develop membrane. Membrane may become
bone directly or cartilage may be deposited, which
cartilage by the process of ossification is changed into

bone. The tissue which is eventually to become bone
contains cellular elements which evolve into osteo-

blasts, or bone-forming cells. Osteoblasts exist in the

connective tissues which become bone by intramem-
branous ossification, and in the deeper layers of the

tissue called perichondrium which invests cartilage

and which becomes the osteogenetic layer of the peri-

osteum. In view of the fact that in the fetal skeleton

some bones are jireceded by membrane (parietal bones,

frontal bone, upper part of tabular portion of occipital

bone, most of the bones of the face), and others are pre-

ceded by rods of cartilage (the long bones), two kinds

of ossification are described—viz., the intramembra-
nous and the intracartilaginous.

Intramembranous Ossification.—In the case of

bones which are developed in membrane no cartilagi-

nous mould precedes the appearance of the bone tissue.

The membrane, which occupies the place of the future

bone, consists of white, fibrous connective tissue, and
ultimately forms the periosteum. At this stage it is seen

to be composed of fibres and granular cells in a matrix.

The outer portion is more fibrous, while internally the cells or osteoblasts predominate ; the whole
tissue is quite vascular. At the outset of the process of bone formation a little network of bony
spicules is first noticed radiating from the point or centre of ossification. When these rays of

Fig. 9.—Schematic diagram, showing epi-
physis and diaphysis and line of ossification.

Ep. Epiphysis of endochondral bone. zpt.

Zone of proliferation. ?c. Zone of calcifica-
tion, ca. Cartilage. (Poirier and Charpy.)

Union of—
adjacent
spicules.

Osteoblasts.

—Osteogenetic

fibres.

Calcific deposit

between the

fibres.

^ Bony
fcY:,^ " spicules.

Fig. 10.—Part of the growing edge of the developing parietal hone of a fetal cat. (After J. Lawrence.

)

growing bone are examined with a microscope they are found to consist at their growing po'wt

of a network of fine, clear fibres and granular corpuscles, with an intervening ground substance

(Fig. 10). The fibres are termed osteogenetic fibres, and are made up of fine fibrils differing
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little from from those of white fibrous tissue. Like them, they are probably deposited in the matrix
through the influence of the cells—in this case the osteoblasts. The osteogenetic fibres soon
assume a dark and granular appearance from the deposition of calcareous granules in the fibres

and in the intervening matrix, and as they calcify they are found to enclose some of the granular

Fig 11.—Longitudinal section through the second phalanx of the finger of a seven months' human embryo.
Staged m hematoxylin and eosin. X 104. A. Periosteum. B. Primary areola. C. Periosteal bone. D. Sec-
ondary areola and marrow. E. Calcareous material. F. Endochondral bone. (Siymonowicz.)

corpuscles, or osteoblasts. By the fusion of the calcareous granules the bony tissue again assumes
a more transparent appearance, but the fibres are no longer so distinctly seen. The involved
osteoblasts form the corpuscles of the future bone, the spaces in,which they are enclosed con-
stituting the lacunae. As the osteogenetic fibres grow out to the periphery they continue to
ossify and give rise to fresh bone spicules. Thus, a network of bone is formed, the meshes of

Fig. 12.^—Section through the red bone marrow of a rabbit. Biondi's stain. X 640. A. Myelocytes.
B. Exjeinophiles. C. Nucleate red blood corpuscles. D. Giant cells. E. Myelocyte. (Saymonowicz.

)

which contain the bloodvessels and a delicate connective tissue crowded with osteoblasts. The
bony trabeculse thicken by the addition of fresh layers of bone formed by the osteoblasts on their

surface, and the meshes are correspondingly encroached up)on. Subsequently successive layers

of bony tissue are def>osited imder the periosteum and around the larger vascular channels.
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which become the Haversian canals, so that the bone increases much in thickness. The process

spreads laterally to the region of the future suture, and here between the various bones a layer

of fibrous tissue, the cambium layer, is maintained until the full size of the bone is reached.

The cambium layer then ossifies and the bone ceases to grow at its edges.

Intracartilaginous Ossification.—Just before ossification begins the bone is entirely carti-

lagi^ious, and in the long bone, which may be taken as an example, the process commences in

the centre and proceeds toward the extremities, which for some time remain cartilaginous.

Subsequently a similar process commences in one or more places in those extremities and
gradually ossifies them. The extremities do not, however, become joined to the shaft by bony
tissue until growth has ceased, but are attached to it by a layer of cartilaginous tissue termed the

epiphyseal cartilage.

The first step {proliferation) in the ossification of the cartilage is that the cartilage cells, at the

point where ossification is commencing and which is termed a centre of ossification, multiply,

enlarge, and arrange themselves in rows (Fig. 11). The matrix in which they are embedded

>j

Fig. 13.—Cross-section of a developing bone of a human fetus of four months, a. Periosteum, h. Boundary
between endochondral and periosteal bone. c. Perichondral bone. d. Remains of area of calcification.
e. Endochondral bone, f, f. Bloodvessels, g, g'. Developing Haversian spaces, h. Marrow, i. Blood\-essel.
(Radasch, after Stohr's Histology.)

increases in quantity, so that the cells become further separated from each other. A deposit

of calcareous material {calcification) now takes place in this matrix, between the rows of cells,

so that they become separated from each other by longitudinal columns of calcified matrix.

These columns are connected to one another by transverse bars of calcareous substance, and
present a granular and opaque appearance. In the calcareous areas the cartilage cells repro-

duce so rapidly that a number of cells are seen in each large lacuna, or space, which is called a

primary areola. This process is succeeded by destruction of some of the columns between the

smaller spaces, forming thus a fewer number of larger spaces, the secondary areolae. Some of

the cells within the areolae disappear, others become osteoblasts, which apply themselves to the

columns and secrete a thin veneer of osseous tissue upon the calcareous matter; still others

of these cells become osteoclasts.

At the same time that this process is going on' in the centre of the solid bar of cartilage of

which the fetal bone consists, certain changes are taking place on its surface. This is covered

by a very vascular membrane, the perichondrium, entirely similar to the embryonic connective

tissue already described as constituting the basis of membrane bone, on the inner or cartilage
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surface of which the cells become osteoblasts, or bone-forming cells. By the agency of these

cells a thin layer of bony tissue is being formed between the outer membrane, now the periosteum,
and the cartilage by the intramembranous mode of ossification just described; this constitutes

the first periosteal lamella. These two processes go on simultaneously. The second stage
(vascularization) consists in the prolongation into the cartilage of processes of the deeper or
osteogenetic layer of the periosteum, these proc-esses consisting of bloodvessels and cells

—

osteoblasts, or bone formers, and osteoclasts, or bone destroyers. The latter are similar to

the giant cells (myeloplaques) found in marrow, and they excavate passages through the new-
formed bony layer by absorption, and j^ass through it into the areolae. Wherever these processes
come in contact with the calcified walls of the primary areolae they absorb it, and thus cause a
fusion of the original cavities and assist in the formation of larger spaces, which are termed the
secondary areolae (Sharpey), or medullary spaces. These secondary spaces become filled with
embryonic marrow, consisting of osteoblasts, vessels, a few leukocytes, and a few myelocvtes.
The first periosteal lamella is rapidly followed by the formation of others of the same nature,

the osteoblasts secreting the lamellae remaining between the successive layers with their pro-
cesses passing from one to the other. The spaces occupied by these cells are the lacunae and the
small channels occupied by the processes are the canaliculi. A periosteal lamella is not smooth
and regular and does not extend completely around the developing bone, but meets others
that aid in completing the circle. The irregularities are due to projecting processes of bone that
meet others and enclose small, irregu-

lar, longitudinal canals, which contain
vessels and primitive marrow, and
are the primitive Haversian canals.

These are also seen at the junctions

of the lamellae (Fig. 13). The osteo-

clasts of the primitive marrow apply
themselves to the walls of the canals

and absorb the osseous tissue until a

comparatively large and regular

canal is formed, and within this canal
the osteoblasts secrete successive

concentric layers of bone until a
small central canal alone remains
which contains a little marrow and
the vessels. This canal is the true

Haversian canal. The concentric

lamellae are the Haversian lamellae,

between which the osteoblasts remain
in their lacunae and radiating can-
aliculi. The remains of the peri-

osteal lamellae between the Haversian
systems constitute the interstitial

lamellae (Fig. 6). Within the centre

of the rod of developing bone the osteoclasts meanwhile destroy the trabeculae of calcific

material covered by osseous tissue, and thus is formed one common cavity—the beginning
of the medullary cavity. The marrow then forms one common mass in the centre of the bone,
and the surrounding fibrous tissue becomes a second periosteum, or endosteum, which sur-
rounds the marrow and secretes incomplete lamellae, thus bounding the marrow cavitv as the
perimedullary lamellae. All of the above osseous tissue is merely temporary in the growth of
the bone thickness. As can now be readily seen, the long bones increase evenly in thickness by
the periosteal method, while increase in length is due entirely to the intracartilaginous method.
Such are the changes which may be observed at one particular point, the centre of ossification.

^\ hile they have been going on here a similar process has been set up in the surrounding parts
and has been gradually proceeding toward the end? of the shaft, so that in the ossifying bone
all the changes described above may be seen in different parts, from the true bone in the centre
of the shaft to the hyaline cartilage at the extremities. The bone thus formed differs from the
bone of the adult in being more spongy and less regularly lamellated.
As more and more bone is removed by this process of absorption from the interior of the bone

to form the medullary canal, so more and more bone is deposited on the exterior by the peri-
osteum, until at length the bone has attained the shape and size which it is destined to retain
during adult life. As the ossification of the cartilaginous shaft extends toward the articular
ends it carries with it, as it were, a layer of cartilage, or the cartilage grows as it ossifies, and thus
the bone is increased in length. During this period of growth the articular end, or epiphysis,
remains for some time entirely cartilaginous; then a bony centre appears in it, and it undergoes
the same process of intracartilaginous ossification; the cancellous bone of the extremities of the
processes of the bones is never completely removed to form a single marrow cavitv, but the

FiQ. 14.—Osteoblasts trom the parietal bone of a human enbryo
thirteen weeks old. a. Bony septa with the cells of the lacuns.
b. Layers of osteoblasts, c. The latter in transition to bone cor-
puscles. (After Gegenbaur.)
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spaces become somewhat enlarged as the bones grow. The epiphyses remain separated from the

shaft by a narrow cartilaginous {cambium) layer for a definite time (Fig. 9). This layer ulti-

mately ossifies, the distinction between shaft and epiphysis is obliterated, and the bone assumes

its completed form and shape. The same remarks also apply to the processes of bone which are

separately ossified, such as the trochanters of the femur. The bones, having been formed, con-

tinue to grow until the body has acquired its full stature.

The number of ossific centres varies in different bones. In most of the short bones ossification

commences at a single point in the centre, and proceeds toward 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 epiphysis. That for the shaft is the first to appear. The union of the epiphyses

with the shaft takes place in the reverse order to that in which their ossification began, with

the exception of the fibula, and 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 forearm are directed toward

the elbow, and the epiphyses of the bones forming this joint become united to the shaft before

those at the shoulder and wrist. In the lower limb, on the other hand, the nutrient arteries

pass in a direction from the knee; that is, upward in the femur, downward in the tibia and fibula;

and in them it is observed that the upper epiphysis of the femur and the lower epiphysis of the

tibia and fibula become first united to the shaft.

Where there is only one epiphysis, the nutrient artery is directed toward that end of the bone

where there is no additional centre, as toward the acromial end of the clavicle, toward the distal

end of the metacarpal bone of the thumb and great toe, and toward the proximal end of the other

metacarpal and metatarsal bones.

Besides these epiphyses for the articular ends, there are others for projecting parts or processes,

which are formed separately from the bulk of the bone. For an account of these the reader

is referred to the description 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 medicolegal inquiries. It also aids the surgeon in the diagnosis of

many of the injuries to which the joints are liable; for it not infrequently happens that on the

apj)lication of severe force to a joint the epiphysis becomes separated from the shaft, and such

an injury may be mistaken for a fracture or dislocation.

Applied Anatomy.—It has been stated above that the bones increase first in length by ossi-

fication continuing to extend in the epiphyseal cartilage, which goes on growing in advance of

the ossifving process; and secondly in circumference by deposition of new bone from the deeper

layer of the periosteum. A thorough realization of these facts is essential to the student, when
he comes to consider the various pathological changes which affect bone. Anything which inter-

feres with the growth at the epiphyseal line will lead to a diminution in the length which the bone

should attain in adult life, and similarly anything which interferes with the growth from the

deeper layer of the periosteum will result in a disproportion in the thickness of the bone. Thus,

separation of the epiphyses, septic or tuberculous disease about the epiphyseal line, and excisions

involving the epiphyseal line, will result in varying amounts of shortening of the bone, as com-

pared with that of the opposite side; whereas separation or imperfect nutrition of the periosteum

results in defective growth in circumference.

It is thus obvious that a careful study of osseous development is of the very greatest utility

in the proper understanding of bone disease; and, moreover, that an accurate knowledge of

the blood supply of a long bone has many important bearings. The outer portion of the compact

tissue being supplied by periosteal vessels, which reach the bone through muscle attachments,

it follows that where the muscles or muscle attachments are well developed, and therefore amply
supplied with blood, the periosteum will also be well nourished and the bones proportionately

well developed in girth; this is well seen in strong, muscular men with well-marked ridges on

the bones. Conversely, if the muscle development be poor, the bones are correspondingly

thin and light, and if from any cause a Hmb has been paralyzed from early childhood, all of the

bones of that extremity are remarkable for their extreme thinness—that is to say, the periosteal

blood supply has been insufficient to nourish that membrane, and consequently very little new
osseous tissue has been added to the bones from the outside.

The best example of this condition is seen in connection with the disease known as infantile

paralysis, where a limb becomes paralyzed at a very early period of childhood, where the muscles

become flaccid and atonic, and where the blood supply is in consequence very greatly diminished.

In such cases, although the limb does continue to grow in length from the epiphyseal lines, its

length is considerably less than on the normal side, as a result of the imperfect nutrition; but the

most striking feature about all the long bones of the limb is their remarkable tenuity, little or

no addition having been made to their diameters.

In cases where the periosteum ha« been separated from the compact tissue by extensive

injury or inflammatory exudation, necrosis or death of the underlying portion of bone takes

place, due to interference with the blood supply, and the dead portion or sequestrum has to be

subsequently separated and cast off.

Cases, however, occur in which the inflammatory process affects the whole oi a great portion
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of the diaphvsis of a long bone, and here extensive necrosis of the affected portion takes place,

and the condition goes by the name of acuie infective periostitis. Where this occurs the shaft of

the bone dies verj- rapidly, especially if the singly nutrient artery be thrombosed at the same time.

The pus which has formed beneath the periosteum is set free by timely excision, or burrows to

the surface; the periosteum then falls back on the necrosed diaphysis and rapidly forms a layer

of new periosteal bone, surrounding the sequestrum. This layer is called the invducrum
and the openings in it through which the pus escapes the cloacae. When the inflammatory
process affects mainly the medullary canal, the condition is spoken of as osteomyelitis, and the

two conditions yery frequently co-exist, and then go by the name of axnde infective necrosis of
bone or acute diaphy»itis. When the medullary cayitj- is filled with pus, septic thrombosis of

the veins in the Haversian canals takes place, and there is a very great danger of septic emboli
being separated and carried into the general circulation, thus setting up a fatal pyemia. In
fact, pyemia is more frequently due to septic bone conditions than to any other cause.

In the preantiseptic days pyemia frequently resulted from amputations, when the medullary
canal of a long bone was opened by the saw cut. Osteomyelitis ensued, and if the patient sur-

vived, a tubular sequestrum of the divided shaft subsequently separated.

A proper understanding of the epiphyses is of the utmost possible importance to the student,

and greatly simplifies many of the problems in the pathologj- of bone disease.

Speaking generally, the long bones have at either end an epiphysis from the cartilage of which
growth occurs, and hence the shaft of the bone increases in length at both ends. In every case,

however, one epiphysis is the more active, and also continues in its actinty for a longer time.

This actively growing epiphysis is always the one from which the nutrient foramen in the diaphy-

sis is directed, and it unites to the shaft at a later date. It follows, therefore, that the increase

in length of a long bone is largely dependent on the epiphysis, and hence amlhing which inter-

feres with the growth from this epiphyseal line at any time prior to the union of the epiphysis

with the shaft must result in a cessation of growth in length of that bone. Ttus, when dealing

with disease in the neighborhood of this actively growing epiphysis very great care should be
taken not to excise or destroy its line of union with the shaft. Ttese epiphyses are particularly

prone to become the seat of tuberculous disease, which especially tends to attack the soft, highly

vascular cancellous tissue.

Again, the actively growing epiphyseal line is the portion of a long bone which is in the vast

majority of cases affected by tumor growth in bone, whether it be innocent or malignant, the

former (viz., osteoma) usually appearing about puberty-, and the latter (viz., sarcoma) usually

toward the end of the active period of epiphyseal growth.

Epiphyseal growth, moreover, -has to be considered by the surgeon when he is about to ampu-
tate in a child. If the amputation is being performed through a bone, the actively growing
epiphysis of which is at the upper end, and which will continue to grow for many years (i. e.,

humerus and tibia), it will be necessary to make allowance for this and to cut the flaps long; as

othenvise, owing to continued growth, the sawed end of the bone will ultimately project through

the stump, and a condition known as " conical stump" will result. This requires removal of a

further portion of the bone.

An inflammatory condition termed acute epiphysitis also occurs, although it is not so frequent

as the acute infective conditions of the diaphysis, owing to the freer blood supply of the epiphysis;

in late years it has been shown that acute epiphysitis in children is very frequently the result of

a pneumococcal infection, and it may pass on to complete separation of the epiphysis. In this

connection it is worthy of note that some of the epiphyseal lines lie entirely within the capsules

of their corresponding joints, in other cases entirely without the capsules; and it must follow

that in the former case epiphyseal disease, acute or chronic, becomes, ipso facto, practically

synomTiious with disease of that joint. The best examples of intracapsular epiphyses are those

of the head of the femur and the head of the humerus, and the vast majority' of all cases of

tuberculous disease of the hip starts as a tuberculous epiphysitis about the intracapsular

epiphyseal line of the femur; again, cases of acute septic arthritis of the shoulder- or hip-joint

generally have their origins in these intracapsular epiphyseal lines, and often result in separa-

tion of the affected epiphysis. The other class, or extracapsular epiphysitis, when diseased, do
not tend to involve the neighboring joint so readily; and it should be the surgeon's duty to keep
the disease from invol\"ing the joint. For example, the trochanteric epiphysis of the femur is

extracapsular as regards the hip-joint, and the epiphyseal line of the head of the tibia is well

below the level of the knee-joint, and should a chronic tuberculous abscess form in the latter

situation, it should be attacked from the outside before it has time to spread up and involve the

cartilage of the head of the tibia. It is, therefore, of great surgical interest to note in every case

the relations which the various epiphyseal lines bear to their respective joint capsules.
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SPECIAL ANATOMY OF THE SKELETON.

THE VERTEBRAL OR SPINAL COLUMN, OR THE SPINE
(COLUMNA VERTEBRALIS).

The vertebral column is a flexuous and flexible column formed of a series of

bones called vertebrae.

The vertebrse are thirty-three in number, and have received the names cervical,

thoracic, lumbar, sacral, and coccygeal, according to the position which they occupy;

seven are found in the cervical region, twelve in the thoracic, 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

the 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 vertebral column, as the number of bones forming it is rarely

increased or diminished.

The vertebrse in the upper three regions of the spine remain separate through-

out life, and are known as true or movable vertebrse; but those found in the sacral

and coccygeal regions are firmly united in the adult, so as to form two bones

—

five entering into the formation of the upper bone or sacrum, and four into the

terminal bone of the spine or coccyx. The fused vertebrae are known as false

or immovable vertebrse.

With the exception of the first and second cervical, the true or movable verte-

brse present certain common characteristics which are best studied by examining

one from the middle of the thoracic region.

GENERAL CHARACTERS OF A VERTEBRA.

A typic vertebra consists of two essential parts—an anterior solid segment, the

body, and a posterior segment, the arch (amis vertebrae), or the neural arch. The
arch is formed of two pedicles and two laminae, supporting seven processes—viz.,

four articular, two transverse, and one spinous.

The bodies of the vertebrae are placed one upon the other, forming a strong

pillar for the support of the skull and trunk; the arches forming a hollow

cylinder behind the bodies for the protection of the spinal cord. The different

vertebrse are connected by means of the articular processes and the intervertebral

fibrocartilages ; while the transverse and spinous processes serve as levers for the

attachment of muscles which move the different parts of the vertebral column.
Lastly, between each pair of vertebrse apertures (foramina intervertebralia) exist

through which the spinal nerves pass.

The Body (corpus vertebrae) is the largest part of a vertebra. Its upper
and lower surfaces are flattened and rough for the attachment of the intervertebral

fibrocartilages, and each presents a rim around its circumference. In front it

is convex from side to side, concave from above downward. Behind it is flat

from above downward and slightly concave from side to side. Its anterior

surface is perforated by a few small apertures, for the passage of nutrient vessels;

while on the posterior surface is a single large, irregular aperture, or occasionally

more than one, for the exit of veins, the venae basis vertebrae, from the body of

the vertebra.

Pedicles (radix arcus vertebrae).—The pedicles are two short, thick pieces

of bone, which project backward, one on each side, from the upper part of the
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body of the vertebra, at the line of junction of its posterior and lateral surfaces

and form the root of the vertebral arch. The concavities above and below

the pedicles are the superior and inferior intervertebral notches {inci&ura vertehralis

superior et inferior); they are four in number, two on each side, the inferior ones

being generally the deeper. When the vertebra? are articulated the notches of

each contiguous pair of bones form the intervertebral foramina {foramina inter-

i-ertebralia), which communicate with the vertebral canal and transmit the spinal

ners'es and bloodvessels.

Laminae.—The laminae are two broad plates of bone which complete the

neural arch by fusing together in the middle line behind. They enclose a foramen,

the spinal or vertebral foramen (foramen veriehralt), which serves for the protection

of the spinal cord, ^^^len the vertebrae are joined they form, with their ligaments,

the vertebral canal (canalis vertebralis). The laminae are connected to the body
by means of the pedicles. Their upper and lower borders are rough, for the

attachment of the ligamenta subflava.

Processes. Spinous Process {processus spinosvs).—The spinous process is

a rather long, three-sided mass of bone which projects backward from the

junction of the two laminae and may terminate in a tubercle, and senes for the

attachment of muscles and ligaments.

Articular Processes.—The articular processes (zygapophyses) , four in number,
two on each side, spring from the junction of the pedicles with the laminae. Each
superior process {processus articularis superior) projects upward, its articular sur-

face (fades articularis superior) being directed more or less backward; each

inferior process (processus articularis inferior) projects downward, its articular

surface (fades articularis inferior) looking more or less for\s'ard.^

Transverse Processes (processus transrersi)

.

—The transverse processes, two in

number, project one at each side from the point where the lamina joins the

pedicle, between the superior and inferior articular processes. They serve for

the attachment of muscles and ligaments.

The Cervical Vertebrae (Vertebrae Cervicales) (Fig. 15).

The cervical vertebrae are smaller than those in any other region of the spine,

and may be readily distinguished by the foramen in the transverse process, which

does not exist in the transverse process of either a thoracic or lumbar vertebra.

Body.—^The body is small, comparatively dense, and broader from side to

side than from before backward. The anterior and posterior surfaces are flattened

and of equal depth; the former is placed on a lower level than the latter, and its

inferior border is prolonged downward, so as to overlap the upper and fore part

of the vertebra below. Its upper surface is concave transversely, and presents

a projecting lip on each side; its loicer surface is convex from side to side, concave

from before backward, and presents laterally a shallow concavity which receives

the corresponding projecting lip of the adjacent vertebra.

Pedicles.—The pedicles are directed outward and backward, and are attached

to the body midway l)etween the upper and lower borders; so that the superior

intervertebral notch is as deep as the inferior, but it is, at the same time, narrower.

Laminae.—The laminae are narrow, long, thinner above than below, and
overlap each other, enclosing the vertebral foramen, which is verj' large, and of

a triangular form.

Processes. Spinous Process.—^The spinous process is short, and bifid at the

extremity, to afford greater extent of surface for the attachment of muscles, the

< It may. perhaps, be as well to remind ihe reader that the direction of a surface is determined by that of «
fine drawn at right angles to it.
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two divisions being often of unequal size. They increase in length from the fourth

to the seventh vertebra.

Articulax Processes.—^The articular processes are flat, oblique, and of an oval

form; the superior are directed backward and upward, the inferior forward and
downward.

Transverse Processes.—^^Fhe transverse processes are short, directed down-
ward, outward, and forward, bifid at their extremity, and marked by a groove
along the upper surface, which runs downward and outward from the superior

intervertebral notch and serves for the transmission of one of the cervical nerves.

They are situated in front of the articular processes and on the outer side of the

pedicles. The transverse processes are pierced at their bases by a foramen,
for the transmission of the vertebral artery, vein, and a plexus of sympathetic
nerves. This foramen is known as the transverse foramen, the costotransverse

foramen, and the vertebrarterial foramen {foramen transversarium). Each process

is formed by two roots—the anterior root, sometimes called the costal process,

arising from the side of the body, and the homologue of the rib in the thoracic

region of the column ; the posterior root springs from the junction of the pedicle

with the lamina, and corresponds to the transverse process in the thoracic region.

Antenor tubercle of trans-

verse process.

Costotransverseforamen for
vertebral artery and vein and

sympathetic plexus.^

Posterior tubercle of
transverseprocess.

Costal process.

Wdliody

Sphious]
I process.

Fig. 15.—Cervical vertebra.

Transverse process.

^Superior articular

process.

Inferior articular process.

It is by the junction of the two that the foramen for the vertebral vessels is formed.
The extremity of each of these roots form the anterior and posterior tubercles

of the transverse processes.

The peculiar vertebrae in the cervical regions 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.

Atlas.—^The atlas (Fig. 16) is so named because it supports the globe of the

head. The chief peculiarities of this bone are that it has neither body nor spinous

process. The 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

join in front to form the anterior arch. The atlas is ring-like, and consists of

an anterior arch, a posterior arch, and two lateral masses. The anterior arch

(arcus anterior) forms about one-fifth of the ring; its anterior surface is convex,

and presents about its centre a tubercle (tuberculum anterius), for the attachment
of the Longus colli muscle; posteriorly it is concave, and marked by a smooth,

oval facet (fovea dentis), covered with cartilage, for articulation with the odontoid

process of the axis. The upper and lower borders give attachment to the anterior

occipito-atlantal and the anterior atlanto-axial ligaments, which connect it with
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the occipital bone above and the axis below. The posterior arch (arms posterior)

forms about two-fifths of the circumference of the bone; it terminates behind
in a tubercle {tiiherciilum posterius), 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 the atlas and the

cranium. The posterior part of the arch presents above and behind a rounded
edge for the attachment of the posterior occipitoatlantal ligament, while in front,

immediately behind each superior articular process, is a groove (sulcus arteriae

tertebralis) (Fig. 16), sometimes converted into a foramen by a delicate bony
spiculum, which arches backward from the posterior extremity of the superior

articular process. These grooves represent the superior intervertebral notches,

and are peculiar in that they are situated behind the articular processes, instead

of in front of them, as in the other vertebrae. They serve for the transmission of

the vertebral artery, which, ascending through the foramen in the transverse

process, winds around the lateral mass in a backward and inward direction.

They also transmit the suboccipital (first spinal) nerve. On the under surface of

the posterior arch, in the same situation, are two other grooves, placed behind
the lateral masses, and representing the inferior intervertebral notches of other

vertebrae. They are much less marked than the superior. The lower border

Diagram of section of odontoid,
process.

Diagram of section of
ransrerse ligament.

Foramen for
vertebral artery.

Groove for vertebral artery

and 1st cervical nerve.

Rudimentary spinous process.

Fig. 16.—First cervical vertebra, or atlas.

also gives attachment to the posterior atlanto-axial ligament, which connects it

with the axis. The lateral masses (massae laterales) are the most bulky and solid

parts of the atlas, in order to support the weight of the head; they present two

articulating surfaces above and two below. Each represents one-fifth of the ring.

The superior articular surface (fovea articularis superior) of each is of large size, oval,

concave, and approaches its companion in front, but diverges from it behind; it

is directed upward, inward, and a little backward, forming a kind of cup for the

corresponding condyle of the occipital bone. The two processes are admirably

adapted to the nodding movements of the head. Not infrequently they are par-

tially subdivided by a more or less deep indentation, which encroaches upon

each lateral margin. Each inferior articular process (fades articularis inferior) is

circular in form, flattened or slightly concave, and directed downward and inward,

articulating with the axis. The inferior processes permit the rotatory movements.

Just below the inner margin of each superior articular surface is a small tubercle,

for the attachment of the transverse ligament, which, stretching across the ring

of the atlas, divides it into two unequal parts or arches; 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 vertebral

canal is of considerable size, to afl'ord space for the spinal cord ; and hence lateral
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displacement of the atlas may occur without compression of this structure. The
transverse processes are of large size, project directly outward and downward
from the lateral masses, and serve for the attachment of special muscles which
assist in rotating the head. They are long, not bifid, and perforated at their

bases by a canal for the vertebral artery, which is directed from below, upward,
and backward.

Axis.—The axis (e'pistro'pheus) (Fig. 17) is the pivot upon which the first

vertebra, carrying the head, rotates. The most distinctive character of this bone
is the strong, prominent process, tooth-like in form, which rises perpendicularly

from the upper surface of the body. The body is deeper in front than behind,

and prolonged downward anteriorly so as to overlap the upper and fore part of

the next vertebra. It presents in front a median longitudinal ridge, separating

two lateral depressions, for the attachment of the Longus colli muscles of either

side. The odontoid process presents two articulating surfaces covered with

cartilage; one in front, of an oval form, for articulation with the atlas (fades

articularis anterior) ; another behind (facies articularw posterior), for the transverse

Odonfoid process.

Rough surface for check ligaments.-

Articular surface for transverse ligament.

-

Articular surface for
atlas.

Body.

Spinous process.-

"^Transverse process.

Inferior articular process.

Fig. 17.—Second cervical vertebra, or axis.

ligament—the latter frequently encroaching on the sides of the process. The
apex is pointed, and gives attachment to the middle odontoid ligament. Below
the apex the process is somewhat enlarged, and presents on either side a rough
impression for the attachment of the lateral fasciculi of the odontoid 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. 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 laminae are thick and strong, and the spinal foramen large, but smaller

than that of the atlas. The transverse processes are very small, not bifid, and each

is perforated by the foramen for the vertebral artery, which is directed obliquely

upward and outward. The superior articular surfaces (facies articulares superiores)

are circular, slightly convex, directed upward and outward, and are peculiar

in being supported on the body, pedicles, and transverse processes. The inferior

articular surfaces (facies articulares inferiores) have the same direction as those

of the other cervical vertebrae. The superior intervertebral notches are very

shallow, and lie behind the articular processes; the inferior in front of them,

as in the other cervical vertebrae. 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.
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Seventh Cervical (Fig. 18).—The most distinctive character of this vertebra
is the existence of a very long and prominent spinous process, hence the name,
vertebra prominens. This pro-

cess is thick, nearly horizontal Body.

in direction, not bifurcated, and
gives attachment to the lower

end of the ligamentum nuchae.

The transverse process is usually

of large size, its posterior tuber-

cles are large and prominent,

while the anterior are small and
faintly marked; its upper surface

has usually a shallow groove, and
it seldom presents more than a

trace of bifurcation at its ex-

tremity. The foramen in the

transverse process is sometimes

as large as in the other cervical

vertebrae, but is usually smaller

on one or both sides, and is

sometimes absent. Usually the

vertebral artery and vein pass in Fig jg

.

front of the transverse process,

but occasionally it is traversed on both sides by these vessels, or the left one
alone may give passage to them. Occasionally the anterior root of the trans-

verse process exists as a separate bone, and attains a large size. It is then

called a cervical rib.

Sp\noits proee-v.

-Seventh cerv-ical vertebra.

The Thoracic Vertebrae (Vertebrae Thoracales).

The thoracic vejtebrae are intermediate in size between those in the cervical and
those in the lumbar region, and increase in size from above downward, the upper
vertebrae in this segment of the column being much smaller than those in the

lower part. A thoracic vertebra may be at once recognized by the presence on
each side of the body of one or more facets or half-facets for the heads of the ribs.

Bodies.—The bodies of the thoracic vertebrae resemble those in the cervical

and lumbar regions at the respective ends of this portion of the vertebral column,

but in the middle of the thoracic region their form is xery characteristic, being

heart-shaped, and as broad in the antero-posterior as in the lateral direction.

They are thicker behind than in front, flat above and below, convex and prominent
in front, deeply concave behind, slightly constricted in front and at the sides,

and marked on each side, near the root of the pedicle, by two demi-facets, one
above, the other below (fovea costalis superior et inferior). These are covered by
cartilage in the recent state, and, when articulated with the adjoining vertebrae,

form, with the intersening fibrocartilage, oval surfaces for the reception of the

heads of the corresponding ribs.

Pedicles.—The pedicles are directed backward, and the inferior intervertebral

notches are of large size, and deeper than in any other region of the spine.

Laminae.—The laminae are broad, thick, and imbricated—that is to say,

overlapping one another like tiles on a roof. The vertebral foramen is small,

and of a circular form.

Processes.—Spinous Processes.—Each spinous process is long, triangular on
transverse section, directed obliquely downward, and terminates in a tubercular
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extremity. They overlap one another from the fifth to the eighth vertebra, but

are less oblique in direction above and below.

Articular Processes.—The articular processes are flat, nearly vertical in direction,

and project from the upper and lower part of the pedicles; the superior being

directed backward and slightly outward and upward, the inferior forward and a

little inward and downward.

Superior articular process.
Demi-facet for head of rib.

Facet for tubercle of rib.

Demi-facet for head of rib.

Inferior articular process.

Tzo. 19.—A thoracic vertebra.

Transverse Processes.—^The transverse processes arise from the same parts

of the arch as the posterior roots of the transverse processes in the neck, and
are situated behind the articular processes and pedicles; they are thick, strong,

and of great length, directed obliquely backward and outward, presenting a
clubbed extremity, and having on its anterior part near its tip a small concave

surface, for articulation with the tubercle of a rib (fovea costalis transversalis).-

Besides the articular facet for the rib, three indistinct tubercles may be seen

arising from the transverse processes—one at the upper border, one at the lower

border, and one externally. In man they are of comparatively small size, and
serve only for the attachment of muscles. But in some animals they attain con-

siderable magnitude, either for the purpose of more closely connecting the segments

of this portion of the vertebral column or for muscular and ligamentous attachment.

The peculiar thoracic vertebrae are the first, ninth, tenth, eleventh, and twelfth

(Fig. 20).

First Thoracic Vertebra.—^The first thoracic vertebra presents, on each side

of the body, a single entire articular facet for the head of the first rib and a demi-
facet for the upper half of the second. The body is like that of a cervical vertebra,

being broad transversely, its upper surface is concave, and lipped on each side.

The articular surfaces are oblique, and the spinous process thick, long, and almost

horizontal.

Ninth Thoracic Vertebra.—^The ninth thoracic vertebra has no demi-facet

below. In some subjects, however, the ninth has two demi-facets on each side;

when this occurs the tenth has only a demi-facet at the upper part.

Tenth Thoracic Vertebra.—The tenth thoracic vertebra has (except in the

case just mentioned) an entire articular facet on each side, above, which is partly
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placed on the outer surface of the pedicle. It has no demi-facet below. Some-
times it has no facet on its transverse process.

( An entire facet above;

I a demi-facet below.

—A demi-facet above.

—One entire facet.

f
All entire facet.

i No facet on rudimentary
(^

transverse process.

An entire facet.

{ So facet on trans-

verse process.

J
Inferior articidar

process, convex

and turned out-

ward.

Fig. 20.—Peculiar thoracic vertebrae.

Eleventh Thoracic Vertebra.—^The body of this vertebra approaches in its

form and size that of the lumbar vertebrae. The articular facets for the heads

of the ribs, one on each side, are of large size, and placed chiefly on the pedicles,

which are thicker and stronger in this and the next vertebra than in any other

part of the thoracic region. The spinous process is short, and nearly horizontal

in direction. The transverse processes are very short, tubercular at their extrem-

ities, and have no articular facets for the tubercles of the ribs.

Twelfth Thoracic Vertebra.—The twelfth thoracic vertebra has the same

general characters as the eleventh, but may be distinguished from it by the in-
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ferior articular processes being convex and turned outward, like those of the

lumbar vertebrae; and by the fact that this vertebra resembles the lumbar vertebrae

in the general form of the body, laminae, and spinous process; and by the trans-

verse processes being shorter, and marked by three elevations, the superior,

inferior, and external tubercles, which correspond to the mammillary, accessory,

and transverse processes of the lumbar vertebrae. There is no facet on its

transverse process for the twelfth rib.

The Lumbar Vertebrae (Vertebrae Lumbales) (Fig. 21),

The lumbar vertebrae are the largest segments of the vertebral column, and can

at once be distinguished by the absence of the foramen in the transverse process,

the characteristic point of the cervical vertebrae, and by the absence of any articu-

lating facet on the side of the body, the distinguishing mark of the thoracic

vertebrae.

Supeiior articular process.

Fig. 21.—Lumbar vertebra.

Body.—^The body is large, and has a greater diameter from side to side than

from before backward, slightly thicker in front than behind, flattened or slightly

concave above and below, concave behind, and deeply constricted in front and at

the sides, presenting prominent margins, which afford a broad surface for the

support of the superincumbent weight.

Pedicles.—^The pedicles are very strong, directed backward from the upper

part of the bodies; consequently, the inferior intervertebral notches are of con-

siderable depth.

Lamina;.—The laminae are broad, short, and strong, and the vertebral foramen

triangular, larger than in the thoracic, smaller than in the cervical, region.

Processes. Spinous Processes.—^The spinous processes are thick and broad,

somewhat quadrilateral, horizontal in direction, thicker below than above, and
terminating in a rough, uneven border.

Articular Processes.—The superior articular processes are concave, and look

backward and inward; the inferior are convex, and look forward and outward;

the former are separated by a much wider interval than the latter, embracing

the lower articulating processes of the vertebra above.

Transverse Processes.—^The transverse processes are long, slender, directed

transversely outward in the upper three lumbar vertebrae, slanting a little upward
in the lower two. They are situated in front of the articular processes, instead

of behind them, as in the thoracic vertebrae, and are homologous with the ribs. Of
the three tubercles noticed in connection wnth the transverse processes of the
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twelfth thoracic vertebra, the superior one on each side becomes connected in this

region with the back part of the superior articular process, and has received the

name of mammillary process {processus ynamillaris); the inferior is represented

by a small process pointing downward, situated at the back part of the base of

the transverse process, and called the accessory process (processus accessoriu-s);

these are the true transverse processes, which are rudimentary in this region of

the spine. The external one, the so-called transverse process, is the homologue
of the rib, and constitutes the costal process (processus costariiis) (Fig. 22).

Although in man the costal processes are comparatively small, in some animals

they attain considerable size, and ser\e to lock the vertebrae more closely together.

Inferior articular

froceu

Tranmerie process

MammiUary proeeu

Aece$»ory process-

Superior articular f^
process

''

Fig. 22.—Lumbar vertebra, \-iewed obliquely.

Fifth Lumbar Vertebra.—The fifth lumbar vertebra is characterized by
having the body much thicker in front than behind, which accords with the promi-
nence of the sacrovertebral articulation; by the smaller size of its spinous process;

by the wide inter\'al between the inferior articulating processes; and by the greater

size and thickness of its transverse processes, which spring from the body as well

as from the pedicles.

Attachment of Muscles.—To the Atlas are attached nine pairs: the Longus colli, Rectus
capitis amicus minor. Rectus lateralis, Obliquus capitis superior and inferior, Splenius colli.

Levator anguli scapulae, First Intertransverse, and Rectus capitis posticus minor.

To the Axis are attached eleven pairs: the Longus colli, Levator anguli scapulae, Splenius

colli. Scalenus medius, Trans\'ersalis colli, Intertransversales, Obliquus capitis inferior, Rectus
capitis posticus major, Semispinalis colli, Multifidus spinae, Interspinales.

To the remaining vertebne, generally, are attached thirty-five pairs and a single muscle:
anteriorly, the Rectus capitis anticus major, Longus colli. Scalenus anticus, medius, and f)osticus.

Psoas magnus and parvus, Quadratus lumboriun. Diaphragm, Obliquus abdominis internus,

and Transversalis alxlominis; posteriorly, the Traf>ezius, Latissimus dorsi. Levator anguli

scapulae, Rhomboideus major and minor, Serratus posticus superior and inferior, Splenius,

Erector spinae, Iliocostalis, Longissimus dorsi. Spinalis dorsi, Cervicalis ascendens, Trans-
versalis colli, Trachelomastoid, Complexus, Biventer cervicis, Semispinalis dorsi and colli,

Multifidus spinae, Rotatores spinae, Interspinales, Supraspinales, Intertransversales, Levatores
costarum.
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The Sacral and Coccygeal Vertebrae.

The sacral and coccygeal vertebrae consist, at an early period of life, of nine

separate pieces, which are united in the adult so as to form two bones, five enter-

ing into the formation of the sacrum, four into that of the coccyx. Occasionally,

the coccyx consists of five bones/

Sacrum {os sacrum).—The sacrum is a large, triangular bone (Fig. 23),

situated at the lower part 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 in-

nominate bones; its upper part or base articulating with the last lumbar vertebra,

Fig. 23.—Sacrum, anterior surface.

its apex with the coccyx. It is composed of five segments of bone. The sacrum
is curved upon itself, and placed very obliquely, its upper extremity projecting

forward, and forming, with the last lumbar vertebra, a very prominent angle,

called the promontory (promontorium), or sacrovertebral angle; while its central

part is directed backward, so as to give increased capacity to the pelvic cavity.

It presents for examination an anterior and posterior surface, two lateral surfaces,

a base, an apex, and a central canal.

Surfaces. Anterior or Pelvic Surface (faciei pelvina).~The anterior surface

is concave from above downward, and slightly so from side to side. In the

middle are seen four transverse ridges {lineae transversae) , indicating the original

division of the bone into five separate pieces. The portions of bone intervening

' Sir George Humphry describes this as the usual composition of the coccyx. " On the Skeleton," p. 456.



THE SACRAL AND COCCYGEAL VERTEBRA 59

between the ridges correspond to the bodies o5 the vertebrae. 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 downward, are flattened from befoFe

backward, and curved so as to accommodate themselves to the form of the sacrum,

being concave in front, convex behind. At each end of the ridges above men-
tioned are seen the anterior sacral foramina (foramina sacralia anteriord), analogous

to the intenertebral foramina, four in number on each side, somewhat circular

in form, diminishing in size from above downward, and directed outward and
forward; they transmit the anterior branches of the sacral nerves and the lateral

sacral arteries. External to these fora-

mina is the lateral mass {pars lateralis),

consisting at an early period of life of

separate segments; 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 divisions of the sacral

ner%-es as they pass outward, 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 sacrum (Fig. 24), the

bodies are seen to be united at their cir-

cumference by bone, a wide inter\al being

left centrally, which, in the recent state,

is filled by intervertebral substance.

In some bones this union is more com-
plete between the lower segments than

between the upper ones.

Posterior or Dorsal Sunace (fades dor-

salis).—The posterior surface (Fig. 25)

is convex and much narrower than the

anterior. In the middle line are three

or four tubercles, which represent the rudi-

mentary spinous processes of the sacral

vertebrae. Of these tubercles, the first

is usually prominent, and perfectly dis-

tinct from the rest; the second and
third are either separate or united into a

tubercular ridge (crista sacralis media), which diminishes in size from above

downward; the fourth usually, and the fifth always, remaining undeveloped;

being undeveloped, in this situation the lower end of the sacral canal is exposed.

The gap is called the hiatus sacralis. External to the spinous processes on each

side are the laminae, broad and well marked in the first three pieces; sometimes

the fourth, and generally the fifth. External to the laminae is a Unear series of

indistinct tubercles representing the articular processes {cristae sacrales articu-

lares); the 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

on each side of the exposed part of the sacral canal and form dowTiward project-

ing processes, the sacral comua, and are connected to the cornua of the cocc\'x.

Fig. 24.—^\'ertical section of the sacnnc
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External to the articular processes are the four posterior sacral foramina (foram-

ina sacralia yosteriora) ; 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

transverse processes of the sacral vertebrae {cristae sacrales laterales). The
first pair of transverse tubercles are large, very distinct, and correspond with

each superior angle of the bone; they, together with the second pair, which are

of small size, give attachment to the horizontal part of the posterior sacro-

iliac ligament; the third gives attachment to the oblique fasciculi of the pos-

terior sacroiliac ligaments; and the fourth and fifth to the great sacrosciatic

ligaments. The interspace between the spinous and transverse processes on
the back of the sacrum presents a wide, shallow concavity, called the sacral

Erector spina.

Latissimus dorsi.

Erector spinx.

_ Upper half of fifth
posterior sacral foramen.

Fig. 25.—Sacrum, dorsolateral view.

groove; it is continuous above with the vertebral groove, and lodges the origin
of the Multifidus spinae.

Lateral Surface.—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 {fades auricnlaris),
and in the fresh state is coated with fibrocartilage. It is bounded posteriorly
by deep and uneven impressions, for the attachment of the posterior sacroiliac
ligaments. The chief prominence is called the tuberosity {tuberositas sacralis).

The lower half is thin and sharp, and terminates in a projection called the inferior

lateral angle; below this angle is a notch, which is converted into a foramen by
articulation with the transverse process of the upper piece of the coccyx, and
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transmits the anterior division of the fifth sacral nerve. This lower, sharp border

gives attachment to the greater and lesser sacrosciatic ligaments, and to some
fibres of the Gluteus maximus posteriorly, and to the Coccygeus in front.

Base {basis oss. sacri).—The base of the sacrum, which is broad and expanded,

is directed upward and forward. In the middle is seen a large oval articular

surface, which is connected with the under surface of the body of the last lumbar

vertebra by a fibrocartilaginous disk. It is bounded behind by the large, tri-

angular orifice of the sacral canal. The orifice is formed behind by the laminse

and spinous process of the first sacral vertebra: the superior articular processes

project from it on each side; they are oval, concave, directed backward and inward,

like the superior articular processes of a lumbar vertebra; and in front of each

articular process is an intervertebral notch, which forms the lower part of the

foramen between the last lumbar and first sacral vertebra. Lastly, on each side

of the large oval articular plate is a broad and flat triangular surface of bone,

which extends outward, supports the Psoas magnus muscle and lumbosacral

cord, and is continuous on each side with the iliac fpssa. This is called the ala of

the sacrum (ala sacralis) , and gives attachment to a few of the fibres of the Iliacus

muscle. The posterior part of the ala represents the transverse process of the
first sacral segment.

Apex (apex oss. sacri).,
—

^The apex, directed downward and slightly forward,
presents a small, oval, concave surface for articulation with the cocc\'x.

The Sacral Canal (canalis sacralis) runs throughout the greater part of

the bone; it is large and triangular in form above, small and flattened, from
before backward, below. In this situation its posterior wall is incomplete, from
the non-development of the laminae and spinous processes (hiaius sacralis).

It lodges the sacral nerves, and is perforated by the anterior and posterior sacral

foramina, through which these pass out. I«^ constitutes the sacral continuation

of the vertebral canal (Fig. 24).

Differences in the Sacram of the Male and Female.—The sacrum in the female
is shorter and wider than in the male; the lower half forms a greater angle with the upper, the
upper half of the bone being nearly straight, the lower half presenting the greatest amount
of curvature. The bone is also directed more obliquely backward, which increases the size

of the pelvic cavity; but the sacrovertebral angle projects less. In the male the curvature is

more evenly distributed over the whole length of the bone, and is altogether greater than in the

female.

Variations.—This bone, in some cases, consists of six pieces; occasionally the nimiber is

reduced to four. Sometimes the bodies of the first and second segments are not joined or the

laminse and spinous processes have not coalesced. Occasionally the upp>er 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 imperfect development
of the laminae and spinous processes. The sacrum, also, varies considerably with respect to

its degree of curvatm-e.

Articulations.—With /our bones: the last lumbar vertebra, cocc^'x, and the two innominate
bones.

Attachment of Muscles.—To eight pairs: in front, the Pyriformis and Coccygeus, and a
portion of the Iliacus to the base of the bone; behind, the Gluteus maximus, Latissimus dorsi,

Multifidus spinae, and Erector spinae, and sometimes the Extensor coccygis.

Coccyx (os coccygis).—^The coccyx (Fig. 26) is usually formed of four small

segments of bone, the most rudimentary parts of the vertebral column (vertebrae

coccygeae). In each of the first three segments may be traced a rudimentary

body, articular and transverse processes; the last piece (sometimes the third)

is a mere nodule of bone, without distinct processes. All the segments are desti-

tute of pedicles, laminse, and spinous processes, and consequently of interverte-

bral foramina and vertebral canal. The first segment is the largest; it resembles

the lowermost sacral vertebra, and often exists as a separate piece; the last three,
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diminishing in size from above downward, are usually blended to form a single

bone. The gradual diminution in the size of the pieces gives this bone a tri-

angular form, the base of the triangle joining the apex of the sacrum. It presents

for examination an anterior and posterior surface, two borders, a base, and an

apex.

Cornua.

Anter'ior surface. Posterior surface.

Fig. 26.—Coccyx.

Surfaces. Anterior Surface.
—

^The anterior surface is slightly concave and
marked with three transverse grooves, indicating the points of junction of the differ-

ent pieces. It has attached to it the anterior sacrococcygeal ligament and Levator

ani muscle, and supports the lower end of the rectum.

. Posterior Surface.—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 vertebrae.

Of these, the superior pair are large, and are called the cornua of the coccyx (cornua

coccyged) ; they project upward, and articulate with the cornua of the sacrum, the

junction between these two bones completing the fifth posterior sacral foramen for

the transmission of the posterior division of the fifth sacral nerve.

Borders.—The lateral borders are thin, and present a series of small emi-

nences, which represent the transverse processes of the coccygeal vertebrae. Of
these, the first on each side is the largest, flattened from before backward, and often

ascends to join the lower part of the thin lateral edge of the sacrum, thus completing

the fifth anterior sacral foramen for the transmission of the anterior division

of the fifth sacral nerve; the others diminish in size from above downward, and
are often wanting. The borders of the coccyx are narrow, and give attachment on

each side to the sacrosciatic ligaments, to the Coccygeus muscles in front of the

ligaments, and to the Gluteus maximus behind them.

Base.—The base presents an oval surface for articulation with the sacrum.

Apex.—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

the other side.

Articulation.—With the sacrum.
Attachment of Muscles.

—

Tofour pairs and one single muscle: on either side, the Coccygeus;
behind, the Gluteus maximus and Extensor coccygis, when present; at the a})ex, the Sphincter
ani; and in front, the Levator ani.

Structure of the Vertebrae.—The body is composed of light, spongy, cancellous tissue,

having a thin coating of compact tissue on its external surface perforated by numerous orifices

of various sizes for the passage of vessels; its interior is traversed by one or two large canab
(for the transmission of veins), which converge toward a single large, irregular aperture or several
small apertures at the posterior part of the body of each bone. The arch and processes pro-
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jecting from it have, on the oontrarv, an exceedingly thick covering of compact tissue (Fig.

27).

The sacrum and coccyx consist mainly of spongy bone covered by a thin layer of compact
bone.

Fig. 27.—Bony structure of a lumbar vertebra. (Poirier and Charpy.)

Development.—Each vertebra is formed of four primary centres of ossification (Fig. 28),
one for each lamina and its processes, and two for the body.* Ossification commences in the
laminae about the sixth week of fetal life, in the situation where the transverse processes afterward
project, the ossific granules spreading backward to the spine, forward into the pedicles, and out-
ward into the transverse and articular processes. Ossification in the body commences in the
middle of the cartilage about the eighth week by two closely approximated centres, which speedily
coale^^e to form one central ossific point. According to some authors, ossification commences
in the laminje only in the upper vertebrsb—i. e., in the cervical and upp)er thoracic. The first

ossific points in the lower vertebrae are those which are to form the body, the osseous centres

for the laminae appearing at a subsequent period. At birth these three pieces are entirely sepa-
rate. During the first year the laminae become united behind, the union taking place first in

the lumbar vertebrse and then extending upward through the thoracic and lower cersical verte-

brae. About the third year the body is joined to the arch on each side in such a manner that the

body is formed from the three original centres of ossification, the amount contributed by the
pedicles increasing in extent from below upward. Thus, the bodies of the sacral vertebrae are

formed almost entirely from the central nuclei; the bodies of the lumbar are formed laterally

and behind by the pedicles; in the thoracic region the pedicles advance as far forward as the

articular depressions for the head of the ribs, forming these cavities of reception; and in the neck
the lateral portions of the lx)dies are formed entirely by the advance of the pedicles. The line

along which union takes place between the body and the neural arch is named neurocentral
suture. Before puberty no other changes occur, excepting a gradual increase in the growth
of these primary centres; the upper and under surfaces of the bodies and the ends of the transs'crse

and spinous processes being tipped with cartilage, in which ossific granules are not as yet de-

posited. At sixteen years (Fig. 30) three secondary centres appear, one for the tip of each trans-

verse process, and one for the extremity of the spinous process. In some of the lumbar vertebrae,

especially the first, second, and third, a second ossifying centre appears at the base of the spinous

process. At twenty-one years (Fig. 29) a thin, circular, epiphyseal 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. These represent two additional secondary centres of ossification. All

these become joined, and the bone is completely formed between the twenty-fifth and thirtieth

year of life.

Exceptions to this mode of development occur in the first, second, and seventh cervical, and
in the vertebrae of the lumbar region.

Atlas (Fig. .31).—The niunber of centres of ossification of the atlas is quite variable. It

may be developed from two, three, four, or five centres. The most frequent method is from

three centres. Two of these are destined for the two lateral or neural masses, the ossification

of which commences about the seventh week near the articular processes, and extends backward;

these portions of bone are separated from one another behind, at birth, by a narrow interval

filled in with cartilage. Between the third and fourth years they unite either directly or through

the medium of a separate centre developed in the cartilage in the median fine. The anterior

' By many observers it is asserted that the bodies of the vertebra are developed from a single centre which
speedily becomes bilobed. so as to give the appearance of two nuclei; but that there are two centres, at all events
sometimes, is evidenced by the facts that the two halves of the body of the vertebra may remain distinct

throughout life, and be separated by a fissure through which a protrusion of the spmal membrane may take
place, constituting an anterior spina bifida.
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arch, at birth, is aUogether cartilaginous, and in this a separate nucleus appears about the end
of the first year after birth, and, extending laterally, joins the neural processes in front of the pedi-

cles. Sometimes there are two centres developed in the cartilage, one on either side of the median
line, which join to form a single mass.

By Jf primary centres.

body 1 8th week).

1 for each lamina (6th week).

Fig. 28.—Development of a vertebra.

B)/ 2 additional plates.

1 for upper surface

of body,

1 for under surface

of body.

Fig. 29

21 years.

By Jt secovdary centres.

1 for each trans-

verse process,

16 years.

S {sometimes 1) for spinous process (16 years).

Fig. 30

centres.

anterior arch (1st year),

not cynstant.

1 for each

lateral «ias«

Fig. 31.—Atlas.

before birth.

By 7 centres.

Zd year.

6th month.
1 for each lateral mass.

1 for body (4th month).

1 for under surface of
body.

Fig. 32.—Axis.

S additional centres.

for tubercles on superior articular process.

Fio, 33.—Lumbar vertebra.

And occasionally there is no separate

centre, but the anterior arch is formed
by the gradual extension forward and
uhiraate junction of the two neural pro-
cesses.

Axis.—The axis (Fig. 32) is developed
by seven centres, jive primary and two
secondary. The body and arch of this

bone are formed in the same manner as
the corresponding parts in the other
vertebrse: one centre (or two, which
speedily coalesce) for the lower part of

the body, and one for each lamina.

The centres for the laminte appear
about the seventh or eighth week, that

for the body about the fourth month.
The odontoid process consists originally

of an extension upward of the cartilagi-

nous mass in which the bwer part of the

body is formed. At about the sixth

month of fetal life two centres make
their appearance in the ba.se of this ])ro-

cess; they are placed laterally, and join

before birth to form a conical bilobed

mass deeply cleft above; the interval be-

tween the cleft and the summit of the

process is formed by a wedge-shaped
piece of cartilage, the base of the process

being separated from the body by a car-

tilaginous interval, which gradually be-
comes ossified at its circumference, but
remains cartilaginous in its centre until

advanced age. Finally, the apex of the

odontoid process has a separate (second-

ary) centre, which appears in the second
year and joins about the twelfth year.

In addition to these there is a secondary
centre for a thin epiphyseal j^late on the
under surface of the body of the bone.

Seventh Cervical.—The anterior or
costal part of the transverse process of the

seventh cervical is developed from a
separate osseous centre at about the
sixth month of fetal life, and joins the
body and posterior division of the trans-

verse process between the fifth and sixth

years. In rare instances this process

continues as a separate piece, and, be-

coming lengthened outward, constitutes

what is known as a cervical rib. This

separate ossific centre for the costal

process has also been found in the fourth,

fifth, and sixth cervical vertebrae.

Lumbar Vertebrae. — The hunbar
vertebrse (Fig. 33) have two additional

centres (besides those peculiar to the

vertebrse generally) for the mammillary
tubercles, which project from the back
part of the superior articular proces.ses.

The transverse process of the first

lumbar is sometimes developed as a
separate piece, which may remain per-
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manently unconnected with the remaining portion of the bone, thus forming a lumbar rib—a
peculiarity.

The sacrum, formed by the union of five vertebrae, has thirty-five centres of ossification.

The bodies of the sacral vertebrae have each three ossific centres—one for the central part,

and one for the epiphyseal plates on its upper and under surface. Occasionally the primary
centres for the bodies of the first and second piece of the sacriun are double. The arch of each
sacral vertebra is developed from two centres, one for each lamina. These unite with each other
behind, and subsequently join the body.

The lateral masses have sLx additional centres, two for each of the first three vertebrae. These
centres, representing costal elements, make their app>earance above and to the outer side of

the anterior sacral foramina (Fig. 34), and are developed into separate s^ments (Fig. 35);

they are subsequently blended with each other, and with the bodies and transverse processes

to form the lateral mass.

Lastly, each lateral surface of the sacriun is developed from two epiphyseal plates (Fig. 36)

—

one for the auricular siu-face, and one for the remaining part of the thin lateral edge of the bone.

Additional centres

for the lirsi three pieces.

Two epiphysial lamtnx
for each lateral surface.^

At birth.

At 4i tffars.

Fig. 34.—Development of the sacrum. Fig. 35 Fig. 36

Centre for
neural arch.

Centre for
neural arch.

Costal
Element.

Period of Development.—At about the eighth or ninth week of fetal life ossification of the
central part of the bodies of the first three vertebrae commences, and between the fifth and
eighth months in the last two. Between the sixth and eighth months ossification of the laminae
takes place; and at about the same period the centres for the lateral masses for the first three sacral

vertebrae make their appearance. The period at which the arch becomes completed by the junc-
tion of the laminae with the bodies in

front and with each other behind varies

in different segments. The junction

between the laminae and the bodies takes

place first in the lower vertebrae as early

as the second year, but is not effected in

the uppermost until the fifth or sixth year.

.\bout the sixteenth year the epiphyses

for the upper and under surfaces of the

bodies are formed, and between the

eighteenth and twentieth years those for

each lateral surface of the sacrum make
their appearance. The bodies of the

sacral vertebrae are, during early life,

separated from each other by intervertebral disks. At about the eighteenth year the two
lowest segments become joined by ossification extending through the disk. This process

gradually extends upward until all the segments become united, and the bone is completely

formed from the twenty-fifth to the thirtieth year of life.

The cocc3rx is developed from four centres, one for each piece. Occasionally one of the first

three pieces of this bone is develo|)ed from two centres, placed side by side. The ossific nuclei

make their appearance in the following order: In the first s^jment, between the first and fourth

years; in the second piece, at from five to ten years; in the third, from ten to fifteen years; in the

fourth from fourteen to twenty years. As age advances these various segments become united

with each other from below upward, the union between the first and second s^rments being fre-

quently delayed until after the age of twenty-five or thirty. At a late period of life, especially in

females, the coccyx often becomes ankylosed to the end of the sacrum.

Lateral
epiphysis.

Base of sacrum at an early stage.
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I'iG. 38.—Lateral view of the vertebral column.

The Vertebral Column as a Whole.

The vertebral column (columna verte-

hralis), formed by the interarticulation of

the vertebrae, is situated in the median line,

in the posterior part of the trunk; its average

length is about two feet two or three inches

(65 to 67.5 cm.), measuring along the curved
anterior surface of the column. Of this

length, the cervical part measures about
five, the thoracic about eleven, the lumbar
about seven inches, and the sacrum and
coccyx the remainder. The female column
is about one inch less than that of the male.

Viewed laterally (Fig. 38), the spinal

column presents several curves which cor-

respond to the different regions of the

column, and are called cervical, thoracic,

lumbar, and pelvic. The cervical ciirve

commences at the apex of the odontoid

process, and terminates at the middle of

the second thoracic vertebra; it is convex
in front, and is the least marked of all

the curves. The thoracic curve, which is

concave forward, commences at the middle
of the second, and terminates at the middle
of the twelfth thoracic vertebra. Its most
prominent point behind corresponds to the

spine of the seventh thoracic vertebra. The
lumbar curve commences at the middle of

the last thoracic vertebra, and terminates

at the sacrovertebral angle. It is convex
anteriorly; the convexity of the lower three

vertebrae being much greater than that of

the upper two. The pelvic curve com-
mences at the sacrovertebral articulation

and terminates at the point of the coccyx.

It is concave anteriorly. The thoracic and
pelvic curves are the primary curves, and
begin to be formed at an early period of

fetal life, and are due to the shape of the

bodies of the vertebrae. The cervical and
lumbar curves are compensatory or sec-

ondary, and are developed after birth in

order to maintain the erect position. They
are due mainly to the shape of the in-

tervertebral disks. Not uncommonly the

thoracic portion of the vertebral column

—

even in healthy persons—deviates toward

the right. This is due to the position of

the heart and of the arch of the aorta.

The movable part of the vertebral column
presents for examination an anterior, a pos-

terior, and two lateral surfaces; a base, a

summit, and the vertebral canal.
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Surfaces.—The anterior or ventral surface presents the bodies of the vertebrae

separated in the recent state by the interv'ertebral disks. The bodies are broad

in the cervical region, narrow in the upper part of the thoracic, and broadest in

the himbar region. The whole of this surface is convex transversely, concave

from above downward in the thoracic region, and convex in the same direction

in the cervical and lumbar regions.

The posterior or dorsal surface presents in the median line the spinous pro-

cesses. These are short, horizontal, with bifid extremities, in the cerv'ical region.

In the thoracic 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 intervals in the loins,

by narrower intervals in the neck, and are closely approximated in the middle

of the thoracic region. On either side of the spinous processes, extending the

whole length of the column, is the vertebral groove formed by the laminae in the

cervical and lumbar regions, where it is shallow, and by the laminae and transverse

processes in the thoracic region, where it is deep and broad. In the recent state

these grooves lodge the deep muscles of the back. External to each vertebral

groove are the articular processes, and still more externally are the transverse

processes. In the thoracic region the latter processes stand backward, on a plane

considerably posterior to that of like processes in the cervical and lumbar regions.

In the cervical region the transverse processes are placed in front of the articular

processes, and on the outer side of the pedicles, between the intervertebral

foramina. In the thoracic region they are posterior to the pedicles, inter-

vertebral foramina, and articular processes. In the lumbar region they are placed

in front of the articular processes, but behind the intervertebral foramina.

The lateral surfaces are separated from the dorsal surface by the articular

processes in the cervical and lumbar regions, and by the transverse processes

in the thoracic region. These surfaces present in front the sides of the bodies of

the vertebra?, marked in the thoracic region by the facets for articulation with

the heads of the ribs. More posteriorly are the intervertebral foramina, formed

by the juxtaposition of the intervertebral notches, oval in shape, smallest in the

cervical and upper part of the thoracic regions, and gradually increasing in size to

the last lumbar vertebra. 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.

Base.—^The base of that portion of the vertebral column formed by the

twenty-four movable vertebrae is formed by the under surface of the body of the

fifth lumbar vertebra; and the summit by the upper surface of the atlas.

Vertebral Canal.—The vertebral canal follows the different curves of the verte-

bral column; it is largest in those regions in w^hich the vertebral column enjoys

the greatest freedom of movement, as in the neck and loins, where it is w ide and
triangular; and is narrow and cylindrical in the back, where motion is more limited.

»

Surface Form.—The only parts of the vertebral column which lie closely under the skin, and
srj directly influence surface form, are the apices of the spinous processes. These are always

distinguishable at the bottom of a median furrow, which, more or less evident, runs down the

mesal line of the back from the external Occipital protuberance above to the middle of the sacrum
below. Occasionally one of these processes deviates a little from the median line—a fact to be

remembered in practice, as irregularities of this kind are attendant also on fracture or displace-

ments of the vertebral column. In the cervical region the furrow is between the Trapezii

muscles; in the back and loins it is between the Erector spinae muscles. In the neck the furrow

is broad, and terminates in a conspicuous projection, which is caused by the spinous process of

the seventh cervical vertebra [vertebra prominent). Above this the spinous process of the sixth

cervical vertebra may sometimes be seen projecting; the other cervical spines are sunken, and
are not visible, though the spine of the axis can be felt, and generally also the spines of the third,

fourth, and fifth cervical vertebrjp. In the thoracic region the furrow is shallow, and during

stooping disappears, and then the spinous processes become more or less visible. The markings

produced by these spines are small and close together. In the lumbar region the furrow is

deep, and the situation of the lumbar spines is frecjuently indicated by little pits, or depressions,
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especially if the muscles in the loins are well developed and the process incurved. They are much
larger and farther apart than in the thoracic region. In the sacral region the furrow is shallower,

presenting a flattened area which terminates below at the most prominent part of the posterior

surface of the sacrum, formed by the spinous processes of the third sacral vertebra. At the bottom

of the furrow may be felt the irregular posterior surface of the bone. Below this, in the deej)

groove leading to the anus, the coccyx may be felt. The only other portions of the vertebral

column which can be felt from the surface are the transverse processes of three of the cervical

vertebrfe, viz., the first, the sixth, and the seventh. The transverse process of the atlas can be

felt as a rounded nodule of bone just below and in front of the apex of the mastoid process,

along the anterior border of the Sternomastoid. The transverse process of the sixth cervical

vertebra is of surgical importance. If deep pressure be made in the neck in the course of the

carotid artery, opposite the cricoid cartilage, the prominent anterior tubercle of the transverse

process of the sixth cervical vertebra can be felt. This has been named Chassaignac's tubercle,

and against it the carotid artery may be most conveniently compressed by the finger. The
transverse process of the seventh cervical vertebra can also often be felt. Occasionally the ante-

rior root, or costal process, is large and separate, forming a cervical rib.

Applied Anatomy.—It is frequently necessary to locate certain vertebrae. Several of them
can be easily found and identified. The seventh cervical spine is conspicuously prominent, and
when the skin over it has been marked with a blue pencil the spine of the sixth cervical above and
of the first thoracic below may be located. The spine of the third thoracic vertebra is on a level

with the root of the spine of the scapula. The spine of the fourth lumbar vertebra is on a level

with the highest point of the iliac crest. When one or two vertebrae have been definitely recog-

nized the other ones can be found by counting the spines from a fixed point or from fixed points.

Over the fifth lumbar spine there is no prominence, but a depression. The third sacral spine

is on a level with the posterior superior spines of the ilium. The level at which the spinal cord

terminates should be known to the surgeon if he proposes to tap the spinal theca {luvibar piaic-

ture) for diagnostic or therapeutic purposes or for spinal anesthesia. In an adult the cord terminates

at the lower border of the first lumbar vertebra, and the theca terminates opposite the body of the

third sacral vertebra. In a young child the cord terminates opposite the body of the third lumbar
vertebra, and the theca ends at about the same level as in an adult. Hence, in either a child

or an adult, a puncture below the level of the fourth lumbar vertebra will inflict no injury upon
the cord. In children the puncture is made just beneath the spinous process, and in adults

about one-half an inch to either side of the spinous process, although the needle should be made
to enter the dura in the median line. In either case the needle is directed upward and forward.

As previously pointed out, the surgical anatomy of an infant's spine is not identical with the sur-

gical anatomy of an adult's spine. The umbilicus of an infant is opposite the body of the fourth

lumbar vertebra; in an adult it is opposite the spinous process of the third lumbar vertebra.

In an infant the base of the sternum is on a level with the top of the seventh cervical spine, and
in an adult of the second thoracic spine (A. H. Tubby). The vertebral column may be the seat

of tuberculosis, which may destroy the bodies of the vertebne; in such cases a deflection of the

column may be directed either forward or backward. This deflection is produced by the great

weight of the trunk on the diseased bone. If the deflection is directed forward, it is called

lordosis; if backward, kyphosis. Scoliosis (lateral deviation of the vertebral column) is usually

due to a faulty attitude of children while standing or while sitting at school desks.

Occasionally the coalescence of the laminae is not completed, and consequently a cleft is left

in the arches of the vertebrae, through which a protrusion of the spinal membranes (dura mater

and arachnoid), and sometimes of the spinal cord itself, takes place, constituting a malformation

known as spina bifida or hydrorhachitis. This condition is most common in the lumbosacral

region; but it may occur in the thoracic or cervical region, or the arches throughout the whole
length of the canal may remain unapproximated. In some rare cases, in consequence of the

noncoalescence of the two primary centres from which the body is formed, a similar condition

may occur in front of the canal, the bodies of the vertebrae being found cleft and the tumor
projecting into the thorax, abdomen, or pelvis, between the lateral halves of the bodies affected.

The construction of the spinal column of a number of pieces, securely connected together

and enjoying only a slight degree of movement between any two individuals pieces, though

permitting of a very considerable range of movement, as a whole, allows a sufficient degree of

mobility without any material diminution of strength. The main joints of which the spine is

composed, together with the very varied movements to which it is subjected, render it liable to

sprains, which may complicate other injuries or may exist alone; but so closely are the individual

vertebrae articulated that these sprains are seldom severe, and an amount of violence suflSciently

great to produce tearing of the ligaments would tend to cause a dislocation or fracture. The
further safety of the column and its less liability to injury is provided for by its disposition in

curves instead of in one straight line. For it is an elastic column, and must first bend before

it breaks; under these circumstances, being made up of three curves, it represents three columns,

and greater force is required to produce bending of a short column than of a longer one that is

equal to it in breadth and material. Again, the safety of the column is provided for by the inter-

position of the intervertebral disks between the bodies of the vertebrae, which act as admirable
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buffers in counteracting the effects of \'iolent jars or shocks. Fracture dislocation of the vertebral

column may be caused by direct or indirect violence, or by a combination of the two, as when
a person falling from a height strikes against some prominence and is doubled over it. The
fractures from indirect violence are the more common, and here the bodies of the vertebrae are

compressed, while the arches are torn asunder; while in fractures from direct violence the arches

are compressed and the bodies of the vertebrae separated from each other. It will therefore be

seen that in both classes of injury the spinal cord is the part least likely to be injured, and may
escape damage even when there has been considerable lesion of the bony framework. For, as

Mr. Jacobson states, "being lodged in the centre of the column, it occupies neutral ground in

respect to forces which might cause fracture. For it is a law in mechanics that when a beam,

as of timber, is exposed to breakage and the force does not exceed the limits of the strength of

the material, one division resists compression, another laceration of the particles, while the third,

between the two, is in a negative condition."' Applying this principle to the vertebral column,

it will be seen that, whether the fracture dislocation be produced by direct violence or by indirect

force, one segment, either the anterior or posterior, will be exposed to compression, the other to

laceration, and the intermediate part, where the cord is situated, will be in a neutral state. When
a fracture dislocation is produced by indirect violence the displacement is almost always the same,

the upper segment being driven forward on the lower, so that the cord is compressed between the

body of the vertebra below and the arch of the vertebra above.

The parts of the vertebral colmnn most liable to be injured are (1) the thoracolumbar region,

for this part is near the middle of the column, and there is therefore a greater amount of leverage,

and, moreover, the portion above is comparatively fixed, and the vertebrae which form it, though

much smaller, have nevertheless to bear almost as great a weight as those below; (2) the cervico-

thoracic region, because here the flexible cervical portion of the vertebral column joins the more
fixed thoracic region; and (3) the atlantoaxial region, because it enjoys an extensive range of

movement, and, being near the skull, is influenced by violence applied to the head. In fracture

dislocation, spinous processes and portions of the laminae may be removed (laminectomy) in order

to free the spinal cord from pressure, and to permit the surgeon to explore, to arrest hemorrhage,

to remove bone fragments, or to apply sutures. Laminectomy is also resorted to in some cases

of paraplegia due to Pott's disease of the spine.

Skvll, 22 hones ,

Cranium, 8 hones

THE SKULL.

The Skull, or superior expansion of the vertebral column, has been described

as if composed of four vertebrae, the elementary parts of which are specially

modified in form and size, and almost immovably connected, for the reception

of the brain and special organs of the senses. These vertebrae are the occipital

parietal, frontal, and nasal. Descriptive anatomists, however, divide the skull

into two parts, the Cranium and the Face. The Cranium is composed of eight

bones, viz., the occipital, two parietals, frontal, two temporals, sphenoid, and ethmoid.

The Face is composed of fourteen bones, viz., the two nasals, two maxillce, two

lacrimals, two malars, two palates, two turbinates, vomer, and mandible. The os»ic-

uli auditus, the teeth, and Wormian bones are not included in this enumeration.

Occipital.

Two parietals.

Frontal.

Two temporals.

Sphenoid.

Ethmoid.

Two nasals.

Two maxillae.

Two lacrimals.

Two malars.

Two palates.

Two turbinates.

Vomer.

_ Mandible.

The Kyoid Bone, situated at the root of the tongue and attached to the base

of the skull by ligaments, has also to be considered in this section.

» Holmes' System of Surgery, 1883. vol. i, p. 529.

Face, 14 hones
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THE CEREBRAL CRANIXTM (CRANIUM CEREBRALE)

The Occipital Bone (Os Occipitale).

The occipital bone is situated at the back part and base of the cranium, is curved

on itself, and is trapezoidal in shape. The bone presents for examination two

surfaces, four borders, and four angles.

Surfaces.—^^rhe external surface is convex. Midway between the summit

of the bone and the posterior margin of the foramen magnum—a large oval

opening for transmission of the spinal cord—is a prominent tubercle, the external

occipital protuberance (proiuberautia occipitalis externa), and, descending from it

Linea
Buprema

SUPERIOR
CONSTRICTOR

o/ I'harynx.

Fig. 39.—Occipital bone. Outer surface.

as far as the foramen, a vertical ridge, the external occipital crest (crista occipitalis

externa). This protuberance and crest give attachment to the ligamentum nuclue

and Trapezius, and vary in prominence in different skulls. Passing outward from

the occipital protuberance is a semicircular ridge on each side, the superior curved

line (linea nuchae superior). Above this line there is often a second less distinctly

marked ridge, called the highest curved line (linea nuchae suprema); to it the

epicranial aponeurosis is attached. The bone between these two lines is smoother
and denser than the rest of the surface. Running parallel with these from the

middle of the crest is another semicircular ridge, on each side, the inferior curved

line (linea nuchae inferior). The surface of the bone above the linea suprema is

rough and porous, and in the recent state is covered by the Occipitofrontalis

muscle. The superior and inferior curved lines, together with the surfaces of

bone between and below them, serve for the attachment of several muscles.
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Tlie superior cuned line gives attachment internally to the Trapezius, externally

to the muscular origin of the Occipitofrontal is, and to the Sternomastoid to the

extent shown in Fig. 39; the depressions between the curved lines to the Com-
plexus 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 foramen magnum (foramen occipitale magnum) is a large, oval aperture,

its long diameter extending from before backward. It transmits the lower por-

tion of the medulla oblongata and its membranes, the spinal part of the spinal

accessory nerves, the vertebral arteries, the anterior and posterior spinal arteries,

and the occipitoaxial ligaments. Its back part is wide for the transmission of

the medulla oblongata, and the corresponding margin rough for the attachment

of the dura enclosing it; the fore part is narrower, being encroached upon by the

condyles; it has projecting toward it, from below, the odontoid process, and its

margins are smooth and bevelled internally to support the medulla oblongata.

On each side of the foramen magnum are the condyles for articulation with the

atlas. Each condyle (condylu^s occipitalis) is convex, oval, or reniform in shape,

and directed downward and outward. The condyles converge in front, 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 connect this bone with the odontoid process of the axis; while external to

them is a rough tubercular prominence, the transverse or jugular process (processus

jugularis), channelled in -front by a deep notch (incisura jugularis), which forms

part of the jugular foramen (foramen lacerum posterius). The under surface of

this process presents an eminence (processus intrajugularis) , which represents the

paramastoid process of some mammals. The eminence is occasionally large, and

extends as low as the transverse process of the atlas. This surface affords attach-

ment to the Rectus capitis lateralis muscle and to the lateral occipitoatlantal

ligament; its upper or cerebral surface presents a deep groove, which lodges part

of the lateral sinus, while its external surface is marked by a quadrilateral rough

facet, covered with cartilage 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 condylar foramen {canalis

hypoglossi); it is directed downward, outward, and forward, and transmits the

hvpoglossal nerve, and occasionally a meningeal branch of the ascending pharyn-

geal artery. This foramen is sometimes double. Behind each condyle is a

fossa^ (fossa condyloideiis), sometimes perforated at the bottom by a foramen,

the posterior condylar foramen (canalis condyloideus), for the transmission of a

vein to the lateral sinus. The basilar process (pars basilaris) is a strong quadri-

lateral plate of bone, w^hich is wider behind than in front, and is situated in front

of the foramen magnum. Its under surface is rough, presents in the median line

a tubercular ridge, the pharyngeal spine (tuherculum pharyngeum), for the attach-

ment of the tendinous raphe and Superior constrictor of the pharynx, and on each

side of it rough depressions for the attachment of the Rectus capitis anticus,

major and minor.

The internal surface (Fig. 40) is deeply concave. The posterior part is divided

by a crucial ridge into four fossae. The two superior fossae receive the occipital

lobes of the cerebrum, and present slight eminences and depressions corresponding

to their convolutions. The two inferior, which receive the hemispheres of the

cerebellum, are larger than the former, and comparatively smooth; both are marked

by slight grooves for the lodgement of arteries. At the point of meeting of the four

1 This fossa presents many variations in size. It is xisually shallow, and the foramen small; occasionally

wanting on one or both sides. Sometimes both fossa and foramen are large, but confined to one side only; more
rarely, the fossa and foramen are very large on both sides.
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divisions of the crucial ridge is an eminence, the internal occipital protuberance {mO'
tuberantia occipitalis interna). It nearly corresponds to that on the outer surface,

though it is often on a slightly higher level, and is perforated by one or more
large vascular foramina. From this eminence the superior division of the crucial

ridge runs upward to the superior angle of the bone; it presents a deep groove,

the sagittal sulcus {sulcus sagittalis), for the superior saggittal sinus. The
margins of the groove give attachment to the falx cerebri. The inferior division,

the internal occipital crest (crista occipitalis interna), runs to the posterior margin
of the foramen magnum, on the edge of which it becomes gradually lost; this

Superior angle.

Inferior angle.

Fig. 40.—Occipital bone. Inner surface.

ridge, which is bifurcated below, serves for the attachment of the falx cerebelli.

It is usually marked by a single groove, which commences at the back part of

the foramen magnum and lodges the occipital sinus. Occasionally the groove
is double where two sinuses exist. A transverse groove (sulcus transversus) passes

outward on each side to the lateral angle. The grooves are deep channels for

the lodgement of the lateral sinuses, their prominent margins affording attachment
to the tentorium/ At the point of meeting of these grooves is a depression,

the torcular^ (confivens sinuwn), placed a little to one or the other side of the internal

' Usually one of the transverse grooves is deeper and broader than the other; occasionally, both grooves are
of equal depth and breadth, or both equally indistinct. The broader of the two transverse grooves is nearly
always continuous with the vertical groove for the superior sagittal sinus.

' The columns of blood coming in different directions were supposed to be pressed together at this point
(torcular, a wine press).
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occipital protuberance. More anteriorly is the foramen magnum, and on each

side of it, but nearer its anterior than its posterior part, the internal openings

of the anterior condylar foramen. On the superior aspect of the lateral portion

of the bone the jugular tubercle (tubercidum jugulare) is seen. This corresponds

to the portion of bone which roofs in the anterior condylar foramen. The
internal openings of the posterior condylar foramina are a little external and
posterior- to the openings of the anterior condylar foramina, protected by a small

arch of bone. At this part of the internal surface there is a very deep groove in

which the posterior condylar foramen, when it exists, has its termination. This

groove is continuous, in the complete skull, with the transverse groove on the

posterior part of the bone, and lodges the end of the lateral sinus. In front

of the foramen magnum is the basilar process, presenting a shallow depression,

the basilar groove (clirm), which slopes from behind, upward and forward, 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 similar

channel on the petrous portion of the temporal bone, forms a groove {s^ulcus

pdrosus inferior), which lodges the inferior petrosal sinus.

Borders.—The superior border (margo lambdoidevs) extends on each side

from 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

{margo masioideus) is rough, and articulates with the mastoid portion of the tem-

poral, forming the masto-occipital suture; the inferior half articulates with the

petrous portion of the temporal, forming the petro-occipital suture ; these two por-

tions are separated from each other 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 jugular foramen (foramen lacerum posterius). This notch

is occasionally subdivided into two parts by a small process of bone {processus

intrajugidaris) , and it generaUy presents an aperture at its upper part, the internal

opening of the posterior condylar foramen.

Angles.—The superior angle is received into the inter\al between the posterior

superior angles of the two parietal bones; it corresponds with that part of the

skull in the fetus 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.

Structure.—The occipital bone consists ^fl^^^^^^^^
of two compact laminie, called the outer ^^H^I^^^^BBL
and inner tables, having between them ^^SHRi^^^^^hl
the diploic tissue; this bone is especiaUv ^^^^r ' ^^^^^^4 for oedpital "]

I*
thick at the ridges, protuberances, con- ^^/f^.y ^^^^ jwrfiou.

dvles, and anterior part of the basilar ( w;%, >{ ''* v*^«
process; while at the bottom of the fossje, N^Ai//(r-L,ji;!ifc^^^

especially the inferior, it is thin, semitrans- j^\ }nrfh ^^^^'^^^'^^'^^y

parent, and destitute of diploe. Hu! 4 pieces, JT^ Y%F^
^'"' ""^f^'*^"^'^ ^ i.

Development (Fig. 41).—At birth the separate, fet J.MI
portuM.

I

I
bone consists of four distinct parts—

a

^^^!^f^^C^ ^ ^
tabular or squamous portion, which Y^T ^jfa^iasUar porHmu J "f
hes behmd the foramen magnum; two t- ., t> i

^"^
x r • -^ 1 1, -c...

, 1- ^ r ^1 -J e FiG. 41.—Development 01 occipital Done. From seven
condylic parts, which form the sides of centres.

the foramen; and a basilar part, which
lies in front of the foramen. The tabular jwrtion is usually developed from four centres, though

the number may vary from one to eight; two centres appear near the median line of the bone
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during the second month, and two more a Httle lateral to the preceding during the third month,

These parts tend to unite, but complete union does not occur until about the fourth month after

birth. That part of the tabular portion above the highest curved line is developed bv the

intramembranous method, and may exist in the adult as a separate element, the interparietal

bone, or os incae, because of its frequent occurrence in Peruvian skulls. The remainder of

the tabular portion and the basilar and two condyloid parts are developed from cartilage.

Usually two centres appear in the basilar portion during the sixth fetal week, and by rapid

coalescence give the appearance of a single centre. Each condylic portion develops from a
single centre that appears at about the end of the eighth fetal week. At about the fourth

year the tabular and the two condyloid pieces unite, and about the sixth year the bone
consists of a single piece. Between the eighteenth and twenty-fifth years the occipital and
sphenoid become united, forming a single bone.

Articulations.—With six bones—two parietal, two temporal, sphenoid, and atlas.

Attachment of Muscles.—To twelve pairs—to the superior curved line are attached the

Occipitofrontalis, Trapezius, and Sternomastoid. To the space between the curved lines, the

Complexus,* Splenius capitis, and Obliquus capitis superior; to the inferior curved line, and
the space between it and the foramen magnum, the Rectus capitis posticus, major and minor;

to the transverse process, the Rectus capitis lateralis; and to the basilar process, the Rectus

capitis anticus, major and minor, and Superior constrictor of the pharynx.

The Parietal Bone (Os Parietale).

The parietal bones are paired bones, and form, by their union, the sides and
roof of the cranium proper. Each bone is of an irregular quadrilateral form,

and presents for examination two surfaces, four borders, and four angles.

Surfaces.

—

The external surface (fades parietalis) (Fig. 42) is convex, smooth, and
marked about its centre by an eminence called the parietal eminence (tuber parietale),

which indicates the point where ossification commenced. Crossing the middle

of the bone in an antero-posterior direction are two well-marked curved ridges,

the upper and lower temporal ridges (linea temporalis superior et inferior) ; the former

gives attachment to the temporal fascia, while the latter indicates the upper limit

of the origin of the Temporal muscle. These lines form the temporal crest.

Above these ridges the surface of the bone is covered by the aponeurosis of the

Occipitofrontalis; below them the bone forms part of the temporal fossa, and
affords attachment to the temporal muscle. At the back part of the superior

border, close to the sagittal suture, which separates the two parietal bones, is a

small foramen (foramen parietale), which transmits the emissary vein of Santorini

to the scalp from the superior sagittal sinus. It sometimes also transmits a

small branch of the occipital artery. Its existence is not constant, and its size

varies considerably.

The internal or cerebral surface (fades cerebralis) (Fig. 43) is concave, presents

depressions for the lodgement of the convolutions of the cerebrum, and numerous
furrows for the branches of the middle meningeal artery; the latter runs upward
and backward from the anterior inferior angle and from the central and posterior

part of the lower border of the bone. Sometimes a distinct canal exists for the

artery, but it never remains a canal for a long distance. Along the upper margin
of the bone is part of a shallow groove, which, when joined to the opposite parietal,

forms a channel for the superior sagittal sinus. The elevated edges of the groove
afford attachment to the falx cerebri. Near the groove are seen several depres-

sions. Pacchionian depressions (foveolae granulares [Pacchioui]). They are most
frequently found in the skulls of old persons, and lodge the arachnoid villi (Pacchi-

onian bodies). The internal opening of the parietal foramen is also seen when
that aperture exists. On the inner surface of the posterior inferior portion of

the bone is a portion of the groove for the lodgement of the lateral sinus.

* To these the Biventer cervicis should be added, if it is regarded as a separate muscle.



THE PARIETAL BONE 75

occipital 6one

Sphenoid

^tw^

Fig. 42.—Left parietal bone. External surface.
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Borders.—The superior border (margo sagiitalis), the longest and thickest,

is dentated to articulate with its fellow of the opposite side, forming the «agittal

suture.

The inferior border {margo squamosus) 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 greater wing of the sphenoid; the middle portion is

arched, bevelled at the expense of the outer surface, and overlapped by the

squamous portion of the temporal; the posterior portion is thick and serrated for

articulation with the mastoid portion of the temporal.

The anterior border (inargo frontalis), 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 (margo occipitalis), deeply denticulated, articulates with

the occipital, forming the lambdoid suture.

Angles.—The anterior superior angle {ayigulus frontalis), thin and pointed,

corresponds with that portion of the skull which in the fetus is membranous, and

is called the anterior fontanelle (bregma).

The anterior inferior angle (angulus sphenoidalis) is thin and lengthened, being

received in the interval between the greater wing of the sphenoid and the frontal.

Its inner surface is marked by a deep groove, sometimes a canal, for the anterior

branch of the middle meningeal artery. At the anterior inferior angle the parietal

and frontal bones and the greater wing of the sphenoid bone meet. This spot is

called the pterion.

The posterior superior angle (angulus occipitalis) corresponds w ith the junction

of the sagittal and lambdoid sutures. In the fetus this part of the skull is mem-
branous, and is called the posterior fontanelle (lambda).

The posterior inferior angle (angulus mastoideus) articulates with the mastoid

portion of the temporal bone, and generally presents on its inner surface a broad,

shallow groove for the lodgement of part of the lateral sinus.

Development.—The parietal bone is formed in membrane, being developed from one centre,

which corresponds with the parietal eminence, and makes its first appearance about the seventh

or eighth week of fetal 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 completion of the growth of the bone. Occasionally the parietal

bone is divided into two parts, upper and lower, by an antero-posterior suture.

Articulations.—With jive bones—the opposite parietal, the occipital, frontal, temporal, and
sphenoid.

Attachment of Muscles.—0;w only, the Temporal.

The Frontal Bone. (Os Frontale).

The frontal bone consists of two portions—a vertical or frontal portion, situated

at the anterior part of the cranium proper, forming the forehead ; and a horizontal

or orbital portion, which enters into the formation of the roof of the orbits and
nasal fossse.

Vertical Portion. Surfaces.—External Surface (fades frontalis) (Fig. 44).—In

the median line, traversing the bone from the upper to the lower part, is occasionally

seen a slightly elevated ridge, and in young subjects a suture (frontal or metopic

suture) which represents the line of union of the two lateral halves of which the bone

consists at an early period of life; in the adult this suture is usually obliterated and

the bone forms one piece. On either side of this ridge, a little below the centre of

the bone, is a rounded prominence, the frontal eminence (tuber frotitale). These
eminences vary in size in different individuals, and are occasionally unsymmetrical
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in the same subject. The whole surface of the bone above this part is smooth,

and covered by the aponeurosis of the Occipitofrontalis muscle. Below the frontal

eminence and separated from it by a slight groove is the superciliary ridge (arcus

superciliaris), broad internally, where it is continuous with the nasal eminence,

but less distinct as it arches outward. These ridges are caused by the projection

outward of the frontal air sinuses/ and give attachment to the Orbicularis

palpebrarum and Corrugator supercilii. Between the two superciliary ridges

is a smooth, flat surface, the glabella. Beneath the superciliary ridge is the

supraorbital arch (margo supraorbitalis), a curved and prominent margin, which
forms the upper boundary of the orbit and separates the vertical from the hori-

zontal 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;

angtdar procf«,.
anguiar process.

Nattd spine.

Fig. 44.—Frontal bone. Outer surface.

the inner part is less prominent. At the junction of the internal and middle
third of this arch is a notch, sometimes converted into a foramen, and called the

supraorbital notch (incisura supraorbitalis). It transmits the supraorbital 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 supraorbital vein. To the median
side of the supraorbital notch there is often a notch (incisura frontalis) for the

passage of the frontal artery and nerve. The supraorbital arch terminates

externally in the external angular process and internally in the internal angular

1 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" in the interior of the cranium which produce the grooves on the inner
surface of the bones are venous channels along which the blood runs in its passage back from the brain, while
the "sinuses'' external to the cranial ca\-ity (the frontal sphenoidal, ethmoidal, and maxillary) are hollow
spaces in the bones themselves which communicate \«-ith the nostrils, and contain air.
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process. The external angular process is strong, prominent, and articulates

with the malar bone; running upward and backward from it are two well-marked

lines, which, starting together from the external angular process as the temporal

crest, soon diverge from each other and run in a curved direction across the l)one.

These are the upper and lower temporal ridges; the upper gives attachment to the

temporal fascia, the lower to the Temporal muscle. Beneath them is a slight

concavity that forms the anterior part of the temporal fossa and gives origin to

the Temporal muscle. The internal angular process is less marked than the

external, articulates with the lacrimal bones, and gives attachment to the

Orbicularis palpebrarum.

With maxilla

With nasal.

Frontal sinus.

Wnder surface of nasal process,

With perpendicular plate of ethmoid. • forming part of roof of nose.

Fig. 45.—Frontal bone. Inner surface.

Internal Surface (cerebral surface, fades cerehralis) (Fig. 45).—Along the median

line is a vertical groove, the sulcus sagittalis, the edges of which unite below to

form a ridge, the frontal crest (crista frontalis); the groove lodges the superior

sagittal sinus, while its margins afford attachment to the falx cerebri. The
crest terminates below at a small notch which is converted into a foramen by

articulation with the ethmoid. It is called the foramen cecum, and varies in

size in different subjects; it is sometimes partially or completely impervious,

lodges a process of the falx, and when open transmits a vein from the mucous
membrane of the nose to the suf)erior sagittal sinus. On either side of the groove

the bone is deeply concave, presenting depressions for the convolutions of the

brain, and numerous small furrows for the ramifications of the anterior branches

of the middle meningeal arteries. Several small, irregular fossse are seen also on

either side of the groove, for the reception of the- arachnoid villi.

The border of the vertical portion is thick, deeply serrated, bevelled at the
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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 greater wing of the sphenoid.

Horizontal or Orbital Portion.—^This portion of the bone consists of two thin

plates, the orbital plates, which form the vault of the orbit, separated from one

another bv a median gap, the ethmoidal notch.

Soifaces. Orbital Surface.—The surface of each orbital plate (fades orhitalis)

consists of a smooth, concave, triangular lamina of bone, marked at its front

and external part (immediately beneath the external angular process) by a shallow

depression, the lacrimal fossa (fossa glandulae lacrimalis), occupied by the lacrimal

gland; and at its anterior and internal part by a depression (sometimes a small

tubercle), the trochlear fossa (fovea trochlearis), for the attachment of the carti-

laginous pullev of the Superior oblique muscle of the eye. These plates are united

in front bv a roughened uneven surface called the nasal process, which articulates

in front with the nasal bones, laterally with the nasal process of each maxilla.

From the middle of the nasal process a thin lamina of bone (the nasal spine)

projects downward and forward; on either side of this is a shallow groove, which

enters into the formation of the nasal fossa. The nasal spine articulates in front

with the nasal bones and behind with the perpendicular plate of the ethmoid,

and by so doing assists in forming the septum of the nose. The ethmoidal notch

iincisnra eihmoidalis) separates the two orbital plates; it is quadrilateral, and

occupied, 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 eth-

moidal cells; two grooves are also seen crossing these edges obliquely; they are

converted into canals by articulation with the ethmoid, and are called the anterior

and posterior ethmoidal canals {foramen ethmoidale anterius and forarjien ethmoidale

posterius) ; they open on the inner wall of the orbit. The anterior one transmits

the nasal nerve and anterior ethmoidal vessels; the posterior one, the posterior

ethmoidal vessels. In front of the ethmoidal notch, on each side of the nasal

process, is the opening of the frontal air sinus (sijuis frontalis). These are two

irregular cavities, which extend upward and outward, a variable distance, between

the two tables of the skull, and are separated from each other by a thin bony
septum (septum sinuum frontalium), which is often displaced to one side. Within

the sinuses imperfect trabeculse of bone often exist. The sinuses are beneath

and give rise to the prominences above the supraorbital arches called the super-

ciliary ridges (arcus superciliares). The frontal air sinuses are absent at birth,

become apparent about the seventh year of life, and from this period until the

age of twenty gradually increase in size. Sometimes, however, the sinuses remain

vpry small or never develop at all—or one side may be large and the other small

—

or one may exist on one side and be absent on the other. The right sinus is usually

the larger. These cavities are larger in men than in women. The floor of each

sinus is very thin and is over the orbit and the upper border of the lateral mass

of the ethmoid. The thinnest portion of the floor is at the upper and inner

angle of the orbit. The frontal sinuses are lined by mucous membrane, and

each sinus communicates with the middle meatus of the nose by the infundi-

bulum. In some cases the sinuses communicate with each other by means of

an aperture in the septum and occasionally join the sinus in the crista galU of

the ethmoid.

The internal surface (cerebral surface, fades cerehralis) of the horizontal portion

presents the convex upper surfaces of the orbital plates, separated from each other

in the median line by the ethmoidal notch, and marked by eminences and de-

pressions for the convolutions of the frontal lobes of the cerebrum.
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The border of the horizontal portion is thin, serrated, and articulates with

the lesser wing of the sphenoid.

Structure.—The frontal portion and external angular processes consist of diploic tissue sur-

rounded by compact bone. In the frontal sinus region the cancellous tissue is wanting. The
horizontal portion is thin, translucent, and composed entirely of compact tissue.

Development (Fig. 46).—The frontal bone is

,,«i5rr77"'~^ /c^-r^-r^ formed in membrane, being developed from two
•" primary centres, one for each lateral half, which

make their appearance about the seventh or

eighth week, above the orbital arches. From
this point ossification extends, in a radiating

manner, upward into the forehead and backward
over the orbit. The nasal spine is developed

from two secondary centres, while additional cen-

tres appear in the regions of the internal and
external angular processes. Sometimes a centre

appears on either side at the lower end of the

coronal suture. This latter centre sometimes re-

mains ununited, and is known as the pterion

ossicle, or it may join with the parietal, sphenoid,

or temporal bone. At birth the bone consists

of two pieces, which afterward become united,

along the median line, by a suture (metopic) which runs from the vertex to the root of the nose.

This suture usually becomes obliterated within a few years after birth, but it occasionally remains

throughout life.

Articulations.—^With twelve bones—two parietal, the sphenoid, the ethmoid, two nasal, two
maxillse, two lacrimal, and two malar.

Attachment of Muscles.—To three pairs—the Corrugator supercilii, Orbicularis palpe-

brarum, and Temporal, on each side.

Fig. 46.— Frontal bone at birth. Developed from
two lateral halves.

The Temporal Bone (Os Temporale).

The temporal bone consists of three parts—(a) the squamous, (&) the petro-

mastoid, and (c) the tympanic portions—^which, though separate in early life,

become united in the adult. The three parts meet and form a part of the

outer wall and a part of the base of the skull and the external auditory meatus.

The Squamous Portion {pars squamosa iemporalis).—The squamous portion,

the anterior and upper part of the bone, is scale-like in form, and is thin and
translucent (Fig. 47). Its external surface. is smooth, convex, and grooved at

its back part for the deep temporal arteries; it affords attachment to the Tem-
poral muscle and forms part of the temporal fossa. At its back part may be
seen a curved ridge (part of the temporal ridge), which 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. Pro-

jecting from the lower part of the squamous portion is a long, arched process

of bone, the zygoma, or zygomatic process. This process is at first directed out-

ward, its two surfaces looking upward and downward; it then appears as if

twisted upon itself, and runs forward, its surfaces now looking inward and out-

ward. 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 Masse-

ter. 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, is directed inward, to terminate in a rounded eminence.
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the emiiientia articularis. This eminence forms the front boundary of the

glenoid fossa, and in the recent state is covered with cartilage. The middle

root (postglenoid process) forms the posterior boundary of the mandibular portion

of the glenoid fossa ; while the posterior root, which is strongly marked, runs from

the upper border of the zygoma, in an arched direction, upward and backward,

forming the posterior part of the temporal ridge {supramustoid crest). At the

junction of the anterior root with the zygoma is a projection, called the tubercle,

for the attachment of the external lateral ligament of the mandible; and between

Groovefor middle
temporal artery

Indsura parietali*

Supramef^al
triangle

OCCIPITO-
FRONTALIS

Eminentia
articU'

Postglenoid process

Glenoid cavity

Glaserian fissure

Tympavic plate

STYLOGLOSSUS
Occipital groove

External auditory process

STVLOHVOIO

Styloid process

Fig. 47.—Left tempjoral bone. Lateral surface.

the anterior and middle roots is an oval depression, forming part (mandibular)

of the glenoid fossa, for the reception of the condyle of the mandible. Between
the posterior wall of the external auditory meatus and the posterior root of the

zygoma is the area called the suprameatal triangle (^lacewen), often marked by
a spinous process (spine of Henle).

The internal surface of the squamous portion (Fig. 48) 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 wnth

the greater wing of the sphenoid.

The Petromastoid Portion {partes petroso et mastoidea).—The petromastoid

portion consists of (a) a mastoid portion, the thick conical posterior part behind

6
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the external auditory meatus, and (6) a pyramidal portion named the petrous

portion, which contains the internal ear and forms part of the floor of the cranial

cavity-

tot^ bont

Emtnentta
arcuata

Foramen mastoideum
Aquaeductus vestibuli

Aquaeductiis cochleae

Meatus acusticus internus

Fig. 48.—Left temporal bone. Inner surface.

The Mastoid Portion {'pars mastoidea).—The mastoid portion is situated at

the posterior part of the bone (Figs. 47 and 49).

Surfaces. Outer Surface.—The outer surface of the mastoid is rough, and

gives attachment to the Occipitofrontalis and Retrahens aurem muscles. It is

perforated by numerous foramina; one of these, of large size, situated at the

posterior border of the bone, is termed the mastoid foramen {foramen viastoideum) ;

it transmits a vein from the lateral sinus and a small artery from the occipital

to supply the dura. The position and size of this foramen are very variable.

It is not always present; sometimes it is situated in the occipital bone or in the

suture between the temporal and the occipital. The mastoid portion is con-

tinued below into a conical projection, the mastoid process {processus mastoideus)

,

the size and form of which vary somewhat. This process serves for the attach-

ment of the Sternomastoid, Splenius capitis, and the Trachelomastoid. On the

inner side of the mastoid process is a deep groove, the digastric fossa {incisvra

mastoidea), for the attachment of the Digastric muscle; and, running parallel

W'ith it, but more internal, the occipital groove {sulcus a. occipitalis), which lodges

the occipital artery {fossa mastoidea).

Internal Surface.—The internal surface of the mastoid portion presents a deep,

curved groove, the sigmoid fossa, which lodges part of the lateral sinus; and into
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it may be seen opening the mastoid foramen, which transmits an emissary vein

from the lateral sinus to the posterior auricular or occipital vein and a small

artery, the mastoid branch of the occipital artery. A section of the mastoid

process (Figs. 49 and 50) shows it to contain a number of cellular spaces, com-
municating with one another, called the mastoid cells {cellidae mastoideae), which
exhibit the greatest possible variety as to their size and number. At the upper
and front part of the bone these cells are large and irregular, and contain air.

They diminish in size toward the lower part of the bone; those situated at the

apex of the mastoid process are quite small, representing spaces of cancellous

bone, and usually containing marrow. Occasionally they are entirely absent, and

Maiioid ani/rum

Tegmen tympani
Prominence ofextl. semicircular canal

Prominence offacial canal
Fenestra ovalis

Bristle in canalfor Tensor tympani

Processus cochleariformis

Bristle in hiatus Fallopii

Carotid canal

Bony part of Eustachian tube

I Promontory

Mastoid cells

Bristle in pyramid
Fenestra rotunda

Stdcus tyTnpanicus

Bristle in stylomastoid foramen

Fig. 49.—Section through the petrous and mastoid portions of the temporal bone, showing the communication
of the cavity of the tympanum with the mastoid antrum.

the mastoid is .solid throughout. In addition to these pneumatic cells may be

seen a large, irregular cavity, the mastoid antrum (Figs. 49 and 50), situated at

the upper and front part of the .section. This must be distinguished from the

mastoid cells, though it communicates with them. The mastoid cells are not

developed until after puberty, but the mastoid antrum is almost as large at birth

as it is in the adult bone. The antrum and cells are filled with air, and are lined

with a prolongation of the mucous membrane of the tympanum, which extends

into them through an opening, by which they communicate with the cavity of

the tympanum.

In consequence of the communication which exists between the t^onpanum and mastoid cells,

inflammation of the lining membrane of the former cavity may easily travel backward to that

of the antrum, leading to caries and necrosis of their walls and the risk of transference of the

inflammation to the lateral sinus or encephalon.

The Petrous Portion (pars petrosa [pyramis]) (Fig. 48).—The petrous portion

is a pyramidal process of bone wedged in at the base of the skull between the
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sphenoid and occipital bones. Its direction from without is inward, forward,

and a little downward. It presents for examination an apex, four surfaces, and

four borders, and contains in its interior the essential parts of the organ of hearing.

Apex {apex pyramidis).—The apex of the petrous portion, rough and uneven,

is received into the angular interval between the posterior border of the greater

wing of the sphenoid and the basilar process of the occipital ; it presents the ante-

rior or internal orifice of the carotid canal (foramen caroticum internum), and

forms the posterior and external boundary of the foramen lacerum medium.

Surfaces.—The superior surface of the petrous portion (Fig. 48) forms the

posterior part of the middle fossa of the skull; it looks upward and forward.

This surface is continuous with the squamous portion, to which it is united by

PROMINENCE OVER
SEMICIRCULAR CANAL

FENESTRA OVALIS
OR VESTIBULI PROCESSUS

COCHLEARIFORMIS
AQUEDUCT of/
FALLOPIUS

SEPTUM OF
EUSTACHIAN TUBE

PROBE IN
TYWPANIC
CANAL

PROBE IN
TYMPANIC CANAL

Fig. 50.—Right temporal bone cut open to show the anterior surface of the petrous portion. X 2. (Spalteholz.)

a suture, the petrosquamous suture, the remains of which are distinct even at a

late period of life.

The superior surface presents five points for examination: (1) An eminence

(eminentia arcuata) near the centre, which indicates the situation of the superior

semicircular canal. (2) In front and a little to the outer side of this eminence a
depression indicating the position of the tympanum; here the layer of "bone which
separates the tympanum from the cranial cavity is extremely thin, and is known
as the tegmen tympani. The thin inferior extremity of this plate drops downward
and presents itself at the inner extremity of the Glaserian fissure, there making
the fissure double; the anterior slit is called the canal of Huguier, and it transmits

the chorda tympani nerve. (3) A shallow groove, sometimes double, leading

outward and backward to an oblique opening, the hiatus Fallopii (hiatus canalis

facialis), for the passage of the greater petrosal nerve and the petrosal branch of

the middle meningeal artery. (4) A smaller opening (apertura superior canaliculi

tympanici), occasionally seen external to the latter, for the passage of the smaller

petrosal nerve. (5) A shallow depression, the trigeminal depression {ivipressio
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trigemini), for the reception of the Gasserian ganglion, is placed at the inner
extremity of this surface.

The anterior or tympanic surface (Fig. 50) is mostly hidden by the tympanic por-

tion of the bone, and is best studied either in very young skulls or in bones which
have been cut behind the tympanic membrane. This surface forms the postero-

internal wall of the tympanum and presents an oval foramen (fenestra vestibuli),

into which the base of the stapes is fitted. Just above and external to the fenestra

ovalis is the mastoid antruvi, leading from the tympanum to the mastoid cells.

The antrum is roofed by the tegmen tym-
pani. Below and internal to the fenestra 2 3

ovalis is a rounded eminence, the promon-

tory, formed by the first turn of the cochlea.

Below the promontory' is situated the fe-

nestra rotunda, which is closed in the recent

state by a membrane.
Internal to the fenestra ovalis is the

orifice of the canal which transmits the

Tensor tympani; below this is the Eusta-

chian canal for the passage of air from
the pharynx to the tympanum. The two
canals are separated by the processus coch-

leariformis. On this surface, just above,

then external to the oval foramen, be-

tween it and the antrum, is the facial

canal (canalis facialis). This canal is

traversed by the facial nerve on its way to

the stylomastoid foramen. The portion

of the anterior surface not covered by the

tympanic plate is occupied by the termina-

tion of the carotid canal (foramin caroti-

cum internum), the wall of which is defi-

cient in front.

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: (1)

About its centre a large orifice, the meatus auditorius intemus (meatus aci/sticus

internus), through which pass the facial, auditory and intermediate nerves,

and the auditory artery. The size of this meatus varies considerably; its margins
are smooth and rounded, and it leads into a short canal, about one-third inch in

length, which runs directly outward and is closed by a vertical plate, the lamina
cribrosa, which is divided by a horizontal crest, the falciform crest (crista transversa),

into two unequal portions (Fig. 51). Each portion is subdiN-ided by a small

vertical crest into two parts, named, respectively, anterior and posterior.

The lower portion presents three sets of foramina : one group just below the pos-

terior part of the crest, the area cribrosa media, consisting of a number of small

openings for the nerves of the saccule; below and posterior to this, the foramen
singulare, or opening for the nerve of the posterior semicircular canal; in front

and below the first, the tractus spiralis foraminosus, consisting of a number of small,

spirally arranged openings which terminate in the canalis centralis cochleae and
transmit the nerAe of the cochlea; the upper portion, that above the crista, pre-

sents behind a series of small openings, the area cribrosa superior, for the passage

of filaments of the utricle and superior and external semicircular canal, and, in

front, one large opening, the commencement of the aquaeductus Fallopii (canalis

facialis), for the passage of the facial ners'e. (2) External and below the meatus

Fig. 5i.—Diagrammatic ^•iew of the fundus ot
the internal auditory meatus: 1. Falciform crest.
2. Anterior superior cribriform area. 2*. Internal
opening of the aquaeductus FaUopii. 3. Vertical
crest which separates the anterior and posterior
superior cribriform areas. 4. Posterior superior
cribriform area, with (4') openings for nerve
filaments. 5. Anterior inferior cribriform area.
5'. Spirally arranged, sieve-like openings for the
ner>."es to the cochlea. 5". Opening of the cen-
tral canal of the cochlea. 6. Crest which sepa-
rates the anterior and posterior inferior cribriform
areas. 7. Posterior inferior cribriform area. 7'.

Orifices for the branches of the ner\-e to the
saccule. 8. Foramen singulare of Morgagni,
with the anterior portion of the canal which gives
passage to the ner\-e to the posterior semicircular
canal. (Testut.)
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auditorius is a small slit (apertura externa aqnaedudus vestibuli), almost hidden

by a thin plate of bone, leading to a canal, the aquaeductus vestibuli, which trans-

mits the ductus endolymphaticus, together with a small artery and vein. (3) In

the interval between these two openings, but above them, is an angular depression

(fossa suharcuata), which lodges a process of the dura, and transmits a small vein

into the cancellous tissue of the bone. In the child this depression is represented

by a large fossa, the floccular fossa, which extends backward as a blind tunnel

under the superior semicircular canal.

The inferior or basilar surface (Fig, 52) is rough and irregular, and forms part

of the base of the skull. Passing from the apex to the base, this surface presents

the following points for examination: (1) A rough surface, quadrilateral in form,

which serves partly for the attachment of the Levator palati and Tensor tympani

Canals for Eustachian tube and
TENSOR TVMPANI MUSCLE.

Rotigh quadrilateral surface.
External opening of

carotid canal. ^
Canalfor Jacobson's nerve.

Aquaeductus cochleae. „-

Canal for Arnold's nerve.

Jugidar fossa.

Vaginal process.

Styloid process.

Stylomastoid foramen.
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Auricular fissure.
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Fio. 62.—Petrous portion of the left temporal bone. Inferior surface

muscles. (2) The large circular aperture of the carotid canal, the external carotid

opening (foramen caroticum externum) ; the canal ascends at first vertically, and
then, making a bend, runs horizontally forward and inward; it transmits the
internal carotid artery and the carotid sympathetic plexus. Within the carotid
canal are several openings (canaliculi caroticotympanici) , which transmit tympanic
branches of the internal carotid artery and of the carotid sympathetic plexus.

(3) The opening of the aquaeductus cochleae {apertura externa canaliculi cochleae),

a small, triangular opening, lying on the inner side of the latter, close to the pos-
terior border of the petrous portion; it transmits a vein from the cochlea, which
joins the internal jugular. (4) External to these openings a deep depression, the
jugular fossa {fossa jugularis) , which varies in depth and size in different skulls;

it lodges the lateral sinus, and, with a similar depression on the margin of the
jugular process of the occipital bone, forms the foramen lacerum posterius or
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jugiilar foramen. (5) A foramen which is the opening of a small canal {canalicu-

lus iyvipanicus) for the passage of Jacobson's nerve (the t^Tnpanic branch of the

glossopharyngeal) ; this foramen is seen in front of the bony ridge dividing the

carotid canal from the jugular fossa. (6) A small foramen on the wall of the

jugular fossa, for the passage of the auricular branch of the vagus (Arnold's)

ner\'e. (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 stylomastoid foramen (foramen

stylomastoidevm) , a rather large orifice, placed between the styloid and mastoid

processes; it is the termination of the facial canal, and transmits the facial nerve

and stylomastoid artery.

Borders.—The posterosuperior border (angvlus superior pyramidis), 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 postero-inferior border is intermediate in length between the postero-

superior and antero-inferior. Its inner half is marked by a groove, which, when
completed by its articulation with the occipital, forms the channel for the infe-

rior petrosal sinus. Its outer half presents a deep excavation, the jugular fossa

(fossa jugularis), 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 diAides the foramen into two parts.

The anterosuperior border is di\'ided 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 is seen the opening of the canalis musculo-

tuharius.

The antero-inferior border is also divided into two parts—the outer portion is

hidden from view by the tympanic plate. The inner part is free and forms the

inferior lip of the carotid canal and gives attachment to the Tensor tympani and
Levator palati muscles.

The Tjrmpanic Portioii {pars tympanica).—The t\Tnpanic portion is placed in

front of the anterior surface of the petrous portion; its most internal part is

narrow and forms the anterior wall of the Eustachian canal. Externally it

broadens out and has an antero-inferior and a posterosuperior surface, an

anterosuperior, an antero-inferior, and an external border. The antero-inferior

surface looks forvvard and downward and forms the posterior part of the glenoid

fossa. The posterosuperior surface forms the anterior wall of the external audi-

tory canal. From this surface there continues on to the anterior part of the

mastoid portion a U-shaped process, with its concavity upward; this process

shares in forming the inferior and posterior wall of the external auditory canal.

Between the upturned part of the U-shaped process and the mastoid is a foramen

(fissura iympanomastoidea) transmitting the t\Tnpanic (auricular ner\e of Arnold)

branch of the vagus. In the concavity of this U-shaped process is a furrow

{sulcus tympanicus), in which is placed the tympanic membrane (memhrana

tympani), like a mirror in its frame. The anterosuperior border fuses with the

middle zygomatic root. Internally, this border is continuous with the upper

border of the narrow part of the bone, and is separated from the squamous
portion of the bone by the Glaserian fissure and a small part of the tegmen
tympani. The antero-inferior border is thin internally; externally it divides into

two laminae and ensheaths the root of the styloid process—hence the name
vaginal process given to this border. The external border is free and rough, and
has attached to it the cartilaginous part of the ear.

The glenoid fossa {fossa mandibularis) is a considerable hollow formed in front
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by the squamous part of the temporal, and behind by the tympanic bone. The
part of the fossa formed by the squamous portion is covered with cartilage and
articulates with the condyle of the mandible. The posterior part of the fossa lodges

part of the parotid gland, and is formed by the antero-inferior surface of the tym-
panic portion. The fossa is crossed by an oblique fissure, the petrotympanic fissure

(Glaserian fissure), which leads into the tympanum, lodges the processus gracilis

of the malleus, and transmits the tympanic branch of the internal maxillary

artery. This fissure is closed externally; at its inner extremity it is separated

from the squamous portion by the downgrowth of a process of bone from the

tegmen tympani (processus inferior tegmini tympani) of the petrous portion

between the squamous and tympanic plates, making the fissure at its internal

extremity a double one. The anterior limb is known as the canal of Huguier

(canaliculus chordae tym'pani), and transmits the chorda tympani nerve.

The external auditory meatus is bounded in front, below, and behind by the

tympanic portion. The roof and the upper part of the posterior wall are formed

by the squamous portion. The canal is about three-quarters of an inch (18 mm.)
in length, and is directed inward and forward. In vertical section it is of oval

outline, the long axis of the oval being vertical in the outer segment and oblique

in the inner segment.

The styloid process is a sharp spine of varying length. It projects downward
and forward from the vaginal process of the tympanic part, and gives origin

to the stylohyoid and stylomandibular ligaments, and to the Styloglossus, Stylo-

pharyngeus, and Stylohyoid muscles.

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. 53).—The temporal bone is developed from ien centres, exclusive of those

for the internal ear and the ossicles—viz., one for the squamous portion, including the zygoma,
cne for the tympanic plate, six for the petrous

and mastoid parts, and two for the styloid

process. Just before the close of fetal life

the temporal bone consists of four parts:

(1) The squamozygomatic part, ossified in

membrane from a single nucleus, which
appears at its lower part about the second
month. (2) The tjmapanic plate, an imper-

fect ring, in the concavity of which is a

groove, the sulcus tympanicus, for the at-

tachment of the circumference of the tym-
panic membrane. This is also ossified from
a single centre, which appears in membrane
about the third month. (3) The petromas-
toid part, which is developed from six centres,

appearing in the cartilaginous ear capsule

about the fifth or sixth month. Four of these

are for the petrous portion and are placed

around the labyTinth, and two are for the

mastoid (Vrolik). According to Huxley, the

centres are moi-e numerous and are disposed

so as to form three portions: The first por-

tion includes most of the labyrinth (part of

the cochlea, vestibule, superior semicircular

canals, and the inner wall of the tympanic

cavity) and a part of the petrous and mastoid.

This portion he has named the pro-otic. The second portion—the opisthotic—consists of the rest

of the petrous, and is thus made up: the floor of the tympanum and vestibule surrounds the caro-

tid canal and the outer and lower portions of the cochlea and spread inward below the internal

auditory meatus. The third portion—the pteriotic—roofs the antrum and tympanic cavity.

The fourth portion—the epiotic—includes the remainder of the mastoid. The petromastoid

is ossified in cartilage. (4) The styloid process is also ossified in cartilage from two centres—

•

one for the base, which appears before birth, and is termed the tjrmpanohyal ; the other, com])rising

Ifor
squamoux
portion,

indiidbui

zygoma :

£d month.

1 for tympanic
plate.

6 for petrous

and mastoid
portions.

2 for styloid process.

Fig. 53.—Development of the temporal bone
centres.

From ten
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the rest of the process, is named the stylohyal, and does not appear until after birth. Shortly

before birth the tj-mpanic plate unites with the squamous. The petrous and mastoid unite at

pubertv. and in some skulls never becomes united. The subsequent changes in this bone are,

that the tympanic plate extends outward and backward, so as to form the meatus auditorius.

(1) The extension of the tympanic plate, however, does not take place at an equal rate all around

the circumference of the ring, but occurs most rapidly on its anterior and posterior portions,

and these outgrowths meet and blerid, and thus, for a time, there exists in the floor of the meatus

a foramen, the foramen of Huschke; this foramen, usually closed by the fifth year, may persist

throughout life. (2) The glenoid cavity is at first extremely shallow, and looks outward as

well as downward; it becomes deeper and is ultimately directed downward. Its change in direc-

tion is accounted for as follows: the part of the squamous temporal which supports it lies at first

below the level of the zygoma. As, however, the base of the skull increases in width, this lower

part of the squama is directed horizontally inward to contribute to the middle fossa of the skull,

and its surfaces therefore come to look upward and downward. (3) The mastoid portion is

at first quite flat, and the stylomastoid foramen and rudimentary styloid process lie immediately

behind the tympanic ring. With the development of the air cells the outer part of the mastoid

portion grows downward and forward to form the mastoid process, and the styloid process

and stvlomastoid foramen now come to lie on the under surface. The descent of the foramen

is necessarily accompanied by a corresponding lengthening of the aqueduct of Fallopius.

Squamous portion

Petrosquatnous
suture

Squamousportion

Petrosquamous suture

^|„_^__^ Eminentid arcuata

Tympanic
ring

Petromastoid
portion

Fig. 54.—Temporal bone at birth. Outer aspect.

j
Fossa subarcuata

JSeaius acusttcus internua

Fig. 55.—Temporal bone at birth. Inner aspect.

(4) The downward and forward growth of the mastoid process also pushes forward the tympanic

plate, so that the portion of it which formed the original floor of the meatus and containing

the foramen of Huschke is ultimately found in the anterior wall. (5) With the gradual increase

in size of the petrous portion the floccular fossa or tunnel imder the superior semicircular canal

becomes filled up and almost obliterated.

Articulations.—With five bones—occipital, parietal, sphenoid, mandible, and malar.

Attachment of Muscles.—To fifteeen—to the squamous portion, the Temporal; to the

zygoma, the Masseter; to the mastoid porrion, the Occipitofrontalis, Sternomastoid, Splenius

ijapitis, Trachelomastoid, Digastric, and Posterior atu-icular; to the styloid process, the Stylo-

pharyngeus. Stylohyoid, and Styloglossus; and to the petrous portion, the Levator palati. Tensor
tymjjani. Tensor palati, and Stapedius.

The Sphenoid Bone (Os Sphenoidale).

The sphenoid bone is situated at the anterior part of the base of the skull,

articulating with all the other cerebral cranial bones, which it binds firmly and
solidly together. In its form it somewhat resembles a bat with its wings extended

;

and is di\'ided into a central portion or body, two greater and two lesser wings
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extending outward on each side of the body, and two processes—the pterygoid

processes—which project from the lower part of this body.

The Body (corpus).—The body is of large size and hollowed out in its interior

so as to form a mere shell of bone. It presents for examination four surfaces

—

a superior, an inferior, an anterior, and a posterior.

Surfaces.—The superior surface (Fig. 56) presents in front a prominent spine,

the ethmoidal spine, for articulation with the cribriform plate of the ethmoid;

behind this is a smooth surface having in the median line a slight longitudi-

nal eminence, with a depression on each side for the lodgment of the olfac-

tory lobes. This surface is bounded behind by a ridge, which forms the ante-

rior border of a narrow, transverse groove, the optic groove (sulcus chiasmatis);

behind the ridge lies the optic chiasm ; the groove is continuous on each side with

the optic foramen (foramen opticum) , for the passage of the optic nerve and ophthal-

mic artery. Behind the optic groove is a small eminence, olive-like in shape, the

Middle chimd process.

= ^

Optic foramen..

Sphenoidal fissure

Foramen rotundum.
Foramen Vesalii:

Foramen otmle:

Foramen spinosum.

Fig. 56—Sphenoid bone. Superior surface.

olivary eminence (tvberculum sellae); and still more posteriorly a deep depression,

the sella turcica (fossa hypophyseos), which lodges the circular sinus and the

hypophysis. This fossa is perforated by numerous foramina, for the transmission

of nutrient vessels into the substance of the bone. It is bounded in front by the

olivary eminence, and also by two small processes, one on either side, called the

middle clinoid processes (^processus clinoidei medii), which are sometimes connected

by a spiculum of bone to the anterior clinoid processes. It is bounded behind by
a square-shaped plate of bone, the dorsum sellae, terminating at each superior

angle in a tubercle, the posterior clinoid process (processus clinoideus posterior).

The size and form of these processes vary considerably in different individuals.

They deepen the sella turcica, and serve for the attachment of prolongations

from the tentorium cerebelli. The sides of the dorsum sellae are notched for

the passage of the abducent nerves, and below present a sharp process, the

petrosal process, which is joined to the apex of the petrous portion of the temporal

bone, forming the inner boundary of the middle lacerated foramen. Behind
this plate the bone presents a shallow depression, which slopes obliquely backward,

and is continuous with the basilar groove of the occipital bone; it is called the

clivus, and supports the upper part of the pons. On either side of the body is
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a broad, /-shaped groove, which lodges the internal carotid artery and the

cavernous sinus. (See page 724 for Qther structures in the sinus.) It is called

the cavernous groove {sulcus caroticus). Along the outer margin of this groove,

at its posterior part, is a ridge of bone injthe angle between the body and greater

wing, called the lingula {lingula sphenoidalis)

.

The posterior surface, quadrilateral in form, is joined to the basilar process

of the occipital bone. During childhood these bones are separated by a layer

of cartilage; but later (between the eighteenth and twenty-fifth years) this becomes

ossified from above downward, and the two bones then form one piece.

The anterior surface (Fig. 57) presents, in the median line, a vertical ridge of

bone, the ethmoidal crest {crista sphenoidalis), which articulates in front with the

perpendicular plate of the ethmoid, forming part of the septum of the nose (Fig.

57). On either side of it are irregular openings leading into the sphenoidal sinuses

(sinus sphenoidales), which are two large, irregular cavities of the hollowed out

interior of the body of the sphenoid bone, and separated more or less completely

from each other by a perpendicular bony septum (septum sinuum sphenoidalium).

Occasionally they extend into the basilar process of the occipital nearly as far

as the foramen magnum. Their form and size vary considerably; they are seldom

Pteryguid ridge.

Internal pterygoid plate

Hamular procesn.

Fig. 57.—Sphenoid bone. Antero-inferior aspect.

symmetrical, and are often partially subdivided by irregular, osseous laminse.

One or both sinuses may be absent. The septum is seldom quite vertical, being

commonly bent to one or the other side. These sinuses do not exist in very

young children, but appear, according to Laurent, in the seventh year. After

once appearing they increase in size as age advances. They are partially clo.sed,

in front and below, by two thin, curved plates of bone, the sphenoidal turbinated

processes (conchae sphenoidales). At the upper part of each is a round opening
(apertura sinv3 sphenoidalis), by which the sinus communicates with the upper
and back part of the no.se, and occasionally with the posterior ethmoidal cells

or sinuses. The lateral margins of the surface present a serrated edge, which
articulates with the os planum of the ethmoid, completing the posterior ethmoidal

cells; the lower margin, also rough and serrated, articulates with the orbital

process of the palate bone.

The inferior surface presents, in the middle line, a triangular spine, the rostrum



92 SPECIAL ANATOMY OF THE SKELETON

(rosirimi sphenoidalis), which is continuous with the sphenoidal crest on the

anterior surface, and is received into a deep fissure between the ala? of the vomer.

On each side may be seen a projecting lamina of bone, the vaginal process (^pro-

cessus vaginalis), which runs horizontally inward from near the base of the ptery-

goid process and articulates with the edges of the vomer. Close to the root of

the pterygoid process is a groove (sulcus pterygopalatinus), formed into a com-
plete canal when articulated with the sphenoidal process of the palate bone; it

is called the pterygopalatine canal, and transmits the pterygopalatine vessels

and a pharyngeal branch of the sphenopalatine ganglion.

The Greater or Temporal Wings {aloe magna)

.

—^The greater wings are two
strong processes of bone which arise from the sides of the body, and are curved

in a direction upward, outward, and backward, each being prolonged behind

into a sharp-pointed extremity, the alar, or sphenoidal spine {spina angvlaris).

Each wing presents three surfaces and a circumference.

Surfaces.

—

The superior surface {fades cerebralis) (Fig. 56) forms part of

the middle fossa of the skull; it is deeply concave, and presents eminences and
depressions for the convolutions of the cerebrum. At its anterior and internal

part is seen a circular aperture, the foramen rotundum, for the transmission of

the second division of the trigeminal nerve. Behind and external to this is a

large oval foramen, the foramen ovale, for the transmission of the third division

of the trigeminal nerve, the small meningeal artery, and sometimes the small

petrosal nerve. At the inner side of the foramen ovale a small aperture may
occasionally be seen opposite the root of the pterygoid process; it is the foramen

Vesalii, transmitting a small vein. In the posterior angle, near to the spine of

the sphenoid, is a short canal, sometimes double, the foramen spinosum, which

transmits the middle meningeal artery and the meningeal branch of the superior

maxillary nerve. Just to the inner side of the foramen spinosum a minute fora-

men (canaliculus innominatum) is occasionally found, for the passage of the small

petrosal nerve.

The external surface (Fig. 57) is convex and divided by a transverse ridge,

the pterygoid ridge {crista infratemporalis), into two portions. The superior

or larger, convex from above downward, concave from before backward, enters

into the formation of the temporal fossa, and gives attachment to part of the

Temporal muscle. The inferior 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 sharp-pointed eminence

of bone, the spine, to which are connected the internal lateral ligament of the

mandible and the Tensor palati muscle. At its inner and anterior extremity is

a triangular spine of bone, which serves to increase the extent of origin of the

External pterygoid muscle.

The anterior surface is divided into two parts, the orbital surface above and the

sphenomaxillary below. The orbital surface is quadrilateral in form; it looks

inward and forward, and assists in forming the outer wall of the orbit. It

is bounded above by a serrated edge for articulation with the frontal bone.

Internally this edge is sharp and free and forms the lower boundary of the

sphenoidal fissure. At about the centre of the free part of this border a little

tubercle projects, giving origin to one head of the External rectus muscle of the

eyeball. At its outer part is a notch for the transmission of a recurrent branch

of the lacrimal artery. The outer border is serrated for articulation with the

malar bone. The lower border is rounded and enters into the formation of the

sphenomaxillary fissure. This border separates the orbital surface above from

the sphenomaxillary portion below. This latter portion is situated just above

the pterygoid process and helps to form the posterior wall of the sphenomaxillary
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fossa in the articulated skull and exhibits the anterior extremity of the foramen

rotundum. . ^ i
•

Circumference (Fig. 56).—Commencing from behind, that portion of the cu-cum-

ference of the body of the sphenoid to the spine is serrated and articulates by its

outer half with the inner part of the antero-superior border of the petrous portion

of the temporal bone, while the inner half forms the anterior boundary of the mid-

dle lacerated formaen, and presents the posterior aperture of the Vidian canal

{canalis pterygoideus) , for the passage of the Vidian nerve and arterj'. In front

of the spine, the circumference of the greater 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

greater wing a triangular portion is seen, bevelled at the expense of the internal

surface, for articulation with the anterior inferior angle of the parietal bone.

Internal to this is a triangular, serrated surface, for articulation with the frontal

ANTERIOR CLINOIO
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Fig. 58.-—Sphenoid bone. Posterior \-iew.

bone; this surface is continuous internally with the sharp inner edge of the orbital

plate, which assists in the formation of the sphenoidal fissure, and extemally

with the serrated margin for articulation with the malar bone.

The Lesser or Orbital Wings (alae parrae).—^The lesser wings are two thin

triangular plates of bone which arise, one on each side, from the upper part of the

lateral surface of the body of the sphenoid, and, projecting transversely outward,

terminate in a sharp point (Fig. 56). The superior surface of each forms part of

the anterior fossa of the skull, is smooth, flat, broader internally than externally,

and supports part of the frontal lobe of the cerebrum. The inferior surface

forms the back part of the roof of the orbit and the upper boundary of the sphenoi-

dal fissure, or foramen lacerum anterius. This fissure is of a triangular form, and
leads from the cavity of the cranium into the orbit. It transmits the third, the

fourth, the three branches of the ophthalmic division of the trigeminal, the

abducent nerve, some filaments from the cavernous plexus of the s^•mpathetic, the

orbital branch of the middle meningeal artery, a recurrent branch from the lacri-

mal artery to the dura and the ophthalmic vein. The anterior border of the lesser
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wing is serrated for articulation with the frontal bone; the posterior border, smooth
and rounded, is received into the sylvian fissure of the cerebrum. The inner

extreniity of this border forms the anterior clinoid process {-processus clinoidevs

anterior). The lesser w^ing 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 origin of three of the Extrinsic muscles of the eye. Be-

tween the two roots is the optic foramen, for the transmission of the optic nerve

and ophthalmic artery.

The Pterygoid Processes (processus pterygoidei).—The pterygoid processes,

one on each side, descend perpendicularly from the place where the body and
greater wing unite (Fig. 59). Each process consists of an external and an in-

ternal plate, which are joined together by their anterior borders above, but
are separated below, leaving an angular cleft, the pterygoid notch, in which the

pterygoid tuberosity of the palate bone is received. The two plates diverge

from each other from their line of connection in front, so as to form in conjunc-

tion with the tuberosity of the palate bone a V-shaped fossa, the pterygoid fossa.

The external pterygoid plate {lamina lateralis processus pterygoidei) is broad and

Fiw. 59.—Sphenoid bone. Posterior surface.

thin, turned a little outward, and, by its outer surface, forms part of the inner wall

of the zygomatic fossa, giving attachment to the External pterygoid ; its inner sur-

face forms part of the pterygoid fossa, and gives attachment to the Internal

pterygoid. The posterior border of this plate frequently has one or more rough
projections, to one of which is attached the pterygospinous ligament, when this is

present. The internal pterygoid plate {lamina medialis processus pterygoidei) is

much narrower and longer, curving outward, at its extremity, into a hook-like

process of bone, the hamular process {hamulus pterygoideus) , around which turns
the tendon of the Tensor palati muscle. 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 posterior border of this plate gives attach-
ment to the pharyngeal aponeurosis throughout its entire length. The Superior
constrictor muscle of the pharynx arises from its lower half. Projecting back-
ward from the middle of this border is a spine {processus tubarius) , which supports
the pharyngeal end of the Eustachian tube. Above this the border divides into

two lips; the space between is the scaphoid fossa ( fossa scaphoidea). In this fossa

arises the Tensor palati muscle. The anterior margin articulates with the poste-

rior border of the perpendicular plate of the palate bone.

Superiorly, the internal pterygoid plate has a thin lamina of bone, the vaginal
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process {processus vaginalis) , which runs inward on the under surface of the body of

the sphenoid nearly to the rostrum. In the groove between the two in the articu-

lated skull are seen the alse of the vomer. On the under surface of the vaginal

process is a groove {sulcus pterygopalatinus) , which in the articulated skull is con-

verted into the pterygopalatal canal by union with the sphenoidal process of the

palate bone. At the junction of the vaginal process and the inner plate is the

pterygoid tubercle, just above which is the posterior opening of the Vidian canal.

The anterior surface of the pterygoid process is quite broad at its base, and forms

the chief part of the posterior wall of the sphenomaxillary fossa.

The Sphenoidal Turbinated Processes {conchae sphenoidales)

.

—
^The sphe-

noidal turbinated processes 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 part of the body of the sphe-

noid, an aperture {apertura sinus sphenoidalis) of variable size being left in

the anterior wall of each, through which the sphenoidal sinuses open into the

nasal fossae. They are irregular in form and taper to a point behind, being

broader and thinner in front. Their upper surface, which looks toward the

cavity of the sinus, is concave; their under surface convex. Each bone articulates

in front with the ethmoid, externally with the palate; its pointed posterior

extremity is placed above the vomer, and is received between the root of

the pterygoid process on the outer side and the rostrum of the sphenoid on the

inner.^

Development.—Up to about the eighth month of fetal life the sphenoid bone conflRs of two
distinct parts—a posterior or postsphenoid part, which comprises the sella turcica, the greater

wings, and the pterygoid processes; and an anterior or presphenoid part, to which the anterior

part of the body and lesser wings belong. It is developed from fourteen centres—eight for the

postsphenoid division and six for the presphenoid. All parts except the internal pterygoid

plates have an intracartilaginous origin.

Postsphenoid Division.—The first nuclei to appear are those for the greater wings {ali-

sphenoiih). They make their appearance between the foramen rotundum and foramen ovale

about the eighth week, and from them the external pterygoid plates are also formed. Soon after,

the nuclei for the posterior part of the body appear, one on either side of the sella turcica, and
become blended together about the middle of fetal life. About the ninth or tenth week the

centre for the internal pterygoid plate appears, followed by the centre for the hamular process;

the centre for the lingula appears during the fourth month, and soon joins the rest of the body.

The internal and external pterygoid plates become joined at about the si.xth month.

one for ea,:h two for anterior

lesser wing, part of body.

one for each intemal-'-\'

pterygoid plate. '-^^

one for /<" ^*'<^'' tiugula.

each greater wing and external ptery-
[goid plate,

onefor each Sphenoidal turbinated process.

Fig. 60.—Plan of development of the sphenoid.
From fourteen centres.

Fig. 61.—Sphenoid bone at birth. Posterior aspect.

Presphenoid Division.—The first nuclei to appear are those for the lesser wings {orbito-

phenoids). They make their appearance about the ninth week, at the outer borders of the optic

' .\ small portion of the sphenoidal turbinated process sometimes enters into the formation of the inner
wall of the orbit, between the os planum of the ethmoid in front, the orbital plate of the palate below, and
the frontal above.—Cleland, Roy. See. Trans., 1862.



96 SPECIAL ANATOMY OF THE SKELETON

foramina. A second pair of nuclei appears on the inner side of the foramina shortly after, and,
becoming united, form the front part of the body of the bone. The remaining two centres for

the sphenoidal turbinated processes make their appearance about the fifth month. At birth thev
consist of small triangular laminse, and it is not until the third year that they become hollowed out
and cone-shaped. About the fourth year they become fused with the lateral masses of the

ethmoid, and between the ninth and twelfth years they unite with the sphenoid bone.

The presphenoid is united to the body of the postsphenoid about the eighth month, so that at

birth the bone consists of three pieces—viz., the body in the centre, and on each side the great

wings with the pterygoid processes. The lesser wings become joined to the body at about the

time of birth. During the first year after birth the greater wings and body are united. From
the ninth to the twelfth year the turbinated processes are partially united to the sphenoid, their

junction being complete by the twentieth year. Lastly, the sphenoid joins the occipital from the

eighteenth to the twenty-fifth year.

Articulations.—The sphenoid articulates with all the bones of the cerebral cranium, and

five of the face—the two malar, the two palate, and vomer; the exact extent of articulation with

each bone is shown in the accompanying figures.'

Attachment of Muscles.—To eleven pairs—the Temporal, External pterygoid. Internal

pterygoid, Superior constrictor. Tensor palati, Levator palpebrae, Superior oblique, Superior

rectus. Internal rectus, Inferior rectus. External rectus.

The Ethmoid Bone (Os Ethmoidale).

The ethmoid is an exceedingly light, spongy bone, of a cubical form, situated

at the anterior part of the base of the cranium proper, between the two orbits

at the root of the nose, and contributing to the formation of each of these cavi-

ties. It consists of four parts—a horizontal plate, which forms part of the base

of the cranium proper; a perpendicular plate, which forms part of the septum of

the nose; and two lateral masses, containing a number of spaces.

-- Slit for iiaxal nerve

Anterior ethmoidal cells

Vertical plate

'amina perpendicularis)

Unciform process

FiQ. 62.—Ethmoid bone. Outer surface of right lateral mass. (Enlarged.)

The Horizontal Lamina, or Cribriform Plate {lamina cribrosa) (Fig. 62), forms

part of the anterior fossa of the base of the skull, and is received into the eth-

moid notch of the frontal bone between the two orbital plates. Projecting up-

ward from the middle line of this plate is a thick, smooth, triangular process of

bone, the crista galli. Its base joins the cribriform plate. Its posterior border,

long, thin, and slightly curved, serv^es for the attachment of the falx cerebri. Its

anterior border, short and thick, articulates with the frontal bone, and presents

two small projecting alae (processus alares) , which are received into corresponding

depressions in the frontal, completing the foramen cecum 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 olfactory tract, and is perforated by foramina for the

passage of the olfactory nerves. These foramina are arranged in three rows:

The innermost, which are the largest and least numerous, are lost in grooves on the

'It also sometimes articulates with the tuberosity of the maxilla.



THE ETHMOID BONE 97

upper part of the septum ; the foramina of the outer row are continued on to the

surface of the superior turbinated process. The foramina of the middle row
are the smallest ; they p)erforate the bone and transmit ner\es 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 trianguFar notch, which receives the ethmoidal spine of the

sphenoid.

Crista gain
4P^

Lamina cribrosa

Lateral mass

Superior turbinated
process

Superior meatus

Processus uncinatus

Inferior turbinated process
Perpendicular plate

Anterior
ethmoidai
groove

Fig. 63.—Ethmoid bone from behind. Fig. 64.—Ethmoid bone from above. (Spalteholz.)

,ri(7i Eihmoi^Ial

The Vertical Plate {lamina perpendicularis) (Fig. 65) is a thin, flattened,

lamella of bone, which descends from the under surface of the cribriform plate,

and assists in forming the septum of the nose. It is much thinner in the middle

than at the circumference,

and is generally deflected

a little to one side. Its

anterior border articulates

with the nasal spine of the

frontal bone and crest of

the nasal bones. Its pos-

terior border, divided into

two parts, articulates bv
its upper half with the

sphenoidal crest of the

sphenoid, by its lower

half with the vomer. The
inferior border ser\es for

the attachment of the

triangular cartilage of the

nose. On each side of

the perpendicular plate

numerous grooves are seen,

leading from the foramina on the cribriform plate; they lodge filaments of the

olfactory nenes.

The Lateral Mass, or Labyrinth {lahyrinihus ethmoidalis), of the ethmoid

consists of a number of thin-walled cellular cavities, the ethmoidal cells {cellulae

eihmoidales), interposed between two vertical plates of bone, the outer one of which

forms part of the orbit, and the inner one part of the outer wall of the nasal fossa

7

Fig. 65.—Perpendicular plate of ethmoid (enlarged), shown by removing
the right lateral mass.
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Fig. 66.—Ethmoid bone,
mass.

Inner surface of right lateral

(Enlarged.)

of the corresponding side. There are two lateral masses, one on each side. The
ethmoidal cells are not present at birth, but appear during the fifth year. 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, except where they open into the nasal

fossae. 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 canals (canalis ethmoidale anterius et posterius),

and open on the inner wall of the orbit. The anterior transmits the nasal nerve

and the anterior ethmoidal vessels; the posterior transmits the posterior ethmoidal

vessels. The posterior surface also presents large irregular cellular cavities, which

are closed in by articulation with the sphenoidal turbinated processes and the orbi-

tal process of the palate. The cells at

the anterior surface are completed by
the lacrimal bone and nasal process of

the maxilla, and those below also by
the maxilla. The outer surface of each

lateral mass consists chiefly of a thin,

smooth, oblong plate of bone, called

the OS planum {lamina papyracea); it

forms part of the inner wall of the orbit,

and articulates, above, with the orbital

plate of the frontal; beloiv, with the

maxilla; in front, with the lacrimal;

and behind, with the sphenoid and
orbital process of the palate. In

front of the os planum are found the anterior ethmoidal cells, which are completed

by the lacrimal bone and the nasal process of the maxilla.

From the inferior part of each lateral mass, immediately beneath the os

planum, there projects downward and backward an irregular hook-like lamina

of bone, called the unciform process (processus uncinatus); it serves to close in

the upper part of the orifice of the antrum (Fig. 71), and articulates with the

ethmoidal process of the turbinated bone. It is often broken in disarticulating

the bones.

The inner surface of each lateral mass forms part of the 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 process (concha nasalis media).

The whole of this surface is rough and marked above by numerous grooves, which

run nearly vertically downward 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 superior turbinated process (concha nasalis superior). By means of an orifice

at the upper part of this fissure the posterior ethmoidal cells open into the superior

meatus. Below, and in front of the superior meatus, is seen the convex surface

of the middle turbinated process. It extends along the whole length of the inner

surface of each lateral mass. The middle of its lower margin is free and thick.

The anterior portion articulates with the superior turbinated crest of the nasal

process of the maxilla, and the posterior portion articulates with the superior tur-

binated crest of the maxilla and palate bone. Its concavity, directed outward,

assists in forming the middle meatus. It is by a large orifice at the upper and
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front part of the middle meatus that the anterior ethmoidal cells, and through

them the frontal sinuses, communicate with the nose by means of a funnel-

shaped canal, the infundibuluin (iiifundibulum eihmoidale) (Fig. 62). The cell-

ular cavities of each lateral mass, thus walled in by the os planum in the outer

side and by the other bones already mentioned, are di\'ided by a thin trans-

verse bony partition into two sets, which do not communicate with each other;

they are termed the anterior and posterior ethmoidal sinuses. The former, more

numerous, communicate with the frontal sinuses above and the middle meatus;

below by means of the infundibulum ; the posterior, less numerous, open into

the superior meatus and communicate (occasionally) with the sphenoidal sinuses.

In some cases the ethmoidal sinuses communicate with the maxillarj' sinus.

In some cases the os planum never develops, and the ethmoidal sinuses are

separated from the orbit merely by membrane.

Development.—The ethmoid is developed in cartilage from three centres—one for the per-

pendicular lamella, and one for each lateral mass. The lateral masses are first developed,

ossific granules making their ap|>earance in the os planum between the fourth and fifth months
of fetal life, and extending into the turbinated processes. At birth the bone consists of the two
lateral masses, which are small and poorly developed. During the first year after birth the

perpendicular plate and crista galli begin to ossify, from a single centre, and become joined to the

lateral masses about the beginning of the second year. The cribriform plate is ossified partly

from the perpendicular plate and partly from the lateral masses. The formation of the ethmoidal

cells, which completes the bone, does not commence until the end of the fourth year.

Articulations.—With thirteen bones—the sphenoid, the frontal, and eleven of the face, the

two nasal, two palate, two maxillse, two lacrimal, two turbinated, and the vomer. No musdes
are attached to this bone.

THE BONES OF THE FACE (OSSA FACIEI).

The facial bones are fourteen in number—^\'iz,, the

Two nasal. Two palate.

Two maxillae.
" Two turbinated.

Two lacrimal. Vomer.
Two malar. Mandible.

The Nasal Bones (Ossa Nasalia).

The nasal bones are two small oblong bones, varying in size and form in dif-

ferent individuals; they are placed side by side at the middle and upper part of

the face, forming by their junction "the bridge" of the nose (Fig. 67). Each
lx)ne presents for examination two surfaces and four borders.

Surfaces.—The outer surface is concave from above downward, convex from

side to side; it is covered by the P\Tamidalis and Compressor nasi muscles. It

is marked by numerous small arterial furrows, and perforated about its centre

by a foramen (foramen nasale), sometimes double, for the transmission of a

small vein.

The inner surface is concave from side to side, convex from above downward,
in which direction it is traversed by a longitudinal groove (sometimes a canal),

for the passage of a branch of the nasal nene.

Borders.—The superior border is narrow, thick, and serrated, for articulation

with the nasal notch of the frontal bone.

The inferior border is broad, thin, sharp, inclined obliquely downward, out-

ward, and backward, and serves for the attachment of the lateral cartilage of

the nose. This border presents, about its middle, a notch, through which passes
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the branch of- the nasal nerve above referred 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

maxilla.

Nasal hone

Nasal proc.

Infra-orbital

foramen.

Ant. nasal spine

Lacrimal bone.

Orbital surface.

Infra-orbital

groove.

Artie, with malar.

Maxillary
tuberosity.

Fig. 67.—Nasal and lacrimal hones in situ.

Crest with
perpendicular
plate of
ethmoid

Groove for
nasal nerve

Surface,

-Right nasal bone.

Inner Surface.

Fig. 69.

—

Left nasal bone.

The internal border, thicker

above than below, articulates

with its fellow of the opposite

side, and is prolonged behind

into a vertical crest, which

forms part of the septum of the

nose; this crest articulates from

above downward with the nasal

spine of the frontal, the per-

pendicular plate of the eth-

moid, and the triangular septal

cartilage of the nose.

Development.—Of intramembranous origin and from one centre for each bone, which
appears about the eighth week.

Articulations.—With four bones—two of the cerebral cranium, the frontal and ethmoid,

and two of the face, the opposite nasal and the maxilla.

The nasal bone has no muscles attached to it.

The Maxillae (Upper Jaw).

The maxillae are the largest bones of the face, excepting the mandible, and
form, by their union, the whole of the upper jaw. Each maxilla assists in the

formation of the walls of three ca\ ities, the roof of the mouth, the floor and
outer wall of the nasal fossae, and the floor of the orbit, and also enters into the
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formation of two fossae, the zygomatic and sphenomaxillary, and two fissures,

the sphenomaxillary and pterygomaxillary. The bone presents for examination

a body and four processes—malar, nasal, alveolar, and^ palatal.

The Body (corpus maxillae).—The body is somewhat cuboid and is hollowed

out in its interior to form a large cavity, the antrum of Highmore (sinus maxillaris).

Its surfaces are four—an external or facial, a posterior or zygomatic, a superior

or orbital, and an internal or nasal.

Surfaces.—The facial surface {fades anterior) (Fig. 70) is directed fon\ard and
outward. It presents at its lower part a series of eminences corresponding to the

position of the anterior five teeth. Just above those for the incisor teeth is a

depression, the incisive fossa, which gives origin to the Depressor alae nasi; and
below it to the alveolar border is attached a slip of the Orbicularis oris. Above
and a little external to it the Compressor naris arises. More external is another

depression, the canine fossa {fossa canina), 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 infraorbital foramen {foramen iufraorbitale),

Outer Surfcuse.

TCNOO OCUL

Inasive fossa.

Posterior dental

cantils.

Maxillary tuberositjf.

Ttfol*^-^nin*. Bicwtpid.t.

Fig. 70.—Left maxilla. Outer surface.

the termination of the infraorbital canal; it transmits the infraorbital vessels and
nene. Sometimes the infraorbital canal opens by two, very rarely by three,

orifices on the face. Above the infraorbital foramen is the margin of the orbit

{marge infraorbitalis), which affords partial attachment to the Levator labii

superioris. To the sharp margin of bone which bounds this surface in front

and separates it from the internal surface is attached the Dilatator naris posterior.

The posterior (fades infratemporalis) or zygomatic surface is convex, directed

backward and outward, and forms part of the zygomatic fossa. It is sepa-

rated from the facial surface by a strong ridge of bone, the malar process, which

extends upward from the socket of the .second molar tooth. It presents about

its centre several apertures leading to canals in the substance of the bone;
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they are termed the posterior dental canals (foramina alveolaria), and transmit

the posterior dental vessels and nerves. At the lower part of this surface is a

rounded eminence, the maxillary tuberosity (tuber maxillare), especially prominent

after the growth of the wisdom tooth, rough on its inner side for articulation with

the tuberosity of the palate bone, and sometimes with the external pterygoid

plate. It gives attachment to a few fibres of origin of the Internal pterygoid

muscle. Immediately above this is a smooth surface, which forms the anterior

boundary of the sphenomaxillary fossa; it presents a groove which, running ob-

liquely downward, is converted into a canal by articulation with the palate bone,

forming the posterior palatine or palatomaxillary canal for the descending palatine

artery and great palatine nerve. The posterior border forms the anterior bound-

ary of the pterygomaxillary fissure.

The superior or orbital surface (fades orhitalis) is thin, smooth, triangular,

and forms part of the floor of the orbit. It is bounded internally by an irregular

margin, which in front presents a notch, the lacrimal notch (incisura lacrimalis),

which receives the lacrimal bone; in the middle it articulates with the os planum of

the ethmoid, and behind with the orbital process of the palate bone; bounded ex-

ternally by a smooth, rounded edge which enters into the formation of the spheno-

maxillary fissure, and which sometimes articulates at its anterior extremity with

the orbital plate of the sphenoid; bounded in front by part of the circumference of

the orbit, which is continuous on the inner side with the nasal, on the outer side

with the malar process. Along the middle line of the orbital surface is a deep

groove, the infraorbital groove (sulcus infraorbitalis), for the passage of the infra-

orbital vessels and nerve. The groove commences at the middle of the outer

border of this surface, and, passing forward, terminates in a canal, which subdi-

vides into two branches. One of the canals, the infraorbital canal, opens just below

the margin of the orbit; the other, which is smaller, runs downward in the sub-

stance of the anterior wall of the antrum; it is called the anterior dental canal, and
transmits the anterior dental vessels and nerve to the front teeth of the maxilla.

From the back part of the infraorbital canal a second small canal is sometimes

given off, which runs downward in the outer wall of the antrum, and conveys the

middle dental nerve to the biscupid teeth. Occasionally this canal is a branch of

the anterior dental canal.

At the inner and fore part of the orbital surface, just external to the lacrimal

groove for the nasal duct, is a depression which gives origin to the Inferior oblique

muscle of the eye.

The internal surface (Fig. 71) is unequally divided into two parts by a horizontal

projection of bone, the palatal process (processus palatinus); the portion above

the palatal process is known as the nasal surface (fades Jiasalis). It forms part

of the outer wall of the nasal fossa. Below the palate process is the cavity of

the mouth. The superior division of the nasal surface presents a large, irregu-

lar opening (hiatus maxillaris) , leading into the maxillary sinus. At the upper
border of this aperture are numerous broken cellular cavities, which in the articu-

lated skull are closed by the ethmoid and lacrimal bones. Below the aperture

is a smooth concavity which forms part of the inferior meatus of the nasal fossa,

and 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 downward and forward, and forms, when com-
pleted by its(articulation with the palate bone, the posterior palatine or palato-)

maxillary canal^ In front of the opening of the antrum is a deep groove, con-

verted into a canal (canalis nasolacrimalis) by the lacrimal and turbinated bones.

The groove is called the lacrimal groove (sulcus lacrivialis), and lodges the nasal

duct. More anteriorly is a well-marked rough ridge, the inferior turbinated crest

(crista conchalis), for articulation with the turbinated bone. The shallow con-
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cavity above this ridge forms part of the middle meatus of the nose, while that

below it forms part of the inferior meatus. The portion of this surface below
the palatal process is concave, rough, and uneven, and perforated by numerous
small foramina for the passage of nutrient vessels. It enters into the formation
of the roof of the mouth.
The antrtun of Highmore (sinus Tnaxillaris) is a p\Tamidal cavity hollowed

out of the body of the maxilla. It varies much in size. It is in most cases a,

large cavity, but in some is very small. The apex of the antrum, directed outward,

is formed by the malar process; its base by the outer wall of the nose. Its walls

are everj-where exceedingly thin, and correspond to the orbital, facial, and zygo-

matic surfaces of the body of the bone. The floor is formed by the alveolar process

of the maxilla. The roof corresponds to the orbital plate. Its inner wall, or base,

presents, in the disarticulated bone, a large, irregular aperture {hiatus maxil-

laris), which communicates with the nasal fossa. The margins of this aperture

are thin and ragged, and the aperture itself in the articulated skull is much con-

^^i-^^.

Bones partinOy dosinq orifice of antrum
marked in outline.

Ethmoid.

Turbinated.

PalaU.

Anterior naaaltpine.

Bristle passed
through anterior

palatine canaL

Fig. 71.—Left maxilla. Internal surface.

tracted by its articulation with the ethmoid above, the turbinated bone below,

and the palate bone behind.^ In the articulated skull this cavity communicates

with the middle meatus of the nasal cavity, generally by two small apertures

left between the above-mentioned bones. In the recent state usually only one

small opening exists, near the upper part of the cavity, sufficiently large to

admit the end of a probe, the other being closed by the lining membrane of

the sinus.

Crossing the cavity of the antrum are often seen several projecting laminse of

bone, similar to those seen in the sinuses of the cranium; on its posterior wall are

the posterior dental canals, transmitting the posterior dental vessels and nenes to

the teeth. Projecting into the floor are several conical processes, corresponding

• In some cases, at any rate, the_ lacrimal bone encroacftes slightly on the antertor superior portion of the
opening, and assists in forming the inner wall of the antrum.
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to the roots of the first and second molar teeth; in some cases the floor is per-

forated by the teeth in this situation
;
projecting into the antrum from the roof

is a ridge corresponding to the infraorbital canal.

The Processes.—^The malar process {processus zygomaticus) is a rough, trian-

gular eminence, situated at the angle of separation of the facial from the zygo-

matic 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; w^hile below a prominent ridge

marks the division between the facial and zygomatic surfaces. A small part of

the Masseter muscle arises from this process.

The nasal process (processus frontalis) is a strong, triangular plate of bone, which

projects upward, inward, and backward by the side of the nose, forming part

of its lateral boundary. Its external surface is concave, smooth, perforated by
numerous foramina,andgivesattachment totheLevatorlabiisuperiorisalaeque nasi,

the Orbicularis palpebrarum, and the Tendo oculi. Its internal surface forms part

of the outer wall of the nasal fossa; at its upper part it presents a rough, uneven
surface, which articulates with the ethmoid bone, closing in the anterior ethmoidal

cells; below this is a transverse ridge, the superior turbinated crest (crista ethmoi-

dalis), for articulation with the middle turbinated process of the ethmoid; below

the crest is a shallow, smooth concavity which forms part of the middle meatus;

below this again is the inferior turbinated crest (already described), where the pro-

cess joins the body of the bone. Its tipper border articulates with the nasal notch

of the frontal bone. The anterior border of the nasal process is thin, directed

obliquely downward and forward, and presents a serrated edge for articulation with

the nasal bone; its posterior border is thick, and hollowed into a groove, the lacrimal

groove, for the nasal duct; of the two margins of this groove, the inner one articu-

lates with the lacrimal 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

lacrimal tubercle, which articulates with the hamular process of the lacrimal bone.

The lacrimal groove in the articulated skull is converted into a canal (canalis

lacrimalis) by the lacrimal bone and lacrimal process of the turbinated bone; it

is directed downward, and a little backward and outward, is about the diameter

of a goose-quill, slightly narrower in the middle than at either extremity, and
terminates below in the inferior meatus. It lodges the nasal duct.

The alveolar process (processus alveolaris) 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 (alveoli dentales). 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 by septa; those for the incisors are single, but deep and narrow.

The Buccinator muscle arises from the outer surface of this process as far forward

as the first molar tooth. After the loss of the prominent teeth at any time, but

especially in old age, this process, like that of the mandible, is absorbed.

The palatal process (processus palatinus), thick and strong, projects horizon-

tally inward from the inner surface of the body. It is much thicker in front than

behind, and forms a considerable part of the floor of the nostril and the roof of

the mouth. Its inferior surface (Fig. 72) is concave, rough and uneven, contains

numerous little cavities for the glands of the mucous membrane, and forms part

of the roof of the mouth. This surface is perforated by numerous foramina for

the passage of the nutrient vessels, channelled at the back part of its alveolar border

by a longitudinal groove, sometimes a canal, for the transmission of the posterior

palatine vessels, and the great posterior palatine nerve from Meckel's ganglion,

and presents little depressions for the lodgement of the palatine glands. When
the two maxillae are articulated, a large fossa mav be seen in the middle
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line, immediately behind the incisor teeth. This is the anterior palatine fossa.

On examining the bottom of this fossa four canals are seen: two branch off

laterally to the right and left nasal fossae, and two—one in front and one behind

—lie in the middle line. The former pair of these openings are named the

incisor foramina, or foramina of Stenson; they are the openings of the forking incisor

canal, through which pass th« anterior or terminal branches of the descending

or posterior palatine arteries, which ascend from the mouth to the nasal fossae,

and they contain the remains of Jaeobson's organ. The canals in the middle line

are termed the foramina

Anterior palatine eanoL

Foramina ofStenson.

Foramen of Scarpa.

Palate process c

maxilla.

Horisontal

of palate bone.

of Scarpa, and transmit

the nasopalatine nerses,

the left passing through

the anterior, and the right

through the posterior,

canal. Occasionally in

adults' skulls, often in

children's skulls, on the

palatal surface of the

process a delicate linear

suture may sometimes be

seen extending from the

anterior palatine fossa to

the interval between the

lateral incisor and the

• canine tooth. This marks
fout the premaxillary bones

j

(ps incisivum). on each]

side, and includes the

whole thickness of the

alveolus, the correspond-

ing part of the floor of

the nose, and the anterior

nasal spine, and contains

the sockets of the incisor teeth; in some animals it exists as a separate bone. The
upper surface of the palatal process is concave from side to side, smooth, and
forms part of the floor of the nose. It presents the upper orifices of the foramina

of Stenson and Scarpa, the former being on each side of the middle line, the

latter being situated in the intermaxillary suture, and therefore not visible unless

the two bones are placed in apposition. The outer border of the palatal process

is incorporated with the rest of the bone. The inner border is thicker in front

than behind, and is raised above into a ridge, the nasal crest (crista nasalis),

which, with the corresponding ridge in the opposite bone, forms a groove for

the reception of the vomer. In front this crest rises to a considerable height, and
this portion is named the incisor crest. The anterior margin is bounded by the

thin, concave border of the opening of the nose, prolonged forward internally into

a sharp process, forming, with a similar process of the opposite bone, the anterior

nasal spine (spina nasaUs anterior). The posterior border is serrated for articu-

lation with the horizontal plate of the palate l>one.

rior palatine canals.

Aooessory palatine foramina.

Fig. 72.—The palate and alveolar arch.

Development.—This bone commences to ossify at a very early f)eriod, and ossification

proceeds in it with great rapidity, so that it is diflScult to ascertain with certainty its precise

number of centres. It appears, however, probable that it is ossified from six centres,

which develop in membrane: (1) One, the orbitonasal, -Khxch forms that portion of the body
of the bone which lies internal to the infraorbital canal, including the floor of the orbit, the

outer wall of the nasal fossa, and the nasal process. (2) A malar, which gives origin to that
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Anterior Surface.

portion of the bone which lies externa! to the infraorbital canal and the malar process. (3)

A palatal, from which is developed the palatal process posterior to Stenson's canal and the

adjoining part of the nasal wall. 4. A jjremaxillary, for the front part of the alveolus, which carries

the incisor teeth and corresponds to the premaxillary bone of the lower animals. (5) A nasal,

that gives rise to the nasal process and the portion above the canine tooth. (6) An infravomerine

,

that lies beneath the vomer and between the palatal and premaxillary centres. The premaxillary

centre is in close association with the development of the perpendicular plate of the ethmoid and

the vomer. According to Albrecht it develops from two centres of ossification, each having an
incisive tooth. The one possessing the mesal segment he calls the

endognathion. The lateral segment he calls the Tnesognathion,

while to the maxilla he gives the name exognathion. These seg-

ments are separated by five sutures. The failure of union of any
of these segments will lead to the various forms of cleft palate.

These centres appear about the eighth week, and by the tenth

week have become fused together so that the bone consists of two
portions, one the maxilla proper, and the other the premaxillary

portion. The suture between these two portions on the palate

persists until middle life, but is not to be seen on the facial surface.

This is believed by Callender to be due to the fact that the front

wall of the sockets of the incisive teeth is not formed by the pre-

maxillary bone, but by an outgrowth from the facial part of the

maxilla. The antrum appears as a shallow groove on the inner

surface of the bone at an earlier period than any of the other nasal

sinuses, its development commencing about the fourth month of

fetal life, and reaches its full size after the second dentition. The
sockets for the teeth are formed by the growing downward of

two plates from the dental groove, which subsequently becomes
divided by partitions jutting across from the one to the other. If

the two palatal processes fail to unite partially or completely, a

partial or complete cleft palate results.

Articulations.—With nine bones, two of the cerebral cranium,
the frontal and ethmoid, and seven of the face—viz., the nasal,

malar, lacrimal, turbinated, palate, vomer, and its fellow of the

opposite side. ^Sometimes it articulates with the orbital plate of

the sphenoid, and sometimes with its external pterygoid plate.)

Attachment of Muscles.—To twelve—the Orbicularis palpebrarum, Obliquus oculi infe-

rior. Levator labii superioris alaeque nasi, Levator labii superioris, Levator anguli oris, Com-
pressor naris, Depressor alae nasi. Dilatator naris posterior, Masseter, Buccinator, Internal

pterygoid, and Orbicularis oris.

Applied Anatomy.—It is from the extreme thinness of the walls of the antrum that we are

enabled to explain how a tumor growing from the antrum encroaches upon the adjacent parts,

pushing up the floor of the orbit and displacing the eyeball, projecting inward into the nose,

protruding forward on to the cheek, and making its way backward into the zygomatic fossa

and downward into the mouth.

Inferior Surface.

Fig. 73.—Development of
the maxillse. At birth.

CHANGES PRODUCED IN THE UPPER JAW BY AGE.

At birth and during infancy the diameter of the bone is greater in an antero-posterior than

in a vertical direction. Its nasal process is long, its orbital surface large, and its tuberosity

well marked. In the adult the vertical diameter is the greater, owing to the development of

the alveolar process and the increase in size of the antrum. In old age the bone approaches

again in character to the infantile condition; its height is diminished, and after the loss of the

teeth the alveolar process is absorbed, and the lower part of the bone contracted and diminished

in thickness.

The Lacrimal Bone (Os Lacrimale).

The lacrimal (lacrima, a tear) is the smallest and most fragile bone of the face.

There are two lacrimal bones. They are situated at the front part of the inner

wall of the orbit (Fig. 67), and resemble somewhat in form, thinness, and size a

finger nail ; hence, they are termed the ossa unguis. Each bone presents for exami-

nation two surfaces and four borders.
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Surfaces.

—

The external or orbital surface (Fig. 74) is divided by a vertical

ridge, the lacrimal crest {crista lacrimalis yosterior), into two parts. The portion

of bone in front of this ridge presents a smooth, concave, longitudinal groove

{sulcus lacrimalis), the free margin of which unites with the nasal process of the

maxilla, completing the lacrimal canal. The upper part of this groove (fossa

sacci lacrimalis) lodges the lacrimal sac; the lower part lodges the nasal duct.

The portion of bone behind the ridge is smooth, slightly concave, and forms

part of the inner wall of the orbit. The ridge, with a part of the orbital surface

immediately behind it, affords origin to the Tensor tarsi

muscle; it terminates below in a small hook-like projection,

the hamular process (hamulus lacrimalis), which articulates

with the lacrimal tubercle of the maxilla and completes the

upper orifice of the lacrimal canal. It sometimes exists as a

separate piece, which is then called the lesser lacrimal bone.

The internal or nasal surface presents a depressed furrow,

corresponding to the ridge on its outer surface. The sur-

face of bone in front of this forms part of the middle

meatus, and that behind it articulates with the ethmoid
bone, closing in the anterior ethmoidal cells.

Borders.—Of the four borders, the anterior is the long-

est, and articulates with the nasal process of the maxilla. ^ fig. 74.—Left lacrimal

rj^. , , . ,
'^

, , • 1 1
bone. External surface.

Ihe posterior, thm and uneven, articulates with the os (SUghtiy enlarged.)

planum of the ethmoid. The superior, the shortest and
thickest, articulates with the internal angular process of the frontal bone. The
inferior is divided by the lower edge of the vertical crest into two parts; the

posterior part articulates with the orbital plate of the maxilla; the anterior

portion is prolonged downward into a pointed process, which articulates with

the lacrimal process of the turbinated bone and assists in the formation of the

lacrimal canal.

Development.—From a single centre, which makes its appearance in membrane at about

the eighth or ninth week.

Articulations.—With four bones—two of the cerebral cranium, the frontal and ethmoid,

and two of the face, the maxilla and the turbinated.

Attachment of Muscles.—To one muscle, the Tensor tarsi.

The Malar Bone (Os Zygomaticum).

The malar bone is a quadrangular bone, situated at the upper and outer part of

the face. It forms the prominence of the cheek, part of the outer wall and floor

of the orbit, and part of the temporal and zygomatic fossae (Fig. 75). Each bone

presents for examination an external and an internal surface; three processes, the

frontal, orbital, and zygomatic processes; and four borders.

Surfaces.

—

The external surface (fades malaris) (Fig. 76) is smooth, convex,

perforated near its centre by a small aperture, the malar foramen, for the passage

of nerves and vessels from the orbit. The malar surface is covered by the Orbicu-

laris palpebrarum muscle, and affords attachment to the Zygomaticus major and

minor muscles.

The internal surface (facies temyoralis) (Fig. 77), directed backward and inward,

is concave, presenting anteriorly a rough, triangular surface, for articulation with

the maxilla ; and behind, a smooth concave surface, which above forms the anterior

boundary of the temporal fossa, and below, where it is wider, forms part of the

zygomatic fossa. This surface presents, a little above its centre, the aperture of
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a malar canal {foramen zygomaticotemporale), and affords attachment at its

lower part to a portion of the Masseter muscle.

Processes.
—

^The frontal process {processus frontos'phenoidalis) is thick and
serrated, and articulates with the external angular process of the frontal bone. To
its orbital margin is attached the external tarsal ligament.

Frontal process Er( nnqvlnr process

Zygoma- Y^
tic proc.

mwimm

Fig. 75.—Right malar bone in situ.

The orbital process is a thick and strong plate, which projects backward from the

orbital margin of the bone. Its swpero-internal surface {fades orbitalis), smooth
and concave, forms, by its junction with the orbital surface of the maxilla^and with

the greater wing of the sphenoid, part of the floor and outer wall of the orbit. Its

temporal surface, smooth and concave, forms part of the zygomatic and temporal

Bristles passed
through temporo-

malar canals.

"With frontal.

Fig. 76.—Left malar bone. Outer surface. Fig. 77.—Left malar bone. Inner surface.

fossae. Its anterior margin is smooth and rounded, forming part of the circum-

ference of the orbit. Its superior margin, rough and directed horizontally, artic-

ulates with the frontal bone behind the external angular process. Its posterior



THE PALATE BONE 109

margin is rough and serrated for articulation with the sphenoid ; internally it is

also serrated for articulation with the orbital surface of the maxilla. At the

angle of junction of the sphenoidal and maxillary portions a short, rounded, non-

articular margin is generally seen ; this forms the anterior boundary of the spheno-

maxillary fissure ;
(occasionally no such nonarticular margin exists, the fissure

being completed by the direct junction of the maxilla and sphenoid bones or by
the interposition of a small Wormian bone in the angular interval between them)
On the supero-internal surface of the orbital process is seen the orifice of one of the

temporomalar canals. This canal may be bifurcated, or there may be two canals

from the beginning; one of these usually opens on the temporal surface, the

other (occasionally two) on the facial surface; they transmit filaments of the

orbital branch of the superior maxillary nerve.

The zygomatic process {processus temporalis), long, narrow, and serrated, articu-

lates with the zygomatic process of the temporal bone.

Borders.—The antero-superior {orbital border) is smooth, arched, and forms

a considerable part of the circumference of the orbit. The antero-inferior {maxil-

lary border) is rough, and bevelled at the expense of its inner table, to articulate

with the maxilla, affording attachment by its margin to the Levator labii superioris,

just at its point of junction with the maxilla. The postero-superior {temporal

border) curved like an italic letter /, is continuous above, with the commencement
of the temporal ridge; below, with the upper border of the zygomatic arch; it

affords attachment to the temporal fascia. The postero-inferior {masseteric

border) is continuous with the lower border of the zygomatic arch, affording

attachment by its rough edge to the jNIasseter muscle.

Development.—The malar bone ossifies generally from three centres, which appear about the

eighth week—one for the zygomatic and two for the orbital f)ortion—and which fuse about the

fifth month of fetal life. The bone is sometimes, after birth, seen to be divided by a horizontal

suture into an upper and larger and a lower and smaller division. In some primates the malar
bone consists of two parts, an orbital and a malar.

Articulations.—With four bones—three of the cranium, frontal, sphenoid, and temporal; and
one of the face, the maxilla.

Attachment of Muscles.—To four—the Levator labii superioris proprius, Zygomaticus
major and minor, and Masseter.

The Palate Bone (Os Palatinum).

The palatal bones^ are situated at the back part of the nasal fossae; they are wedged
in between the maxilla and the ptery^goid processes of the sphenoid (Fig. 78).

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 two fossae, the sphenomaxillary and pterygoid fossae; and one fissure, the sphe-

nomaxillary fissure. In form the palate bone somewhat resembles the letter L,

and may be divided into an inferior or horizontal plate and a superior or vertical

plate.

The Horizontal Plate {pars horizontalis) (Figs. 79 and 80) is of a quadrilateral

form, and presents two surfaces and four borders.

Surfaces.
—

^The superior or nasal surface (facies iiasalis), concave from side to

side, forms the back part of the floor of the nasal cavity.

The inferior or palatine surface {fades palatina), 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 part of the aponeurosis of the

• The word palate is frequently used as an adjective. Palatal is the correct form (from palatum, the palate),

but usage sanctions palatine in certain compounds, despite the fact that palatine is derived from palatium, a
palace. This is another example of what is charitably called a "late Latin" form, akin to hallicx and hallucU.—[Editor.]
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Tensor palati muscle. At the outer extremity of this ridge is a deep groove, the

pterygopalatine groove (sulcus jjterygopalatinus), converted into a canal by its

articulation with the tuberosity of the maxilla, and forming the lower end of the

posterior palatine canal (canalis yterygopalatinus). Near this groove the orifices

of one or two small canals, accessory posterior palatine canals (canales yalaiini),

may be seen for the passage of the middfe and posterior palatine nerves from the

sphenopalatine (Meckel's) ganglion. Through the posterior palatine canal

emerge the descending palatine artery and the great posterior palatine nerve.

Borders.—^The anterior is serrated, bevelled at the expense of its inferior sur-

face, and articulates with the palatal process of the maxilla. The posterior

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

Sphenopalatine notch.

fiup. turbinated crest.

Inf. turbinated crest.

Siij). turbinated crest.

Inf. turbinated crest.

Ant. nasal spine.

Fig. 78.—Interna! surface of left maxilla and palate.

projecting process, the palatine spine (spina nasalis posterior), for the attachment

of the Azygos uvulae muscle. The external is united with the lower part of the

perpendicular plate almost at right angles. The internal, 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 (crista nasalis), into

which the vomer is received.

The Vertical or Perpendicular Plate (pars perpeudicularis) (Figs. 79 and 80)

forms the back part of the outer wall of the nasal fossa, is thin, of an oblong form,

and directed upward and a little inward. It presents two surfaces, an external

and an internal, and three borders.

Surfaces.—The internal, medial, or nasal surface (fades nasalis) presents at its

lower part a broad, shallow depression, which forms part of the inferior meatus
of the nose. Immediately alcove this is a well-marked ridge, the inferior turbin-

ated crest (crista conchalis) , for articulation with the turbinated bone ; above this

a second broad, shallow depression, which forms part of the middle meatus, sur-

mounted above by a horizontal ridge less prominent than the inferior, the superior

turbinated crest (crista ethmoidalis) , for articulation with the middle turbinated
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process. Above the superior turbinated crest is a narrow, horizontal groove,

which forms part of the superior meatus.
The external or lateral surface (Jacies maxUlaris) is rough and irregular throughout

the greater part of its extent, for articulation with the inner surface of the maxilla,

its upper and back part being smooth where it enters into the formation of the

sphenomaxillary fossa ; it is aFso smooth in front, where it covers the orifice of the

antrum. Toward the back
Orbital process.

Orbital surface.

Maxillary surface.

Superior mraiui.
.Sphenopalatine foramen.-

Maxillary
process.

Fig. 79.

Horizontal Plate,

-Left palate bone. Internal ^-iew. (Enlarged.)

part of this surface is a deep

groove, the pterygopalatine

groove, converted into a canal,

the posterior palatine canal,

bv its articulation with the

maxilla. It transmits the

posterior or descending pala-

tine vessels and the great or

anterior palatine nene from

Meckel's ganglion.

Borders. — The anterior

border (Fig. 79) is thin, irreg-

ular, and presents opposite

the inferior turbinated crest

a pointed, projecting lamina,

the maxillary process {processus

maxUlaris), which is directed

forward, and closes in the

lower and back part of the

opening of the antrum.

The posterior border (Fig. 80) 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 tuberosity of the

palate (processus pyramidalis), which is received into the angular interval between

the two pterygoid plates of the sphenoid

at their inferior extremity. This process

presents at its back part a median groove

and two lateral surfaces. The groove is

smooth, and forms part of the pterygoid

fossa, affording attachment to the Internal

pterygoid muscle; while the lateral surfaces

are rough and uneven, for articulation

with the anterior border of each pterygoid

plate. A few fibres of the Superior con-

strictor of the pharynx arise from the

tuberosity of the palate bone. The base

of this process, continuous with the hori-

zontal portion of the bone, presents the

apertures of the accessor^' posterior pala-

tine canals, through which pass the two

smaller descending branches of ^Meckel's

ganglion; while its outer surface is rough

for articulation with the inner surface of

the body of the maxilla.

The superior border of the vertical plate

presents two well-marked processes separated by an intervening notch. The ante-

rior, or larger, is called the orbital process; the posterior, the sphenoidal process.

Orbital process.

iuijuee.

Sphenopalatine

foramen.

Sphenoidal process.

Articular portion.

Nun-articular portion.

Internal Surface.

Posterior

nasal spine.

Fig. 80.—Left palate bone. Posterior ^^ew.
(Enlarged.)
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Processes.

—

The orbital process {^processus orhitalis), directed upward and out-

ward, is placed on a higher level than the sphenoidal. It presents five surfaces,

which enclose a hollow cellular cavity, and is connected with the perpendicular

plate by a narrow, constricted neck. Of these five surfaces, three are articular,

two nonarticular or free surfaces. The three articular are the anterior or maxillary

surface, which is directed forward, outward, and downward, is of an oblong form,

and rough for articulation with the maxilla. The posterior or sphenoidal surface is

directed backward, upward, and inward. It ordinarily presents a small, open cell,

the orbital sinus, which communicates with the sphenoidal cells, and the mar-
gins of which are serrated for articulation with the vertical part of the sphe-
noidal turbinated process. The internal or ethmoidal surface is directed inward,

upward, and forward, and articulates with the lateral mass of the ethmoid bone.

In some cases the cellular cavity opens on the internal surface of the bone; it then

communicates with the posterior ethmoidal cells. More rarely it opens on both

surfaces, and then communicates with both the posterior ethmoidal and the

sphenoidal cells. The nonarticular or free surfaces are the superior or orbital

surface, directed upward and outward, of triangular form, concave, smooth, and
forming the back part of the floor of the orbit; and the external or zygomatic

surface, directed outward, backward, and downward, of an oblong form, smooth,

lying in the sphenomaxillary 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 sphenomaxillary fissure.

The sphenoidal process (processus sphenoidaUs) of the palate bone is a thin, com-
pressed plate, much smaller than the orbital, and directed upward and inward.

It presents three surfaces and two borders. The superior surface, the smallest

of the three, articulates with the under surface of the sphenoidal turbinated pro-

cess; it presents a groove, which contributes to the formation of the pterygopala-

tine canal. The internal surface is concave, and forms part of the outer wall of

the nasal fossa. The external surface is divided into an articular and a nonartic-

ular portion; the former is rough, for articulation with the inner surface of the

internal pterygoid plate of the sphenoid; the latter is smooth, and forms part of

the sphenomaxillary fossa. The anterior border forms the posterior boundary of

the sphenopalatine notch. The posterior border, serrated at the expense of the

outer table, articulates with the inner surface of the internal pterygoid plate.

The orbital and sphenoidal processes are separated from each other by a deep

notch, the sphenopalatine notch (incisura sphenopalatina), which is converted into

a foramen, the sphenopalatine foramen (foramen sphenopalatinuni) , by articulation

with the under surface of the body of the sphenoid bone. Sometimes the two pro-

cesses are united above, and form between them a complete foramen (Figs. 79

and 80), or the notch is crossed by one or more spiculse of bone, so as to form

two or more foramina. In the articulated skull this foramen is seen to pass from

the sphenomaxillary fossa into the back part of the superior meatus. It trans-

mits the sphenopalatine vessels and the superior nasal and nasopalatine nerves.

Development.—From a single centre, which makes its appearance in membrane about the

second month at the angle of junction of the two plates of the bone. From this point ossification

spreads inward to the horizontal plate, downward into the tuberosity, and upward into the vertical

plate. In the fetus the horizontal plate is much larger than the vertical, and even after it is

fully ossified the whole bone is remarkable for its shortness.

Articulations.—With sia; bones—the sphenoid, ethmoid, maxilla, turbinated, vomer, and
opposite palate.

Attachment of Muscles.—To four—the Tensor palati, Azygos uvulae, Internal pterygoid,

and Superior constrictor of the pharynx.
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The Turbinated Bone (Concha Nasalis Inferior).

The turbinated bones are situated one on each side of the outer wall of each

nasal fossa. Each consists of a layer of thin, spongj' 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 (Fig. 81).

Each bone presents two surfaces, two borders, and two extremities.

NASOPHARYNGEAL
MEATUS

Fig. 81.— Nasal cavity, right lateral wall, from the left. (Spalteholz.)

Surfaces.—The internal surface (Fig. 82) is convex, perforated by numerous
apertures, and traversed by longitudinal grooves and canals for the lodgement
of arteries and veins. In the recent state it is covered by the lining membrane of

the nose. The external surface is concave (Fig. 83), and forms part of the inferior

tneatus.

Fig. 82.—Right turbinated bone. Internal surface. Fig. 83.—Right turbinated bone. External surface.

Borders.—Its upper border is thin, irregular, and connected to various bones

along the outer wall of the nose. It may be divided into three portions; of these,

the anterior articulates with the inferior turbinated crest of the maxilla; the poste-

rior with the inferior turbinated crest of the palate bone; the middle portion of the
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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 lacrimal process {processus lacrimalis)] it articulates by
its apex with the anterior inferior angle of the lacrimal bone, and by its margins

with the groove on the back of the nasal process of the maxilla, and thus assists

in forjiping the canal for the nasal duct. At the junction of the two middle fourths

of the bone, but encroaching on its posterior fourth, a broad, thin plate, the eth-

moidal process (processus ethmoidalis), ascends to join the unciform process of the

ethmoid; from the lower border of this process a thin lamina of bone curves down-
ward and outward, hooking over the lower edge of the orifice of the antrum, which

it narrows below; it is called the maxillary process (processus maxillaris), and fixes

the bone firmly to the outer wall of the nasal fossa. The inferior border is free and
thick, more especially in the middle of the bone. Both extremities are more or

less narrow and pointed, the posterior being the more tapering. If the bone is

held so that its outer concave surface is directed backward (i. e., toward the holder),

and its superior border, from which the lacrimal and ethmoidal processes project,

upward, the lacrimal process will be directed to the side to which the bone belongs.^

Development.—From a single centre, which makes its appearance about the middle of fetal

life in the outer wall of the cartilaginous nasal septum.

Articulations.—With four bones—one of the cerebral cranium, the ethmoid, and three of

the face, the maxilla, lacrimal, and palate.

No muscles are attached to this bone.

The Vomer.

The vomer is a single bone, situated vertically at the back part of the nasal

fossae, forming part of the septum of the nose (Fig 84). It is thin, somewhat like a

ploughshare in form; but varies in different individuals, being frequently bent to

one or the other side ; it presents for examination two surfaces and four borders.

Surfaces.—^The lateral surfaces are smooth, marked by small furrows for the

lodgement of bloodvessels, and by a groove on each side, sometimes a canal,

the nasopalatine groove, or canal, which runs obliquely downward and forward to

the intermaxillary suture; it transmits the nasopalatine nerve.

Borders.—^The superior border, the thickest, presents a deep groove, bounded
on each side by a horizontal projecting leaf of bone; these leaves are the alae (alae

vomeris). The groove formed by the alee receives the rostrum of the sphenoid,

while the alee are overlapped and retained by the vaginal processes, which pro-

ject on the under surface of the body of the sphenoid at the base of the pterygoid

processes. At the front of the groove a fissure is left for the transmission of blood-

vessels to the substance of the bone. The inferior border, the longest, is broad and
uneven in front, where it articulates with the crests of the two maxillae; thin and
sharp behind, where it joins with the palate bones. The upper half of the anterior

border usually consists of two laminae of bone, in the groove between which is

received the perpendicular plate of the ethmoid ; the lower half, also separated into

two lamellae, receives between them the lower margin of the septal cartilage of the

nose. The posterior border is free, concave, and separates the nasal fossae behind.

It is thick and bifid above, thin below.

The surfaces of the vomer are covered by mucous membrane, which is inti-

mately connected with the periosteum, with the intervention of very little, if any,

submucous connective tissue.

' If the lacrimal process is broken off, as is often the case, the side to which the bone belongs may be known
by recollecting that the maxillary process is nearer the back than the front of the bone.
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Space for fnatimtlar

cartilage of septum

Rostrum of spheiioid.

Aloe.

Fig. 84.- -Vomer in situ.

Development.—The vomer at an
early period consists of two laminae,

separated by a very considerable in-

terval, and enclosing between them a
plate of cartilage, the vomerine car-

tilage, which is prolonged forward

to form the remainder of the septum.
Ossification commences, about the

eighth week, in the membrane at the

postero-inferior part of this cartilage

from firo centres, one on each side of

the middle line, which extend to form
the two laminse. The intervening

cartilaginous plate is absorbed. They
begin to coalesce at the lower part,

but their union is not complete until

after puberty.

Articulations.—With six bones—two of the cerebral cranium, the sphenoid and ethmoid,

and four of the face, the maxillae and the two palate bones; and with the cartilage of the septum.

The vomer has no muscles attached to it.

With maxillae and pjlale.

Fig. 85.—The vomer.

The Mandible, or Lower Jaw (Mandibnla).

The mandible, the largest and strongest bone of the face, ser\es 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 Body (corpus mandibiUae) (Fig. 86).—The body is convex in its general

outline, and curved somewhat like a horseshoe. It presents for examination

two surfaces and two borders.

Surfaces.—The external surface is convex from side to side, concave from above

downward. In the median line is a vertical ridge, the symphysis, which extends
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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 (jproiuherantia mentalis). This eminence is rounded below, and often

Coronoid process. Condyle.

Groove for facial artery.

Fig. 86.—The mandible. Outer surface. Side view.

presents a median depression separating two processes, the mental tubercles (tubercula

mentalid). It forms the chin, a feature peculiar to the human skull. On either

side of the symphysis, just below the cavities for the incisor teeth, is a depression,

the incisor fossa, for the attachment of the Levator menti; more externally is

^=^^^°-<v

QCNIOHVOGLOSSUS

QENIOHYOIOEUa

Mylohyoid ridge.

Body.

Fig. 87.^The mandible. Inner surface. Side view.

attached a portion of the Orbicularis oris, and still more externally, a foramen,
the mental foramen (foramen mentale), for the passage of the mental vessels and
nerve. This foramen is placed just below the interval between the two bicuspid

teeth. Running outward from the base of the mental process on each side is a
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ridge, the external oblique line (/i»ea obliqua). The ridge is at first nearly hori-

zontal, but afterward inclines upward and backward, and is continuous with the

anterior border of the ramus ; it affords attachment to the Depressor labii inferioris

and Depressor anguli oris; below it the Platysma is attached.

The internal surface (Fig." 87) is concave from side to side, convex from above

downward. 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 two prominent tubercles, one above and one below, the genial

tubercles (spinae meiitales) , which afford attachment, the upper pair to the Genio-

hyoglossi, the lower pair to the Geniohyoidei, muscles. Sometimes the tubercles

on each side are blended into one; at others they all unite into an irregular

eminence; or, again, 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 (fovea sublingualis), for the lodgement of the sublingual gland;

and beneath the fossa a rough depression, the digastric fossa (fossa digastrica), 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, or mylohyoid

ridge (liuea mylohyoidea), commences; it is at first faintly marked, but becomes

more distinct as it passes upward and outward, and is especially prominent

opposite the last two molar teeth; it affords attachment throughout its whole

extent to the Mylohyoid muscle; the Superior constrictor of the pharynx with

the pterygomandibular ligament being attached above its posterior extremity, near

the alveolar margin. The portion of the bone above this ridge is smooth and
covered by the mucous membrane of the mouth; the portion below presents an
oblong depression, the submaxillary fossa (fovea submaxillaris) , wider behind than

in front, for the lodgment of the submaxillary gland. The external and internal

oblique lines divide the body of the bone into a superior or alveolar and an infe-

rior or basilar portion.

Borders.—^The superior or alveolar jwrtion of the body (pars alveolaris) has

above a narrow border which is wider and the margins of which are thicker

behind than in front. It is hollowed into numerous cavities (alveoli dentales), 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 the outer side of the alveo-

lar border the Buccinator muscle is attached as far forward as the first molar tooth.

The inferior or basilar portion (basis mandibulae) is rounded, longer than the superior

and thicker in front than behind; it presents a shallow groove, just where the body
joins the ramus, over which the facial artery turns.

The Perpendicular Portions or Rami (rami mandihulae).—^The perpendicular

portions or rami are of a quadrilateral form. Each presents for examination two

surfaces, four borders, and two processes.

Surfaces.—The external surface is flat, marked with ridges, and gives attachment

throughout nearly the whole of its extent to the Masseter muscle.

The internal surface presents about its centre an oblique foramen (foramen man-
dibvlare), the beginning of the inferior dental canal, which transmits the inferior

dental vessels and nerve. The margin of this opening is irregular; it presents

in front a prominent ridge, surmounted by a sharp spine, the lingula (lingula

mandibulae), which gives attachment to the internal lateral ligament of the

mandible, and at its lower and back part a notch leading to a groove, the mylo-

hyoidean groove (sulcus mylohyoideus) , which runs obliquely downward to the back

part of the submaxillary fossa, and lodges the mylohyoid vessels and nerve. Be-

hind the groove is a rough surface, for the insertion of the Internal pterygoid

muscle. The inferior dental canal (canalis mandibulae) runs obliquely downward
and forward in the substance of the ramus, and then horizontally forward in the

body; it is here placed under the alveoli, with which it communicates by small
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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 poste-

rior 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 com-
pact tissue at either extremity, and of cancellous in the centre. It contains the

inferior dental vessels and ner\^, from which branches are distributed to the teeth

through small apertures at the bases of the alveoli.

Borders.

—

^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 angle of the

jaw (angulus mandibidae). The angle is either inverted or everted, and marked
by rough, oblique ridges on each side, for the attachment of the Masseter externally

and the Internal pterygoid internally; the stylomaxillary ligament is attached to

the angle between these muscles. The anterior border is thin above, thicker below,

and continuous with the external oblique line. The posterior border is thick,

smooth, rounded, and covered by the parotid gland. The upper border of the

ramus is thin, and presents two processes, separated by a deep concavity, the

sigmoid notch. Of these processes, the anterior is the coronoid, the posterior,

the condyloid.

The coronoid process (processus coronoideiis) is a thin, flat, triangular eminence,

which varies in shape and size. Its anterior border is convex, and is continuous

below with the anterior border of the ramus; its posterior border is concave, and
forms the anterior boundary of the sigmoid notch. Its external surface is smooth,

and affords attachment to the Temporal and Masseter muscles. Its internal

surface gives insertion to the Temporal muscle, and presents a ridge which begins

near the apex of the process and runs downward and forward to the inner side of

the last molar tooth. Between this ridge and the anterior border is a grooved

triangular area, the upper part of which gives attachment to the Temporal, the

lower part to some fibres of the Buccinator.

The condyloid process (processus condyloideus), shorter but thicker than the

coronoid, consists of two portions, the condyle (capitulum mandibidae), and the

constricted portion which supports the condyle, the neck (collum mandihulae).

The condyle is of an oblong form, its long axis being transverse, and set obliquely

on the neck in such a manner that its outer end is a little more forward and a little

higher than its inner. It is convex from before backward and from side to side,

the articular surface extending farther on the posterior than on the anterior aspect.

At its outer extremity is a small tubercle for the attachment of the external lateral

ligament of the temporomandibular joint. The neck of the condyle is flattened

from before backward, and strengthened by ridges which descend from the fore

part and sides of the condyle. Its lateral margins are narrow, the external one

giving attachment to part of the external lateral ligament. Its posterior surface

is convex; its anterior is hollowed out on its inner side by a depression, the ptery-

goid depression (fovea pierygoidea), for the attachment of the External pterygoid

muscle.

The sigmoid notch (incisura mandihulae), separating the two processes, is a

deep semilunar depression, crossed by the masseteric vessels and nene.

Development.—^The mandible is ossified in the fibrous membrane covering the outer surfaces

of Meckel's cartilages. These cartilages, one on either side, form the cartilaginous bar of the

mandibular arch, being joined at the symphysis by mesodermal tissue. The proximal end of

each cartilage is connected with the periotic capsule, and here serves to form the malleus and
incus. The next succeeding portion as far as the lingula is replaced by fibrous tissue to form
the sphenomandibular ligament. Between the lingula and the canine tooth the cartilage disap-

pears, while the portion near the symphysis becomes ossified and incorporated with the incisor

division of the mandible. This ossific centre appears in about the sixth week of fetal life

—

i.*e.,

earlier than in any other bone except the clavicle; ossification is practically complete by the tenth
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week. Accesson* nuclei develop to form the condyle and the coronoid process, in the front part

of both alveolar walls and along the front of the lower border of the bone.

These accessori' nuclei possess no separate ossific centres, but ossification extends into them

from the adjacent membrane bone and they undei^ absorption. The inner alveolar border,

usually described as arising from a separate ossific centre {splen ial centre) , is formed in the human
mandible by an ingrowth from the main mass of the bone. At birth the bone consists of two

halves, united by a fibrous symphysis, in which ossification 'takes place during the first year.

Articulation.—With the glenoid fossse of the two temporal bones.

Attachment of Muscles.—To fifteen pairs—to its external surface, commencing at the sym-

physis, and proceeding backward: Levator menti. Depressor labii inferioris. Depressor anguli

oris. Platysma, Buccinator, Masseter; a portion of the Orbicularis oris is also attached to this

surface. To its internal surface, commencing at the same point: Geniohyoglossus, Geniohyoid,

Mylohyoid, Digastric, Superior constrictor, Temporal, Internal pterygoid, External pterygoid.

MeckeFa cartilage

Flo. 88.—Scheme showing ossification of the mandible, inner side (Low). The membrane bone is colored

red_ The"greater part of Meckel's cartilage is colored blue. The upturned, stippled portion near the symphysis
represents the part of Meckel's cartilage, which is surrounded and invaded by the membrane bone. The accessory
nuclei of cartilage in the condyle, coronoid process, alveolar border, and body are indicated by stippled areas.

Fig. 89.—Scheme showing ossification of mandible from the outer side (Low). Membrane bone colored red.
Accessory nuclei of cartilage stippled.

CHANGES PRODUCED L\ THE MANDIBLE BY AGE.

The changes which the mandible undergoes after birth relate (1) 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. 90) the bone consists of lateral halves, united by fibrous tissue. The body is

a mere shell of bone, containing the sockets of the two incisor, the canine, and the two tem-

porary 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 (17.5 d^rees), and the condyloid portion nearly in the

same horizontal line with the body; the neck of the condyle is short, and bent backward. The
coronoid process is of comparatively lai^ size, and situated at right angles with the rest of

the bone.

SIDE VIEW OF THE MANDIBLE AT DIFFERENT PERIODS OF LIFE.

After birth (Fig. 91 ) the two segments of the bone become joined at the symphysis, from

below upward, in the first year; but a^race of separation may be visible in the bqrinning of the

second year near the alveolar margiiy 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 masticator}' muscles; but

the alveolar portion is th^ deeper of the two, and, consequently, the chief part of the body Ues

above the oblique line. vThe dental canal after the second dentition is situated just above the

level of the mylohyoid ridge,Vnd the mental foramen occupies the position usual to it in the

adult. The angle becomes less obtuse, owing to the separation of the jaws by the teeth. (About

the fourth year it is 140 degrees.)
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Fig. 90.—Mandible in newborn. Fig. 91.—In child si.x to seven years of age.

Fig. 92.—In the adult.

Fig. 93.—In old age. (Spalteholz.)
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In the adult (Fig. 92) 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 mylohyoid line. The ramus is almost vertical in

direction, and joins the body nearly at right angles.

In old age (Fig. 93) 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 obUque line. The dental canal, with the mental foramen

opening from it, is close to the alveolar border. The rami are oblique in direction, the angle

obtuse, and the neck of the condyle more or less bent backward.

The Sutures.

The bones of the cerebral cranium and face are connected to each other by means
of sutures. That is, the articulating surfaces or edges of the bones are more or

less roughened or uneven, and are closely adapted to each other,^ small amount
of intervening fibrous tissue, the sutural ligament, fastening them togethe^!^ The
cranial sutures may be divided into three sets: (1) 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 four—the metopic, the sagittal, the

coronal, and the lambdoid.

The metopic or frontal suture (autura frontalis) (Fig. 44) is usually noted in

adults as a trivial fissure, just above the glabella. At birth the two halves of the

frontal bone are separated by the suture. This suture is, as a rule, almost com-
pletely or completely closed during the fifth or sixth year, but occasionally it

persists throughout life.

The interparietal or sagittal suture (sutura sagittalis) is formed by the junction

of the two parietal bones, and extends from the middle of the frontal bone back-

ward to the superior angle of the occipital. This suture is sometimes perforated,

near its posterior extremity, by the parietal foramen; and in front, where it joins

the coronal suture, a space is occasionally left which encloses a large Wormian
bone.

The frontoparietal or coronal suture (sutura coroualis) (Fig. 99) extends trans-

versely across the vertex of the skull, and connects the frontal with the parietal

bones. It commences at the extremity of the greater wing of the sphenoid on one

side, and terminates at the same point on the opposite side. The dentations of the

suture are more marked at the sides than at the summit, and are so constructed

that the frontal rests on the parietal above, while laterally the frontal supports

the parietal.

The occipitoparietal or lambdoid suture (sutura lambdoidea) (Fig. 99), so called

from its resemblance to the Greek letter A, connects the occipital vnth the parietal

bones. It commences on each side at the mastoid portion of the temporal bone,

and inclines upward to the end of the sagittal suture. The dentations of this

suture are very deep and distinct, and are often interrupted by several small

Wormian bones.

The lateral sutures (Fig. 99) extend from the external angular process of the

frontal bone to the lower end of the lambdoid suture behind. The anterior

portion is formed between the lateral part of the frontal bone above and the

malar and greater wing of the sphenoid below, forming the frontomalar suture

(sutura zygomaticofrontalis) and frontosphenoidal suture (sutura sphenofrontalis).

These sutures can also be seen in the orbit, and form part of the so-called

transverse facial suture. The posterior portion is formed between the parietal

bone above and the greater wing of the sphenoid, the squamous and mastoid

portions of the temporal bone below, forming the sphenoparietal, squamoparietal,

and mastoparietal sutures.
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The sphenoparietal {sutura spheiioparietalis) is very .short; it is formed by the

tip of the greater wing of the sphenoid, which overlaps the anterior inferior angle

of the parietal bone.

The squamoparietal (sutura squamosa) is arched, and is formed by the squamous
portion of the temporal bone overlapping the middle division of the lower border

of the parietal.

The mastoparietal (sutura parietomastoidea), a short suture, deeply dentated,

is 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 (Fig. 98) are the basilar in the centre, and on
each side the petro-occipital, the masto-occipital, the petrosphenoidal, and the

squamosphenoidal

.

The basilar suture (fissura sphenooccipitalis) 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 cartilage exists between

these bones, but in the adult they become fused into one (synchondrosis spheno-

occipitalis). Between the outer extremity of the basilar suture and the termina-

tion of the lambdoid an irregular suture exists, which is subdivided into two por-

tions. The inner portion, formed by the union of the petrous part of the temporal

with the occipital bone, is termed the petro-occipital fissure (fissura petrooccipitalis).

The outer portion, formed by the junction of the mastoid part of the temporal

with the occipital, is called the masto-occipital suture (sutura occipitomastoidea)

.

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 sphenoparietal an irregu-

lar 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 petrosphenoidal

fissure (fissura sphenopetrosa); it is formed between the petrous portion of the

temporal and the greater wing of the sphenoid; the outer portion, of greater

length and arched, is formed between the squamous portion of the temporal and
the greater wing of the sphenoid; it is called the squamosphenoidal suture (sutura

sphenosquamosa).

The bones of the cerebral cranium 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 suture. 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 lacrimal, the maxillse, and the nasal bones on each side (sutura zygomaiico-

frontalis; the orbital portion of the sutura sphenofrontalis, sutura frontoethmoidalis,

sutura frontolacrimalis, sutura frontomaxillaris, sutura nasofrontalis)

.

The sutures remain separate for a considerable period after the complete for-

mation of the skull. It is probable that 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. 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 neighborhood

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
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be traced. The obliteration of the sutures takes place sooner on the inner than
on the outer surface of the skull. The sagittal and coronal sutures are, as a rule,

the first to become ossified—the process starting near the posterior extremity of
the former and the lower ends of the latter.

THE SKULL AS A WHOLE.

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.

The Vertex of the Skull.

—

^The superior region, or vertex, presents two sur-

faces, an external and an internal.

Surfaces.^-The external surface {norma verticalis) is bounded, in front, by the
glabella and superciliary 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 bone. This surface includes the greater part of

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 backward by the sagittal,

which terminates behind in the lambdoid. The point of junction of the coronal

and sagittal sutures is named the bregma. The point of junction of the sagittal

and lambdoid sutures is called the lambda, and is about 2f inches (7 cm.) above
the external occipital protuberance. From before backward 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 convex surface of the occipital

bone. In the neighborhood of the parietal foramen the skull is often flattened,

and the name of obelion is sometimes given to that point of the sagittal suture

which lies exactly opposite to the parietal foramen.

The internal or cerebral surface is concave, presents depressions for the convolu-
tions of the cerebrum, and numerous furrows for the lodgement of branches of the

meningeal arteries. Along the middle line of this surface is a longitudinal groove,

narrow in front, where it commences at the frontal crest, but broader behind,

where it lodges the superior longitudinal sinus, and by its margin affords attachment
to the falx cerebri. On either side of it are several depressions for the arachnoid
villi, and at its back part the internal openings of the parietal foramina. This
surface is crossed, in front, by the coronal suture; from before backward by the

sagittal; behind, by the lambdoid.

The Base of the Skull (the Skull being without the Mandible).—The
inferior region, or base of the skull, presents two surfaces—an internal or cerebral,

and an external or basilar.

Surfaces.—The internal or cerebral surface (Fig. 94) presents three fossae, called

the anterior, middle, and posterior fossse of the cranium.

The anterior fossa (fossa cranii anterior) (Fig. 94) is formed by the orbital plates

of the frontal, the cribriform plate of the ethmoid, the anterior third of the superior

surface of the body, and the upper surface of the lesser wings of the sphenoid bone,
and is situated at a higher level than the other fossae. It is the most elevated of the

three fossae, convex externally where it corresponds to the roof of the orbit, con-

cave in the median line in the situation of the cribriform plate of the ethmoid.
It is traversed on either side by three sutures, the ethmofrontal, ethmosphenoidal,
and frontosphenoidal, and lodges the frontal lobes of the cerebrum. It presents.
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in the median line, from before backward, the commencement of the groove for

the superior sagittal sinus and the frontal crest for the attachment of the falx cerebri;

Groove for superior sagittal sinus.
Grooves for anterior meningeal artery.

Foramen caecum.

Crista galli.

Slitfor nnnal nerve.
Groovefor nasal nerve.

Anterior ethmoidalJoramen.

Orifices for olfactory nerves.

Posterior ethmoidal foramen.

Ethmoidal spine.

Olfactory grooves.

Optic foramen
Optic groove.

Olivary process.

Anterior clinoid process.

Middle clinoid process.

Posterior clinoid process.

Groove for 6th nerve.

Foramen lacerum medium.

Orifice of carotid canal.

Depression for Gasserian ganglion.

Meatus auditorius internus.

Floccular fossa.
Superior petrosal groove.

Foramen lacerum poslerius.
Anterior condylar foramen.

Aquaeductus vestibiUi.

Posterior condylar foramen.

Mastoid foramen

Posterior meningeal grooves.

Fig. 94.—Base of the skull. Inner or cerebral surface.

the foramen cecum, an aperture formed between the frontal bone and the crista

galli of the ethmoid, which, if pervious, transmits a small vein from the nose to

the sagittal sinus; behind the foramen cecum, the crista galli, the posterior mar-
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gin of which affords attachment to the falx cerebri; on either side of the crista

galH, the cribriform plate, which supports the olfactory bulb, and presents^hree

rows of foramina for the transmission of its nerve filaments, and in front a slit-

like opening {nasal slit) for the nasal branch of the ophthalmic division of the
trigeminal ne^^•e.) 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 olfactory groove. The anterior ethmoidal

foramen transmits the anterior ethmoidal vessels and the nasal nerve, which latter

runs in a depression along the surface of the ethmoid to the slit-like opening
above mentioned; while the posterior ethmoidal foramen of>ens at the back part

of this margin under cover of the projecting lamina of the sphenoid, and trans-

mits the posterior ethmoidal vessels. Farther back in the middle line is the eth-

moidal spine, bounded behind by a slight elevation, separating two shallow longi-

FiG. 95.—Base of the skull. Interior view.

tudinal grooves which support the olfactory lobes. Behind»this is a transAerse

sharp ridge, running outward on either side to the anterior margin of the optic

foramen, and separating the anterior from the middle fossa of the base of the skull.

The anterior fossa presents, laterally, depressions for the convolutions of the cere-

brum and grooves for the lodgement of the anterior meningeal arteries.

The middle fossa (fossa cranii media) (Fig. 94), deeper than the preceding, is

narrow in the middle line, but becomes wider at the side of the skull. It is bounded in

front by the posterior margin of the lesser wings of the sphenoid, the anterior clinoid

processes, and the ridge forming the anterior margin of the optic groove; behind,

by the superior border and anterior surface of the petrous portions of the temporal
and the dorsum sellae; externally, by the squamous portions of the temporal and
the anterior inferior angle of the parietal bones and greater wings of the sphenoid.
On each side it is traversed by four sutures, the squamoparietal, sphenoparietal.
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squamosphenoidal, and petrosphenoidal. In the middle line, from before back-
ward, is the optic groove, which supports the optic commissure; the groove terminates

on each side in the optic foramen, for the passage of the optic nerve and ophthal-

mic artery; behind the optic groove is the olivary process and laterally the anterior

clinoid processes, to which are attached processes of the tentorium cerebelli.

Farther back is the sella turcica, a deep depression which lodges the hypophysis
and circular sinus, bounded in front by a small eminence on either side, the middle
clinoid process, and behind by a broad, square plate of bone, the dorsum sellae,

surmounted at each superior angle by a tubercle, the posterior clinoid process;

beneath the latter process is a notch, for the abducent nerve. On each side of

the sella turcica is the carotid groove; it is broad, shallow, and curved somewhat
like the italic letter/; it commences behind at the foramen lacerum medium, and

Fig. 96.—Median sagittal section of the skull.

terminates on the inner side of the anterior clinoid process, and presents along its

outer margin a ridge of bone, the lingula. This groove lodges the cavernous

sinus, the internal carotid artery, and the nerves which enter the orbit. The
sides of the middle fossa are of considerable depth; they present depressions for

the convolutions of the cerebrum and grooves for the branches of the middle men-

ingeal 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

upward and forward to the anterior inferior angle of the parietal bone, the latter

passing upward and backward. The following foramina may also be seen on

either side from before backward. Most anteriorly is seen the sphenoidal fissure

{foramen lacerum anterius), formed above by the lesser wing of the sphenoid;

below, by the greater wing; internally, by the body of the sphenoid; and some-
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times completed externally by the orbital plate of the frontal bone. It trans-

mits the third, the fourth, the three branches of the ophthalmic division of

the trigeminal, the abducent nerve, some filaments from the cavernous plexus

of the sympathetjcs, the orbital branch of the middle meningeal artery, a recurrent

branch from the lacrimal artery to the dura, 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 trigeminal nerve; still more posteriorly is seen a small

orifice, the foramen Vesalil, an opening situated between the foramen rotundum
and the forampn ovale, a little internal to both; it varies in size in different indi-

viduals, and is often absent; when present it transmits a small vein and opens below
into the outer side of the scaphoid fossa. Behind and external to the latter open-
ing is the foramen ovale, which transmits the third division of the trigeminal nene,
the small meningeal artery, and sometimes the small petrosal nerve. On the

outer side of the foramen ovale is the foramen spinosum, for the passage of the middle
meningeal artery; occasionally a small foramen {canaliculus innominatu^) for the

transmission of the small superficial petrosal nen'e is seen internal to the fora-

men spinosum. On the inner side of the foramen ovale is the foramen lacenim

medium ( foramen lacerum) ; the lower part of this aperture is filled in the recent

state with cartilage which is pierced by the Vidian nerve and a meningeal branch
from the ascending pharyngeal artery. On the anterior surface of the petrous
portion of the temporal bone is seen, from without inward, the eminence caused
by the projection of the superior semicircular canal ; in front of and a little outside

this is a depression, the tegmen tympani, corresponding to the roof of the tympa-
num; the groove leading to the hiatus Fallopii, for the transmission of the greater

petrosal nerve and the petrosal branch of the middle meningeal artery; beneath
it, a smaller groove, for the passage of the lesser petrosal nerve; and, near the apex
of the bone, the depression for the Gasserian ganglion; and the internal orifice

of the carotid canal, for the passage of the internal carotid arterv* and carotid

plexus of nerves.

The posterior fossa (fossa cranii posterior), deeply concave, is the largest of the

three, and situated on a lower level than either of the preceding. It is formed by
the posterior third of the superior surface of the body of the sphenoid, by the

occipital, the posterior surface of the petrous and the mastoid portions of the tem-
poral, and the posterior inferior angle of the parietal bones; it is crossed on either

side by four sutures, the petro-occipital, the masto-occipital, the mastoparietal,

and the basilar; and lodges the cerebellum, pons, and medulla oblongata. It is

separated from the middle fossa in the median line by the dorsum sellae, and on
each side by the superior border of the petrous portion of the temporal bone. This
border serves for the attachment of the tentorium cerebelli, is grooved for the supe-

rior petrosal sinus, and at its inner extremity presents a notch, in which rests the

trigeminal nerve. The circumference of the fossa is bounded posteriorly by the

grooves for the lateral (transverse) sinuses. In the centre of this fossa is the fora-

men magnum, bounded on either side by a rough tubercle, which gives attachment
to the odontoid or cheek ligaments; and a little above these are seen the internal

openings of the anterior condylar foramina.through which pass the hypoglossal nerve

and meningeal branches from the ascending pharyngeal arteries. In front of the

foramen magnum is a grooved surface, formed by the basilar process of the occipi-

tal bone and by the posterior third of the superior surface of the body of the sphe-

noid, which supports the medulla oblongata and pons; and articulates on each side

with the petrous portion of the temporal bone, forming the petro-occipital suture,

the anterior half of which is grooved for the inferior petrosal sinus, the posterior

half being encroached upon by the foramen lacerum posterius (foramen jugidare).

This foramen presents three compartments—through the anterior passes the infe-

rior petrosal sinus; through the posterior, the lateral sinus and some meningeal
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branches from the occipital and ascending pharyngeal arteries; and through the

middle, the glossopharyngeal, vagus, and spinal accessory nerves. Above the jugu-

lar foramen is the internal auditory meatus, for the facial and auditory nerves and
auditory artery ; behind and external to this is the slit-like opening leading into the

aquaeductus vestibuli, which lodges the ductus endolymphaticus; while between
the two latter, and near the superior border of the petrous portion, is a small, tri-

angular depression, the remains of the iloccular fossa, which lodges a process of the

dura and occasionally transmits a small vein from the substance of the bone. Be-
hind the foramen magnum are the inferior occipital fossae, which Igdge the hemi-
spheres of the cerebellum, separated from each other by the internal occipital

crest, which serves for the attachment of the falx cerebelli and lodges the

occipital sinus. The posterior fossae are limited above by the deep transverse

grooves for the lodgment of the lateral sinuses, which diverge forward on each
side from a depression in the mesal plate, the torcular. These channels, in their

passage outward, groove the occipital bone, the posterior inferior angles of the

parietals, the mastoid portions of the temporals, and the jugular processes of

the occipital, and terminate at the back part of the jugular foramen. Where the
lateral sinus grooves the mastoid portion of the temporal bone (sigmoid fossa)

the orifice of the mastoid foramen may be seen. Just previous to the termination
of the groove the posterior condylar foramen opens into it. Neither foramen is

constant.

The basilar surface {norma hasalis) (Fig. 97) of the skull is extremely irregular.

It is bounded in front by the incisor teeth in the maxillae ; behind by the inion and
the superior curved lines of the occipital bone ; and laterally by the alveolar arch,

the lower border of the malar bones, 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 palatal processes of the maxillae and palate

bones, the vomer, the pterygoid processes, under surface of the greater wings,

spinous processes and part of the body of the sphenoid, the under surface of the

squamous, mastoid, and petrous portions of the temporals, and the under surface of

the occipital bone. The anterior part of the base of the skull is raised above the

level of the rest of this surface (when the skull is turned over for the purpose of

examination), is surrounded by the alveolar process, which is thicker behind than

in front, and excavated by sixteen depressions for the lodgement of the teeth of

the maxillae, the cavities varying in depth and size according to the teeth they con-

tain. Immediately behind the incisor teeth is the anterior palatine fossa. At the

bottom of this fossa may usually be seen four apertures, two placed laterally, the

foramina of Stenson, which open above, one in the floor of each nostril, and trans-

mit the anterior branch of the posterior palatine vessels, and two in the median

line in the intermaxillary suture, the foramina of Scarpa, one in front of the other,

the anterior transmitting the left, and the posterior (the larger) the right, naso-

palatine nerve. These two lateral canals are sometimes wanting, or they may
join to form a single one, or one of them may open into one of the lateral canals

above referred to. The palatine vault is concave, uneven, perforated by numerous

foramina, marked by depressions for the palatine glands, and crossed by a crucial

suture, formed by the junction of the four bones of which it is composed. At the

front part of this surface a delicate linear suture may frequently be seen, passing

outward and forward from the anterior palatine fossa to the interval between the

lateral incisor and canine teeth, and marking off the premaxillary portion of the

bone. At each posterior angle of the hard palate is the posterior palatine foramen,

for the transmission of the posterior palatine vessels and great descending palatine

nerve; and running forward and inward from it a groove, for 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, giving passage to the
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middle and posterior palatine nerves from the sphenopalatine (^leckel's) ganglion,
and marked by the commencement of a ridge which runs transversely inward.

'Anterior palatine fosaa.

Transmits left nasopalatine nerre,
^=Transmits anterior palatine vesad.

Transmits right nasopalatine nerve.

Accessory palatine foramina.

Posterior nasal spine.

Azvaos uvuuc
Hamidar process.

Sphenoid process of paiate.

Pterygopalatine canal.

TCNSOR TYMPANI.

Pharyngeal spinefor
SUPERIOR CONSTRICTOR.

Situation of Eustachian tube and
canalfor tensor tympani.

-TENSOR PALATI.

Canalfor Jaeobaon's nerve.
Aquaeduetus cochleae.
Foramen lacerum poOeriuM.
Canaljor Arnold's nerte.
Auricularflsture.

Fig. 97.—Base of the skull. Kxternal surface.
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and serves for the attachment of the tendinous expansion of the Tensor palati

muscle. Projecting backward from the centre of the posterior border of the liard

palate is the posterior nasal spine, for the attachment of the Azygos uvulae muscle.

Behind and above the hard palate is the posterior aperture of the nasal fossse

(choanse), 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 internal pterygoid plate of the sphenoid. Each aperture measures about

an inch in the vertical and about half an inch in the transverse direction. At the

base of the vomer may be seen the expanded alse of this bone, receiving between

them the rostrum of the sphenoid. Near the lateral margins of the vomer, at the

root of the pterygoid processes, are the pterygopalatine canals, which transmit the

pterygopalatine vessels and the pharyngeal nerve from the sphenopalatine

(Meckel's) ganglion. 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

Base of the skull. External surface.

plate is long and narrow, presenting on the border 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 fossae in the middle line is the basilar surface of the occipital
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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 minor. At the base of the

external pterygoid plate is the foramen ovale, for the transmission of the third divi-

sion of the trigeminal nen-e, the small meningeal artery, and sometimes the small

petrosal ner\'e; behind this, the foramen spinosum, which transmits the middle

meningeal arter\', and the prominent spinous process of the sphenoid, which gives

attachment to the internal lateral ligament of the mandible and the Tensor palati

muscle. External to the spinous process is the glenoid fossa, divided into two parts

bv the Glaserian fissure (page 88), the anterior portion concave, smooth, bounded

in front by the eminentia articiilaris, and serving for the articulation of the condyle

of the mandible; the posterior portion rough, bounded behind by the tympanic

plate, and serving for the reception of part of the parotid gland. Emerging from

between' the laminae of the vaginal process of the tympanic plate is the styloid

process, and at the base of this process is the stylomastoid foramen, for the exit of

the facial nerve and entrance of the stylomastoid artery. External to the stylo-

mastoid foramen is the auricular fissure, for the exit of the auricular branch of the

vagus, bounded behind by the mastoid process. Upon the inner side of the mas-

toid process is a deep groove, the digastric fossa; 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 greater wing of the sphenoid, behind by the apex of the petrous por-

tion of the temporal bone, and internally by the body of the sphenoid and basilar

process of the occipital bone; it presents in front the posterior orifice of the Vidian

canal ; behind, the aperture of the carotid canaL The basilar surface of this open-

ing is filled in the recent state by fibrocartilaginous substance, which is pierced

by the Vidian nerve and a meningeal branch of the ascending pharyngeal artery;

across its upper or cerebral aspect passes the internal carotid artery. External to

this aperture the petrosphenoidal suture is observed, at the outer termination of

which is seen the orifice of the canal for the Eustachian tube and that for the Ten-
sor tympani muscle. Behind this suture is seen the under surface of the petrous

portion of the temporal bone, presenting from within outward, the quadrilateral,

rough surface, part of which affords attachment to the Levator palati and Tensor

t\Tnpani muscles; posterior to this surface is the orifice of the carotid canal and the

orifice of the aquaeductus cochleae, the former transmitting the internal carotid

artery and the ascending branches of the superior cervical ganglion of the sympa-
thetic, the latter serving for the passage of a small artery to and a small vein from

the cochlea. Behind the carotid canal is a large aperture, the jugular foramen,

formed m front by the f)etrous portion of the temporal, and behind by the occipital;

it is generally larger on the right than on the left side, and is di\-ided into three

compartments by processes of dura. The anterior is for the passage of the inferior

petrosal sinus ; the posterior, for the lateral sinus and some meningeal branches from

the occipital and ascending pharyngeal arteries; the central one, for the glosso-

pharyngeal, vagus, and spinal accessory nerves. On the ridge of the bone di\'iding

the carotid canal from the jugular foramen is the small foramen for the transmis-

sion of Jacobson's nerve (tjTnpanic branch of the glossopharyngeal) ; and on tl;e

wall of the jugular foramen, near the root of the styloid process, is the small aper-

ture for the transmission of the auricular branch of the vagus nerve (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 attachment of the

check ligaments, and presenting externally a rough surface, the jugular process,

which serves for the attachment of the Rectus capitis lateralis muscle and the lat-

eral occipito-atlantal ligament. The middle of the anterior margin of the foramen

magnum is called the basion. The mid-point of the posterior margin is called the
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opisthion. On either side of each condyle anteriorly is the anterior condylar fossa,

continued as the anterior condylar foramen, for the passage of the hypoglossal

nerve and often a meningeal branch of the ascending pharyngeal artery. Behind
each condyle is the posterior condylar fossa, continued as the posterior condylar

foramen, for the transmission of a vein to the lateral sinus. Behind the foramen
magnum is the external occipital crest, terminating above at the external occipital

protuberance, while on each side are seen the superior and inferior curved lines;

these, as well as the surfaces of bone between them, are rougli for the attachment

of the muscles, which are enumerated on pages 70 and 71.

The Lateral Region of the Skull.—The norma lateralis 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 backward to

the outer extremity of the superior curved line of the occiput; and the sides by
two lines, the one drawn downward and backward from the external angular

process of the frontal bone to the angle of the mandible, the other from the angle

of the mandible upward and backward to the outer extremity of the superior

curved line. This region is divisible into three portions—temporal fossa, mastoid

portion, and zygomatic or infratemporal fossa.

Fig. 99.—Lateral asjject of the skull.

The Temporal Fossa (fossa temporalis).—^The temporal fossa is bounded above
and behind by the temporal ridges, which extend from the external angular process

of the frontal upward and backward across the frontal and parietal bones, curving

downward behind to terminate in the posterior root of the zygomatic process. In

front it is bounded by the frontal, malar, and greater 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
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surface of the greater wing of the sphenoid. This fossa is formed by five bones,

part of the frontal, greater wing of the sphenoid, parietal, squamous portion of the

temporal and malar bones, and is traversed by sLx sutures, part of the frontomalar,

sphenomalar, coronal, sphenoparietal, squamoparietal, and squamosphenoidal.

The point where the coronal suture crosses the superior temporal ridge is named

the stephanion; and the region where the four bones, the parietal, the frontal,

the squamous portion of the temporal, and the greater wing of the sphenoid,

meet, at the anterior inferior angle of the parietal bone, is named the pterion.

This point is about on a level with the external angular process of the frontal

bone and about one and a half inches (3.75 cm.) behind it. This fossa is deeply

concave in front, convex behind, traversed by grooves which lodge branches of

tlie deep temporal arteries, and filled by the Temporal muscle.

The Mastoid Portion.—^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 mastoparietal suture; behind and
below by the masto-occipital suture. It is formed 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 forward, the

mastoid foramen, the mastoid process, the external auditory meatus surrounded by

Spheno-maxillary fissure

Infra-temporal crest

Pterygo-maxillary fissure

Hamular process

External auditory meatus'

Tympanic-plate

Styloid process

Glenoid cavity

Zygomatic process {cut)

Externalpterygoid plate

Fig. 100.—L«ft sygomatic foasa.

the tympanic plate, and, most anteriorly, the temporomandibular articulation. The
point where the posterior inferior angle of the parietal meets the occipital and
mastoid portion of the temporal is named the asterion.

The Zygomatic Fossa (fossa infratemporalls)

.

—^The zygomatic fossa is an irregu-

larly shaped cavity, situated below and on the inner side of the zygoma ; bounded in

front by the zygomatic surface of the maxilla and the ridge which descends from its
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malar process; behind, by the posterior border of the external pterygoid plate and
the eminentia articularis; above, by the pterygoid ridge on the outer surface of the

greater wing of the sphenoid and the under part of the squamous portion of the

temporal ; below, by the alveolar border of the maxilla ; internally, by the external

pterygoid plate; and externally, by the zygomatic arch and ramus of the mandible

(Fig. 100). It contains the lower part of the Temporal, the External and Internal

pterygoid muscles, the internal maxillary artery and vein, and inferior maxillary

nerve and their branches. In its roof are seen the foramen ovale and the foramen

spinosum; on its anterior wall open the posterior dental canals. At its upper and
inner part may be observed the sphenomaxillary and pterygomaxillary fissures.

The sphenomaxillary fissure (fissura orbitalis inferior), 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 greater wing of the sphenoid; below, by the

external border of the orbital surface of the 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 pterygomaxillary fissure. This fissure permits the orbit to com-
municate with three fossae—the temporal, zygomatic, and sphenomaxillary fossae;

it transmits the superior maxillary nerve and its orbital branch, the infraorbital

vessels, and ascending branches from the sphenopalatine or Meckel's ganglion.

The pterygomaxillary fissure is vertical, and descends at right angles from the

inner extremity of the preceding; it is a V-shaped interval formed by the diver-

gence of the maxilla from the pterygoid process of the sphenoid. It serves

to connect the sphenomaxillary fossa with the zygomatic fossa, and transmits

the internal maxillary artery.

The Sphenomaxillary Fossa (fossa pterygopalatina).—The sphenomaxillary fossa

is a small, triangular space situated at the angle of junction of the sphenomaxillary

and pterygomaxillary fissures, and placed beneath the apex of the orbit. It is formed

above by the- under surface of the body of the sphenoid and by the orbital process of

the palate bone; in front, by the maxilla; behind, by the anterior surface of the base

of the pterygoid process and lower part of the anterior surface of the greater wing of

the sphenoid; internally, by the vertical plate of the palate. This fossa has three

fissures terminating in it—the sphenoidal, sphenomaxillary, and pterygomaxillary;

it communicates with the orbit by the sphenomaxillary fissure; with the nasal

fossae by the sphenopalatine foramen, and Vvith the zygomatic fossa by the pterygo-

maxillary fissure. It also communicates with the cavity of the cranium, and has

opening into it five foramina. Of these, there are three on the posterior wall

—

the foramen rotundum above; below and internal to this, the Vidian canal; and
still more inferiorly and internally, the pterygopalatine canal. On the inner wall

is the sphenopalatine foramen, by which the sphenomaxillary communicates with

the nasal fossa; and below is the superior orifice of the posterior palatine canal,

besides occasionally the orifices of the accessory posterior palatine canals. The
fossa contains the superior maxillary nerve and Meckel's ganglion, and the termi-

nation of the internal maxillary artery.

The Anterior Region of the Skull (norma frontalis).—The norma frontalis

forms the face, is of an oval form, presents an irregular surface, and is excavated

for the reception of two of the organs of sense, the eyes and the nose. It is bounded
above by the glabella and margins of the orbit; below, by the prominence of the

chin ; on each side by the malar bone and interior margin of the ramus of the man-
dible. In the median line are seen from above downward the glabella, and diverg-

ing from it are the superciliary ridges, which indicate the situation of the frontal

sinuses and support the eyebrow. Below the glabella is the frontonasal suture,

the mid-point of which is termed the nasion, and below this is the arch of the nose,

' Occasionally the maxilla and the sphenoid articulate with each other at the anterior extremity of this fissure;

the malar is then excluded from entering into its formation.
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formed by the nasal bones, and the nasal processes of the maxillae. The nasal

arch is convex from side to side, concave from above downward, presenting in the

median line the intemasal suture (sutura internasal is), formed between the nasal

bones, laterally, on either side, the nasomaxillary suture {sutura nasomaxillaris),

formed between the nasal bone and the nasal process of the maxilla. Below the

nose is seen the opening of the apertura pyrifonnis, which is heart-shaped, with

the narrow end upward, and presents laterally the thin, sharp margins ser\nng

for the attachment of the lateral cartilages of the nose, and in the middle line

below a prominent process, the anterior nasal spine, bounded by two deep notches.

Below this is the intermaxillary suture {sutura intermaxillaris), and on each side

of it the incisive fossa. Beneath this fossa are the alveolar processes of the maxilla

and mandil)le, containing the incisor teeth, and at the lower part of the median
line the symphysis of the chin, the mental process, with its two mental tubercles,

separated by a median groove, and the incisive fossa of the mandible.

On each side, proceeding from above downward, is the supraorbital ridge,

terminating externally in the external angular process at its junction with the malar,

and internally in the internal angular process; toward the inner third of this ridge

is the supraorbital notch or foramen, for the passage of the supraorbital vessels

Fig. 101.—Anterior asi)ect of the skull.

and nerve. 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 and maxilla ; internally, by the nasal process of the maxilla
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and the internal angular process of the frontal bone. On the outer side of the

orbit is the quadrilateral outer surface: of the malar bone, perforated by one or

two small malax 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 T>evator anguli oris; still lower are the

alveolar processes, containing the teeth of the upper and lower jaws. Beneath the

alveolar arch of the mandible is the mental foramen, for the passage of the mental

TENDO OCULI

Groove for
facial artery

Fig. 102.—Anterolateral region of the skull.

vessels and nerve, the external oblique line, and at the lower border of the bone,

at the point of junction of the body with the ramus, a shallow groove for the

passage of the facial artery.

The Orbits.—^The orbits (Fig. 102) are two quadrilateral pyramidal cavities, situ-

ated at the upper and anterior part of the face, their bases being directed forward

and outward, and their apices backward and inward, so that the axes of the two, if

continued backward, would meet over the body of the sphenoid bone. Each orbit

(orbita) is formed of seven bones—the frontal, sphenoid, ethmoid, maxilla, malar,

lacrimal, and palate; but three of these, the frontal, ethmoid, and sphenoid,

enter into the formation of both orbits, so that the two cavities are formed of

eleven bones only. Each cavity presents for examination a roof, a floor, an inner

and an outer wall, four angles, a base, and an apex.
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The roof (paries superior) is concave, directed downward and slightly forward,

and formed in front by the orbital plate of the frontal; behind, by the lesser wing

of the sphenoid. This surface presents internally the depression for the carti-

laginous pulley of the Superior oblique muscle; externally, the depression for the

lacrimal gland; and posteriorly, the suture connecting the frontal and lesser wing
of the sphenoid.

The floor (paries inferior) is directed upward and outward, and is of less extent

than the roof; it is formed chiefly by the orbital surface of the maxilla; in front, to

a small extent, by the orbital process of the malar, and behind, by the superior

surface of the orbital process of the palate. This surface presents at its anterior

and internal part, just external to the lacrimal groove, a depression for the attach-

ment of the Inferior oblique muscle; externally, the suture between the malar

and the maxilla; near its middle, the infraorbital groove; and posteriorly, the suture

between the maxilla and palate bone.

The inner or medial wall (paries medialis) is flattened, nearly vertical, and formed

from before backward by the nasal process of the maxilla, the lacrimal, os planum
of the ethmoid, and a small part of the body of the sphenoid. This surface pre-

sents the lacrimal groove and crests of the lacrimal bone, and the sutures connect-

ing the lacrimal with the maxilla, the ethmoid with the lacrimal in front, and the

ethmoid with the sphenoid behind.

The outer or lateral wall (paries lateralis) is directed forward and inward, and
is formed in front by the orbital process of the malar bone; behind, by the orbital

surface of the greater wing of the sphenoid. On it are seen the orifices of one or

two malar canals, and the suture connecting the sphenoid and malar bones.

Of the angles, the superior external is formed by the junction of the upper
and outer walls; it presents from before backward, the suture connecting the

frontal with the malar in front and with the greater wing of the sphenoid behind;

quite posteriorly is the foramen lacerum anterius, or sphenoidal fissure, which
transmits the third, the fourth, the three branches of the ophthalmic division of the

trigeminal, the abducent ner\e, some filaments from the cavernous plexus of the

sympathetics, the orbital branch of the middle meningeal artery, a recurrent

branch from the lacrimal artery to the dura, and the ophthalmic vein. The
superior internal is formed by the junction of the upper and inner wall, and pre-

sents the suture connecting the frontal bone with the lacrimal in front and with

the ethmoid behind. The point of junction of the anterior border of the lacri-

mal with the frontal has been named the dacryon. This angle presents two fora-

mina, the anterior and posterior ethmoidal foramina, the former transmitting the

anterior ethmoidal vessels and nasal nene, the latter the posterior ethmoidal vessels.

The inferior external, formed by the junction of the outer wall and floor, pre-

sents the sphenomaxillary fissure, which transmits the superior maxillary nen-e and
its orbital branches, the infraorbital vessels, and the ascending branches from the

sphenopalatine or Meckel's ganglion. The inferior internal is formed by the

union of the lacrimal bone and the os planum of the ethmoid with the maxilla

and palate bone.

The circumference or base of the orbit, quadrilateral in form, is bounded above

(margo supraorbitalis) by the supraorbital ridge; below (margo infraorbitalis),

by the anterior border of the orbital plate of the malar and maxilla; externally,

by the external angular process of the frontal and malar bones; internally, by the

internal angular process of the frontal and the nasal process of the maxilla. The
circumference is marked by three sutures, the frontomaxillar^- internally, the

frontomalar externally, and the malomaxillar}- below; it contributes to the forma-

tion of the lacrimal groove, and presents, above, the supraorbital notch (or fora-

men), for the passage of the supraorbital vessels and nene.
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The apex is situated at the back of the orbit and corresponds to the optic

foramen,^ a short circular canal which transmits the optic nerve and ophthalmic

artery. It will thus be seen that there are nine openings communicating with

each orbit—viz., the optic foramen, sphenoidal fissure, sphenomaxillary fissure,

supraorbital foramen, infraorbital canal, anterior and posterior ethmoidal for-

amina, malar foramina, and the canal for the nasal duct.

The Nasal Cavity.—The nasal cavities (cavum nasi), or nasal fossae (Figs. 81 and
103), are two large, irregular cavities situated on either side of the middle line

of the face, extending from the base of the cranium to the roof of the mouth,
and separated from each other by a thin vertical septum, the septum of the nose,

formed by the perpendicular plate of the ethmoid and by the vomer. Each
cavity communicates by a large aperture, the anterior nasal aperture {apertura

pyriformis),^ with the front of the face, and by the two posterior nares (choanoB)
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INFUNDIBULUM

PROBE IN NASO-
LACRIMAL CANAL

VERTICAL PLATE OF
PALATE BONE

I]iG. 103.— Nasal cavity, right lateral wall, from the left. (Spalteholz.)

with the nasopharynx behind. These fossae 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.

The nasal fossae are surrounded by four other fossae—above is the cranial fossa;

laterally, the orbital fossae; and below, the cavity of the mouth. Each nasal fossa

communicates with four sinuses—the frontal above, the sphenoidal behind, and
the maxillary and ethmoidal on the outer wall. Each fossa also communicates
with four cavities—with the orbit by the lacrimal groove, with the mouth by the

anterior palatine canal, with the cranium by the olfactory foramina, and with the

sphenomaxillary fossa by the sphenopalatine foramen; and they occasionally

•Quain, Testut, and others give the apex of the orbit aa corresponding with the inner end of the sphenoidal
-fissure. It seems better, however, to adopt the statement in the text, since the muscles of the eyeball take origin
around the optic foramen, and diverge from it to the globe of the eye.

*Ia the skull freed of soft parts the anterior nasal cavities open in front by the apertura pyriformis. In the
akull with the soft parts in place they open by the anterior nares.
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communicate with each other by an aperture in the septum. The bones entering

into their formation are fourteen in number—three of the cerebral cranium, the

frontal sphenoid, and ethmoid, and all the bones of the face, excepting the malar

and mandible. Each cavitv is bounded bv a roof, a floor, an inner and an outer

wall.

The upper wall, or roof, is long, narrow, and horizontal in its centre, but slopes

downward at its anterior and posterior extremities; it is formed in front by the

nasal bones and nasal spine of the frontal, which are directed dowTiward and
forward; in the middle, by the cribriform plate of the ethmoid, which is hori-

zontal; and hehind, by the anterior and under surface of the body of the sphenoid

and sphenoidal turbinated process, the ala of the vomer and the sphenoidal process

of the palate bone, which are directed downward and backward. This surface

presents, from before backward, the internal aspect of the nasal bones ; on their outer

side, the suture formed between the nasal bone and the nasal process of the maxilla;

on their inner side, the elevated crest which receives the nasal spine of the frontal

and the perpendicular plate of the ethmoid, and articulates with its fellow of the

opposite side; while the surface of the bones is perforated by a few small vascular

apertures, and presents the longitudinal groove for the nasal nerse; farther back

is the transverse suture, connecting the frontal with the nasal in front, and the

ethmoid behind, the olfactory foramina and nasal slit on the under surface of the

cribriform plate, and the suture between it and the sphenoid behind; quite pos-

teriorly are seen the sphenoidal turbinated process, the orifice of the sphenoidal

sinus, and the articulation of the ala of the vomer with the under surface of the

body of the -sphenoid.

The floor (Fig. 103) is flattened from before backward, concave from side to

side, and wider in the middle than at either extremity. It is formed in front

by the palatal process of the maxilla; hehind, by the horizontal plate of the palate

bone. This surface presents, from before backward, the anterior nasal spine;

behind this, the upper orifices of the anterior palatine canal; the elevated crest

which articulates with the vomer; and^behind, the suture between the palate

and maxilla, and the posterior nasal spine.

The inner or medial wall, or septum (septum nasi osseum) (Fig. 105), is a thin

vertical partition which separates the nasal fossae from each other. It is formed,

in front, by the crest of the nasal bones and nasal spine of the frontal ; in the

middle, by the perpendicular plate of the ethmoid and ethmoidal crest of the

sphenoid; hehind, by the vomer and rostrum of the sphenoid; helow, by the crests

of the maxillae and palate bones. It presents, in front, a large, triangular notch,

which receives the septal cartilage of the nose ; and hehind, the grooved edge of the

vomer. Its surface is marked by numerous canals for vessels and nerves, and
the groove for the nasopalatine nerve, and is traversed by sutures connecting

the bones of which it is formed.

The outer or lateral wall (Figs. 81 and 103) is formed, in front, by the nasal

process of the maxilla and lacrimal bones; in the middle, by the ethmoid and inner

surface of the body of the maxilla and turbinated bone; hehind, by the vertical

plate of the palate bone; and the internal pterygoid plate of the sphenoid. Upon
this outer wall are two marked projections of bone (Fig. 81). One is known
as the turbinated bone and the other as the middle turbinated process. The supe-

rior turbinated process appears as a less distinct bony projection. This surface

presents three irregular longitudinal passages, termed the superior, middle, and
inferior meatuses of the nose (Fig. 104). 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 mid-
dle turbinated processes, and has opening into it two foramina, the sphenopalatine

foramen at the back of its outer wall, and the posterior ethmoidal cells at the front
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part of the outer wall. The sphenoidal sinus opens into a recess (recessus sphenO'

ethmoidalis) , which is situated above and behind the superior turbinated process.

The middle meatus is situated external to the middle turbinated process, between
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Fig. 104.—Coronal section through the frontal sinus and nasal fossa. (Poirier and Charpy.)
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Fig. 105.—Inner wall of nasal fossse, or septum of nose.
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it and the turbinated bone, and extends from the anterior end of the turbinated

to the sphenopalatine foramen of the outer wall of the nasal fossa. Anteriorly

it terminates in a depression, the atrium of the nasal meatus {atrium meatus medii).

The middle meatus presents in front the orifice of the infundibulum, by which
the middle meatus communicates with the anterior ethmoidal cells, and through

these \\ith the frontal sinuses. The posterior ethmoidal cells also open into

this meatus, while at the centre of the outer wall is the orifice of the maxillary
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 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 canal for the nasal duct.
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Development of the Skull.—Up to a certain stage the development of the skull corresponds
with that of the vertebral column; but it is modified later in association with the expansion of

the brain vesicles, the formation of the oi^ns of smell, sight, and hearing, and the development
of the mouth and pharynx.

The notochord extends as far forward in the

base of the future skull as the anterior end of the

mid-brain, and becomes partly surrounded by
mesoderm (Fig. 106). The posterior part of this

mesodermal investment corresponds with the

future basiocciput, and shows a subdivision into

four segments, which are separated by the roots

of the hypoglossal nerve. The mesoderm then

extends over the brain vesicles, and thus the entire

brain is enclosed by a mesodermal investment,

which is termed the membranous primordial cra-

nium. From the inner layer of this the bones of

the skull and the membranes of the brain are de-

veloped; from the outer layer the muscles, blood-

vessels, true skin, and subcutaneous tissues of the

scalp. In the shark and dog-fish this membran-
ous cranium undergoes complete chondrification,

and forms the cartilaginous skull, or chondro-

cranium, of these animals. In mammals, on the

other hand, the process of chondrification is

limited to the base of the skull—the roof and
sides being covered in by membrane. Thus,
the bones of the base of the skull are preceded
by cartilage, those of the roof and sides by membrane. The posterior part of the base of the

skull is developed around the notochord, and exhibits a segmented condition analogous to

that of the vertebral column, while the anterior part arises in front of the notochord and shows
no regular segmentation. The base of the skull may therefore be divided into (o) a chordal or
vertebral^ and (b) a prechordal or prevertebral portion.

In the lower vertebrates two pairs of cartilages are developed, viz., a pair of parachordal
cartilages, one on either side of the notochord ; and a pair of prechordal cartilages, the trabeculae

cranii, in front of the notochord (Figs. 107 and 108). The parachordal cartilages (Fig. 108) imite

to form a cartilaginous plate, from which the cartilaginous part of the occipital bone and the basi-

sphenoid are developed. On the lateral aspect of the parachordal cartilages the otic or auditory

resides are situated, and the mesoderm enclosing them is soon converted into cartilage, forming
the cartilaginous ear capsules. These cartilaginous ear capsules, which are of an oval shape,

fuse with the lateral aspects of the basilar plate, and from them arise the petromastoid portions

of the temporal bones. The trabeculae cranii (Fig. 107) are two curved bars of cartilage which
embrace the pituitarj' body; their posterior ends soon unite with the basilar plate, while their

anterior ends join to form the ethmoidal plate, which extends forward between the forebrain and
the olfactory pits. Later, the trabeculae meet and fuse below the pituitary bodv, forming the

floor of the pituitary fossa, and so cutting off the anterior lobe of the pituitary body from the stoma-
todemn. The mesal part of the ethmoidal plate forms the bony and cartilaginous parts of the

nasal septum. From the lateral margins of the trabeculae cranii three processes grow out on
either side. The anterior forms the lateral mass of the ethmoid and the alar cartilages of the
nose; the middle gives rise to the lesser wing of the sphenoid, while from the posterior the greater
wing and external pterkgoid plate of the sphenoid are developed (Figs. 109 and 1 10). The bones

Fig.
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106.—Sagittal section of cephalic end of
notochord. (Fumess).
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of the vault are of membranous formation, and are termed dermal or covering hones. They are
partly developed from the mesoderm of the primordial cranium, and partly from that which
lies outside the entoderm of the foregut. They comprise the upper part of the tabular por-
tion of the occipital (interparietal), the squamous temporals and tympanic plates, the parietals,
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Extension aroiiyxd

olfactory organ
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Figs. 107 and 108.—Diagrams of the cartilaginous cranium. (Wiedersheim.)
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Fig. 109.—Model of the chondrocranium of a human embryo, 8 cm.. The menibrane bones are not

represented. (From Hertwig's Handbuch der Entwickelungslehre.)

the frontal, the vomer, the internal pterygoid plates, and the bones of the face. Some of them

remain distinct throughout life {e. g., parietal and frontal), while others join with the bones of

the chondrocranium (e. g., interparietal, squamous temporalis, and internal pterygoid plates)

Recent observations have shown that, in mammals, the basicranial cartilage, both m the



THE SKULL AS A WHOLE 143

chordal and prechordal regions of the base of the skull, is developed as a single plate, which

extends from behind forward. In man, however, its posterior part shows an indication of its

l>eing developed from two chondrifving centres which fuse rapidly in front and below. The
relation of this cartilaginous plate to the notochord differs in different animals. In the rat embr}-o

it lies vcntrad of the notochord (Robipson) ; in the .sheep, pig, calf, and ferret the cranial part of

the notochord is enclosed within it; in man, the anterior and posterior thirds of the cartilage

surround the notochord, but its middle third lies on the dorsal aspect of the notochord, which in

this region is placed between the cartilage and the wall of the pharynx.

Optic foramei} . Lesser icing of sphenoid.

Greater wing of sphenoid.

For. n. facialis.

men ttjnt}

Incus.

Nasal capsule

Nasal septum.

~

MaxHla.'<9j^
Vainer.-^

MandibU.^

Meckel's cartilage.

Thyroid carlilage.

Cricoid cartilage

'Handle
^of malleus

For. hypogl.

Styloid process.

Fen. cochleae.

Fig. 1 10.—The same model as shown in Fig. 109 from the left side. Certain of the membrane bones of the
right side are represented in yellow.

Differences in the Skull Due to Age.—At birth the skull as a whole is large in pro-

portion to the other parts of the skeleton, but its facial portion is small, and equals only about
one-eighth of the bulk of the cranium as compared with one-half in the adult. The frontal and
parietal eminences are prominent, and the greatest width of the skull is at the level of the latter;

on the other hand, the glabella, superciliary ridges, and mastoid processes are not develop)ed.

Ossification of the skull bones is not completed, and many of them

—

e. g., the occipital,

temporals, sphenoid, frontal, and mandible—consist of more than one piece. Unossified

Fio 111.—Skull at birth, showing the anterior

and posterior fontaneUes.

Fig. 1 12.—The lateral fontanelles.

membranous interx-als. termed forUan^Ues, are seen at the angles of
t»^J, P-|3«! ^^^^^^^^^^^

fontanelles are six in number; two, an anterior and a posterior, are situated m the middle

line and /o«r! two on each side, an antero-lateral and a postero-lateral, are placed on either

''The anterior or bregmuti. fanian^ (Fig. Ill) is the largest, and is situated at the junction

of the sagittal, coronalTnd interfrontal sutures; it is lozenge-shaped and n^easures aboutan

inch and a half in its antero-posterior and an inch m its transverse diameter. The podenor
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fontanelle is triangular in form and is situated at the junction of the sagittal and lambdoid sutures.
The lateral fontanelles (Fig. 112) are small, irregular in shape, and correspond respectively with
the antero-inferior and postero-inferior angles of the parietal bones. An additional fontanelle
is sometimes seen in the sagittal suture at the region of the obelion. The fontanelles are usually
closed by the growth and extension of the bones which surround them, but sometimes they are
the sites of separate ossific centres which develop into Wormian bones. The posterior and
lateral fontanelles are obliterated within a month or two after birth, but the anterior is not com-
pletely closed until the first half of the second year; sometimes it remains open beyond the second
year, a condition which is usually seen in rhachitis, and is due to malnutrition. A knowledge of

the shape and position of the fontanelles is of service to the accoucheur in enabling him to deter-
mine which part of the fetal head is presenting during parturition.

The small size of the face at birth is mainly accounted for by the rudimentary condition of the
jaws, the noneruption of the teeth, and the small size of the maxillary air sinuses and nasal
cavities. At birth the nasal cavities lie almost entirely between the orbits, and the lower border
of the anterior nasal aperture is only a little below the level of the orbital floor. With the erup-
tion of the milk teeth there is an enlargement of the face and jaws, and these changes are still

more marked after the second dentition.

The skull grows rapidly from birth to the seventh year, hy which time the foramen magniun
and petrous parts of the temporals have reached their full size and the orbital cavities are only

a little smaller than those of the adult. Growth is slow from the seventh year until the approach
of puberty, when a second period of activity takes place; this consists of an increase in all direc-

tions, but it is especially marked in the frontal and facial regions, where it is associated with the

development of the air sinuses.

Obliteration of the Sutures..—Obliteration of the sutures of the vault takes place as age
advances, usually beginning during the fourth decade of life and first becoming manifest on the

inner surface, appearing externally about ten years later; the posterior part of the sagittal suture

is usually the first to become obliterated, next the coronal, and then the lambdoid. The most
striking feature of an old skull is the marked diminution in the size of the jaws consequent on
the loss of the teeth and the absorption of the alveolar processes, thus reducing the facial height

and altering the mandibular angles.

Differences in the Skull Due to Sex.—Until the age of puberty little difference exists be-

tween the male and the female skull. The skull of an adult female is, as a rule, lighter and
smaller. While the cranial capacity of white males averages 1560 c.c, that of females is nearly

200 c.c. less. The female skull has thinner walls, its ridges for muscle attachment are less

strongly marked, the superciliary ridges, glabella, and mastoid processes are less prominent, and
the corresponding air sinuses are smaller. The upper margin of the orbit is sharper, the frontal

and parietal eminences are more prominent, and the vault is somew hat flattened as compared
with the male skull. The contour of the face is more rounded, the facial bones are smoother,

and the jaws and teeth are smaller.

No single structural characteristic, however, serves to determine the sex, and the features

enumerated above can guide in the examination only when they are sufficiently pronounced to

justify a probable diagnosis.'

Supernumerary, Wormian,^ Sutural, or Epactal Bones (Ossa Triquetra).

In addition to the constant centres of ossification of the skull, additional ones are occasion-

ally found in the course of the sutures. These form irregular, isolated bones, interposed between
the cranial bones, and have been termed Wormian bones, or ossa triquetra. They are most
frequently found in the course of the lambdoid suture, but occasionally also occupy the situation

of the fontanelles, especially the posterior and, more rarely, the anterior. Frequently one is

found between the anterior inferior angle of the parietal bone and the greater wing of the sphe-

noid, the epipteric bone, or the pterion ossicle (Fig. 113). They have a great tendency to be
symmetrical on the two sides of the skull, and they vary much in size, being in some cases not
larger than a pin's head, and confined to the outer table; in other cases so large that one pair of

these bones may form the whole of the occipital bone above the superior curved lines.

Craniology.

Skulls vary in shape and size, and the term craniology is applied to the comparative study

of these variations. By means of exact measurements and their correlation, skulls may be

classified in various ways.

1 See P. J. Mobius: Ueber die Verschiedenheit maimlicber und weiblicher Schiidel. Archiv fiir Anthiopologie,
1907, N. F., vol. vi.

^Wormius, a physician of Copenhagen, is said to have given the first detailed description of these bones.
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1. According to capacity, measured by means of shot, mustard seed, etc.

1 Microcephalic, with a capacity of less than 1350 c.c. {e. g., Australians, Andamanese).

2. Mesocephalic, with a capacity of from 1350 to 1450 c.c. (e g., Negroes, Chinese).

3. ilegacephalic, vnth a capacity of over 1450 c.c. (e. g., Europeans, Japanese, and Eskimos).

F:g. 113.—Wormian bones.

Fig. 114.—Brachycephalic cranium. (Poirier
and Charpy.)

Fig. 115.—Dolichocephalic craniimi (Poirier
and Charpy.)

Fig. 116.—Brachycephalic cranium. (Poirier
and Charpy.)

Fie. 117.—^Dolichocephalic crur.i

and Charpy.)
Poirier

10
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II.—To facilitate regional description and to compare the normse of one skull with those of

another, the skull is placed in such a way that a plane passing through the inferior margin of the

orbit and the superior margin of the external auditory meatus shall be horizontal (the horizontal

line of the Frankfort agreement). Various linear and arc measurements are made between

definite and easily localized points on the surface of the skull, and, although previously men-

tioned, are here tabulated for convenience of reference. They are divided into two groups:

(1) those in the mesal plane, and (2) those on either side of it.

The Points in the Mesal Plane are:

Mental Point.—The most prominent point of the chin.

Alveolar Point, or Prosthion.—The central point of the anterior margin of the upper alveolar

arch.

Subnasal Point.—^The middle of the lower border of the anterior nasal aperture, at the Ijase of

the nasal spine.

Nasion.—The central point of the frontonasal suture.

Glabella.—The point in the middle line at the level of the superciliary ridges.

Ophryon.—The point in the middle line at the level where the temporal lines most nearly

approach each other.

Bregma.—^The meeting point of the coronal and sagittal sutures.

Obelion.—A point in the sagittal suture on a level with the parietal foramina.

Lambda.—The point of junction of the sagittal and lambdoid sutures.

Occipital Point.—The point in the middle line of the occipital bone farthest from the glabella.

Inion.—The external occipital protuberance.

Opisthion.—The mid-point of the posterior margin of the foramen magnum.
Basion.—The mid-point of the anterior margin of the foramen magnum.
The Points on Either Side of the Mesal Plane are:

Gonion.—The outer margin of the angle of the mandible.

Dacryon.—The point of union of the antero-superior angle of the lacrimal with the frontal

bone and the frontal process of the maxilla.

Stephanion.—The point where the temporal line intersects the coronal suture.

Pterion.—The point where the greater wing of the sphenoid joins the antero-inferior angle

of the parietal.

A uricular Point.—The centre of the orifice of the external auditory meatus.

Asterion.—The point of meeting of the lambdoid, masto-occipital, and mastoparietal sutures.

The horizontal circumference of the cranium is measured in a plane passing through the

glabella (Turner) or the ophryon (Flower) in front, and the occipital point behind; it averages

about twenty inches (50 cm.) in the female and twenty-one inches (52.5 cm.) in the male.

The occipitofrontal or longitudinal! arc is measured from the nasion over the middle line of the

vertex to the opisthion; while the basinasal length is the distance between the basion and the

nasion. These two measurements, plus the antero-posterior diameter of the foramen magnum,
represent the vertical circumference of the cranium.

T'le length is measured from the glabella to the occipital point, while the breadth, or greatest

transverse diameter, is usually found near the external auditory meatus. The proportion of

, ,, , ,
(breadth X 100) . , , , ,. . ,

breadth to length -. rr is termed the cephalic index, or index of breadth.

The height is usually measured from the basion to the bregma, and the proportion of height

,
(height X 100) . , ...

to length i— , constitutes the vertical or height index.

In studying the face the principal points to be noticed are the proportion of its length and
breadth, the shape of the orbits and of the anterior nasal aperture, and the degree of projection
of the jaws.

The length of the face may be measured from the ophryon or nasion to the chin, or, if the man-
dible be wanting, to the alveolar point; while its width is represented by the distance between the
zygomatic arches. By comparing the length with the width of the face, skulls may be divided
into two groups

—

dolichofacial, or leptoprosope (long-faced), and brachyfacial, or chemoprosope
(«hort-faced).

The orbital index signifies the proportion which the orbital height bears to the orbital width,
thus:

orbital height X 100

orbital width

The nasal index expresses the proportion which the width of the anterior nasal aperture bears
to the height of the nose, the latter being measured from the nasion to the lower margin of the
nasal aperture, thus:

nasal width X 100

nasal height
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The d^rree of projection of the jaws is determined by the gnathic or alvedar index, which

represents the proponion between the basialveolar and basinasal lengths, thus:

basialveolar length X 100

basinasal length

The following table, modified from that given by Duckworth, illustrates how these different

indices mav be utilized in the classification of skulls.

Index. Classification. Nomenclature. Examples.

1. Cephalic Below 75
Between 75 and SO

Above SO

Dolichocephalic
Mesaticephalic
Brachycephalic

Kaffirs and Native Australians
Eiux)peans and Chinese
Mongolians and Andamans

2. Orbital . . Below 84
Between 84 and 89

Above 89

Microseme
Mesoseme
Megaseme

Tasmanians and Nati^e Australians
Europeans
Chinese and Polynesians

3. Xasal . . Below 48
Between 48 and 53

Above 53

Leptorhine
Mesorhine
Plat^-rhine

Europeans
Chinese and Japanese
Negroes and Native Australians

4. Gnathic Below 98
Between 98 and 103

Above 103

Orthognathous
Mesognathous
Prognathous

Europeans
Chinese and Japanese
Native Australians

Surface Form.—The various bony prominences or landmarks which can be easily felt and
recognized in the head and face, and which afford the means of mapping out the important struc-

tures comprised in this region, are as follows:

1. Supraorbital arch.

2. Internal angular process.

3. External angular process.

4. Zygomatic arch.

5. Mastoid process.

6. External occipital protuberance.

7. Superior curved line of occipital bone.

8. Parietal eminences.

9. Temporal ridge.

10. Frontal eminences.

11. Superciliary ridges.

12. Xasal bones.

1 3. Lower margin of orbit.

14. Mandible.

CI) The supraorbital arches are to be felt throughout their entire extent, covered by the eye-

brows. They form the upper boundary of the circumference or base of the orbits, and separate

the face from the forehead. They are strong and arched, and terminate internally on each side

of the root of the nose in the internal angular process, which articulates with the lacrimal bone.

Externally they terminate in the external angular process, which articulates with the malar bone.

This arched ridge is sharper and more defined in its outer than in its inner half, and forms an
overhanging process which protects and shields the lacrimal gland. It thus protects the eye in

its most exposed situation and in the direction from which blows are most likely to descend. The
supraorbital arch varies in prominence in different indi\-iduals. It is more marked in the male
than in the female, and in some races of mankind than others. In the less ci\-ilized races, as the

forehead recedes backward, the supraorbital arch becomes more prominent, and approaches
more to the characters of the monkey tribe, in which the supraorbital arches are very largely devel-

oped, and acquire additional prominence from the oblique direction of the frontal bone. (2) The
internal angular process is scarcely to be felt. Its position is indicated by the angle formed
by the supraorbital arch with the nasal process of the maxilla and the lacrimal bone at the inner

side of the orbit. Between the internal angular processes of the two sides is a broad sm^ace
which assists in forming the root of the nose, and immediately above this a broad, smooth,
somewhat triangular surface, the glabella, situated between the superciliari- ridges. (3) The
external angular process is much more strongly marked than the internal, and is plainly to be
felt. It is formed by the junction or confluence of the supraorbital and temporal ridges, and,
articulating with the malar bone, it serves to a ver^* considerable extent to support the bones of

the face. In carnivorous animals the external angular process does not articulate with the malar,

and therefore this lateral support to the bones of the face is not present. (4) The zygomatic
arch is plainly to be felt throughout its entire length, being situated almost immediately under
the skin. It is formed by the malar bone and the zygomatic process of the temporal bone. At
its anterior extremity, where it is formed by the malar bone, it is broad and forms the prominence
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of the cheek; the posterior part is narrower, and terminates just in front and a little above the

tragus of the external ear. The lower border is more plainly to be felt than the upper, in conse-

quence of the dense temporal fascia being attached to the latter, which somewhat obscures its

outline. Its shape differs very much in individuals and in different races of mankind. In the

skulls of savages—as, for instance, in the skull of the negro of the Guinea Coast—the malar bones
project forward and not outward, and the zygoma at its posterior extremity extends farther

outward before it is twisted on itself to be prolonged for^vard. This makes the zygomatic arch
stand out in bold relief, and affords greater space for the Temporal muscle. In skulls which
have a more pyramidal shape, as in the Eskimos or Greenlanders, the malar bones do not pro-

ject forward and downward under the eyes, as in the preceding form, but take a direction out-

ward, forming with the zygoma a large, rounded sweep or segment of a circle. Thus it happens
that if two lines are drawn from the zygomatic arches, touching the temporal ridges, they meet
above the top of the head, instead of being parallel, or nearly so, as in the European skull, in

which the zygomatic arches are not nearly so prominent. This gives to the face a more or less

oval type. (5) Behind the ear is the mastoid portion of the temporal bone, plainly to be felt,

and terminating below in a nipple-shaped process. Its anterior border can be traced immediately

behind the concha, and its apex is on about a level with the lobule of the ear. It is rudimentary

in infancy, but gradually develops in childhood, and is more marked in the negro than in the

European. (6) The external occipital protuberance (inion) is always plainly to be felt just

at the level where the skin of the neck joins that of the head. At this point the skull is thick for

the purposes of- safety, while radiating from it are numerous curved arches or buttresses of bone
which give to this portion of the skull further security. (7) Running outward on either side from
the external occipital protuberance is an arched ridge of bone, which can be more or less plainly

perceived. This is the superior curved line of the occipital bone, and gives attachment to

some of the muscles which keep the head erect on the vertebral column; accordingly, we find it

more developed in the negro tribes, in whom the jaws are much more massive, and therefore

require stronger muscles to prevent their extra weight carrying the head forward. Below this

line the surface of bone at the back of the head is obscured by the overlying muscles. Above it

the vault of the cranium is thinly covered with soft structures, so that the form of this part of the

head is almost exactly that of the upper portion of the occipital, the parietal, and the frontal

bones themselves; and in bald persons, even the lines of junction of the bones, especially the

junction of the occipital and parietal at the lambdoid suture, may be defined as a slight depression

caused by the thickening of the borders of the bones in this situation. (8) In the line of the

greatest transverse diameter of the head, on each side of the middle line, are generally to be found
the parietal eminences, one on each side of the middle line, though sometimes these eminences

are not situated at the point of the greatest transverse diameter, which is at some other prominent

part of the parietal region. They denote the point where ossification of the parietal bone began.

They are much more prominent and well marked in early life, in consequence of the sharper

curve of the bone at this period, so that it describes the segment of a smaller circle. Later in life,

as the bone grows, the curA'e spreads out and forms the segment of a larger circle, so that the

eminence becomes less distinguishable. In con.sequence of this sharp curve of the bone in early

life, the whole of the vault of the skull has a squarer shape than it has in later life, and this appear-

ance may persist in those suffering from rhachitis. The eminence is more apparent in the negro's

skull than in that of the European. This is due to greater flattening of the temporal fossa in the
former skull to accommodate the larger Temporal muscle which exists in these races. The
parietal eminence is particularly exposed to injury from blows or falls on the head, but fracture

is to a certain extent prevented by the shape of the bone, which forms an arch, so that the force

of the blow is diffused over the bone in every direction. (9) At the side of the head may be felt

the temporal ridge. Commencing at the external angular process, it may be felt as a curved
ridge, passing upward and then curving backward, on the frontal bone, separating the forehead

from the temporal fossa. It may then be traced passing backward in a curved direction, over

the parietal bone, and, though less marked, still generally to be recognized. Finally, the ridge

curves downward, and terminates in the posterior root of the zygoma, which separates the

squamous from the subcutaneous mastoid portion of the temporal bone. (10) The frontal

eminences vary a good deal in different individuals, being considerably more prominent in some
than in others, and they are often not symmetrical on the two sides of the body, the one being

much more pronounced than the other. This is often especially noticeable in the skull of the

young child or infant, and becomes less marked as age advances. The prominence of the

frontal eminences depends more upon the general shape of the whole bone than upon the size

of the protuberances themselves. As the skull is more highly developed in consequence of in-

creased intellectual capacity, so the frontal bone becomes more ujjright and the frontal eminences
stand out in bolder relief. Thus they may be considered as affording, to a certain extent, an
indication of the development of the hemispheres of the cerebrum beneath, and of the mental

f
lowers of the individual. They are not so much exposed to injury as the parietal eminences.

n falls forward the upper extremities are involuntarily thrown out, and break the force of the

fall, and thus shield the frontal bone from injury. (11 ) Below the frontal eminences on the fore-
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head are the superciliary ridges, which denote the position of the frontal sinuses, and vary

according to the size of the sinuses in different mdividuals, being, as a rule, small in the female,

absent in children, and sometimes unusuaUy prominent in the male, when the frontal sinuses are

largely developed. They commence on either side of the glabella, and at first present a rounded

form, which gradually fades away at their outer ends. (12) The nasal bones form the promi-

nence of the nose. They van*- much in size and shape, and to them are due the variations in

contour of this organ and much of the character of the face. Thus, in the Mongolian or Ethio-

pian they are flat, broad, and thick at their base, giving to these races the flattened nose by which

thev are characterized, and differing verj- decidedly from the Caucasian, in whom the nose, owing

to the shape of the nasal bones, is narrow, elevated at the bridge, and elongated downward.

Below, the nasal lx)nes are thin and connected with the cartilages of the nose, and the angle or

arch formed bv their union serves to throw out the bridge of the nose, and is much more marked

in some individuals than others. (13) The lower margin of the orbit, formed by the maxilla

and the malar bone, is plainly to be felt throughout its entire length. It is continuous inter-

nallv with the nasal process of the maxilla, which forms the inner boundary of the orbit. At the

poiiit of jimction of the lower margin of the orbit with the nasal process is to be felt a Uttle tubercle

of bone, which can be plainly perceived by running the finger along the bone in this situation.

This tubercle serves as a guide to the position of the lacrimal sac, which is situated above and

behind it. (14) The outUne of the mandible may be feh throughout its entire length. Just in

front of the tragus of the external ear, and below the zygomatic arch, the condyle can be made

out. ^^'hen the mouth is opened this prominence of bone can be perceived advancing out of the

glenoid fossa on to the eminentia articularis, and receding again when the mouth is closed.

From the condvle the posterior border of the ramus can be felt extending down to the angle.

A line drawn from die condyle to the angle would indicate the exact position of this border. From

the angle to the svmphvsis'of the chin the lower, rounded border of the body of the bone may be

plainlv felt. At the point of junction of the two halves of the bone is a well-marked triangular

eminence, the mental process, which forms the prominence of the chin.

Applied Anatomy—The diickness of the skull varies greatly in different re^ons of the same

skull and in different individuals. The average thickness of the skullcap is about one-fifth

of an inch (5 mm.). The thickest portions are the occipital protuberance, the inferior ponion of

the frontal bone, and the mastoid process. The thinnest portions are the occipital fossse, the

squamous portion of the temporal bone, and over certain sinuses and arteries. An arrest in the

ossifving process mav give rise to deficiencies or gaps, or to fissures, which are of importance in

a medicolegal point of ^-iew, as they are liable to be mistaken for fractiu-es. The fissures gener-

allv extend^from the margin toward the centre of the bone, but gaps may be found iii the middle

as well as at the edges. In course of time they may become covered with a thin lamina of bone.

Occasionallv a protrusion of the brain or its membranes may take place through one of these

gaps in an imperfectlv developed skull. When the protrusion consists of membranes only, and

is filled with cerebrospinal fluid, it is called a meningocele; when the protrusion consists of

brain as well as membranes, it is termed an encephalocele ; and when the protruded brain is a

prolongation from one of the ventricles, and is distended by a collection of fluid from an accu-

mulation in the ventricle, it is termed a hydrencephalocele. This latter condition is some-

tunes found at the root of the nose, where a protrusion of the anterior horn of the lateral ventricle

takes place through a deficiencv of the frontonasal suttu^. These malformations are usually

found in the middle line, and most frequently at the back of the head, the protrusion taking place

through the fissures which separate the four centres of ossification from which the tabular portion

of the occipital bone is originally developed (see page 73). They most frequently occur through

the upper part of the vertical fissure, which is the last to ossify, but not imcommonly through the

lower part, when the foramen magnum may be incomplete. More rarely these protrusions have

been met with in other situations than those above mentioned, both through normal fissures, as

the sai'ittal, lambdoid, and other sutures, and also through abnormal gaps and deficiencies at

the sides, and even at the base of the skull. Force may be responsible in a yoimg person for

separating a suture. This accident, seldom met widi even in the young, is only occasionally

encountered in older persons.

Fractures of the skull may be divided into those of the rauli and those of the base. Frac-

tures of the vault are usually produced by direct violence. This portion of the skull varies in

thickness and strength in different individuals, but, as a rule, is sufficiently strong to resist a very

considerable amount of violence without being fractured. This is due to several causes—the

rounded shape of the head and its construction of a number of secondary, elastic arches, each

made up of a single bone; the fact that it consists of a nmnber of bones, imited at all events in

earlv fife by a sutural ligament, which acts as a sort of buffer and interrupts the continuity of

anv"\-iolence applied to the skull; the presence of arches or ridges, both on the inside and outside

of the skull, which materially strengthen it; and the mobility of the head upon the vertebral

coliunn, which further enables it to withstand violence. The elasticity of the bones of the head

is especially marked in the skull of the child, and this fact, together with the wide separation of
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the individual bones from each other, and the interposition between them of other and softer

structures render fracture of the bones of the head a very uncommon event in infants and quite

young children; as age advances and the bones become joined, fracture is more common, though
still less liable to occur than in the adult. Fractures of the vault may, and generally do, involve

the lohole thickness of the bone; but sometimes one table may be fractured without any corre-

sponding injury to the other. Thus, the outer table of the skull may be splintered and driven into

the diploe, or in the frontal or mastoid regions into the frontal or mastoid cells, without any injury

to the internal table. And on the other hand, the internal table has been fractured, and por-

tions of it depressed and driven inward, without any fracture of the outer table. As a rule, in

fractures of the skull the inner table is more splintered and comminuted than the outer, and
this is due to several causes. It is thinner and more brittle; the force of the violence as it passes

inward becomes broken up, and is more diffused by the time it reaches the inner table; the

bone, being in the form of an arch, bends as a whole and spreads out, and thus presses the par-

ticles together on the convex surface of the arch

—

i. e., the outer table—and forces them asunder

on the concave surface or inner table; and lastly, there is nothing firm under the inner table to

support it and oppose the force. Fractures of the vault may be simple fissures or starred and
comminuted fractures, and these may be depressed or elevated. These latter cases of fracture

with elevation of the fractured portion are uncommon, and can only be produced by direct

wound. In comminuted fracture a portion of the skull is broken into several pieces, the lines

of fracture radiating from a centre where the chief impact of the blow was felt; if depressed, a

fissure circumscribes the radiating line, enclosing a portion of skull. If this area is circular, it

is termed a pond fracture, and would in all probability have been caused by a round instru-

ment, as a blackjack or hammer; if elliptical in shape, it is termed a gutter fracture, and
would owe its shape to the instrument which had produced it, as a poker. A fracture may take

place along the line of an ossified or partly ossified suture. When a surgeon explores the vault

of the skull through a wound he must not mistake a Wormian bone for a fragment produced by
a fracture. A Wormian bone which may lead to mistake is encountered at the anterior inferior

angle of the parietal bone.

Fractures of the base are most frequently produced by the extension of a fissure from the

vault, as in falls on the head, where the fissure starts from the part of the vault which first struck

the ground. Sometimes, however, they are caused by direct violence, when foreign bodies have
been forced through the thin roof of the orbit, through the cribriform plate of the ethmoid from
being thrust up the nose, or through the roof of the pharynx. Other cases of fracture of the base

occur from indirect violence, as in fracture of the occipital bone from impaction of the spinal

column against its condyles in falls on the buttocks, knees, or feet, or in cases where the glenoid

cavity has been fractured by the violent impact of the condyle of the mandible against it from

blows on the chin.

The most common place for fracture of the base to occur is through the middle fossa, and
here the fissure usually takes a fairly definite course. Starting from the point struck, which is

generally somewhere in the neighborhood of the parietal eminence, it runs downward through the

parietal bone and the squamous portion of the temporal bone and across the petrous portion of

this bone, frequently traversing and implicating the internal auditory meatus, to the middle

lacerated foramen. From this it may pass across the body of the sphenoid, through the pituitary

fossa to the middle lacerated foramen of the other side, and may indeed travel round the whole

cranium, so as completely to separate the anterior from the posterior part. The course of the

fracture should be borne in mind, as it explains the symptoms to which fracture in this region may
give rise; thus, if the fissure pass across the internal auditory meatus, injury to the facial and
auditory nerves may result, with consequent facial paralysis and deafness; or the tubular pro-

longation of the arachnoid around these nerves in the meatus may be torn, and thus permit of

the escape of the cerebrospinal fluid should there be a communication between the internal ear

and the typanum and the membrana tympani be ruptured, as is frequently the case; again, if

the fissure passes across the pituitary fossa and the mucoperiosteum covering the under surface

of the body of the sphenoid is torn, blood will find its way into the pharynx and be swallowed,

and after a time vomiting of blood will result. Fractures of the anterior fossa, involving the bones

forming the roof of the orbit and nasal fossa, are generally the results of blows on the forehead;

but fracture of the cribriform plate of the ethmoid may be a complication of fracture of the nasal

bone. When the fracture implicates the roof of the orbit, the blood finds its way into this cavity,

and, travelling forward, appears as a subconjunctival ecchymosis. Subconjunctival ecchymosis

can also be caused by fracture of the malar bone. If the roof of the nasal fossa be fractured,

the blood escapes from the nose. In rare cases there may be also escape of cerebrospinal fluid

from the nose where the dura and arachnoid have been torn. In fractures of the posterior fossa

extravasation of blood takes place beneath the deep fascia, and discoloration of the .skin is soon

observed in the course of the posterior auricular artery, the discoloration first appearing in the

skin over the tip of the mastoid process of the temporal bone (Battle's sign). Some of the

iblood which was extravasated beneath the deep fascia approaches the surface through the open-

ings in the deep fascia for the passage of vessels and nerves.
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The bones of the skull are frequently the seat of nodes, and not uncommonly necrosis

result^ from this cause, also from injury. Necrosis may involve the entire thickness of the

skull, but is usuallv confined to the external table. Necrosis of the internal table alone is

rarelv met wnth. The bones of the skull are also sometimes the seat of sarcomatous tumors.

The skull in rachitis is peculiar—the forehead is high, square, and projecting, and the antero-

posterior diameter of the skull is long in relation to the transverse diameter. The bones of the

face are small and ill-developed, and this gives the appearance of a larger head than actually

exists. The bones of 'the head are often thick, expecially in the neighborhood of the sutures,

and the anterior fontanelle is late m closing, sometimes remaining unclosed imtil the fourth

vear. The condition of craniotabes has by some been also believed to be the result of rachitis,

bv others is belie\ ed to be due to inherited s\-philis. In all probabiUty it is due to both. In

these cases the bone undergoes atrophic changes in patches, so that it becomes greatly thinned

in places, generally where there is pressure, as from the pillow or nurse's arm. It is, therefore,

usually met with in the parietal bone and vertical plate of the occipital bone.

In congenital syphilis deposits of porous bone are often found at the angles of the panetal bones

and two halves of the frontal bone which bound the anterior fontanelle. These deposits are

separated by the coronal and sagittal sutures, and give to the skull the appearance of a hot cross

bun They are known as Parrofs nodes, and such a skull has received the name of natifonn,

Fir 118 —Division of the mastoid process into four equal parts. An opening in the upp«- anterior quadrant

reachi the mast^antnimintrthe upper posterior quadrant reaches the lateral sinus; the lower anterior quad-

J^ntStomS?^id cells: ^Superficial opTSng i^to the lower interior quadrant reaches mastoid ceUs; a deep opea-

ing reaches the descending limb of the lateral smua. (A. t.. SscJumtt.;

from its fancied resemblance to the buttocks. The cells of the mastoid are sometimes the seat

of suppm-ation as the result of infection extending backward from the tj-mpamc ca^^ty. In

such ca^s the antrum of the mastoid must be opened in order that the pus escape. 1 his is

done bv apph-ing the gouge between the posterior wail of the external auditory meatus and the

posterior root of the zvgoma. This space is called the suprameatal triangle of Macewen.

In connection with *the bones of the face a conunon malformation is cleft palate, owmg to

the nonunion of the palatal processes of the maxillary or preoral arch. This cleft may mvolve

the whole or onlv a portion of the hard palate, and usually involves the soft palate also. The

cleft is in the middle line, except it involves the alveolus in front, when it follows the suture

between the main portion of the bone and the premaxillary bone. Sometimes the cleft runs

on either side of the premaxillarv bone, so that this bone is quite isolated from the maxillary

bones and hangs from the end of the vomer. In such a case the premaxillary bone usually

contains the germs of the central incisors only. In some cases there is no premaxillarj- bone

and the great gap in the lip is in the median line. Cleft palate (page 106) is usually associated

with harelip, which, when single, is ahnost always on one side, corresponding to the position

of the suture between the lateral incisor and camne tooth. Some few cases of median harelip

have been described. In double harelip there is a cleft on each side of the middle Une.

The outlines and the height of the arch of the palate van- greatly in different persons. A
narrow palate with a high arch is common in idiots and certain degenerates.

The bones of the face are sometimes fractured as the result of direct violence. The two
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most commonly broken are the nasal bone and the mandible, and of these, the latter is by far the

most frequently fractured of all the bones of the face. Fracture of the nasal bone is for the most
part transverse, and takes place about half an inch from the free margin. The broken portion

may be displaced backward or more generally to one side by the force which produced the lesion,

as there are no muscles here which can cause displacement. The vialar bone is probably never

broken alone; that is to say, unconnected with a fracture of the other bones of the face. The
zygomatic arch is occasionally fractured, and when this occurs from direct violence, as is usually

the case, the fragments may be displaced inward. This lesion is often attended with great diffi-

culty or even inability to open and shut the mouth, and this has been stated to be due to the

depressed fragments perforating the temporal muscle, but would appear rather to be caused by
the injury done to the bony origin of the Masseter muscle. Fractures of the maxilla may vary

mucli in degree, from the chipping off of a portion of the alveolar arch, to an extensive comminu-
tion of the whole bone from severe violence, as the kick of a horse. The most common situa-

tion for a fracture of the mandible is in the neighborhood of the canine tooth, as at this spot the

jaw is weakened by the deep socket for the fang of this tooth ; it is next most frequently fractured

at the angle; then at the symphysis, and finally the neck of the condyle or the coronoid process

may be broken. Occasionally a double fracture may occur, one in either half of the bone.

The fractures are usually compound, from laceration of the mucous membrane covering the

gums. The displacement is mainly the result of the same violence as produced the injury, but
may be further increased by the action of the muscles passing from the neighborhood of the sym-
physis to the hyoid bone.

The maxilla and mandible are both of them frequently the seat of necrosis, though the disease

affects the latter much more frequently than the former. It may be the result of periostitis,

from tooth irritation, injury, or the action of some specific poison, as syphilis, or from salivation

by mercury; it not infrequently occurs in children after attacks of the exanthematous fevers, and
a special form occurs from the action of the fumes of phosphorus in persons engaged in the

manufacture of matches.

Tumors attack the jaw bones not infrequently, and these may be either innocent or malig-

nant; in the upper jaw cysts may occur in the antrum, constituting the so-called dropsy of the

antrum ; or, again, cysts may form in either jaw in connection with the teeth—either cysts con-

nected with the roots of fully developed teeth, the "dental cyst;" or cysts connected with imper-

fectly developed teeth, the "dentigerous cyst." Solid innocent tumors include the fibroma,

the chondroma, and the osteoma. Of malignant tumors there are the endotheliomata, the

sarcomata, and the epitheliomata. The sarcomata are of various kinds, the spindle-celled,

the round-celled, which are of a very malignant character, and the myeloid sarcomata, prin-

cipally affecting the alveolar margin of the bone. Of the epitheliomata we find the squamous
variety spreading to the bone from the palate or gum, and the cylindrical epithelioma origi-

nating in the antrum or nasal fossse.

Both mandible and maxilla occasionally require excision for tumors and in some other condi-

tions. The maxilla is removed by an incision from the inner canthus of the eye, along the side

of the nose, around the ala, and down the middle line of the upper lip. A second incision is

carried outward from the inner canthus of the line along the lower margin of the orbit as far as

the prominence of the malar bone. The flap thus formed is reflected outward and the surface of

the bone exposed, and the central incisor of the diseased side is removed. The connections

of the bone to the other bones of the face are then divided with a narrow saw and bone-cutting

forceps. They are (1) the junction with the malar bone, passing into the sphenomaxillary fissure;

(2) the nasal process; a small portion of its upper extremity, connected with the nasal bone in

front, the lacrimal bone behind, and the frontal bone above, being left; (3) the connection with

the bone on the opposite side and the palate in the roof of the mouth. The bone is now firmly

grasped with lion-jaw forceps, and by means of a rocking movement upward and downward the

remaining attachments of the orbital plate with the ethmoid and the back of the bone with the

palate, broken through. The soft palate is first separated from the hard with a scalpel, and is not

removed. Occasionally in removing the maxilla it will be found that the orbital plate can be
spared, and this should always be done if possible. A horizontal saw-cut is to be made just

below the infraorbital foramen and the bone cut through with a chisel and mallet. Lockwood
has pointed out that in removing the maxilla the surgeon must be careful in dividing the nasal

process of the maxilla to preserve the internal orbital or palpebral ligament (Tendo oculi),

because this ligament arises from the palpebral fascia, and if it is interfered with the eye will

inevitably drop downward. Removal of one-half of the mandible is sometimes required. If

f)ossible, the section of the bone should be made to one side of the symphysis, so as to save the

genial tubercles and the origin of the Geniohyoglossus muscle, as otherwise the tongue tends to

fall backward and may produce suffocation. Ha\ing extracted the central or preferably the

lateral incisor tooth, a vertical incision is made down to the bone, commencing at the free margin
of the lip, and carried to the lower border of the bone ; it is then carried along its lower border to

the angle and up the posterior margin of the ramus to a level with the lobule of the ear. The flap
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thus formed is raised by separating all the structures attached to the outer surface of the bone.

The jaw is now sawed through at the point where the tooth has been extracted, and the knife

passed along the inner side of the mandible, separating the structures attached to this surface.

The mandible is then grasped by the siu-geon and strongly depressed, so as to bring down the

coronoid process and enable the operator to sever the tendon of the Temporal muscle. The
mandible can be now further depressed, care being taken to not evert it nor rotate it outward,

which would endanger the internal maxillary artery, and the External pterygoid muscle is torn

through or divided. The capsular ligament is now of)ened in front and the lateral ligaments

divided, and the mandible removed with a few final touches of the knife.

The antrum of Highmore occasionally requires tapping for suppuration. This may be done

through the socket of a tooth, preferably the first molar, the fangs of which are most intimately

connected with the antrum, or through the facial aspect of the bone above the alveolar pro-

cess. This latter method does not perhaps afford such efficient drainage, but there is less

chance of food finding its way into the ca\-ity. The operation may be performed by incising the

mucous membrane above the second molar tooth, and driving a trocar or any sharp-pointed

instrument into the cavity.

THE HYOID OR LINGUAL BONE (OS HYOIDEUM).

The hyoid bone (Fig. 119) is a bonv arch, shaped like a horseshoe, and consist-

ing of five segments—^a body, two greater cornua, and two lesser comua. It

is suspended from the tips of the styloid processes of the temporal bones by

ligamentous bands, the stylohyoid ligaments.

The Body, or basihyal (corpus ossei hyoidei), forms the central part of the

bone, and is of a quadrilateral form.

Surfaces.—Its anterior surface (Fig. 119), convex, directed forward and upward,

is divided into two parts by a vertical ridge which descends along the median

BTYLOHYOIO.

OMOKVOIB.

GCNIOHVOID. STCRHOMYOID. MYLOHYOID

Fig. 119.—Hyoid bone. Anterior surface. (Enlai^ed.)

Hue and is crossed at right angles by a horizontal ridge, so that this surface

is divided into four spaces or depressions. At the point of meeting of these two

lines is a prominent elevation, the tubercle. The anterior surface gives attach-

ment to the Geniohyoid in the greater part of its extent; above, to the Genio-

hyoglossus; below, to the ^Mylohyoid, Stylohyoid, and the aponeurosis of the

Digastric (suprahyoid aponeurosis); and between these to part of the Hyo-

glossus. The posterior surface is smooth, concave, directed backward and

downward, and separated from the epiglottis by the th\Tohyoid membrane

and by a quantity of loose areolar tissue. The lateral surfaces are joined to the

greater cornua. In early Ufe they are connected with the cornua by cartilaginous

surfaces, and held together by ligaments, and occasionally a s\Tio\-ial membrane

is found between them.
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Borders.—The superior border is rounded, and gives attachment to the thyro-

hyoid membrane, part of the Geniohyoglossi and Chondroglossi muscles. The
inferior border gives attachment, in front, to the Sternohyoid; behind, to the Omo-
hyoid and to the part of the Thyrohyoid at its junction with the great cornua.

It also gives attachment to the Levator glandulae thyroideae when this muscle

is present.

The Greater Gomua (cornua majora), or thyrohyals, project backward from

the lateral surfaces of the body; they are flattened from above downward,
diminish in size from before backward, and terminate posteriorly in a tubercle

for the attachment of the lateral thyrohyoid ligament. The outer surface gives

attachment to the Hyoglossus, their upper border to the Middle constrictor of

the pharynx, their lower border to part of the Thyrohyoid muscle.

The Lesser Cornua (cornua minora), or ceratohyals, are two small, conical-

shaped eminences attached by their bases to the angles of junction between the

body and greater cornua, and giving attachment by their apices to the stylohyoid

ligaments.^ The smaller cornua are connected to the body of the bone by a

distinct diarthrodial joint, which usually persists throughout life, but occasion-

ally becomes ankylosed.

Development.—From six centres—two (sometimes one) for the body, and one for each

cornu. Ossification commences in the body about the eighth month, and in the greater cornua

toward the end of fetal life. Ossification of the lesser cornua commences in the first or second

year after birth.

Attachment of Muscles.— Sternohyoid, Thyrohyoid, Omohyoid, aponeurosis of the

Digastric, Stylohyoid, Mylohyoid, Geniohyoid, Geniohyoglossus, Chondroglossus, Hyoglossus,

Middle constrictor of the pharynx, and occasionally a few fibres of the Inferior lingualis. It

also gives attachment to the thyrohyoidean membrane and the stylohyoid, thyrohyoid, and
hyoepiglottic ligaments.

Surface Form.—The hyoid bone can be felt in the receding angle below the chin, and the

finger can be carried along the whole length of the bone to the greater cornu, which is situated

just below the angle of the mandible. This process of bone is best perceived by making pressure

on one cornu, and so pushing the bone over to the opposite side, when the cornu of this side will

be distinctly felt immediately beneath the skin. This process of bone is an important landmark

in ligation of the lingual artery.

Applied Anatomy.—The hyoid bone is occasionally fractured, generally from direct vio-

lence, as in the act of garroting or throttling. It is frequently found broken in those who have

been hanged. The greater cornu is the part of the bone most frequently broken, but sometimes

the fracture takes place through the body of the bone. In consequence of the muscles of the

tongue having important connections with this bone, there is great pain upon any attempt being

made to move the tongue, as in speaking or swallowing.

THE THORAX.

The thorax, or chest, is an osseocartilaginous cage, the cavity of which (cavum

thoracis) contains and protects the principal organs of respiration and circula-

tion. It is conical in shape, being narrow above and broad below, flattened

from before backward, and longer behind than in front. It is somewhat reni-

form on transverse section.

Boundaries.—The posterior surface is formed by the twelve thoracic vertebrse

and the posterior part of the ribs. It is concave from above downward, and pre-

sents on each side of the middle line a deep groove, the vertebral groove, in conse-

quence of the direction backward and outward which the rilis take from their

vertebral extremities to their angles. The anterior surface is flattened or slightly

convex, and inclined forward from above downward. It is formed bj- the sternum

• These ligaments in many animals are distinct bones, and in man are occasionally ossified to a certain extent.
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and costal cartilages. The lateral surfaces are convex; they are formed by the

ribs, separated from each other by spaces. Each space is called an intercostal

space (spatium intercostale). These are eleven in number, and are occupied by

the intercostal muscles.

First thoracic

Fig. 120.—The thorax. Ventral view.

The superior or upper aperture of the thorax, the inlet (apertura thoracis supe-

rior), is reniform in shape, being broader from side to side than from before back-

ward. It is formed by the first thoracic vertebra behind, the upper margin

of the sternum in front, and the first rib on each side. It slopes downward
and forward, so that the anterior boundary is on a lower level than the posterior.

The antero-posterior diameter is about two inches (5 cm.), and the transverse

about four (10 cm.). The parts which pass through the upper opening of the

thorax are, from Ijefore backward in or near the middle line, the Sternohyoid

and Sternothyroid muscles, the remains of the thymus gland, the trachea,

oesophagus, thoracic duct, the inferior th}Toid veins, and the Longus colli muscle

of each side; at the sides^ the innominate artery, the left common carotid^ and
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left subclavian arteries, the internal mammary and superior intercostal arteries,

the right and left innominate veins, the vagus, cardiac, phrenic, and sympathetic
nerves, the anterior branch of the first thoracic 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.

~:r„

—

FirU thoracic

Fig. 121.—The thorax. Dorsal view. (Spalteholz.)

The inferior or lower opening (apertura thoracis inferior) is formed by the

twelfth thoracic vertebra behind, by the twelfth ribs at the sides, and in front

by the eleventh, tenth, ninth, eighth, and seventh costal cartilages, which ascend

on either side and form an angle, the subcostal angle (angulus infrasternalis),

from the apex of which the ensiform cartilage projects. It is wider transversely

than from before backward. It slopes obliquely downward and backward, so

that the cavity of the thorax is much deeper behind than in front. The
Diaphragm closes in the opening forming the floor of the thorax.
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The Cavity of the Thorax icavum thoracis).—The capacity of the cavity of the

thorax does not correspond with its apparent size externally, because (1) the space

enclosed by the lower ribs is occupied by some of the abdominal viscera; and (2)

the cavity extends above the first rib into the neck. The size of the cavity of the

thorax is constantly varying during life, with the movements of the ribs and

Diaphragm, and with the degree of distention of the abdominal viscera. From

the collapsed state of the lungs, as seen when the thorax is opened, in the dead

bodv, it would appear as if the viscera only partly filled the cavity of the thorax,

but durino- life there is no vacant space, that which is seen after death being

filled up during life by the expanded lungs.

In the female the thorax differs as follows from the male: (1) Its general capacity is less. (2)

The sternum is shorter. (3) The upper margin of the sternum is on a level with the lower part

of the body of the third thoracic vertebra, whereas in the male it is on a level with the lower

part of the body of the second thoracic vertebra. (4) The upper ribs are more movable, and

so allow a greater enlargement of the upper part of the thorax than in the male.

The Sternum, or Breast Bone.

The sternum, or breast bone (Figs. 122 and 123), is a fiat, 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 stemi (presternum) ; the middle and largest

piece, which represents the chief part of the blade, is termed the gladiolus

(corpus sterni or mesosternum) ; and the inferior piece, which is likened to the point

of the sword, is termed the ensiform appendix {processus xiphoidem or meta-

sternum). In its natural position its inclination is oblique from above down-

ward and forward. It is slightly convex 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 about seven inches (17.5 cm.), being rather longer in the

male than in the female. At the junction of the manubrium and gladiolus is a

distinct angle {angulm Ludovki) , the gladiolus looking forward, the manubrium

also looking forward, but to a less degree. This angle is on a level with the

second rib, and is produced by retraction of the upper portion of the thorax.

First Piece.

—

The manubrium stemi is of a somewhat triangular form, broad and

thick above, narrow below at its junction with the middle piece.

Surfaces.—Its anterior surface, convex from side to side, concave from above

downward, is smooth, and affords attachment on each side to the Pectoralis

major and sternal origin of the Sternomastoid muscle. In well-marked bones

the ridges limiting the attachment of these muscles are very distinct. Its posterior

surface, concave and smooth, affords attachment on each side of the Sternohyoid

and Sternothyroid muscles.

Borders.—The superior border, the thickest, presents at its centre the prestemal

notch (incisura jugularis), and on each side an oval articular surface, the

clavicular facet (incisura clavicularis), directed upward, backward, and outward,

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 (synchondrosis sternalis).

The junction of the manubrium with the gladiolus is marked by a transverse

ridge, which corresponds to the attachment on each side of the cartilage of

the second rib. The lateral borders are marked above by a depression (incisura

costalis I) for the first costal cartilage, and below by a small facet, which, with a
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Via. 122.—Anterior (ventral) surface of sternum and Fig. 123.—Posterior (dorsal) surface of sternum,
costal cartilages.
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similar facet on the upper angle of the middle portion of the bone, forms a notch

{incisura costalis 11) for the reception of the costal cartilage of the second rib.

These articular surfaces are separated by a narrow, curved edge, which slopes

from above downward and inward.

Second Piece.—The gladiolus, considerably longer, narrower, and thinner than

the first piece, is broader below than above.

Surfaces.—Its anterior surface (planum sternale) is nearly flat, directed upward

and forward, and marked bv 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 orifice, the sternal foramen; it varies in size and form in different individuals

and pieris the bone from before backward. This surface affords attachment

on each side to the sternal origin of the Pectoralis major. The posterior surface,

slicrhtlv concave, is also marked by three transverse lines, but they are less dis-

tinrt 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.
. , . • i u

Borders.-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; while each inferior angle presents a small

facet, which, with a corresponding one on the ensiform appendLx, forms a notch

for tile cartilage of the seventh rib. They are separated by a series of curved

interarticular intervals, which diminish in length from above downward, and

correspond to the intercostal spaces. ^Most of the cartilages belonging to the true

ribs, as will be seen from the foregoing description, articulate vs-ith the sternum

at the line of junction of two of its primitive component segments. This is

well seen in manv 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 \N'ith the vertebral column and the

connection of the costal cartilages \\-ith the sternum.

Third Piece.—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 the upper part in the adult.
• i -j i-

Surfaces.—Its anterior surface afi^ords attachment to the ehondroxiphoid liga-

ment; its posterior surface, to some of the fibres of the Diaphragm and Triangu-

laris sterni muscles; its lateral borders, to the aponeurosis of the abdominal muscles.

Above it articulates with the lower end of the gladiolus, and at each superior

angle presents a facet (incisura costalis Vll), for the lower half of the cartilage

of the seventh rib; below, bv its pointed extremity, it gives attachment to the linea

alba. This portion of the sternum varies much in appearance, being some-

times pointed, broad, and thin, sometimes bifid or perforated by a circular open-

ing, occasionally cur\ed or deflected considerably to one or the other side.

Structure.—The bone is composed of delicate cancellous structure, covered by a thin

layer of compact tissue, which is thickest in the manubrium between the articular facets for

the clavicles. • , • j
Development.—The cartilaginous sternum ongmally consists of two bars, situated one on

either side of the mesal plane and connected with the rib cartilages of its own side. It is usual

for the eighth cartilage to lose its attachment to the sternum and become attached to the seventh

cartilage. The sternal end of the ninth cartilage divides longitudinally, the mesal part remains
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attached to the sternum and becomes the ensiform process. The remaining part acquires

attachment to the eighth cartilage. These two bars fuse with each other along the middle line,

and the bone, including the ensiform appendix, is usually developed from 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 fetal life the sternum 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. 125): In
the manubrium and first piece (jf the gladiolus, during

the sixth month; in the second and third pieces of the

gladiolus between the seventh and ninth months;
the fourth piece of the gladiolus ossifies toward the

latter part of the first year; the ensiform process

ossifies between the fifth and eighteenth years. The
centres appear in the uj)per part of each segment and
proceed gradually downward. To these may be added
the occasional existence, as described by Breschet, of

two episternal centres, which make their appearance

one on each side of the presternal notch. They
are probably vestiges of the episternal bone of the

monotremata and lizards. It occasionally happens
that some of the segments are formed from more than

one centre, the number and position of which vary (Fig. 127). Thus, the first piece may have
two, three, or even six centres. When two are present, they are generally situated one above

the other, the upper one being the larger;' the second piece has seldom more than one; the

Fig. 124.—Showing ventral ends of the
upper seven (cartilaginous) ribs fused to
form a pair of longitudinal sternal bars.

I for mannhrimn

0th month

i for gladiolus i \ 7th month

5 1st year after birth

'^7a:;^r]''^^'oI8thyear

[ Rarely unite,

\ I except ill old age.

Fig. 125.—Development of the sternum from six centres.
Time of appearance.

__- —) \ Between puberty
" ~ "%} "'"' "'* ~"5<A year.

It

Soon after puberty.

Partly cartilagivous to

advanced life.

Fig. 126.—Time of union of
sternum.

for first piece, two or more centres.

for second piece, usually one.

for third ]

I

for. fourth 'c
S, placed lateridly.

for fifth j

Arrest of development

of lateral pieces, producing

-Sternal fLisure, and

-Sternal foramen.

Fia. 127.—^Peculiarities in number of centres of sternum. Fig. 128.— Peculiarities in mode of union of sternum.

' Sir George Humphry states that this is "probably the more complete condition."
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Angle
Non-articular part of tubercle

Articular part of tubercle

^

hibcoatol
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Shaft

m

Fig. 129.—a central rib of the left
side. Inferior aspect.

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 fora-

men fFig. 126), or of the vertical sternal fissure, which occa-

sionally intersects this part of the bone (Fig. 126), and
which is further explained by the manner in which the

cartilaginous matrix, in which ossification takes place, is

formed. Union of the various centres of the gladiolus com-
mences about puberty, from below, and proceeds upward,
so that by the age of twenty-five they are all united, and
this portion of bone consists of one piece. The ensiform

cartilage becomes joined to the gladiolus about forty. The
manubrium is occasionally but seldom joined to the gladiolus

in advanced life by bone. When this union takes place,

however, it is generally only superficial, a portion of the

centre of the sutural cartilage remaining unossified.

Articulations.—With the clavicles and seven costal carti-

lages on each side.

Attachment of Muscles.—To mW pairs and one single

muscle—the Pectoralis major, Sternomastoid, Sternohyoid,

Sternothyroid, Triangularis sterni, aponeuroses of the

Obliquus externus abdominis, Obliquus internus abdominis,

Transversalis, Rectus abdominis muscles, and Diaphragm.

the Ribs (Costae).

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 bv the development of a cervical or lumbar
rib, or may be diminished to eleven. The first seven

are connected behind with the spine and in front

with the sternum, through the intervention of the

costal cartilages; they are called true (vertebrosternal)

ribs (costae verae)} The remaining five are false

ribs (costae spuriae); of these, the first three have

their cartilages attached to the cartilage of the rib

above, the vertebrochondral ribs; the last two are free

at their anterior extremities, the floating or vertebral

ribs. The ribs vary in their direction, the upper ones

being less oblique than the lower. The extent of

obliquity reaches its maximum at the ninth rib, and
gradually decreases from that rib to the twelfth. The
ribs are situated one below the other in such a

manner that spaces are left between them. Each

^
1 Sometimes the eighth rib cartilage articulates with the sternum; this condition occurs more frequently on the

right than on the left side.

11
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space is called an intercostal space (spatium intercostale). The length of these

spaces corresponds to the length of the ribs and their cartilages; their breadth

is greater in front than behind, and between the upper than between the lower

ribs. The ribs increase in length from the first to the seventh, when they again

diminish to the twelfth. In breadth they decrease from above downward ; in the

upper ten the greatest breadth is at the sternal extremity.

Common Characters of the Ribs.—A rib from the middle of the series

should be taken in order to study the common characters of the ribs (Figs. 329

and 130). Each rib presents two extremities, a posterior or vertebral, an anterior

or sternal, and an intervening portion—the body or shaft.

Posterior Extremity.

—

The posterior or vertebral extremity presents for examina-

tion a head, neck, and tuberosity.

The head (capitulum costae) (Fig. 130) is marked by a kidney-shaped artic-

ular surface, divided by a horizontal ridge (crista capituli) into two facets for

Demifacetfor vertebra

Interarticular crest

Demifacet for vertebra

Articular part of tubercle
Nonarticular part of tubercle

Subcostal groove

Fig. 130.—A central rib of the left side, viewed from behind.

articulation with the costal cavity formed by the junction of the bodies of two
contiguous thoracic vertebrae; the upper facet is small, the inferior one of larger

size; the ridge separating them serves for the attachment of the interarticular

ligament.

The neck (collum costae) is that flattened portion of the rib which extends out-

ward from the head; it is about an inch long, and is placed in front of the trans-

verse process of the lower of the two vertebrae with which the head articulates.

Its anterior surface is flat and smooth, its posterior surface is rough for the attach-

ment of the middle costotransverse ligament, and is perforated by numerous
foramina, the direction of which is less constant than those found on the inner

surface of the shaft. Of its two borders, the superior border presents a rough

crest (crista colli costae) for the attachment of the anterior costotransverse liga-

ment; 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.

The tuberosity (tuherculum costae) consists of an articular and a nonarticular

portion. The articular portion (fades articularis tuberculi costae), the more in-

ternal and inferior of the two, presents a small, oval surface or articulation with

the extremity of the transverse process of the lower of the two vertebme to which
the head is connected. The nonarticular portion is a rough elevation, which
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affords attachment to the posterior costotransverse ligament. The tubercle is

much more prominent in the upper than in the lower ribs.

Anterior Extremity.

—

The anterior or sternal extremity is flattened, and presents

a porous, oval, concave depression, into which the costal cartilage is received.

The shaft (corpus costae) is thin and flat, so as to present two surfaces, an

external and an internal, 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 prominent line, directed obliquely from above

downward and outward; this gives attachment to a tendon of the Iliocostalis

muscle or of one of its accessory portions, and is called the angle (anguliis costae).

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 portion of the shaft in front of the angle rests upon

this border, while the portion of the shaft behind the angle is bent inward and at

the same time tilted upward. 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 ser\'es for the attachment of

the Longissimus dorsi muscle. The portion of bone between the tubercle and

sternal extremity is also slightly twisted upon its own axis, the external surface

looking downward behind the angle, a little upward in front of it. This surface

presents toward its sternal extremity an oblique line, the anterior angle.

The internal surface is concave, smooth, directed a little upward behind the angle,

a little downward 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 intenal between it and the inferior border

presents a groove, subcostal groove (sulcus costae), for the intercostal vessels and

ner\'e. 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. The superior edge of the groove is rounded; it ser^•es for

the attachment of the Internal intercostal muscle. The inferior edge corresponds

to the lower margin of the rib and gives attachment to the External intercostal

muscle. Within the groove are seen the orifices of numerous small foramina

which traverse the wall of the shaft obliquely from before backward.

The superior border, thick and rounded, is marked by an external and an inter-

nal lip, more distinct behind than in front; they serve for the attachment of the

External and Internal intercostal muscles.

The inferior border, thin and sharp, has attached to it the External intercostal

muscle.

Peculiar Ribs.—The ribs which require especial consideration are five in

number, viz., the first, second, tenth, eleventh, and twelfth.

First Rib.—The first rib (Fig. 131) is the shortest and the most curbed of all

the ribs; it is broad and flat, its surfaces looking upward and downward, and

its borders inward and outward. The head is of small size, rounded, and presents

only a single articular facet for articulation with the body of the first thoracic ver-

tebra. The neck is narrow and rounded. The tuberosity, thick and prominent,

rests on the outer border. , There is no angle, but in this situation the rib is slightly

bent, with the convexity of the bend upw^ard, so that the head of the bone is

directed downward. The upper surface of the shaft is marked by two shallow

depressions, separated by a small rough surface (tubercvium scaleni) for the attach-

ment of the Scalenus anticus muscle—the shallow groove in front of it trans-

mitting the subclavian vein, the deeper groove behind it (sulcus s^ihclaviae)

the subclavian artery. Between the groove for the subclavian artery and the

tuberosity is a rough surface, for the attachment of the Scalenus medius muscle.

The under surface is smooth, and destitute of the groove observed on the other
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ribs. The outer border is convex, thick, and rounded, and at its posterior part

gives attachment to the first serration of the Serratiis magnus; the inner is con-

cave, thin, and sharp, and marked about its centre by the commencement of

Fig. 131

Angle
Btightly marked

and close to

tuberosity.

Ronoh ni^^**^

Fk:. 133

Single articular facet.—

Fig. 134

Single articular facet

Fig. 135

Single artictUar food.

Figs. 131 to 13.5.—Peculiar ribs.

the rough surface for the Scalenus anticus. The anterior extremity is larger and
thicker than any of the other ribs.

Second Rib.—The second rib (Fig. 132) is much longer than the first, but bears

a very considerable resemblance to it in the direction of its curvature. The non-
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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 twisted, so that

both ends touch any plane surface upon which it may be laid; but there is a similar

though slighter bend,"with its convexity upward, to that found in the first rib. The
shaft is not horizontal, like that of the first rib, its outer surface, which is convex,

looking upward and a little outward. It presents, near the middle, a rough emi-
nence {tuberositas costae II), for the attachment of part of the first and all of the

second digitations of the Serratus magnus; behind and above which is attached

the Scalenus posticus. The inner surface, smooth and concave, is directed down-
ward and a little inward; it presents a short groove toward its posterior part.

Tenth Rib.—The tenth rib (Fig 133) has only a single articular facet on its head.

Eleventh and Twelfth Ribs.—The eleventh and twelfth ribs (Figs. 134 and
135) 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, and the head has a slight inclina-

tion downward. Sometimes the twelfth rib is even shorter than the first.

Structure.—The ribs consist of cancellous tissue enclosed in a thin layer of compact bone.
Development.—Each rib, with the exception of the last two, is developtd from three centres,

one for the shaft near the angle, one for the head, and one for the tubercle. The last two ribs

have only two centres, that for the tubercle being wanting. Ossification commences in the

shaft of the ribs between the ninth and eleventh weeks before its appearance in the vertebrae.

The epiphysis of the head, which is of slightly angular shape, and that for the tubercle, of a
lenticular form, make their appearance between the sixteenth and twentieth years, and are not
united to the rest of the bone until about the twenty-fifth year.

Attachment of Muscles.—To nineteen—the Intercostales externi et interni. Scalenus
anticus, Scalenus medius, Scalenus posticus, Pectoralis minor, Serratus magnus, Obliquus
externus abdominis, Quadratus lumborum, Diaphragm, Latissimus dorsi, Serratus posticus

superior, Serratus posticus inferior, Iliocostalis, Musculus accessorius ad iliocostalem, Lon-
gissimus dorsi, Cervicalis ascendens, Levatores costariun, and Infracostales.

The Costal Cartilages.

The costal cartilage (cartHago costalis) (Fig. 122) is white, hyaline cartilage. The
cartilages sene to prolong the ribs forward to the front of the thorax, and they
contribute very materially to the elasticity of its walls. The first seven are con-

nected with the sternum, the next three with the lower border of the cartilage of

the preceding rib. The cartilages of the last two ribs have pointed extremities,

which terminate in free ends 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 intenals between them, from the first to the

last. They are broad at their attachment to the ribs, and taper toward their sternal

extremities, excepting the first two, which are of the same breadth throughout,

and the sixth, seventh, and eighth, which are enlarged where their margins are

in contact. In direction they also vary; the first descends a little, the second is

horizontal, the third ascends slightly, while 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.

Surfaces.—The anterior surface is convex, and looks forward and upward; that

of the first gives attachment to the costoclavicular ligament and the Subclavius
muscle; that of the second, third, fourth, fifth, and sixth, at their sternal ends,

to the Pectoralis major.' The others are covered by, and give partial attachment
to, some of the great flat muscles of the abdomen. The posterior surface is con-

I The first and seventh also, occasionally, give origin to the same muscle.
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cave, and directed backward and downward, the first giving attachment to the

Sternothyroid, the third to the sixth inckisive to the Triangularis sterni, and
the six or seven inferior ones to the Transversalis muscle and the Diaphragm.

Borders.—Of the two borders, the superior border is concave, the inferior con-

vex; they afford attachment to the Internal 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 small, smooth, oblong-shaped facets at the points where
they articulate.

Extremities.—Of the two extremities, the outer extremity 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 are connected with the cartilage above. Those of the eleventh and twelfth

are free and pointed.

The costal cartilages are most elastic in youth, those of the false ribs being more so than the

true. In old age thev become of a deep yellow color, and are prone to calcify.

Attachment of Muscles.—To m'ne^the Subclavius, Sternothyroid, Pectoralis major,
Internal oblique, Transversalis, Rectus abdominis, Diaphragm, Triangularis sterni, and
Internal intercostals.

Surface Form.—The bones of the thorax are to a very considerable extent covered by mus-
cles, so that in the strongly developed muscular subject they are for the most part concealed.

In the emaciated subject, on the other hand, the ribs, especially in the lower and lateral region,

stand out as prominent ridges with the sunken, intercostal spaces between them.
In the median line, in front, the superficial surface of the sternum is to be felt throughout its

entire length, at the bottom of a deep median furrow (the sternal furrow) situated between
the two great pectoral muscles. These muscles overlap the anterior surface somewhat, so

that the whole of the sternum in its entire width is not subcutaneous; and this overlapping is

greater opposite the centre of the bone than above and below, so that the furrow is wider at its

upper and lower parts, but narrower in the middle. The centre of the upper border of the ster-

num is visible, constituting the prestemal notch, but the lateral parts of this border are

obscured by the tendinous origins of the Sternomastoid muscles, which present themselves

as oblique tendinous cords, which narrow and deepen the notch. Lower down on the sub-

cutaneous surface, a well-defined transverse ridge, the angulus Ludovici, is always to be felt.

This denotes the line of junction of the manubrium and the body of the bone, and is a useful

guide to the second costal cartilage, and thus to the identity of any given rib. The second rib

being found through its costal cartilage, it is easy to count downward and find any other. From
the middle of the sternum the furrow spreads out, and, exposing more of the surface of the

body of the bone, terminates below in a sudden depression, the infrastemal depression, or

pit of the stomach (scrobiculus cordis), which corresponds to the ensiform cartilage. This
depression lies between the cartilages of the seventh ribs, and in it the ensiform cartilage may
be felt. The sternum in its vertical diameter presents a general convexity forward, the most
prominent point of which is at the joint between the manubrium and gladiolus.

On each side of the sternum the costal cartilages and ribs on the front of the thorax are par-

tially obscured by the great })ectoral muscles, through which, however, they are to be felt as

ridges, with yielding intervals between them, corresponding to the intercostal spaces. Of these

spaces, the one between the second and third ribs is the widest, the next two somewhat nar-

rower, and the remainder, with the exception of the last two, comparatively narrow.

The lower border of the Pectoralis major muscle corresponds to the sixth rib, and below

this, on the front of the thorax, the broad, flat outline of the ribs as they begin to ascend, and
the more rounded outline of the costal cartilages, are often visible. The lower boundary of

the front of the thorax, the abdominothoracic arch, which is most plainly seen by arching

the body backward, is formed by the ensiform cartilage and the cartilages of the seventh, eighth,

ninth, and tenth ribs, and the extremities of the eleventh and twelfth ribs or their cartilages.

On each side of the thorax, from the^axilla downward, the flattened external surfaces of the

ribs may be defined in the form of oblique ridges, separated by depressions corresponding to the

intercostal spaces. They are, however, covered by muscles, which obscure their outline to a

certain extent in the strongly developed. Nevertheless, the ribs, with the exception of the first,

can generally be followed over the front and sides of the thorax without difficulty. The first rib,

being almost completely covered by the clavicle and scapula, can only be distinguished in a
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small portion of its extent. At the back the angles of the ribs form a slightly marked oblique

line on each side of and some distance from the vertebral spines. This line diverges some-
what as it descends, and external to it is a broad, convex surface caused by the projection of

the ribs beyond their angles. Over this surface, except where covered by the scapula, the

individual ribs can be distinguished.

Applied Anatomy.—Malformations of the sternum present nothing of surgical importance
beyond the fact that abscesses of the mediastinum may sometimes escape through the sternal

foramen. Fractures of the sternum are by no means common, due, no doubt, to the elasticity

of the ribs and their cartilages, which support it like so many springs. When broken it is fre-

quently associated with fracture of the vertebral column, and may be caused by forcibly bending
the body either backward or forward until the chin becomes impacted against the top of the

sternum. It may also be fractured by direct violence or by muscular action. The fracture

usually occurs in the upper half of the body of the bone. Dislocation of the gladiolus from the

manubrium also takes place, and is sometimes described as a fracture.

The bone, cancellous in structure and being subcutaneous, is frequently the seat of gumma-
tous tumors, and not uncommonly is affected with caries. Occasionally the bone, and especially

its ensiform appendix, becomes altered in shape and driven inward, in workmen, by the

pressure of tools against the chest.

The ribs are frequently broken, though from their connections and shape they are able to

withstand great force, yielding under the injury and recovering themselves like a spring. The
middle of the series are the ones most liable to fracture. The first, and to a less extent the

second, being protected by the clavicle, are rarely fractured; and the eleventh and twelfth, on
account of their loose and floating condition, enjoy a like immunity. The fracture generally

occurs from indirect violence, from forcible compression of the thoracic wall, and the bone then

gives way at its weakest part

—

i. e., just in front of the angle. But the ribs may also be broken
by direct violence, when the bone gives way and is driven inward at the point struck, or they

may be broken by muscular action. It seems probable, however, that in the latter case the

bone has undergone some atrophic changes. Fracture of the ribs is frequently complicated by
some injury to the viscera contained within the thorax or upper part of the abdominal cavity,

and this is most likely to occur in fractures from direct violence. Occasionally suf>ernumerary

ribs exist. They may come from the lumbar vertebrae or from the cervical vertebrae. A cervical

rib is due to excessive development of the costal element of the seventh cervical vertebra.

In nearly two-thirds of the reported cases the condition is bilateral. It rarely produces s\Tnp-

toms until after the twentieth year. The sj-mptoms are a superficial pulsation of the sub-

clavian artery, a prominence which can be felt, and evidences of pressiu^ in the brachial plexus

(Carl Beck). Beck divides the different tj-pes of the condition as follows: (a) Slight degree:

The cervical rib reaches beyond the transverse process. (6) More advanced : The cervical rib

reaches beyond the transverse process, either with a free end or touching the first rib. (c)

Almost complete: The connection between the cartilage of the first rib is formed either by
means of a distinct band or by the end of its long body. (</) Complete: It has become a true

rib and possesses a true cartilage which unites with the cartilage of the first rib.' A very rare

condition is a rib from the sixth cervical vertebra. The diagnosis is confirmed by the x-rays.

The treatment of cer\ical rib is excision.

Fracture of the costal cartilages may also take place, though it is a comparatively rare injury.

The thorax is frequently found to be altered in shape in certain diseases. The shape
of the thorax in those suffering from rhachitis is produced chiefly by atmospheric pressure.

The balance between the air on the inside of the thorax and the air on the outside during
some stage of respiration is not equal, the preponderance being in favor of the air outside;

and this, acting on the softened ribs, causes them to be forced in at the junction of the carti-

lages with the bones, which is the weakest part. In consequence of this the sternum projects

forward with a deep depression on either side caused by the sinking in of the softened ribs.

The depression is less on the left side, on account of the ribs being supported by the heart. The
condition is known as pigeon-breast. The lower ribs, however, are not involved in this deform-
ity, as they are prevented from falling in by the presence of the stomach, liver, and spleen. And
when the liver and spleen are enlarged, as they sometimes are in rhachitis, the lower ribs may be
pushed outward; this causes a transverse constriction just above the costal arch. The anterior

extremities of the ribs are usually enlarged in rhachitis, giving rise to what has been termed the
rhachitic rosary. The phthisical chest is often long and narrow, flattened from before backward,
and with great obliquity of the ribs and projection of the scapulae. In pulmonary emphysema
the thorax is enlarged in all its diameters, and presents on section an almost circular outline. It

has received the name of the barrel-shaped chest. In severe cases of lateral curvature of the

spine the thorax becomes much distorted. In consequence of the rotation of the bodies of the

vertebrae which takes place in this disease the ribs opposite the convexity of the thoracic curve

become extremely convex behind, being thrown out and bulging, and at the same time flattened

'Jour, .\soer. Med. .\3a0c., June 17, 1905.
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in front, so that the two bends of the same rib are ahnost parallel. Coincident with this, the
ribs on the opposite side, on the concavity of the curve, are sunken and depressed behind and
bulging and convex in front. In addition to this the ribs become occasionally welded together

by bony material.

The ribs are frequently the seat of caries leading to abscesses and sinuses, which may burrow
to a considerable extent over the wall of the thorax. The only special anatomical point in con-
nection with abscesses and sinuses is that care must be taken in dealing with them that the
intercostal space is not punctured and the pleural cavity opened or the intercostal vessels

wounded, as the necrosed portion of bone is generally situated on the internal surface of the rib.

In cases of empyema the thorax requires opening to evacuate the pus. There is considerable
difference of opinion as to the best position to do this. Probably the best place for intercostal

drainage is between the fifth and sixth ribs, in or a little in front of the mid-axillary line. This
is the last part of the cavity to be closed by the expansion of the lung; it is not thickly covered
by soft parts; the space between the two ribs is sufficiently great to allow of the introduction of

a fair-sized drainage tube, and when the patient is confined to bed he does not lie upon the

drainage tube as he does when the opening is posterior. Better than intercostal drainage in the

vast majority of cases is rib resection and drainage. A portion of the fifth or sixth rib should
be removed in the mid-axillary line. In chronic empyema the lung becomes shrunken and ad-
herent, and simple drainage will not bring about a cure. It is necessary in such cases to do an
operation that will permit of collapse of the chest wall. Estlander's operation consists in resect-

ing a portion of every rib which overlies the cavity of the empyema. Schede's operation consists

in removing ribs from the second rib down over the empyema cavity. The ribs are removed
from cartilages to angles, and intercostal muscles and the parietal layer of the pleura are also

taken away. Fowler and de Lorme not only practise extensive rib resection and remove the

parietal layer of the pleura, but also remove pulmonary pleura {total pleurectomy or pulmonary
decortication).

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 are four in number: an upper or thoracic pair, connected with the thorax

through the intervention of the shoulder and subservient mainly to prehension;

and a lower or pelvic 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 differences are

observed between the upper and lower pair, dependent on the peculiar offices

they have to perform.

The bones by which the upper and lower limbs are attached to the trunk are

named, respectively, the shoulder and pelvic girdles, and they are constructed on the

same general type, though presenting certain modifications relating to the different

uses to which the upper and lower limbs are respectively applied. The shoulder

girdle is formed by the scapulae and clavicles, and is imperfect in front and behind.

In front, however, the girdle is completed by the upper end of the sternum, with

which the inner extremities of the clavicle articulate. Behind, the girdle is widely

imperfect and the scapula is connected to the trunk by muscles only. The pelvic

girdle is formed by the innominate bones, and is completed in front through the

symphysis pubis, at which the two innominate bones articulate with each other.

It is imperfect behind, but the intervening gap is filled in by the upper part of

the sacrum. The pelvic girdle, therefore, presents, with the sacrum, a complete

ring, massive and comparatively rigid, in marked contrast to the lightness and
mobility of the shoulder girdle.

THE UPPER EXTREMITY.

The bones of the upper extremity consist of the clavicle and scapula {pectoral

girdle), the humerus (arm), the radius and ulna (forearm), the carpal bones

(wrist), the metacarpal bones (palm), and the phalanges (digits).
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THE SHOULDER GIRDLE.

The shoulder girdle consists of the clavicle and the scapula.

The Clavicle, or Collar Bone (Glavicula).

The clavicle forms the anterior portion of the shoulder girdle. It is a long

bone, curved somewhat like the italic letter /, and placed nearly horizontally at

the upper and anterior part of the thorax, immediately over 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, while at the same
time it allows of great latitude of motion in the arm.^ It presents a double cuna-
ture when looked at in front, the convexity being forward at the sternal end and

the concavity at the scapular end. Its outer third is flattened from above downward,

and extends, in the natural position of the bone, from a point opposite the cora-

coid process to the acromion. Its inner two-thirds are of a prismatic form,

and extend from the sternum to a point opposite the coracoid process of the scapula.

Outer or Flattened Portion.—^The outer third is flattened from above down-
ward, so as to present two surfaces, an upper and a lower; and two borders, an

anterior and a posterior.

Surfaces.—The upper surface is flat, rough, marked by impressions for the

attachment of the Deltoid in front and the Trapezius behind; between these two
impressions a small portion of the bone is subcutaneous. The under surface is

flattened. At its posterior border, a little external to the point where the pris-

matic joins with the flattened portion, is a rough eminence, the conoid tubercle

{tuberositas coracoidea)', 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 forward

and outward to near the outer end of the anterior border; it is called the oblique

line or trapezoid ridge, and affords attachment to the trapezoid ligament.

Borders.—The anterior border is concave, thin, and rough, and gives attachment

to the Deltoid; it occasionally presents, at its inner end, at the commencement of

the deltoid impression, a tubercle, the deltoid tubercle. The posterior border is

convex, rough, broader than the anterior, and gives attachment to the Trapezius.

Inner or Prismatic Portion.
—

^The prismatic portion forms the inner two-

thirds of the bone. It is cuned so as to be convex in front, concave behind, and
is marked by three borders, separating three surfaces.

Borders.—The anterior border is continuous with the anterior margin of the flat

portion, and separates the anterior surface from the inferior; at the inner half

of the clavicle it forms the lower boundary' of an elliptical space for the attach-

ment of the clavicular portion of the Pectoralis major, and approaches the pos-

terior border of the bone; it coincides with the anterior margin of the subclavian

groove. The superior border is continuous with the posterior margin of the flat

portion, and separates the anterior from the posterior surface. At its commence-
ment it is smooth and rounded, becomes rough toward the inner third for the

attachment of the Sternomastoid muscle, and terminates at the upper angle of

the sternal extremity. The posterior or subclavian border separates the posterior

' The cla\'icle acts esi>ecially as a fulcrum to enable the muscles to give lateral motion to the arm. Jt is

acoordingly absent in those animals in which the fore limbs are used only for progression, but is present for the
most part in those animals in which the anterior extremities are clawed and used for prehension, though in some
of them—as, for instance, in a large number of the camivora—it is mereli* a rudimentarj' bone suspended among
the muscles, and not articulating with the scapula or sternum.
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from the inferior surface, and extends from the conoid tubercle to the rhomboid
impression. It forms the posterior boundary of the groove for the Subclavius

muscle, and gives attachment to a layer of cervical fascia covering the Omohyoid
muscle.

Surfaces.—The anterior surface is included between the superior and anterior

borders. It is directed forward and a little upward at the sternal end, outward

and still more upward at the acromial extremity, where it becomes continuous

with the upper surface of the flat portion. Externally, it is smooth, convex,

nearly subcutaneous, being covered only by the Platysma; but, corresponding

to the inner half of the bone, it is divided by a more or less prominent line into

two parts—a lower portion, elliptical in form, rough, and slightly convex, for the

attachment of the Pectoralis major; and an upper part, which is rough, for

the attachment of the Sternomastoid. Between the two muscular impressions

Acromial extremity.

Sternal extremity.

Fig. 136.—Left clavicle. Superior surface.

Cavsular
ligament

Caprndar
ligament

Fig. 137.—Left clavicle. Inferior surface.

is a small subcutaneous interval. The posterior or cervical surface is smooth,

flat, and looks backward toward the root of the neck. It is limited, above, by the

superior border; below, by the posterior 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 outward, and is in relation, by its lower part,

with the suprascapular vessels. This surface, at about the junction of the inner

and outer curves, is also in close relation with the brachial plexus and subclavian

vessels. It gives attachment, near the sternal extremity, to part of the Sternohyoid

muscle; and presents, at or near the middle, a nutrient foramen. It opens into

a nutrient canal, which is directed obliquely outward and transmits the chief

nutrient artery of the bone. Sometimes there are two foramina on the poste-

rior surface, or one on the posterior and one on the inferior surface. The infe-

rior or subclavian surface is bounded^ in front, by the anterior border; behind,
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by the posterior border. It is narrow internally, 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, the costal 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

surface, the rhomboid impression {tuberositas costcUis), rather more than an inch

in length, for the attachment of the costoclavicular (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 margins to the costocoracoid

membrane, which splits to enclose the muscle. Not infrequently this groove is

suiidivided into two parts by a longitudinal line, which gives attachment to the

intermuscular septum of the Subclavius muscle. »

Internal or Sternal Extremity (extremitas sternalis).—The internal or sternal

extremity of the clavicle is triangular in form, directed inward and a little down-
ward and forward; and presents an articular facet (facies articvlaris sternalis),

concave from before backward, convex from above downward, which articulates

with the sternum through the intervention of an intra-articular fibrocartilage;

the circumference of the articular surface is rough, for the attachment of numer-

ous ligaments. The posterior border of this surface is prolonged backward, so

as to increase the size of the articular facet; the upper border gives attachment

to the intra-articular fibrocartilage, and the lower border is continuous with the

costal facet on the inner end of the inferior surface, which articulates with the

cartilage of the first rib.

Outer or Acromial Extremity (extremiias acromialis).—^The outer or acromial

extremity, directed outward and forward, presents a small, flattened, oval facet,

acromial surface (fades articularis acromialis), which looks obliquely downward,
and which articulates with the acromion process of the scapula. The circum-

ference of the articular facet is rough, especially above, for the attachment of

the acromioclavicular ligaments.

Peculiarities of the Bone in the Sexes and in Individuals.—In the female the clavicle

is generally shorter, thinner, less curved, and smoother than in the male; in the female it is

placed almost, if not quite, horizontal, while in the male it inclines slightly downward and inward.

In those persons who perform considerable manual labor, which brings into constant action the

muscles connected with this bone, it becomes thicker and more curved, its ridges for muscle
attachment become prominently marked. The right clavicle is generally longer, thicker, and
rougher than the left.

Structure.—The shaft, as well as the extremities, consists of cancellous tissue, invested by a
compact layer much thicker in the middle than at either end. It has no true medullary cavity.

Development.—From hco centres, one for the shaft and outer extremity and one for the

sternal extremity. The primary centre for the shaft appears very early, before that of any
other bone, at about the fifth or sixth week of fetal life. The secondary centre for the sternal

end makes its appearance about the fifteenth to the twentieth year, and unites with the rest of

the bone about the twenty-fifth year.

Articulations.—With the sternum, scapula, by intra-articular fibrocartilaginous disks, and
with the cartilage of the first rib.

Attachment of Muscles.—To six—the Sternomastoid, Trapezius, Pectoralis major.

Deltoid, Subclavius, and Sternohyoid.

Surface Form.—The clavicle can be felt throughout its entire length, even in persons whb
are very fat. Commencing at the inner end, the enlarged sternal extremity, where the bone
projects above the upper margin of the sternum, can be felt, forming with the sternum and the

rounded tendon of the Sternomastoid a V-shaped notch, the prestemal notch. Passing out-

ward, the shaft of the bone can be felt immediately under the skin, with its convexity forward
in the inner two-thirds, the surface partially obscured above and below by the attachments of

the Sternomastoid and Pectoralis major muscles. In the outer third it forms a gentle curve
backward, and terminates at the outer end in a somewhat enlarged extremity which articulates

with the acromial process of the scapula. The direction of the clavicle is almost, if not quite,

horizontal when the arm is lying quietly by the side, though in well-developed subjects it may
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incline a little upward at its outer end. Its direction is, however, very changeable, altering with

the varying movements of the shoulder-joint.

Applied Anatomy.—The clavicle is the most frequently /radi^rf^^ of any single bone in the

body. This is due to the fact that it is much exposed to violence, and is the only bony connec-
tion between the upper limb and the trunk. The bone, moreover, is slender, and is very super-

ficial. The bone may be broken by direct or indirect violence or by muscular action. The most
common cause is, however, from indirect violence, and the bone then gives way at the junction

of the fixed outer one-third with the movable inner two-thirds of the bone. This is the weakest
and most slender part of tlie bone. The fracture is generally oblique, and the displacement
of the outer fragments is inward, away from the surface of the body; hence, compound fracture

of the clavicle is of rare occurrence. The inner fragment, as a rule, is little displaced. Beneath
the bone the main vessels of the upper limb and the great nerve cords of the brachial plexus

lie on the first rib, and are liable to be wounded in fracture, especially in fracture from direct

violence, when the force of the blow drives the broken ends inward. Fortunately, the Subclavius
muscle is interposed between these structures and the clavicle, and this often protects them
from injury.

The clavicle is not uncommonly the seat ol sarcomatous tumors, rendering the operation

of excision of the entire bone necessary. This operation is best performed by exposing the

bone freely, disarticulating at the acromial end, and turning it inward. The removal of

the outer part is comparatively easy, but resection of the inner part is fraught with difficulty,

the main danger being the risk of wounding the great veins which are in relation with its

under surface.

The Scapula, or Shoulder Blade.

The scapula forms the back part of the shoulder girdle. It is a large flat bone,

triangular in shape, situated at the posterior aspect and side of the thorax, between

the second and seventh or sometimes the eighth rib, its internal border or base

being about an inch from and nearly but not quite parallel with the spinous pro-

cesses of the vertebrae, so that it is rather closer to them above than below. It

presents for examination two surfaces, three borders, and three angles.

Surfaces.—The anterior or ventral surface {fades costalis) (Fig. 138) presents

a broad concavity, the subscapular fossa (fossa subscapularis). It is marked, in

the inner two-thirds, by several oblique ridges (lineae musculares), which pass

outward and upward; the outer third is smooth. The oblique ridges give origin

to the tendinous intersections, and the surfaces between them to the fleshy fibres,

of the Subscapularis muscle. The outer third of the fossa is smooth, is covered

by, but does not afford attachment to, the fibres of this muscle. This surface is

separated from the internal border by a smooth, triangular margin at the supe-

rior and inferior angles, and in the interval between these by a narrow edge which

is often deficient. This marginal surface affords attachment throughout its entire

extent to the Serratus magnus muscle. The subscapular fossa presents a trans-

verse depression at its upper part, where the bone appears to be bent on itself,

forming a considerable angle, called the subscapular angle, thus giving greater

strength to the body of the bone from its arched form, while the summit of the

arch serves to support the spine and acromion process. It is in this situation

that the fossa is deepest, so that the thickest part of the Subscapularis muscle
lies in a line perpendicular to the plane of the glenoid cavity, and must conse-

quently operate most effectively on the head of the humerus, which is contained
in that cavity.

The posterior or dorsal surface (fades dorsails) (Fig. 139) is arched from above
downward, 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 (fossa supraspinata), the smaller of the two, is concave,

smooth, and broader at the vertebral than at the humeral extremity. It affords

attachment by its inner two-thirds to the Supraspinatus muscle.

The infraspinous fossa (fossa infraspinata) is much larger than the preceding;
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toward its vertebral margin a shallow concavity is seen at its upper part; its centre

presents a prominent convexity, while toward the axillary border is a deep groove

which runs from the upper toward the lower part. The inner two-thirds of this

surface affords origin to the Infraspinatus muscle; the outer third is only covered

by it, without giving attachment to its fibres. This surface is separated from the

axillary border byan elevated ridge, which runs from the lower margin of the glenoid

Capsular
ligament

Coraco-acromiat
ligament

ar
ligament

I

I

Fig. 138.—Left scapula. Anterior surface or venter.

cavity downward and backward to the internal border, about an inch above the

inferior angle. The ridge serves for the attachment of a strong aponeurosis which
separates the Infraspinatus from the two Teres muscles. The surface of bone
between this line and the axillary border is narrow in the upper two-thirds of its

extent, and traversed near its centre by a groove for the passage of the dorsalis

scapulae vessels; it affords origin to the Teres minor muscle. Its lower third
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presents a broader, somewhat triangular surface, which gives origin to the Teres

major, and over which the I^atissimus dorsi ghdes; 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, downward and backward, to meet the elevated ridge; to it is attached the

aponeurosis separating the two Teres muscles from each other.

Coracohumeral

,
gs. ligament

Coracoacromial ligament

Trapezoid ligament
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Fig. 139.—Left scapula. Posterior surface or dorsum.

The spine (spina scapulae) 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 supra- from the infraspinous fossa; it commences at the vertebral border by a

smooth, triangular surface, over which the Trapezius glides, and, gradually be-

coming more elevated as it passes outward, terminates in the acromion process

which overhangs the shoulder-joint. The spine is triangular and flattened from
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above downward, its apex 'corresponding to the vertebral border, its base (which

is directed outward) to the neck of the scapula. It presents two surfaces and three

borders. Its superior surface is concave, assists in forming the supraspinous

fossa, and affords attachment io part of the Supraspinatus muscle. Its inferior

surfice forms part of the infraspinous fossa, gives origin to part of the Infraspi-

natus muscle, and presents near its centre the orifice of a nutrient canal. Of the

three borders, the anterior is attached to the dorsum of the bone; the posterior,

or crest of the spine, is broad, and presents two lips and an inter^'ening rough

interval. To the superior lip is attached the Trapezius to the extent shown in

Fig. 139. A rough tubercle is generally seen occupying that portion of the spine

which receives the insertion of the middle and inferior fibres of this muscle. From
the inferior lip, throughout its whole length, arises the Deltoid. The intenal

between the lips is also partly covered by the tendinous fibres of these muscles.

The external border, or base, the shortest of the three, is slightly concave, its edge

thick and round, continuous above with the under surface of the acromion process,

below with the neck of the scapula. The narrow portion of bone external to this

border, and separating it from the glenoid cavity, is called the great scapular notch,

and senes to connect the supra- and infraspinous fossae.

The acromion process [acromion) is a large and somewhat triangular or oblong

process, flattened from behind forward, directed at first a little outward, and then

eur\'ing forward and upward, so as to overhang the glenoid cavity. Its upper

surface, directed upward, backward, and outward, is convex, rough, and gives

origin to some fibres of the Deltoid, and in the rest of its extent it is subcutaneous.

Its under surface is smooth and concave. Its outer border is thick and irregular,

and presents three or four tubercles for the tendinous origins of 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
corresponds to the point of meeting of these two borders in front, is thin, and has

attached to it the coracoacromial ligament.

Margins, or Borders of the Scapula.

—

The superior border {margo s^iperior) is

the shortest and thinnest of the three borders; it is concave and extends from the

internal angle to the coracoid process. At its outer part is a deep, semicircular

notch, the suprascapular notch (incisura scapulae), formed partly by the base

of the coracoid process. The notch is converted into a foramen by the supra-

scapular ligament, and ser\es for the passage of the suprascapular nerse. Some-
times this foramen is entirely surrounded by bone. The adjacent margin of the

superior border affords attachment to the Omohyoid muscle.

The external or axillary border {margo axillaris) is the thickest of the three. It

commences above at the lower margin of the glenoid cavity, and inclines obliquely

downward and backward to the inferior angle. Immediately below the glenoid

cavity is a rough impression, the infraglenoid tubercle (tuberositas infraglenoidalis),

about an inch in length, which affords origin to the long head of the Triceps muscle;

in front of this is a longitudinal groove, which extends as far as the lower third

of the external border and affords origin to part of the Subscapularis muscle.

The inferior third of this border, which is thin and sharp, serves for the origin

of a few fibres of the Teres major behind and the Subscapularis in front.

The internal or vertebral border (margo vertebralis) is the longest of the three,

and extends from the internal to the inferior angle of the bone. It is arched, is

intermediate in thickness between the superior and the external borders, and the

portion of it above the spine is bent considerably outward, so as to form an obtuse

angle with the lower part. The internal border presents an anterior lip, a posterior

lip, and an intermediate space. The anterior lip affords attachment to the Serratus

magnus; the posterior lip, an origin to the Supraspinatus above the spine, the
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Infraspinatus below; to the interval between the two lips, the Levator anguli

scapulae is inserted; above the triangular surface at the commencement of the spine,

the Rhomboideus minor to the edge of that surface; the Rhomboideus major
is attached by means of a fibrous arch connected above to the lower part of

the triangular surface at the base of the spine, and below to the lower part of the

posterior border.

Angles.— The internal angle (angulus medialis), formed by the junction of the

superior and internal borders, is thin, smooth, rounded, somewhat inclined

outward, and gives attachment to a few fibres of the Levator anguli scapulae
muscle.

The inferior angle {angulus inferior), thick and rough, is formed by the union
of the vertebral and axillary borders, its posterior surface affording origin to the

Teres major and frequently to a few fibres of the Latissimus dorsi.

The external angle {angulus lateralis) is the thickest part of the bone, and forms
what is called the head of the scapula. The head presents a shallow, pyriform,

articular surface, the glenoid surface (cavitas glenoidalis) , the longest diameter

of which is from above downward, and its direction outward and forward. It

is broader below than above. Just above it is a rough surface, the supra-

glenoid tubercle {tuberositas supraglenoidalis), from which arises the long

tendon of the Biceps muscle. The glenoid cavity is covered with cartilage in

the recent state; and its margins are slightly raised and give attachment to a

fibrocartilaginous structure, the glenoid ligament, by which its cavity is deepened.

The neck of the scapula {collum scapulae) 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 promi-

nence, the coracoid process.

The coracoid process {processus coracoideus) 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 upward and inward, then, becoming smaller, it changes its

direction and passes forward and outward. The ascending portion, flattened from
before backward, presents in front a smooth, concave surface over which passes

the Subscapularis muscle. The horizontal portion is flattened from above
downward, its upper surface is convex and irregular; its under surface is smooth;

its inner border is rough, and gives attachment to the Pectoralis minor; its outer

border is also rough for the coracoacromial ligament, while the apex is embraced
by the conjoined tendon of origin of the short head of the Biceps and of the

Coracobrachialis and gives attachment to the costocoracoid ligament. At the

inner side of the root of the coracoid process is a rough impression for the attach-

ment of the conoid ligament; and running from it obliquely forward and outward
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 the scapula is

composed of cancellous tissue covered by compact bone, while in the rest of its extent it is com-
posed of a thin layer of dense, compact tissue. The central part of the supraspinous fossa and
the upper part of the infraspinous fossa, but especially the former, are usually so thin as to

be semitransparent; occasionally the bone is found wanting in this situation, and the adjacent

muscles come into contact.

Development (Fig. 140).—From seven or more centres—one for the body, two for the

coracoid process, two for the acromion, one for the vertebral border, and one for the inferior

angle. Ossification of the body of the scapula commences about the second month of fetal life

by the formation of an irregular quadrilateral plate of bone immediately behind the glenoid

cavity. This plate extends itself so as to form the chief part of the bone, the spine growing
up from its posterior surface about the third month. At birth a large part of the scapula is

osseous, but the glenoid cavity, coracoid and acromion processes, the posterior border, and
inferior angle are cartilaginous. From the fifteenth to the eighteenth month after birth
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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

fourteenth and twentieth years ossification of the remaining centres takes place in quick

succession, and in the following orAer: first, in the root of the coracoid process, in the form of

a broad scale; second, near the base of the acromion process; third, in the inferior angle and
contiguous part of the posterior border; fourth, near the extremity of the acromion; fifth,

in the posterior border. The acromion process, besides being formed of two separate nuclei,

has its base formed by an extension into it of the centre of ossification which belongs to the

spine, the extent of which varies in different cases. The two separate nuclei unite and then

join with the extension from the spine. These various epiphyses become joined to the bone
between the ages of twenty-two and
twenty-five years. Sometimes fail-

ure of union between the acromion
process and spine occurs, the junc-

tion being effected by fibrous tissue

or by an imperfect articulation; in

some cases of supposed fracture

of the acromion with ligamentous

union it is probable that the de-

tached segment was never united to

the rest of the bone. The upper
third of the glenoid cavity is usually

ossified from a separate centre (sub-

coracoid) which makes its appearance
between the tenth and eleventh

years. Very often, in addition, an
epiphysis appears for the lower part

of the glenoid cavity.

Articulations. —With the hu-

merus and clavicle.

Attachment of Muscles.—To
seventeen—to the anterior surface,

theSubscapularis; posterior surface,

Supraspinatus, Infraspinatus; spine,

Trapezius, Deltoid; superior border,

Omohyoid; vertebral border, Serra-

tus magnus. Levator anguli scapulae,

Rhomboideus, minor and major;
axillary border. Triceps, Teres
minor, Teres major; apex of glen-

oid cavity, long head of the Biceps;

coracoid process, short head of the

Biceps, Coracobrachialis, Pectoralis

minor; and to the inferior angle oc-

casionally a few fibres of the Latissi-

mus dorsi.

Surface Form.—The only parts

of the scapula which are truly sub-

cutaneous are the spine and acro-

mion process, but, in addition to these, the coracoid process, the internal or Vertebral border
and inferior angle, and, to a less extent, the axillary border, may be defined. The acro-

mion process and spine of the scapula are easily felt throughout their entire length, forming,

with the clavicle, the arch of the shoulder. The acromion can be ascertained to be connected

to the clavicle at the acromioclavicular joint by running the finger along it, its position being

often indicated by an irregularity or bony outgrowth from the clavicle close to the joint. The
acromion can be felt forming the point of the shoulder, and from this can be traced backward to

join the spine of the scapula. The place of junction is usually denoted by a prominence, which
is sometimes called the acromial angle. From here the spine of the scapula can be felt as a
prominent ridge of bone, marked on the surface as an oblique depression, which becomes less

and less distinct, and terminates a little external to the spinous processes of the vertebrae. Its

termination is usually indicated by a slight dimple in the skin on a level with the interval be-

tween the third and fourth thoracic spines. Below this point the vertebral border of the scapula
may be traced, running downward and outward, and thus diverging from the vertebral spines,

to the inferior angle of the bone, which can be recognized, although covered by the Latissimus

dorsi muscle. From this angle the axillary border can usually be traced through this thick

muscular covering, forming, with the muscles, the posterior fold of the axilla. The coracoid

12

nfe-nar

Fig. 140.—Plan of the development of the scapula. From
seven centres. The epiphyses (except one for the coracoid pro-
cess) appear from fifteen to seventeen years, and unite between
twenty-two and twenty-five years of age.
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process may be felt about an inch below the junction of the middle and outer thirds of the

clavicle. Here it is covered by the anterior border of the Deltoid and lies a little to the outer

side of a slight depression which corresponds to the interval between the Pectoralis major

and Deltoid muscles. When the arms are hanging by the side, the upper angle of the scapula

corresponds to the upper border of the second rib or the interval between the first and second

thoracic spines, the inferior angle to the upper border of the eighth rib or the interval between

the seventh and eighth thoracic spines.

Applied Anatomy.—Fractures of the body of the scapula are rare, owing to the mobility of

the bone, the thick layer of muscles by which it is encased on both surfaces, and the elasticity of

the ribs on which it rests. Fracture of the neck of the bone is also uncommon. The most fre-

quent course of a line of fracture of the neck is from the suprascapular notch to the infraglenoid

tubercle {surqical neck), and it derives its principal interest from its simulation to a subglenoid

dislocation of the humerus. The diagnosis can be made by noting the alteration in the position

of the coracoid process. A fracture of the neck external to, and not including, the coracoid

process {anatomical neck) is said to occur, but it is exceedingly doubtful whether such an

accident ever takes place. The acromion process is more frequently broken than any other

part of the bone, and there is sometimes, in young subjects, a separation of the epiphysis. It

is believed that many of the cases of supposed fracture of the acromion, with fibrous union,

which have been found on postmortem examination are really cases of imperfectly united

epiphysis. Sir Astley Cooper believed that most fractures of this bone are united by fibrous

tissue, and the cause of this mode of union is the difficulty that arises in keeping the fractured

ends in constant apposition. The coracoid process is occasionally broken off, either by direct

violence or perhaps, rarely, by muscular action.

Tumors of various kinds grow from the scapula. Of the innocent form of tumors, probably

the osteomata are the most common. When an osteoma grows from the anterior surface of the

scapula, as it sometimes does, it is of the compact variety, such as usually grows from mem-
brane-formed bones, as the bones of the skull. This would appear to afford evidence that this

portion of the bone is formed from membrane, and not, like the rest of the bone, from cartilage.

Sarcomatous tumors sometimes grow from the scapula, and may necessitate removal of the bone,

with or without amputation of the upper limb. Removal of the upper limb with the scapula and

the outer two-thirds of the clavicle is known as the interscapulothoracic amputation. The scapula

may be partially resected or completely excised. There are several methods of complete excision.

The bone may be excised by a T-shaped incision, and, the flaps being reflected, the removal is

commenced from the vertebral border, so that the subscapular vessels which lie along the axillary

border are among the last structures divided, and can be at once secured.

THE ARM.

The arm is that portion of the upper extremity which is situated between the

shoulder and the elbow. Its skeleton consists of a single bone, the humerus.

The Humerus, or Arm Bone (Figs. 141, 142).

The humerus is the longest and largest bone of the upper extremity; it presents

for examination a shaft and two extremities.

Upper or Proximal Extremity.—^l^he upper extremity presents a large,

rounded head, joined to the shaft by a constricted portion, called the neck, and

two other eminences, the greater and lesser tuberosities.

The Head (caput humeri).—^The head, nearly hemispherical in form,^ is directed

upward, inward, and slightly backward, and articulates with the glenoid surface

of the scapula; its surface is smooth and coated with cartilage in the recent state.

The circumference of its articular surface is slightly constricted, and is termed

the anatomical neck, in contradistinction to the constriction which exists below the

tuberosities. The latter is called the surgical neck (collum chiTmrgicum), as it is

often the seat of fracture.

The anatomical neck (collum anatomicum) is obliquely directed, forming an

1 Though the head is nearly hemispherical in form, its margin, as Sir G. Humphry has shown, is by no means
a true circle. Its greatest measurement is from the top of the bicipital groove in a direction downward, inward,
and backward. Hence, it follows that the greatest elevation of the arm can be obtained by rolling the jirticular

surface in this direction—that is to say, obliquely upward, outward, and forward.
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obtuse angle with the shaft. It is more distinctly marked in the lower half of

its circumference than in the upper half, where it presents a narrow groove,

separating the head from the tuberosities. Its circumference affords attachment

to the capsular ligament and is perforated by numerous vascular foramina.

The Greater Tuberosity (tuberculum majus).—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 highest facet

gives attachment to the tendon of the Supraspinatus; the middle one, to the Infra-

spinatus; the inferior facet and the shaft of the bone below it, to the Teres minor.

The outer surface of the greater tuberosity is convex, rough, and continuous with

the outer side of the shaft.

The Lesser Tuberosity (tuberculum minus).—The lesser tuberosity is more
prominent, although smaller than the greater; it is situated in front of the head,

and is directed inward and forward. Its summit presents a prominent facet

for the insertion of the tendon of the Subscapularis muscle. The tuberosities

are separated from each other by a deep groove, the bicipital groove (sulcus inter-

tubercularis). This groove lodges the long tendon of the Biceps muscle, accom-
panied by a branch of the anterior circumflex artery. It commences above be-

tween the two tuberosities, passes obliquely downward and a little inward, 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 the tendon of insertion of the Latissimus dorsi muscle.

The Shaft (corpus humeri).—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 greater 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 Pectoralis major.

About its centre it forms the anterior boundary of the rough deltoid impression;

below, it is smooth and rounded, affording attachment to the Brachialis anticus
' muscle.

The external border (margo lateralis) runs from the b^ck 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 lower part of the insertion of the Teres minor muscle, and below

this of the external head of the Triceps muscle; its centre is traversed by a broad,

but shallow, oblique depression, the musculospiral groove (sulcus nervi radialis);

its lower part is marked by a prominent, rough margin, a little curved from

behind forward, the external supracondylar ridge, which presents an anterior lip

for the attachment of the Brachioradialis above and Extensor carpi radialis

longior below, a posterior lip for the Triceps, and an intermediate space for the

attachment of the external intermuscular septum.

The internal border (margo medialis) extends from the lesser tuberosity to the

internal condyle. Its upper third is marked by a prominent ridge, forming

the internal lip of the bicipital groove, and gives attachment to the tendon of the

Teres major. About its centre is an impression for the attachment of the Coraco-

brachialis, and just below this is seen the entrance of the nutrient canal, directed

downward. Sometimes there is a second canal situated at the commencement
of the musculospiral groove, for a nutrient artery derived from the superior pro-

funda branch of the brachial artery. The inferior third of this border is raised

into a slight ridge, the internal supracondylar ridge, which becomes very prominent
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below; it presents an anterior lip for the

attachment of the Brachialis anticus muscle,

a posterior lip for the internal head of the

Triceps muscle, and an intermediate space

for the attachment of the internal intermus-

cular septum.

The external surface (facies anterior later-

alis) is directed outward above, where it is

smooth, rounded, and covered by the Del-

toid muscle; forward and outward below,

where it is slightly concave from above

downward, and gives origin to part of the

Brachialis anticus muscle. About the mid-

dle of this surface is seen a rough, triangular

impression for the insertion of the Deltoid

muscle, deltoid impression (tuberositas deltoi-

dea) , and below this the musculospiral groove,

directed obliquely from behind forward and
downward, and transmitting the musculo-

spiral nerve and superior profunda artery.

The internal surface (facies anterior medi-

alis), less extensive than the external, is

directed inward above, forward and inward

below; at its upper part it is narrow and
forms the floor of the bicipital groove; to

it is attached the Latissimus dorsi. The
middle part of this surface is slightly

roughened for the attachment of some of

the fibres of the tendon of insertion of the

Coracobrachialis; its lower part is smooth,

concave from above downward, and gives

attachment to the Brachialis anticus mus-
cle.^ A little below the middle of the shaft

is the nutrient foramen. This leads into a

nutrient canal, which is directed toward the

elbow-joint.

The posterior surface (facies posterior)

(Fig. 142) appears somewhat twisted, so

that its upper part is directed a little inward,

its lower part backward and a little outward.

Nearly the whole of this surface is covered

bv the external and internal heads of the

^Capsvlar
ligament

I i\

' A small hook-shaped process of bone, the supracondylar
process, varying from ijo to ^/4of an inch in length, Ls not in-
frequently found projecting from the inner surface of the
shaft of the humerus two inches above the internal condyle.
It is curved downward, forward, and inward, and its

pointed extremity is connected to the internal border, just
above the inner condyle, by a ligament or fibrous band,
which gives origin to a portion of the Pronator teres; through
the arch completed by this fibrous band the median nerve
and brachial artery pass when these structures deviate
from their usual course. Sometimes the nerve alone is

transmitted through it, or the nerve may be accompanied by
the ulnar artery in cases of high division of the brachial. A
well-marked groove is u.sually found behind the process in
which the nerve and artery' are lodged. This space is anal-
ogous to the supracondyloid foramen in many animals, and
probably serves in them to protect the ner\-e and artery
from compression during the contraction of the muscles in
this region.

Capsular
ligament

[JrooAt

Fig. 142.—Left humerus. Posterior surface.
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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 musculospiral groove.

The Lower or Distal Extremity is flattened from before backward, and curv^ed

slightly forward; it terminates below in a broad, articular surface which is divided

into two parts by a slight ridge. Projecting on either side are the external and
internal condyles. By some anatomists the external condyle is called the external

epicondyle and the internal condyle is called the internal epicondyle. The articular

surface extends a little lower than the condyles, and is curved slightly forward, 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 capitellum, or

radial head of the humerus (capitulum humeri) ; 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. Above the front part of the capitellum

is a slight depression, the radial fossa (fossa radialis), which receives the anterior

border of the head of the radius when the forearm is flexed. The inner portion

of the articular surface, the trochlea (trochlea humeri), presents a deep depression

between two well-marked borders. This surface is convex from before backward,

concave from side to side, and occupies the anterior, lower, and posterior parts

of the bone. The external border, less prominent than the internal, corresponds

to the interval between the radius and the ulna. The internal border is thicker,

more prominent, and consequently of greater length, than the external. The
grooved portion of the articular surface fits accurately within the greater sigmoid

cavity of the ulna; it is broader and deeper on the posterior than on the anterior

aspect of the bone, and is inclined obliquely from behind forward and from without

inward. Above the front part of the trochlear surface is seen a smaller depression,

the coronoid fossa (fossa coronoidea), which receives the coronoid process of the

ulna during flexion of the forearm. Above the back part of the trochlear surface

is a deep, triangular depression, the olecranon fossa (fossa olecrani), in which
is received the summit of the olecranon process in extension of the forearm.

These fossae are separated from one another by a thin, transparent lamina of bone,

which is sometimes perforated by a foramen, the supratrochlear foramen; their

upper margins afford attachment to the anterior and posterior ligaments of the

elbow-joint, and they are lined, in the recent state, by the synovial membrane
of this articulation. The articular surfaces, in the recent state, are covered with

a thin layer of hyaline cartilage. The external condyle (epicondylus lateralis)

is a small, tubercular eminence, less prominent than the internal, curved a little

forward, and giving attachment to the external lateral ligament of the ell^ow-

joint, and to a tendon common to the origin of some of the Extensor and Supinator

muscles. The internal condyle (epitrochlea or epicondylus medialis), larger and
more prominent, is directed a little backward; it gives attachment to the internal

lateral ligament, to the Pronator teres, and to a tendon common to the origin of

some of the Flexor muscles of the forearm. The ulnar nerve runs in a groove,

the ulnar groove (sulcus nervi ulnaris), at the back of the internal condyle, or

between it and the olecranon process. These condyles are directly continuous

above with the external and internal supracondylar ridges.

Structure.—The extremities consist of cancellous tissue, covered with a thin compact layer;

the shaft is composed of a cylinder of compact tissue, thicker at the centre than at the extremities,

and hollowed out by a large medullary canal, which extends along its whole length. In the

head of the humerus the plates of the cancellous tissue are arranged in curves (Fig. 143),

known as pressure curves. Most of the bone plates are at right angles to the plane of the
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articular surface (the lines of greatest pressure), and they are bound together by other bone
fibres, which usually corresjx)nd to the plane of the articulation (the lines of greatest tension).

This arch-like arrangement strengthens the head of the bone, and it is further strengthened by
the binding fibres.

Development.—From eight centres (Fig. 144), one for each of the following parts: The
shaft, head, each tuberosity, the radial head, the trochlear portion of the articular surface, and
each condyle. The nucleus for the shaft appears near the centre of the bone in the eighth

week, and soon extends toward the extremities. At birth the humerus is ossified nearly in its

whole length, the extremities remaining cartilaginous. During the first year, sometimes even

before birth, ossification commences in the head of the bone, and during the third year the centre

for the greater tuberosity makes its appearance, that for the lesser being small and not appearing
until the fifth year. By the sixth year the centres for the head and tuberosities have increased in

size and become joined, so as to form a single large epiphysis.

Epiphyseal line. .

Epiphyses of head and "1

tidterosities blend at o

5th year, and unite
J-

with shaft at 20th
year.

J

Fig. 143.- -Longitudinal section of head of left
humerus.

Unites with shaft \ ;ff
at 18th year.

J ^

Blend <6A-
Sha/t

*t

Fig. 144.—Plan of the development of the
humerus from eight centres.

The lower end of the humerus is developed in the following manner: At the end of the second
year ossification commences in the capitellum, and from this point extends inward, so as to form
the chief part of the articular end of the bone, the centre for the inner part of the trochlea not
appearing until alx)ut 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
the sixteenth or seventeenth year the outer condyle and both portions of the articulating surface

(which have already joined) unite with the shaft; at the eighteenth year the inner condyle becomes
joined; while the upper epiphysis, although the first formed, is not united until about the twen-
tieth year.

Articulations.—With the glenoid cavity of the scapula and with the ulna and radius.

Attachment of Muscles.—To twenty-four—to the greater tuberosity, the Supraspinatus,
Infraspinatus, and Teres minor; to the lesser tuberosity, the Subscapularis; to the external

bicipital ridge, the r*ectoralis major; to the internal bicipital ridge, the Teres major; to the bicip-

ital groove, the Latissimus dorsi; to the shaft, the Deltoid, Coracobrachialis, Brachialis anticus,

external and internal heads of the Triceps; to the internal condyle, the Pronator teres, and com-
mon tendon of the Flexor carpi radialis, Palmaris longus. Flexor sublimis digitorum, and Flexor
carpi ulnaris; to the external, supracondylar ridge, the Brachioradialis and Extensor carpi radi-
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alis longior; to the external condyle, the common tendon of the Extensor carpi radialis brevior,

Extensor communis digitorum, Extensor minimi digiti, Extensor carpi ulnaris, and Supinator
[brevis]; to the back of the external condyle, the Anconeus.

Surface Form.—The humerus is almost entirely clothed by the muscles which surround it,

and the only parts of this bone which are strictly subcutaneous are small portions of the inter-

nal and external condyles. In addition to these, the tuberosities and a part of the head of the

bone can be felt under the skin and muscles by which they are covered. Of these, the greater

tuberosity forms the most prominent bony point of the shoulder, extending beyond the acromion
process and covered by the Deltoid muscle. It influences materially the surface form of the

shoulder. It is best felt while the arm is lying loosely by the side; if the arm be raised, it recedes

from under the finger. The lesser tuberosity, directed forward and inward, is to be felt to the

inner side of the greater tuberosity, just below the acromioclavicular joint. Between the two
tuberosities lies the bicipital groove. This can be defined by placing the finger and making
firm pressure just internal to the greater tuberosity; then, by rotating the humerus, the groove

will be felt to pass under the finger as the bone is rotated. With the arm abducted from the

side, by pressing deeply in the axilla the lower part of the head of the bone is to be felt. On
each side of the elbow-joint, and just above it, the internal and external condyles of the bone
may be felt. Of these, the internal is the more prominent, but the ridge passing upward from
it, the internal supracondylar ridge, is much less marked than the external, and, as a rule, is

not to be felt. Occasionally, however, we find along this border the hook-shaped process men-
tioned in the foot-note on page 181. The external condyle is most plainly to be seen diu-ing

semiflexion of the forearm, and its position is indicated by a depression between the attachment
of the adjacent muscles. From it is to be felt a strong bony ridge running up the outer border

of the shaft of the bone. This is the external supracondylar ridge; it is concave forward, and
corresponds with the curved direction of the lower extremity of the humerus.

Applied Anatomy.—There are several points of surgical interest connected with the humerus.
First, as regards its development. The upper end, though the first to ossify, is the last to

join the shaft, and the length of the bone is mainly due to growth from this upper epiphysis.

Hence, in cases of amputation of the arm in young subjects the humerus continues to grow con-
siderably, and the end of the bone, which immediately after the operation was covered with a

thick cushion of soft tissue, begins to project, thinning the soft parts and rendering the stump
conical. This may necessitate another operation, which consists in the removal of a couple of

inches or so of the bone, and even after this operation a recurrence of the conical stump may
take place.

There are several points of surgical interest in connection with fractures. First, as regards

their causation, the bone may be broken by direct or indirect violence like the other long bones,

but, in addition to this, it is probably more frequently fractured by muscular action than any
other of this class of bone in the body. It is usually the shaft, just below the insertion of the

Deltoid, which is thus broken. Fractures of the upper end may take place through the

anatomical neck, through the surgical neck, or separation of the greater tuberosity may occur.

Fracture of the anatomical neck is a very rare accident; in fact, it is doubted by some whether it

ever occurs. These fractures are usually considered to be intracapsular, but they are probably
partly within and partly without the capsule, as the lower part of the capsule is inserted some
little distance below the anatomical neck, while the upper part is attached to it. They may be
impacted or nonimpacted. In most cases there is little or no displacement on account of the

capsule, in whole or in part, remaining attached to the lower fragment. Separation of the upper
epiphysis of the humerus sometimes occurs in the young subject, and is marked by a character-

istic deformity by which the lesion may be at once recognized. This consists in the presence

of an abrupt projection at the front of the joint a short distance below the coracoid process,

caused by the upper end of the lower fragment. In fractures of the shaft of the humerus the

lesion may take place at any point, but appears to be more common in the lower than in the

upper part of the bone. The points of interest in connection with these fractures are: (1) That
the musculospiral nerve may be injured as it lies in the groove on the bone, or may become
involved in the callus which is subsequently thrown out; and (2) the frequency of nonunion.

This is believed to be more common in the humerus than in any other bone, and various causes

have been assigned for it. It would seem most probably to be due to the difficulty that there

is in fixing the shoulder-joint and the upper fragment, and possibly the elbow-joint and lower

fragment also. Other causes which have been assigned for the nonunion are: (1) That in attempt-

ing passive motion of the elbow-joint to overcome any rigidity which may exist, the movement
does not take place at the articulation, but at the seat of fracture; or that the patient, in con-

sequence of the rigidity of the elbow, in attempting to flex or extend the forearm moves the

fragment and not the joint. (2) The presence of small portions of muscle tissue between the

broken ends. (3) Want of support to the elbow, so that the weight of the arm tends to drag the

lower fragment away from the upper. An important distinction to make in fractures of the

lower end of the humerus is between those that involve the elbow-joint and those which do not;

the former are always serious, as they may lead to stift'ness of the joint and impairment of the
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utility of the limb. Thev include the T-shaped fracture and oblique fractures which involve

the articular surface. The fractures which do not involve the joint are the transverse above

the condyles and the so-called epitrochlear fracture, in which the tip of the internal condyle

is broken off, generally by direct violence.

Under the head of separation of the lower epiphysis two separate injuries have been described:

(1) ^^^lere the whole of the four ossific centres w-hich form the lower extremity of the bone

are separated from the shaft; and (2) where the articular portion is alone separated, the two

cond\Ies remaining attached to the shaft of the bone. The epiphyseal line between the shaft

and iower end runs across the bone just above the tips of the condyles, a point to be borne in

mind in performing the operation of excision. Shortening may follow epiphysitis.

Tumors originating from the humerus are of frequent occurrence. A not uncommon place

for a chondroma to grow from is the shaft of the bone somewhere in the neighborhood of the

insertion of the deltoid. Sarcomata frequently grow from this bone.

THE FOREARM.

The forearm is that portion of the upper extremity which is situated between

the elbow and the wrist. Its skeleton is composed of two bones, the ulna and

radius.

The Ulna, or Elbow Bone (Figs. 145, 147).

The ulna 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, of great thickness and strength, forms a large part of the

articulation of the elbow-joint; it diminishes in size from above downward, its

lower extremity being very small, and excluded from the wrist-joint by the inter-

position of an intra-articular fibrocartilage. It is divisible into a shaft and two

extremities.

The Upper or Proximal Extremity, the strongest part of the bone, presents

for examination two large, cur%ed processes, the olecranon process and the

coronoid process; and two concave, articular cavities, the greater and lesser

sigmoid cavities.

The olecranon process (olecranon) is a large, thick, curved eminence situated

at the upper and back part of the ulna. It is curved forward at the summit

so as to present a prominent tip which is received into the olecranon fossa of the

humerus in extension of the forearm, its base being contracted where it joins the

shaft. This is the narrowest part of the upper end of the ulna. The posterior

surface of the olecranon, directed backward, is triangular, smooth, subcutaneous,

and covered by a bursa. Its upper surface 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 posterior 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 greater sigmoid cavity. The lateral borders present a continuation

of the same groove that was seen on the margin of the superior surface; they sene

for the attachment of ligaments—viz., the back part of the internal lateral ligament

internally, the posterior ligament externally. To the inner border is also attached

a part of the Flexor carpi ulnaris, while to the outer border is attached the Anconeus

muscle.

The coronoid process (processus coronoideu^) is a triangular eminence of bone

which projects horizontally forward from the upper and front part of the ulna.

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 upward, and is received into the coronoid depression of the humerus in
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Fig. 145.—Bones of the left forearm. Antei-ior view.
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Olecranon process

flexion of the forearm. Its uppet* surface is smooth, concave, and forms the lower

part of the greater sigmoid cavity. The under surface is concave; and marked by
an impression internally for the insertion of the Brachialis anticus. At the junc-

tion of this surface with the shaft is a rough eminence, the tubercle of the ulna

(tuberositas ulnae), for the attachment of the oblique ligament of the middle

radio-ulnar articulation. Its outer surface presents a narrow, oblong, articular

depression, the lesser signoaoid cavity. The irmer 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 attach-

ment of one head of the Flexor sublimis digitorum; behind the eminence, a

depression for part of the origin of the Flexor profundus digitorum; and, descend-

ing from the eminence, a ridge which gives attachment to one head of the Pro-

nator teres. Generally, the Flexor longus pollicis has an origin from the lower

part of the coronoid process by a rounded bundle of muscle fibres.

The greater sigmoid cavity (incistira semilunaris) is a semilunar depression

of large size, formed by the olecranon and coronoid processes, and sening for

articulation with the trochlear surface of the

humerus. About the middle of either lateral

border of this cavity is a notch which con-

tracts it somewhat, and serves to indicate

the junction of the two processes of which

it is formed. The cavity is concave from

above downward, and divided into two

lateral parts by a smooth, elevated ridge

which runs from the summit of the olecranor

to the tip of the coronoid process. Of these

ttwo portions, the internal is the larger, and

^is slightlv concave transverselv; the external

portion is convex above, slightly concave be-

low. The articular surface, in the recent

state, is covered with a thin layer of hyaline

cartilage.

The lesser sigmoid cavity (i)icisura radi-

cUis) is a narrow, oblong, articular depres-

sion, placed on the outer side of the coronoid

process, and receives the lateral articular sur-

face of the head of the radius. It is concave

from before backward, and its extremities,

which are prominent, serve for the attach-

ment of the orbicular ligament. In the recent state it is covered with a thin layer

of hyaline cartilage.

The Shaft (corpus ulnae), at its upper part, is prismatic in form, and curxed

from behind forward and from without inward, so as to be convex behind and
externally; its central part is quite straight; its lower part rounded, smooth, and
bent a little outward; it tapers gradually from above downward, and presents

for examination three borders and three surfaces.

The anterior or palmar border (margo volaris) commences above at the prominent

inner angle of the coronoid 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 origin to the Flexor profundus digitorum; its lower fourth, marked
off from the rest of the border by the commencement of an oblique ridge on the

anterior surface, sen-es for the origin of the Pronator quadratus. It separates

the anterior from the internal surface.

The posterior or dorsal border {margo dorsalis) commences above at the apex
of the triangular subcutaneous surface at the back part of the olecranon, and

Fig. 146.—Upper extremity of left ulna.
Outer asiJect.
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terminates below at the bacR part of the styloid process; it is well marked in the

upper three-fourths, and gives origin to the 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 (crista inierossea) commences above by the

union of two lines, which converge one from each extremity of the lesser sigmoid

cavity, enclosing between them a triangular space for the origin of part of the

Supinator [brevis], and terminates below at the middle of the lower extremity.

Its two middle fourths are very prominent; its lower fourth is smooth and rounded.

This border gives attachment to the interosseous membrane, and separates the

anterior from the posterior surface.

The anterior or palmar surface (facies volaris) lies between the anterior and
external borders, is much broader above than below, is concave in the upper three-

fourths of its extent, and affords origin to the Flexor profundus digitorum; its

lower fourth, also concave, is covered by the Pronator quadratus. The lower

fourth is separated from the remaining portion of the bone by a prominent

ridge (pronator ridge) directed obliquely from above downward and inward;

this ridge marks the extent of attachment of the Pronator quadratus. At the

junction of the upper with the middle third of the bone is the nutrient foramen.

It opens into the nutrient canal, which is directed obliquely inward and upward
(proximally).

The posterior or extensor surface (facies dorsalis) is bounded externally

by the interosseous" border, internally by the posterior border, and is directed

backward and outward; it is broad and concave above, somewhat narrower and
convex in the middle of its course, narrow, smooth, and rounded below. It pre-

sents, above, an oblique ridge, which runs from the posterior extremity of the

lesser sigmoid cavity, downward to the posterior border; the triangular surface

above this ridge receives the insertion of the Anconeus muscle, while the upper
part of the ridge itself affords origin to the Supinator. The surface of bone
below this is subdivided by a longitudinal ridge into two parts; the internal part

is smooth, and covered by the Extensor carpi ulnaris; the external portion, wider
and rougher, gives origin from above downward to part of the Supinator, the

Extensor ossis metacarpi pollicis, the Extensor longus pollicis, and the Extensor
indicis muscles.

The internal surface (facies medialis) is broad and concave above, narrow and
convex below. It gives origin by its upper three-fourths to the Flexor profundus
digitorum muscle; its lower fourth is subcutaneous. The anterior and the inner

surfaces constitute the flexor surface.

The Distal or Lower Extremity is of small size, and excluded from the

articulation of the wrist-joint. It presents for examination two eminences, the

outer and larger of which is a rounded, articular eminence, termed the head

(capituliun idnae), the inner, narrower and more projecting, is a nonarticular

eminence, the styloid process (^processus styloideus). The head presents an
articular facet, part of which, of an oval form, is directed downward, and plays

on the upper surface of the triangular fibrocartilage which separates it from the

wrist-joint; the remaining portion, directed outward, is narrow, convex, and
received into the sigmoid cavity of the radius. The styloid 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 attachment to the internal lateral

ligament of the wrist. The head is separated from the styloid process by a
depression for the attachment of the triangular intra-articular fibrocartilage; and
behind, by a shallow groove for the passage of the tendon of the Extensor carpi

ulnaris.
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Olecranon.
Appears at^g^^^joim shaft at
10th year. ^^BJ j^th year.

Structure.—Similar to that of the other long bones.

Development.—^From three centres—one for the shaft, one for the inferior extremity, and

one for the olecranon (Fig. 148). Ossification commences near the middle of the shaft about

the eighth 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 material appears

in the olecranon near its extremity, the chief part of this process being formed from an extension

of the shaft of the bone into it. At about the sixteenth year the upper epiphysis becomes joined

to the shaft, and at about the twentieth year the lower one.

Articulations.—\Vith the humerus and radius.

Attachment of Muscles.—To sixteen: To the olec-ranon, the Triceps, Anconeus, and one

head of the Flexor carpi ulnaris. To the coronoid process, the Brachialis anticus. Pronator teres.

Flexor sublimis digitorum, and Flexor profundus digitorum;

generally also the Flexor longus pollicis. To the shaft, the

Flexor profundus digitorum. Pronator quadratus. Flexor carpi

ulnaris, Extensor carpi ulnaris. Anconeus, Supinator [brevis],

Extensor ossis metacarpi pollicis, Extensor longus pollicis, and
Extensor indicis.

Surface Form.—The most prominent part of the ulna on

the surface of the body is the olecranon jirocess, which can

always be felt at the back of the elbow-joint, \^^len the fore-

arm is flexed, the upper quadrilateral surface can be felt,

directed backward; during extension it recedes into the olec-

ranon fossa, and the contracting fibres of the triceps prevent

its being perceived. At the back of the olecranon is the

smooth, triangular, subcutaneous surface, which below is

continuous with the posterior border of the shaft of the bone,

and felt in every position of the forearm. During extension

the upper border of the olecranon is slightly above the level

of the internal condyle, and the process itself is nearer to this

condyle than the outer one. Running down the back of the

forearm, from the apex of the triangular surface which forms

the posterior surface of the olecranon, is a jjrominent ridge of

bone, the posterior border of the ulna. This may be felt

throughout the entire length of the shaft of the bone, from the

olecranon above to the styloid process below. As it passes

down the forearm it pursues a sinuous course and inclines to

the inner side, so that, though it is situated in the middle of

the back of the limb above, it is on the inner side of the wrist

at its termination. It becomes rounded off in its lower third,

and may be traced below to the small, subcutaneous surface of

the styloid process. Internal to this border the lower fourth

of the inner surface may be felt. The styloid process may be

felt as a prominent tubercle of bone, continuous above with the posterior subcutaneous border

of the ulna, and terminating below in a blunt apex, which lies a little internal and behind, but

on a level with, the wrist-joint. The styloid process is best felt when the hand is in the same

line as the bones of the forearm, and in a position midway between supination and pronation.

If the forearm is pronated while the finger is placed on the process, it will be felt to recede, and

another prominence of bone will appear just behind and above it. This is the head of the ulna,

which articulates with the lower end of the radius and the triangular intra-articular fibrocarti-

lage, and now projects between the tendons of the Extensor carpi ulnaris and the Extensor

minimi digiti muscles.

Appears at

4th year.

Joins shaft at

20th year.

Inferior extremity.

Fig. 148.—Plan of the development
of the ulna. From three centres.

The Radius.

The radius is situated on the outer side of the forearm, lying side by side witii the

ulna, which exceeds it in length and size (Fig. 145). 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 Proximal or Upper Extremity presents a head, neck, and tuberosity.

The head (capitulum radii) is of a cylindrical form, depressed on its upper

surface into a shallow cup {fovea capiiuli radii), which articulates with the capitel-

lum or radial head of the himierus. In the recent state it is covered with a layer
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of hyaline cartilage which is thinnest at its centre. Around the circumference of

the head is a smooth, articular surface (circumferentia articiilaris) yhroaid internally,

where it articulates with the lesser sigmoid ca\'ity of the ulna; narrow in the rest

of its circumference, where it rotates within the orbicular ligament. It is coated

with hyaline cartilage in the recent state. The head is supported on a round,

smooth, and constricted portion of bone, called the neck (coUum radii), which

presents, behind, a slight ridge, for the attachment of part of the Supinator

[brevis]. Beneath the neck, at the inner and front aspect of the bone, is a rough

eminence, the bicipital tuberosity {tuberositas radii). 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 jwrtion, on which a bursa

is interposed between the tendon and the bone.

The Shaft (corpus radii) is prismoid in form, narrower above than below, and

slightly curved, so as to be convex outward. It presents three surfaces, separated

by three borders.

The anterior border (margo volaris) extends from the lower part of the tuber-

osity above to the anterior part of the base of the styloid process below. It

separates the anterior from the external surface. Its upper third is very promi-

nent; and from its oblique direction, downward and outward, has received the

name of the oblique line of the radius. It gives insertion externally at the

Supinator [brevis] internally, it limits the origin of the Flexor longus pollicis, and

between these, arising from it, is the radial origin of the Flexor sublimis digitorum.

The middle third of the anterior border is indistinct and rounded. Its lower

fourth is sharp, prominent, affords attachment to the Pronator quadratus and to the

posterior annular ligament of the wrist, and terminates in a small tubercle at the

base of the styloid process, into which is inserted the tendon of the Brachioradialis.

The posterior border {margo dorsalis) commences above at the back part of

the neck of the radius, and terminates below at the posterior part of the base of

the styloid process; it separates the posterior from the external surface. It is

indistinct above and below, but well marked in the middle third of the bone.

The internal border {crista inierossea) 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 di\'ides into two ridges, which descend to

the anterior and posterior margins of the sigmoid cavity. This border separates

the anterior from the posterior surface, and has the interosseous membrane
attached to it throughout the greater part of its extent.

The anterior or flexor surface {facies wlaris) is concave for its upper three-

fourths, and gives origin to the Flexor longus pollicis muscle; it is broad and flat

for its lower fourth, and gives attachment to the Pronator quadratus. A promi-

nent ridge limits the attachment of the Pronator quadratus below, and between

this and the inferior border is a triangular rough surface for the attachment of

the anterior ligament of the wrist-joint. At the junction of the upper and middle

third of this surface is the nutrient foramen, the opening, of the nutrient canal,

which is directed obliquely upward (proximally).

The posterior or extensor surface {fades dorsalis) is rounded, convex, and

smooth in the upper third of its extent, and covered by the Supinator [brevis]

muscle. Its middle third is broad, slightly concave, and gives origin to the

Extensor ossis metacarpi pollicis above, the Extensor brevis 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 {fades lateralis) is rounded and convex throughout its

entire extent. Its upper third gives attachment to the Supinator [bre\'is] muscle.

About its centre is seen a rough ridge, for the insertion of the Pronator teres

muscle. Its lower part is narrow, and covered by the tendons of the Extensor

ossis metacarpi pollicis and Extensor brcA-is poUicis muscles.
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The Lower Extremity 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 caxpal articular

surface {fades articularis carpea) is of triangular form, concave, smooth, and divided

by a slight antero-posterior ridge into two parts. Of these, the external is of a tri-

angular form, and articulates with the scaphoid bone; the inner is quadrilateral

and articulates with the semilunar bone. The articular surface for the head of the

ulna is called the sigmoid cavity of the radius (incisura ulnaris); it is narrow, con-

cave, smooth, and articulates with the head of the ulna. The circumference of this

end of the bone presents three surfaces—an anterior, external, and posterior. The
anterior surface, rough and irregular, affords attachment to the anterior ligament of

the wrist-joint. The external surface is prolonged obliquely downward into a strong

conical projection, the styloid process (processus styloideus), which gives attachment

by its base to the tendon of the Brachioradialis, and by its apex to the external

lateral ligament of the wrist-joint. The outer surface of this process is marked
by a flat groove, which runs obliquely downward and forward, and gives passage

to the tendons of the Extensor ossis metacarpi pollicis and the Extensor brevis

pollicis. The posterior surface is convex, affords attachment to the posterior

ligament of the wrist, and is marked by three grooves. Proceeding from without

inward, the first groove is broad but shallow, and subdivided into two by a slightly

elevated ridge; the outer of these two transmits the tendon of the Extensor carpi

radialis longior, the inner the tendon of the Extensor carpi radialis brevior. The
second, which is near the centre of the bone, is a deep but narrow groove, bounded
on its outer side by a sharply defined ridge; it is directed oblfquely from above,

downward and outward, and transmits the tendon of the Extensor longus pollicis.

The third, lying most internally, is a broad groove, for the passage of the tendons

of the Extensor indicis and Extensor communis digitorum.

Structure.—Similar to that of the other long bones.

Development (Fig. 149).—From three centres, one for the shaft and one for each extremity.

That for the shaft makes its appearance near the centre of the bone, about the eighth week of

fetal life. About the end of the second year ossification commences in the lower epiphysis, and
about the fifth year in the upper end. At the age of seventeen or eighteen the upper epiphysis

becomes joined to the shaft, the lower epiphysis becoming united about the twentieth year. Some-
times an additional centre appears about the fourteenth year in the bicipital tuberosity.

Articulation.—With four bones—the humerus, ulna, scaphoid, and semilunar.

Attachment of Muscles.—To nine: To the tuberosity, the Biceps; to the oblique ridge, the

Supinator [brevis], Flexor sublimis digitorum, and Flexor longus pollicis; to the shaft (its anterior

surface), the Flexor longus pollicis and Pronator quadratus; (its posterior surface), the Extensor

ossis metacarpi pollicis and Extensor brevis pollicis; (its outer surface), the Pronator teres; and
to the styloid process, the Brachioradialis.

Surface Form.—Just below and a little in front of the posterior surface of the external con-

dyle a part of the head of the radius may be felt, covered by the orbicular and external lateral

ligaments. There is in this situation a little dimple in the skin, which is most visible when the

arm is extended, and which marks the position of the head of the bone. If the finger is placed

on this dimple and the forearm pronated and supinated, the head of the bone will be distinctly

perceived rotating in the lesser sigmoid cavity. The upper half of the shaft of the radius can-

not be felt, as it is surrounded by the fleshy muscles arising from the external condyle. The
lower half of the shaft can be readily examined, although covered by tendons and muscles and
not strictly subcutaneous. If traced downward, the shaft will be felt to terminate in a lozenge-

shaped, convex surface on the outer side of the base of the styloid process. This is the only

subcutaneous part of the bone, and from its lower extremity the apex of the styloid process

will be felt bending inward toward the wrist. About the middle of the posterior aspect of the

lower extremity of the bone is a well-marked ridge, best perceived when the hand is slightly

flexed on the WTist. It forms the outer boundary of the oblique groove on the posterior surface

of the bone, through which the tendon of the Extensor longus pollicis runs, and serves to keep
that tendon in place.

Applied Anatomy of the Radius and Ulna.—The two bones of the forearm are more often

broken together than is either the radius or ulna separately. It is, therefore, convenient to consider

fractures of both bones in the first instance, and subsequently to mention the principal fractures
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Appears atj

5th year.

Head. Unites with shaft

I- about 18th or
20th year.

mi^

which take place in each bone individually. These fractures may be produced by either direct

or indirect violence, though more commonly by direct violence. When indirect force is applied

to the forearm the radius generally alone gives way, though both bones may suffer. The fracture

from indirect force generally takes place somewhere alxtut the middle of the bones; fracture

from direct violence may occur at any part, more often, however, in the lower half of the bone.

The fracture is usually transverse, but may be more or less oblique. A point of interest in con-

nection with these fractures is the tendency that there is for the two bones to unite across the

interosseous membrane; the limb should therefore be put up in a position midway between supi-

nation and pronation, which is not only the most comfortable position, but also separates the bones

most widely from each other, and therefore diminishes

the risk of the bones becoming united across the inter-

osseous membrane. The splints, anterior and posterior,

which are applied in these cases should be rather wider

than the limb, so as to prevent any lateral pressure on

the bones. In these cases there is a greater liability to

gangrene from the pressure of the splints than in other

parts of the body. This is no doubt due principally to

two causes: (1) The flexion of the forearm compressing

to a certain extent the brachial artery and retarding

the flow of blood to the limb; and (2) the superficial

position of the two main arteries of the forearm in a

part of their course, and their liability to be compressed

by the splints. The special fractures of the ulna are:

(1) Fracture of the olecranon. This may be caused by

direct violence, falls on the elbow with the forearm

flexed, or by muscular action by the sudden contraction

of the triceps. The most common place for the frac-

ture to occur is at the constricted portion where the

olecranon joins the shaft of the bone, and the fracture

may be either transverse or oblique; but any part may
be "broken, even a thin shell may be torn off. Fractures

from direct violence are occasionally comminuted. The
displacement is sometimes very slight, owing to the

fibrous structures around the process not being torn.

(2) Fracture of the coronoid process sometimes occurs

as a complication of dislocation backward of the bones

of the forearm, but it is doubtful if it ever occurs as an

uncomplicated injury. (3) Fractures of the shaft of the

ulna may occur at any part, but usually takes place at the

middle of the bone or a little below it. They are usually

the result of direct violence. (4) The styloid process may be knocked off by direct violence.

Fractures of the radius consist of: (1) Fracture of the head of the bone; this generally occurs

in conjunction with some other lesion, but may occur as an uncomplicated injury. (2) Fracture

of the neck may also take place, but is generally complicated with other injury. (3) Fractures of

the shaft of the radius are very common, and may take place at any part of the bone. They
may take place from either direct or indirect violence. In fractures of the upper third of the

shaft of the bone, that is to say, above the insertion of the Pronator teres, the displacement is

very great. The upper fragment is strongly supinated by the Biceps and Supinator, and flexed

by the Biceps, while the lower fragment is pronated and drawn toward the ulna by the two
pronators. If such a fracture is put up in the ordinary position, midway between supination

and pronation, the fracture will unite with the upper fragment in a position of supination, and
the lower one in the raid-position, and thus considerable impairment of the movements of the

hand will result. The limb should be put up with the forearm supinated. (4) The most impor-

tant fracture of the radius is that of the lower end {CoUes' fracture). The fracture is transverse,

and generally takes place about an inch from the lower extremity. It is caused by falls on the

palm of the hand, and is an injury of advanced life, occurring more frequently in the female

than the male. In consequence of the manner in which the fracture is caused, the upper frag-

ment becomes driven into the lower, and impaction is the result; or else the lower fragment
becomes split up into two or more pieces, so that no fixation occurs. Separation of the lower

epiphysis of the radius may take place in the young. This injury and Colles' fracture may be
distinguished from other injuries in this neighborhood—especially dislocation, with which it is

liable to be confounded—by observing the relative positions of the styloid processes of the ulna

and radius. In the natural condition of parts, with the arm hanging by the side, the styloid

process of the radius is on a lower level than that of the ulna; that is to say, nearer the ground.

After fracture or separation of the epiphysis this process is on the same or a higher level than that

of the ulna, whereas it would be unaltered in position in dislocation.

13

Appears at

2d year.

Unites with shaft
about 20th year.

Lower extremity.

Fig. 149.—-Plan of the development of the
radius. From three centres.
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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 digits.

Carpus. Groovefor tendon of
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Fio. 150.—Bones of the left hand. Palmar surface.
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The Carpus Ossa Carpi) (Figs. 150, 151).

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,

** Xt

Carpus

EXTENSOR CARPI

RAOIALIS LONQLOR.

EXTENSOR CARPI

RAOIALIS BREVIOR.

EXTENSOR CARPI
ULNARJS.

*TiNSCR LONQUSi
POLL.C S.

EXTENSOR COMMUNIS
DIGITORUM aJld

ExrENSOR ihDias.

Metacarpus.

Phalanges.

IstBmo.

tndEom.

'SrdBom

Fig. 151.-—Bones of the left hand. Dorsal surface.
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semilunar, cuneiform, and pisiform; those of the lower row, enumerated in the
same order, are the trapezium, trapezoid, os magnum, and unciform.

Cominon Characters of the Carpal Bones.—Each bone (excepting the pisi-

form) presents six surfaces. Of these the miterior, j)almar, or volar, and the

posterior or dorsal are rough for ligamentous attachment, the dorsal surface being

the broader, except in the scaphoid and semilunar. The superior or proximal

and inferior or distal are articular, the superior generally convex, the inferior

concave; and the internal and external are also articular when in contact with
contiguous bones, otherwise rough and tubercular. The structure of all is similar,

consisting of cancellous tissue enclosed in a layer of compact bone.

I*is\form

E. A. S.

Fig. 152.— Diagram to show articulations.

Bones of the Upper Row.—The scaphoid or navicular bone (os naviculare
manus) (Fig. 153) is the largest bone of the first row. It is situated at the upper
and outer part of the carpus, its long axis being from above downward, outward,
and forward.

For radius

Tuberosity

For trapezium

For semilunar

For OS magnum
For trapezoid

A B
Fig. 153.—The left scaphoid. A, seen from behind; B, seen from in front.

Surfaces.—The superior surface is convex, smooth, of triangular shape, and
articulates with the lower end of the raCdius. The inferior surface, directed down-
ward, outward, and backward, 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 length of the bone and serves for the attachment
of ligaments. The anterior or pahnar surface is concave above, and elevated at
its lower and outfer part into a prominent rounded tuberosity (fuberculum ossis
navicularis), which projects forward from the front of the carpus and gives attach-
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ment to the anterior annular ligament of the wrist and sometimes a few fibres

of the Abductor poUicis. The external surface is rough and narrow, and gives

attachment to the external lateral ligament of the wrist. The internal surface

presents two articular facets; of these, the superior or smaller one is flattened,

of semilunar form, and articulates with the serhilunar; the inferior or larger is

concave, forming, with the semilunar bone, a concavity for the head of the os

magnum.

To ascertain to which side the bone belongs, hold the convex radial articular surface upward,

and the dorsal surface backward; the prominent tubercle will be directed to the side to which
the bone belongs.

Articulations.—With five bones—the radius above, traptezium and trapezoid below, os

macrnum and semilunar internally.

Attachment of Muscles.—Occasionally a few fibres of the Abductor pollicis.

The semilunar bone (Fig. 154) 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.

For cuneiform For radius

For scaphoid

For unciform For os magnum

A B
Fig. 154.—The left semilunar. A, anterior and internal surfaces; B, external surface.

Surfaces.—The superior surface, convex, smooth, and bounded by four edges,

articulates with the radius. The inferior surface is deeply concave, and of greater

extent from before backward than transversely; it articulates with the head of the

os magnum and by 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 a somewhat rounded form. The external surface presents a narrow, flat-

tened, semilunar facet for articulation with the scaphoid. The internal surface

is marked by a smooth, quadrilateral facet, for articulation with the cuneiform.

To ascertain to which hand this bone belongs, hold it with the dorsal surface upward, and
the convex articular surface backward; the quadrilateral articidar facet will then point to the

side to which the bone belongs.

Articulations.—With five bones—the radius above, os magniun and imcifonn below, scaphoid

externally, and cuneiform internally.

The cuneiform {os triquetrum) (Fig. loo) may be For pisiform For semilunar

distinguished by its p%Tamidal 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.

Surfaces.—The superior surface presents an internal. For unciform

ix)ugh, nonarticular portion, and an external or fig. 155.—The left cuneiform,

articular portion, which is convex, smooth, and articu- f^"« p*^"" *"^ ^**^ ""'-

lates with the triangular intra-articular fibrocartilage

of the wrist. The inferior surface, directed outward, is concave, sinuously cuned,
and smooth for articulation with the unciform. The posterior or dorsal surface is
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-rough, for the attachment of ligaments. The anterior or palmar surface presents,

at its inner side, an oval facet, for articulation with the pisiform, and is rough

externally, for ligamentous attachment. 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.

To ascertain to which hand this bone belongs, hold it so that the base is directed backward,

and the articular facet for the pisiform bone upward; the concave articular facet will point to

the side to which the bone belongs. ...
Articulations.—With three bones—the semilunar externally, the pisiform in front, the unci-

form below; and with the triangular, interarticular fibrocartilage which separates it from the

lower end of the ulna.

The pisiform (os pisiforme) (Fig. 156) may be known by its small size and by

its presenting a single articular facet. It is situated on a plane anterior to the

other bones of the carpus; it is spheroidal in form, with its long

diameter directed vertically.

Surfaces.

—

Its posterior surface is a smooth, oval facet, for

articulation with the cuneiform. This facet approaches the

superior, but not the inferior border of the bone. The anterior

or palmar surface is rounded and rough, and gives attachment to

the anterior annular ligament and to the Flexor cai-pi ulnaris

and origin to the Abductor minimi digiti. The outer and inner

surfaces are also rough, the former being concave, the latter usually convex.

For cuneiform

Fig. 156.—The left

pisiforra, showing
posterior and lateral

surfaces.

To ascertain to which hand this bone belongs, hold the bone with its posterior or articular

facet downward and the nonarticular portion of the same surface backward; the inner concave

surface will point to the side to which it belongs:

Articulations.—With one bone, the cuneiform.

Attachment of Muscles.—To two—the Flexor carpi ulnaris and Abductor minimi digiti;

and to the anterior annular ligament.

Bones of the Lower Row.

—

The trapezium (os multangulum majus) (Fig.

157) 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 metacarpal bone.

For trapezoid

For 2nd
metacarpal

Groove
For scaphoid

Ridge

For trapezoid

For 2nd metacarpal
For 1st metacarpal

A B

Fig. 157.—The left trapezium. A, as seen from in front; B, from above and mesal side.

Surfaces.

—

^The superior surface, concave and smooth, is directed upward and

inward, and articulates with the scaphoid. The inferior surface, directed down-

ward and inward, is oval, concave from side to side, convex from before backward,

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 downward and inward;

it transmits the tendon of the Flexor carpi radialis, and is bounded externally
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by a prominent ridge, the oblique ridge of the trapezium {hiberculum ossis viuU

tangxiU majoris). This surface gives origin to the Abductor poUicis, Opponens

pollicis, sometimes to a portion of the superficial head of the Flexor b^e^^s pollicis

muscles, and the anterior annular ligament. The posterior or dorsal surface

is rough. The external surface is also broad and rough, for the attachment of

ligaments. The internal surface presents two articular facets; the upper one,

large and concave, articulates with the trapezoid; the lower one, small and oval,

with the base of the second metacarpal bone.

To ascertain to which hand this bone belongs, hold it with the grooved palmar surface upward,

and the external broad, nonarticular surface backward; the saddle-shaped surface will then be

directed to 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 poUicis, Opponens pollicis, and sometimes the superficial

head of the Flexor bre\-is polUcis.

The trapezoid (os multangulum mijiiis) (Fig. 158) is the smallest bone in the

second row. It may be known by its wedge-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.

Palmar For
For scaphoid surface trapezium

Dorsal For OS For 2nd

surface magnum metacarpal

A B
Fig. 158.—The left tH«)e«)id. A, as seen from above, inner side and behind; B, tram in front,

below and outer side.

Surfaces.—The superior surface, quadrilateral in form, smooth, and slightly con-

cave, articulates with the scaphoid. The inferior surface articulates with the upper
end of the second metacarpal bone; it is convex from side to side, concave from
before backward, and subdivided by an elevated ridge into two unequal lateral

facets. The posterior or dorsal and anterior or palmar surfaces are rough, for the

attachment of hgaments, 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 in front, for articulation \s-ith the os magnum; rough behind,

for the attachment of an interosseous ligament.

To ascertain to which hand this bone belongs, let the broad dorsal surface be held upward,
and the inferior concavo-convex surface forward; the internal concave surface will then point

to the side to which the bone belongs

Articulations.—With Jour bones—the scaphoid above, second metacarpal bone below, trape-

ziimi externally, os magnum internally.

The OS magnum {os capitatum) (Fig. 159) 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 conca\'ity formed by the scaphoid and semilimar

bones; a constricted portion or neck; and, below, the body.

Surfaces.—The superior surface is rounded, smooth, and articulates with the semi-

lunar. The inferior surface is divided by two ridges into three facets for articu-

lation \^-ith the second, third, and fourth metacarpal bones, that for the third (the

middle facet) being the largest of the three. The posterior or dorsal suriace is

broad and rough; the anterior or palmar, narrow, roimded, and also rough, for the
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attachment of ligaments, and it gives origin to a part of the Adductor obhquus
polHcis. The external surface articulates with the trapezoid by a small facet

at its anterior inferior angle, behind which is a rough depression for the attach-

ment of an interosseous ligament. Above this is a deep and rough groove, which
forms part of the neck and serves for the attachment of ligaments, bounded supe-

riorly by a smooth, convex surface for articulation with the scaphoid. The

For semilunar

For scaphoid-

For
unciform

For trapezoid

I For 3rd

For 2nd metacarpal ^
metacarpal For 4tk metacarpal Palmar surface

A B

Fig. 159.—The left os magnum. A, outer side seen from below; B, internal posterior surface.

internal surface articulates with the unciform by a smooth, concave, oblong

facet which occupies its posterior and superior parts, and is rough in front, for

the attachment of an interosseous ligament.

To ascertain to which hand this bone belongs, the rounded head should be held upward, and
the broad dorsal surface forward; the internal concave articular surface will point to the side to

which the bone belongs.

Articulations.—With seven bones—the scaphoid and semilunar above; the second, third, and

fourth metacarpal below; the trapezoid on the radial side; and the unciform on the ulnar side.

Attachment of Muscles.—Part of the Adductor obliquus pollicis.

The unciform {os hamaium) (Fig. 160) 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 downward,
resting on the two inner metacarpal bones, and its apex directed upward and
outward.

For semilunar

For OS magnum
For cuneiform

For 4th metacarpal

For 5th metacarpal Unciform process For 5th metacarpal

A B

Fig. 160.—The left unciform. A, internal surface; B, outer and distal surfaces.

Surfaces.—The superior surface, the apex of the wedge, is narrow, convex,
smooth, and articulates with the semilunar. The inferior surface articulates with
the fourth and fifth metacarpal bones, the concave surface for each being sepa-
rated by a ridge which runs from before backward. The posterior or dorsal

surface is triangular and rough, for ligamentous attachment. The anterior or
palmar surface presents, at its lower and inner side, a curved, hook-like process of

bone, the unciform process {hamulus ossis hamati), directed from the palmar sur-

face forward and outward. It gives attachment by its apex to the annular liga-
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ment and insertion to some of the fibres of the Flexor carpi ulnaris; by its inner

surface it gives origin to the Flexor brevis minimi digiti and the Opponens 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 ligament is attached, the others being the pisiform

internally, the oblique ridge of the trapezium and the tuberosity of the scaphoid

externally. The internal surface articulates with the cuneiform by an oblong

facet cut obliquely from above, downward and inward. The external surface

articulates with the os magnum by its upper and posterior part, the remaining

portion being rough, for the attachment of ligaments.

To ascertain to which hand it belongs, hold the ap>ex of the bone upward, and the broad dorsal

surface backward ; 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 metacarpal
below, the cuneiform internally, the os magnum externally.

Attachment of Muscles.—To three—the Flexor brevis minimi digiti, the Opponens
minimi digiti, the Flexor carpi ulnaris.

The Metacarpus (Ossa Metacarpalia) (Figs. 150, 151).

The metacarpal bones are jive in number, and they are numbered from 1 to 5

inclusive, the first being the metacarpal bone of the thumb, the fifth the meta-

carpal bone of the little finger. They are long, cylindrical bones, presenting for

examination a shaft and two extremities.

Common Characters of the Metacarpal Bones.

—

^The shaft (corptis) is pris-

moid in form, and cun^ed longitudinally, so as to be convex in the longitudinal

direction behind, concave in front. It presents three surfaces—two lateral and
one posterior. The two lateral surfaces constitute the palmar or volar aspect.

The lateral surfaces are concave, for the origin of the Interossei muscles, and
separated from one another by a prominent anterior ridge. The posterior or

dorsal surface presents in its distal half a smooth, triangular, flattened area which

is covered, in the recent state, by the tendons of the Extensor muscles. This

triangular surface is bounded by two lines, which commence in small tubercles

situated on the dorsal aspect on either side of the digital extremity, and, running

backward, converge to meet some distance behind the centre of the bone and
form a ridge which runs along the rest of the dorsal surface to the carpal ex-

tremity. This ridge separates two lateral, sloping surfaces for the origin of the

Dorsal interossei muscles.^ To the tubercles on the digital extremities are

attached the lateral ligaments of the metacarpophalangeal joints. On the pal-

mar surface of each metacarpal bone is a nutrient foramen, which opens into a

nutrient canal. In the first metacarpal the direction of this foramen is toward the

phalanges (distad). In each of the other metacarpals it is from the phalanges

(proximad).

The carpal or proximal extremity (basis) 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 are rough,

for the attachment of tendons and ligaments.

The distal extremity {capitulinn) presents an oblong surface, markedly con-

vex from before backward, less so from side to side, and flattened laterally; it

articulates with the proximal phalanx; it is broader and extends farther forward

on the palmar than on the dorsal aspect. It is longer in the antero-posterior than

in the transverse diameter. On either side of the head is a tubercle for the attach-

' By these sloping surfaces the metacarpal bones of the hand may be at once difFerentiated from the metatarsal
bones of the foot.
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ment of the lateral ligament of the metacarpophalangeal joint. The posterior

surface, broad and flat, supports the Extensor tendons; the anterior surface is

grooved in the middle line for the passage of the Flexor tendons, and marked on
each side by an articular eminence continuous with the terminal articular surface.

The metacarpal spaces (spatia interossea metacarpi)

are the intervals between the metacarpal bones.

They are occupied by the Interossei muscles. The
broadest space is between the metacarpal bones of

the thumb and index finger.

Peculiar Characters of the Metacarpal Bones.
—The metacarpal bone of the thumb (os metacar-

pale I) (Fig. 161) is shorter and wider than the

rest, diverges to a greater degree from the carpus,

and its palmar surface is directed inward toward
the palm. The shaft is flattened and broad on
its dorsal aspect, and does not present the ridge

which is found on the other metacarpal bones; it

is concave from above downward, on its palmar
surface. The carpal extremity, or base, presents

a concavo-convex surface, for articulation with the

trapezium; it has no lateral facets, but presents

externally a tubercle for the insertion of the Extensor ossis metacarpi poUicis.

The distal extremity is less convex than that of the other metacarpal bones, broader
from side to side than from before backward. It presents on its palmar aspect

two distinct articular eminences for the two sesamoid bones in the tendons of

the Flexor brevis pollicis, the outer one being the larger of the two.

Tubercle.

For trapezmm. For trapezium.

Fig. 161.—The first metacarpal. (Left.)

The side to which this bone belongs may be known by holding it in the position it occuf>ies

in the hand, with the carpal extremity upward and the dorsal surface backward; the tubercle for

the Extensor ossis metacarpi pollicis will point to the side to which it belongs.

Attachment of Muscles.—To four—the Opponens pollicis, the Extensor ossis metacarpi
pollicis, the Flexor brevis pollicis, and the First dorsal interosseous.

The metacarpal bone of the index finger {os metacarpale II) (Fig. 162) is the

longest and its base the largest of the other four. Its carpal extremity is prolonged

upward and inward, forming a prominent ridge. The dorsal and palmar surfaces

of this extremity are rough, for the attachment of tendons and ligaments. It pre-

sents four articular facets—three on the upper aspect of the base; the middle
one of the three is the largest, concave from side to side, convex from before back-
ward, for articulation with the trapezoid; the external one is a small, flat, oval

facet, for articulation with the trapezium; the internal one on the summit of the

ridge is long and narrow, for articulation with the os magnum. The fourth facet

is on the inner or the ulnar side of the extremity of the bone, and is for articulation

with the third metacarpal bone.

The side to which this bone belongs is indicated by the absence of the lateral facet on the outer

(radial) side of its base, so that if the bone is placed with the base toward the student and the

palmar surface upward, the side on which there is no lateral facet will be that to which it belongs.

Attachment of Muscles.—To six—Flexor carpi radialis. Extensor carpi radialis longior,

the deep portion of the Flexor brevis pollicis. First and Second dorsal interosseous, and First
palmar interosseous.

The metacarpal bone of the middle finger (os metacarpale III) (Fig. 163) is a
little smaller than the preceding; it presents a pyramidal eminence, the styloid
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process (processus styloideus), on the radial side of its base (dorsal aspect), which

extends upward behind the os magnum; immediately below this, on the dorsal

aspect, is a rough surface for the attachment of the Extensor carpi radialis brevior.

The carpal, articular facet is concave behind, flat in front, and articulates with the

OS magnum. On the radial side is a smooth, concave facet, for articulation with

the second metacarpal bone, and on the ulnar side two small, oval facets, for articu-

lation with the fourth metacarpal.

The side to which this bone belongs is easily recognized by the styloid process on the radial

side of its base. With the palmar surface uppermost and the base toward the student, this process

points toward the side to which the bone belongs.

Attachment of Muscles.—To six—Extensor carpi radialis brevior, Flexor carpi radialis,

Adductor transversus pollicis, Adductor obliquus poilicis, and Second and Third dorsal inter-

trapesium.

For trapezoid.

Fig. 162.—The second metacarpal

For third metacarpal

For OS magnum.

(Left.)

For fourth
metacarpal.

Styloid For second

process. metacarpeU.

For OS magnum.

Fig. 163.^The third metaoarpaL (Left.)

The metacarpal bone of the ring finger (os mMacarpale IV) (Fig. 164) is shorter

and smaller than the preceding, and its base small and quadrilateral; the carpal

surface of the base presenting two facets, a large one internally, for articulation

with the unciform, and a small one externally, for the 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 diis bone is placed with the base toward the student and the palmar surface upward, the

radial side of the base, which has t\^•o 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 mav be known by selecting the surface on which the larger

articular facet is present. This facet is for the fifth metacarpal bone, and would therefore be

situated on the ulnar side—that is, the one to which the bone does not belong.

Attachment of Muscles.—To three—the Third and Fourth dorsal and Second palmar inter-

osseous.

The metacarpal bone of the Uttle finger (os metacarpale V) (Fig. 165) presents

on its base one facet, which is concavo-convex, and w^hich articulates with the

unciform bone, and one lateral, articular facet, which articulates with the fourth

metacarpal bone. On its ulnar side is a prominent tubercle, for the insertion of
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the tendon of the Extensor carpi ulnaris. The dorsal surface of the shaft is marked
by an oblique ridge which extends from near the ulnar side of the upper extremity

to the radial side of the lower. The outer division of this surface serves for

the attachment of the Fourth dorsal interosseous muscle; the inner division is

smooth and covered by the Extensor tendons of the little finger.

For third

metacarpal. For os

magnum.

For fift h meta-
carpal

For unciform.

Fig. 164.—The fourth metacarpal. (Left.)

For unciform.

Fig. 165.—The fifth metacarpal. (Left.)

For fourth
metacarpal.

If this bone is placed with its base toward the student and its palmar surface upward, the

side of the head which has a lateral facet will be that to which the bone belongs.

Attachment of Muscles.—To five—the Extensor carpi ulnaris, Flexor carpi ulnaris, Oppo-
nens minimi digiti. Fourth dorsal, and Third palmar interossei.

Articulations.—Besides the phalangeal articulations, the first metacarpal bone articulates

with the trapezium; the second with the trapezium, trapezoid, os magnum, and third metacarpal

bones; the third with the os magnum and second and fourth metacarpal bones; the fourth with

the OS magnum, unciform, and third and fifth metacarpal bones ; and the fifth with the unciform

and fourth metacarpal.

The first has no lateral facets on its carpal extremity; the second has no lateral facet on its

radial side, but one on its ulnar side; the third has one on its radial and two on its ulnar side;

the fourth has two on its radial and one on its ulnar side; and the fifth has only one on its radial

side.

The Phalanges of the Hand (Phalanges Digitorum Manus).

The phalanges {'phalanges digitorum manus) are fourteen in number, three for

each finger, and two for the thumb. In numbering them the proximal bone
is designated as the first phalanx (phalanx I). They are long bones, and present

for examination a shaft and two extremities. The shaft {corpus phalangi-s)

tapers from above downward, is convex posteriorly, concave in front from above
downward, flat from side to side, and marked laterally by rough ridges, which
give attachment to the fibrous sheaths of the Flexor tendons. A nutrient foramen
on the palmar surface leads into a nutrient canal which runs toward the periphery

{distad). The metacarpal extremity, or base {basis phalangis), of each phalanx
in the first row presents an oval, concave, articular surface, broader from side

to side than from before backward; and the same extremity in the other two
rows, a double concavity, separated by a longitudinal median ridge, extending
from before backward. The distal extremity of the first phalanx of the thumb
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and of the first and second phalanx of each of the fingers is smaller than the
base, and terminates in two small, lateral condyles, separated by a slight groove
(trochlea phalaiigis); the articular surface being prolonged farther forward on
the palmar than on the dorsal surface, especially in the first row.

The ungual phalanges (distal) are convex on their dorsal, flat on their palmar,
surfaces; they are recognized by their small size and by a roughened, elevated

surface of a horseshoe form on the palmar aspect of their ungual extremity {tuber-

ositas uiiguicularis), which senes 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 phalanx of the thumb, _^«e muscles—the

Extensor brevis poUicis, Flexor brevis pollicis, Abductor pollicis, Adductores transversus and
Obliquus pollicis. To the second phalanx, tico—the Flexor longus pollicis and the Extensor
longus pollicis. To the base of the first phalanx of the index finger, the First dorsal and the First

palmar interosseous; to that of the middle finger, the Second and Third dorsal interosseous;

to that of the ring finger, the Fourth dorsal and the Second palmar interossei; 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 subUmis 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.

Surface Form of Carpal and Metacarpal Bones and of the Phalanges.—On the

front of the wrist are two subcutaneous eminences, one on the radial side, the larger and
flatter, due to the tuberosity of the scaphoid and the ridge on the trapezium; the other, on
the ulnar side, caused bv the pisiform bone. The tubercle of the scaphoid may be felt just

below and in front of the apex of the styloid process of the radius. It is best perceived by
extending the hand on the forearm. Immediately below may be felt another prominence, better

marked than the tubercle; this is the ridge on the trapezium which gives attachment to some of

the short muscles of the thumb. On the inner side of the front of the wrist the pisiform bone
may be felt, forming a small but prominent projection in this situation. It is some distance below

the styloid process of the ulna, and may be said to be just below the level of the styloid process of

the radius. The rest of the front of the carpus is covered by tendons and the annular ligament,

and entirely concealed, with the exception of the hooked process of the unciform, which can only

bo made out with difficulty. The back of the carpus is convex and covered by the Extensor ten-

dons, so that none of the posterior surfaces of the bones are to be felt, with the exception of the

cuneiform on the inner side. Belov»- the carpus the dorsal surfaces of the metacarpal bones,

except the fifth, are covered by tendons, and are scarcely Wsible except in very thin hands. The
dorsal surface of the fifth is, however, subcutaneous throughout almost its whole length, and may
be plainly perceived and felt. In addition to this, slightly external to the middle line of the hand,

is a prominence, frequently well marked, but occasionally indistinct, formed by the base of the

metacarpal of the middle finger. The heads of the metacarpal bones may be plainly felt and seen,

rounded in contour and standing out in bold relief under the skin, when the fist is clenched. It

should be borne in mind that when the fingers are flexed on the 'hand, the articular surfaces of

the first phalanges glide off the heads of the metacarpal bones on to their anterior surfaces, so

that the head of these bones form the prominence of the knuckles and receive the force of any

blow which may be given. The head of the third metacarpal bone is the most prominent, and

receives the greater part of the shock of the blow. This bone articulates with the os magnum,
so that the concussion is carried through this bone to the scaphoid and semilunar, with which the

head of the os magnum articulates, and by these bones is transferred to the radius, along which

it may be carried to the capitellum of the humerus. The enlarged extremities of the phalanges

may be plainly felt; they form the joints of the fingers. \Mien the digits are bent the proximal

phalanges of the joints form prominences, which in the joint between the first and second pha-

langes is slightly hollowed, in accordance with the grooved shape of their articular surfaces,

while at the last row the prominence is flattened and square-shaped. In the palm of the hand

the four inner metacarpal Vx)nes are covered by muscles, tendons, and the palmar fascia, and no

part of them but their heads is to be distinguished. With r^ard to the thumb, on the dorsal

aspect the base of the metacarpal bone forms a prominence below the styloid process of the radius;

the shaft is to be felt, covered by tendons, terminating at its head in a flattened prominence, in

front of which can l>e felt the sesamoid bones.

Applied Anatomy.—The carpal bones are not very liable to fracture, except from extreme

nolence, when the parts may be so comminuted as to necessitate amputation. Occasionally

they are the seat of tnherciilous disease. The metacarpal bones and the phalanges are not infre-

quently broken by direct violence. The first metacarpal bone is the one most commonly frac-
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tured; then the second, the fourth, and the fifth, the third being the one least frequently broken.

There are two diseases of the metacarpal bones and phalanges which require special mention on

account of the frequency of their occurrence. One is tuberculous dactylitis, consisting in a deposit

of tuberculous material in the medullary canal, expanding the bone, with subsequent caseation

and resulting necrosis. The other is chondroma, which is perhaps more frequently found in

connection with the metacarpal bones and phalanges than with any other bones. When chon-

idromatous growth takes place there are usually multiple tumors, and they may spring either

'from the medullary canal or from the periosteum.

Development of the Bones of the Hand.

—

The carpal bones are each developed from a

single centre. At birth they are all cartilaginous. Ossification proceeds in the following order

(Fio-. 166): 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 latter preceding the former; in the scaphoid, in the sixth to the eighth year;

in the trapezoid, during the eighth year; and in the pisiform, about the twelfth year.

Carpus.

One centre for each hone.

AU cartilaginous at UHh. <i^/ i-^JfC'A '\ .C 7 ] "^<f'<\ Appears Srd year.

Unite 20th year.

Appears 8th week.

Metacarpvs.

Two centres for each hone

:

One for shaft,

One for distal extrcTniiy,

except first.

Phalanges.

Two centres for each bone

One for shaft,

One for metacarpal

extremity.

f-Appears Uth-Sth year.

\ Unite ISth-SOth year.

C§ IrS I—Appears 81h week.

Appearit Uh-Sth year.

18th-2Q year.

*Z I I—Appears 8th week.

Fig. 166.—Plan of the development of the bones of the hand.

Occasionally an additional bone, the os centrale, is found in the carpus, lying between the

scaphoid, trapezoid, and os magnum. During the second month of fetal life it is represented

by a small cartilaginous nodule, which, however, fuses with the cartilaginous scaphoid about the

third month. Sometimes the styloid process of the third metacarpal is detached and forms an

additional ossicle.

The metacarpal bones are each developed from two centres, one for the shaft and one for

the distal extremity for the four inner metacarpal bones; one for the shaft and one for the base

for the metacarpal bone of the thumb, which in this respect resembles the phalanges.^ Ossi-

fication commences in the centre of the shaft about the eighth or ninth week, the centre for the

first metacarpal bone being the last to appear; ossification gradually proceeds to either end of

' Allan Thomson has demonstrated the fact that the first metacarpal bone is often developed from three centres;
that is to say, there is separate nucleus for the distal end, forming a distinct epiphysis, visible at the age of seven or
eight years. He also states that there are traces of a proximal epiphysis in the second metacarpal bone.^-Journal of

Anatomy and Physiology, 1869.
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the bone: about the third year the distal extremities of the four inner metacarpal bones and the

base of the first metacarpal b^in to ossify, and they unite with the shaft about the twentieth year.

The phalanges are each developed from two centres, one for the shaft and otie for the base.

Ossification commences in the shaft, in all three rows, at about the eighth week, and gradually

involves the whole 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.

In the ungual phalanges the centre for the shaft appears at the distal extremity of the phalanx,

instead of at the middle of the shaft, as is the case with the other phalanges. The ungual

phalanges are the first bones of the hands to b^n to ossify.

THE LOWER EXTREMITY.

The lower extxemity consists of the following bones: Ossa innominata (with

the sacrum and cocc%-x forming the pelvis), the femur (thigh), the tibia and
fibula (the leg), the tarsus, the metatarsus and phalanges (the foot).

THE OS INNOMINATUM, CALLED ALSO OS COXAE, HIP BONE (Figs. 167, 168).

The OS innominatum is a large, irregularly shaped, flat bone, constricted in the

centre and expanded above and below, ^yith its fellow of the opposite side it

forms the sides and anterior wall of the pelvic ca\'ity. In young subjects it

consists of three separate parts, which meet and form the large, cup-like ca\'ity,

the acetabulum, situated near the middle of the outer surface of the bone; and,

although 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 pubis.

The ilium is the superior, broad, and expanded portion which runs upward

from the acetabulum and forms the prominence of the hip.

The ischium is the inferior and strongest portion of the bone; it proceeds down-

ward from the acetabulum, expands into a large tuberosity, and then, cursing

forward, helps to bound, \N-ith the descending ramus of the os pubis, a large

aperture, the obturator foramen.

The OS pubis is that portion which extends inward and downward from the

acetabulum to articulate in the middle line with the bone of the opposite side; it

forms the front of the pelvis and supports the external organs of generation.

The TliiiTTi (os ilium) presents for examination two surfaces, an external and

an internal, a crest, and two borders, an anterior and a posterior.

The external surface (Fig, 167) is divided into two parts—an upper or gluteal

and a lower or acetabular. The upper portion—known as the dorsum ilii—is

directed backward and outward behind, and downward and outward in front.

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 cuned lines. The superior

curved line (lined gluiaea posterior), the shortest of the three, commences at the

crest, about two inches in front of its posterior extremity; it is at first distinctly

marked, but as it passes downward and backward to the upper part of the great

sacrosciatic notch, where it terminates, it becomes less marked, and is often alto-

gether lost. Behind this line is a narrow semilunar surface, the upper part of

which is rough and affords origin to part of the Gluteus maximus; the lower part

is smooth and has no muscle fibres attached to it. The middle curved line (linea

gluiaea anterior), the longest of the three, commences at the crest, about an inch

behind its anterior extremity, and, taking a curved direction downward and

backward, terminates at the upper part of the great sacrosciatic notch. The
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space between the superior and middle curved lines and the crest is concavC;
and affords origin 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

literior superior
spine.

OEMELLUS SUPERIOR.

Spine of ischium.

aemiLUjs iNremoa

REOTUS ABDOMINIS.

PVRAMIOALIS.

OOUCTOR LONQUS

Fig. 167.—Right os innominatum. External surface.

line (linea glutaea inferior), the least distinct of the three, commences in front

at the notch on the anterior border, and, taking a curved direction backward
and downward, terminates at the middle of the great sacrosciatic notch. The
surface of bone included between the middle and inferior curved lines is concave
from above downward, convex from before backward, and affords origin to the

Gluteus minimus muscle. Beneath the inferior curved line, and corresponding
to the upper part of the acetabulum, is a roughened surface (sometimes a depres-
sion), from which arises the reflected tendon of the Rectus femoris muscle.
The lower or acetabular 'part of the external surface enters into the formation
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of the acetabulum, of which it forms rather less than two-fifths. It is separated
from the gkiteal portion by a prominent rim, which forms part of the margin
of the acetabular cavity.

COMPRESSOR URETHRAEy -_.__c_^^_^
T^^^T^^TRANSVERSUS PERINEL

Crus penis. erector penis.

Fig. 168.—Right os innominatum. Internal surface.

The internal surface (Fig. 168) is bounded above by the crest; below it is con-

tinuous with the pelvic surface of the os pubis and ischium, a faint line only

indicating the place of union; and before and behind it is bounded by the

anterior and posterior borders. It presents a large, smooth, concave surface,

called the iliac fossa (fossa iliaca), which lodges the Iliacus muscle, and presents

at its lower part the orifice of a nutrient canal, and below this a smooth, rounded
border, the iliopectineal line (linea arcuata). which separates the iliac fossa from that

portion of the internal surface which enters into the formation of the true pelvis,

ahd which gives origin to part of the Obturator internus muscle. Behind the

iliac fossa is a rough surface divided into two portions, an anterior and a posterior

14
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The anterior or auricular portion (fades avricidaris) , 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 posterior portion

(tuberositas iliaca) is rough, for the attachment of the posterior sacroiliac ligaments

and for a part of the origin of the Erector and Multifidus spinae.

The crest of the ilium (crista iliaca) is convex in its general outline and sinuously

curved, being concave inward in front, concave outward behind. It is longer in

the female than in the male, very thick behind, and thinner at the centre than at

the extremities. It terminates at either end in a prominent eminence, the anterior

superior and posterior superior spinous process (spina iliaca anterior superior et

spina iliaca posterior superior). The surface of the crest is broad, and divided

into an external lip (labium externum), an internal lip (labium internum), and an
intermediate space (linea intermedia). About two inches behind the anterior

superior spinous process there is a prominent tubercle on the outer lip. To the

external lip is attached the Tensor fasciae femoris, Obliquus externus abdominis,

and Latissimus dorsi, and along its whole length, the fascia lata; to the space

between the lips, the Internal oblique; to the internal lip, the Transversalis,

Quadratus lumborum, and Erector spinae, the Iliacus, and the. iliac fascia.

The anterior border of the ilium is concave. It presents two projections, sepa-

rated 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 fasciae femoris; its inner border, to the Iliacus; while its extremity

affords attachment to Poupart's ligament and the origin of the Sartorius. Beneath
this eminence is a notch which gives origin to the Sartorius muscle, and across

which passes the external cutaneous nerve. Below the notch is the anterior

inferior spinous process (spina iliaca anterior inferior), which terminates in the
upper lip of the acetabulum ; it gives origin to the straight tendon of the Rectus
femoris muscle and the iliofemoral ligament. On the inner side of the anterior

inferior spinous process is a broad, shallow groove, over which passes the Ilio-

psoas muscle. This groove is bounded internally by an eminence, the iUopectineal

eminence (eminentia iliopectinea) , which marks the point of union of the ilium and
OS pubis.

The posterior border of the ilium, shorter than the anterior, also presents two
projections separated by a notch, the posterior superior spinous process (sjnna

iliaca posterior superior) and the posterior inferior spinous process (spina iliaca

posterior inferior). The former corresponds with that portion of the inner

surface of the ilium which serves for the attachment of the oblique portion of the

sacroiliac ligaments and the Multifidus spinae muscle; the latter, to the auricular

portion which articulates with the sacrum. Below the posterior inferior spinous

process the posterior border forms the upper part of a deep notch, the great

sacrosciatic notch.

The Ischium (os ischii) forms the lower and back part of the os innominatum.
It is divisible into a thick and solid portion—the body; a large, rough eminence,
on which the trunk rests in sitting—the tuberosity; and a thin part which passes

inward and slightly upward—the ramus.
The body (corpus ossis ischii), somewhat triangular in form, presents three

surfaces, antero-external, internal, and postero-external ; and three borders, ex-

ternal, internal, and posterior. The antero-external surface corresponds to that

portion of the acetabulum formed by the ischium; it is smooth and concave,

and forms a little more than two-fifths of the acetabular cavity; its outer margin
is bounded by a prominent rim or lip, the external border, to which the cotyloid

fibrocartilage is attached. Below the acetabulum, between it and the tuberosity,

is a deep groove, along which the tendon of the Obturator externus muscle runs
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as it passes outward to be inserted into the trochanteric fossa of the femur.

The internal surface is smooth, concave, and enters into the formation of the lateral

boundary of the true pelvic cavity. This surface is perforated by two or three

large, vascular foramina, and affords origin to part of the Obturator internus

muscle. The postero-extemal surface is quadrilateral in form, broad and smooth.
Below, where it joins the tuberosity, it presents a groove, the obturator groove

(sulcus obturatorius), continuous with that on the antero-external surface; in

this groove is received the posterior fleshy part of the Obturator externus muscle
when the thigh is flexed. The lower edge of this groove is formed by the tuberosity

of the ischium, and affords origin to the Gemellus inferior muscle. The postero-

external surface is limited, externally, by the margin of the acetabulum; behind,

by the posterior border; it supports the Pyriformis, the two Gemelli, and the

Obturator internus muscles in their passage to the great trochanter. The ex-

ternal border separates the postero-external from the antero-external surface.

The internal border is thin, and forms the outer circumference of the obturator

foramen. The posterior border of the body of the ischium is continuous \s'ith

the posterior border of the ilium; it presents, a little below the centre, a thin

and pointed triangular eminence, the spine of the ischium (spina ischiadica)

,

more or less elongated in different subjects; its external surface gives origin

to the Gemellus superior, its internal surface to the Coccygeus and Levator
ani; while to the pointed extremity is connected the lesser sacrosciatic ligament.

Above the spine is a notch of large size, the great sacrosciatic notch, converted into

a foramen, the great sacrosciatic foramen (foramen ischiadicum majus), by the

lesser and greater sacrosciatic ligaments; it transmits the Pyriformis muscle,

the gluteal vessels, and superior and inferior gluteal ner\'es; the sciatic vessels,

the greater and lesser sciatic nerves, the internal pudic vessels and nerve, and the

nerves to the Obturator internus and Quadratus femoris. Of these, the gluteal

vessels and superior gluteal nerve pass out above the Pyriformis muscle, the other

structures, below it. Below the spine is a smaller notch, the lesser sacrosciatic

notch (incisura ischiadica minor); it is smooth, coated in the recent state with

cartilage. It is converted into a foramen, the lesser sacrosciatic foramen (foramen

ischiadicum minus), by the sacrosciatic ligaments, and transmits the tendon of

the Obturator internus, the ner\e which supplies that muscle, and the internal

pudic vessels and nene.
The tuberosity of the ischium (tuber ischiadicum) is the portion of bone between

the body and the ramus. The tuberosity presents for examination three sur-

faces—external, internal, and posterior. The external surface is quadrilateral

in shape and rough, for the attachment of muscles. It is bounded above by
the groove for the tendon of the Obturator externus; in front it is limited by
the posterior margin of the obturator foramen, and below it is continuous with the

ramus of the bone; behind, it is bounded by a prominent margin which separates

it from the posterior surface. In front of this margin the surface gives origin

to the Quadratus femoris, and anterior to this some of the fibres of origin of the

Obturator externus. The lower part of the surface gives origin to part of the

Adductor magnus. The internal surface forms part of the bony wall of the true

pelvis. In front it is limited by the posterior margin of the obturator foramen;

behind, it is bounded by a sharp ridge, for the attachment of a falciform pro-

longation of the great sacrosciatic ligament; it sometimes presents a groove on

the inner side of this ridge for the lodgement of the internal pudic vessels and nerve;

and, more anteriorly, has attached the Transversus perinaei and Erector penis vel

clitoridis muscles. The posterior surface is divided into two portions—a lower

rough, somewhat triangular part, and an upper smooth, quadrilateral portion.

The lower portion is subdivided by a prominent vertical ridge, passing from

base to apex, into two parts; the outer one gives origin to the Adductor magnus;
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the inner, to the great sacrosciatic ligament. The upper portion is subdivided

into two facets by an oblique ridge which runs downward and outward ; from the

upper and outer facet arises the Semimembranosus; from the lower and inner,

the Biceps and Semitendinosus.

The ramus {ramus inferior ossis ischii) is the thin, flattened part of the ischium

which ascends from the tuberosity upward and inward, and joins the descending

ramus of the os pubis, their point of junction being indicated in the adult by a

rough line. The outer surface of the ramus is rough, for the origin of the Obtura-

tor externus muscle, and also some fibres of the Adductor magnus; its inner sur-

face 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 presents two ridges and

an intervening space. The ridges are continuous with similar ones on the de-

scending ramus of the os pubis; to the outer one is attached the deep layer of

the superficial perineal fascia, and to the inner, the superficial layer of the tri-

angular ligament of the perineum. If these two ridges are traced backward,

they will be found to join with each other just behind the point of origin of the

Transversus perinei muscle; here the two layers of fascia are continuous behind

the posterior border of the muscle. To the intervening space, just in front of the

point of junction of the ridges, is attached the Transversus perinei muscle, and in

front of this arises a portion of the crus penis vel clitoridis and the Erector penis

vel clitoridis muscle. Its outer border is thin and sharp, and forms part of the

inner margin of the obturator foramen.

The Pubis {os pubis) forms the anterior part of the os innominatum, and, with the

bone of the opposite side, forms the front boundary of the true pelvic cavity. It is

divisible into a body, a superior or ascending and an inferior or descending ramus.

The body {corpus ossis pubis) is the broad portion of bone formed at the junc-

tion of the two rami. It is somewhat quadrilateral in shape, and presents for ex-

amination two surfaces and three borders. The anterior surface is rough, directed

downward and outward, and ser\'es for the attachment of various muscles. From
the upper and inner angle, immediately below the upper border, arises the Adduc-

tor longus; lower down, from without inward, arise the Obturator externus, the

Adductor brevis, and the upper part of the Gracilis. The posterior surface,

convex from above downward, concave from side to side, is smooth, and forms

part of the anterior wall of the pelvis. It gives origin to the Levator ani, Obturator

internus, a few muscle fibres prolonged from the bladder, and the puboprostatic

ligaments. At the outer part of the upper border is a prominent tubercle, which

projects forward and is called the spine {tuberculum pubicum); to it is attached

Poupart's ligament. Passing upward and outward from this is a prominent

ridge, forming part of the iliopectineal line (linea arcuatd). It marks the brim of

the true pelvis; to it are attached a portion of the conjoined tendon of the Internal

oblique and Transversalis muscles, Gimbernat's ligament, and the triangular

fascia. Internal to the spine the upper border is called the crest, which ex-

tends from this process to the inner extremity of the bone. It aft'ords attach-

ment to the conjoined tendon of the Internal Oblique and Transversalis, and

to the Rectus abdominis and Pyramidalis muscles. The point of junction of

the crest with the inner border of the bone is called the angle ; to it, as well as to

the symphysis, is attached the internal pillar of the external abdominal ring.

The internal border is articular; it is oval, covered by eight or nine transverse

ridges, which serve for the attachment of a thin layer of cartilage. This surface

is united to its fellow of the opposite side in the whole pelvis. The joint is called

the symphysis pubis. The outer border presents a sharp margin, which forms

part of the circumference of the obturator foramen and affords attachment to

the obturator membrane.
The ascending ramus {ramu^ superior ossis pubis) extends from the body to
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the point of junction of the os pubis with the ilium, and forms the upper part
of the circumference of the obturator foramen. It presents for examination
a superior, inferior, and posterior surface, and an outer extremity. The supe-

rior surface presents a continuation of the iliopectineal line, already mentioned as

commencing at the pubic spine. In front of this ridge the surface of bone is

triangular in form, wider externally than internally, smooth, and is covered by
the Pectineus muscle. The surface is bounded externally by a rough eminence,
the iliopectineal eminence (emineniia iliopectinea), which ser\es to indicate the

point of junction of the ilium and os pubis, and gives attachment to the Psoas
parvus, when this muscle is present. The triangular surface is bounded below
by a prominent ridge, the obturator crest (crista ohturatoria), which extends from
the cotyloid notch to the spine of the os pubis. The inferior surface forms the

upper boundary of the obturator foramen, and presents externally a broad and
deep oblique groove, the obturator groove (sulcus ohhiratoriiis), for the passage

of the obturator vessels and nerve; and internally a sharp margin which forms
part of the circumference of the obturator foramen, and to which the obturator

membrane is attached. The posterior surface forms part of the anterior boundary
of the true pelvis. It is smooth, convex from above downward, and affords

origin to some fibres of the Obturator internus. The outer extremity, the thickest

part of the ramus, forms one-fifth of the cavity of the acetabulum.

The descending ramus (ramus inferior ossis pubis) is thin and flattened. It

passes outward and downward, becoming narrower as it descends, and joins

with the ramus of the ischium. Its anterior surface is rough, for the origin of

muscles—the Gracilis along its inner border; a portion of the Obturator externus

where the ramus enters into the formation of the obturator foramen; and be-

tween these two muscles the Adductores bre\'is and magnus from within out-

ward. The posterior surface is smooth, and gives origin to the Obturator internus,

and, close to the inner margin, to the Compressor urethrae. The inner border is

thick, rough, and everted, especially in females. It presents two ridges, separated

by an intervening space. The ridges extend downward, and are continuous

with similar ridges on the ascending ramus of the ischium; to the external one

is attached the deep layer of the superficial perineal fascia, and to the internal

one the superficial layer of the triangular ligament of the perineum. The outer

border is thin and sharp, forms part of the circumference of the obturator fora-

men, and gives attachment to the obturator membrane.

The Cotyloid Cavity, or Acetabulum, is a deep, cup-shaped, hemispherical

depression, directed downward, outward, and forward; formed internally by the

OS pubis, above by the ilium, behind, externally, and below by the ischium, a little

less than two-fifths being formed by the ilium, a little more than two-fifths by the

ischium, and the remaining fifth by the pubic bone. It is bounded by a prominent

uneven rim, which is thick and strong above, and serves for the attachment of the

cotyloid ligament, which contracts its orifice and deepens the surface for articula-

tion. It presents below and internally a deep notch, the cotyloid notch (incisura

acetabidi), which is continuous with a circular depression, the fossa of the ace-

tabulum (fossa acetabidi), at the bottom of the canity; this depression is perforated

by numerous apertures, lodges a mass of fat, and its margins, as well as those of

the notch, serve for the attachment of the ligamentum teres. The fossa acetabuli

is partly surrounded by a concave rim of bone (fades lunata). The cotyloid notch

is converted, in the natural state, into a foramen by a dense ligamentous band,

the transverse ligament, which passes across it. Through this foramen the nu-

trient vessels and nerves of the joint pass.

The Obturator, or Thyroid Foramen (foramen obtiiratum), is a large aperture

situated between the ischium and os pubis. In the male it is large, of an oval

form, its longest diameter being obliquely from before backward; in the female
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it is smaller and more triangular. It is bounded by a thin, uneven margin, to

which a strong membrane is attached, and presents, anteriorly, a deep groove,

the obturator groove {sulcus obturatoriu^) , which runs from the pelvis obliquely

inward and downward. This groove is converted into a foramen by a ligamentous

band, a specialized part of the obturator membrane, attached to two tubercles,

one {iuherculum obturatorium posterius) on the internal border of the ischium, just

in front of the cotyloid notch, the other {tuherculum obturatorium anterius) on the

inferior margin of the posterior surface of the ascending ramus of the pubis, and
transmits the obturator 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 of the bone, as at the bottom
of the acetabulum and centre of the iliac fossa, it is usually semitransparent, and composed
entirely of compact tissue.

Development (Fig. 1(59).—From eight centres—three primary, ewe for the ilium, o/fe for the

ischium, and one for the os pubis; and five secondary, one for the crest of the ilium, one for the

anterior inferior spinous process (said to occur more frequently in the male than ii) the female),

oru for the tuberosity of the ischium, one for the symphysis pubis (more frequent in the female

than the male), and one or more for the Y-shaped piece at the bottom of the acetabulum. These

I^-Mn eijihf cPuUeji \
'^'"'^^ primary (Ilium, Ischium, ami Os Pubis).

JfYom etgM ceuttes
^ ^.^^ secondary.

8. Symphysis pubis.

The three primary centres unite through a \-shaped piece about puberty.

Epiphyses appear about puberty, and unite about the twenty-fifth year.

Fig. 169.—Plan of the development of the os innominatum.

various centres appear in the following order: First, in the ilium, at the lower part of the bone,

immediately above the sciatic notch, at about the eighth or ninth week; secondly, in the body of

the ischium, at about the third month of fetal life; thirdly, in the body of the os pubis, between
the fourth and fifth months. At birth the three primary centres are quite separate, the crest, the

bottom of the acetabulum, the ischial tuberosity, and the rami of the ischium and pubes being

still cartilaginous. At about the seventh or eighth year the rami of the os pubis and ischium are

almost^completely united by bone. About the twelfth year the three divisions of the bone have
extended their growth into the bottom of the acetabulum, being separated from each other by a

Y-shaped portion of cartilage, which now presents traces of ossification, often by two or more
centres. One of these, the o,s acetabuli, appears about the age of twelve, between the ilium and os

pubis, and fuses with them about the age of eighteen. It forms the pubic part of the acetabulum.

The ilium and ischium then become joined, and lastly the os pubis to the ischium, through the
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intervention of this Y-shaped portion. At about the age of puberty ossification, takes place

in each of the remaining portions, and they become joined to the rest of the bone between the

twentieth and twenty-fifth years. Separate centres are frequendy found for the pubic and ischial

spines.

Articulations.—With its fellow of the opposite side, the sacrum, and femur.
Attachment of Muscles.—To the ilium, sixteen. To the outer lip of the crest, the Tensor

vaginae femoris, Obiiquus extemus abdominis, and Latissimus dorsi; to the internal lip, the

Iliacus, Transversalis, Quadratus lumborum, and Erector spinae; to the interspace between the

lips, the Obiiquus intemus. To the outer surface of the ilium, the Gluteus maximus. Gluteus
medius, Gluteus minimus, reflected tendon of the Rectus femoris ; to the upper part of the great

sacrosciatic notch, a portion of the PvTiformis; to the internal surface, the Iliacus; to that portion

of the internal surface below the iliojiectineal line, the Obturator internus to the internal surface

of the posterior superior spine, and the Multifidus spinae; to the anterior border, the Sartorius

and straight tendon of the Rectus femoris. To the ischium, thirteen. To the outer surface of

the ramus, the Obturator externus and Adductor magnus; to the internal surface, the Obturator
internus and Erector penis. To the spine, the Gemellus superior, Levator ani, and Coccygeus.

To the tuberosity, the Biceps, Semitendinosus, Semimembranosus, Quadratus femoris, Adductor
magnus, Gemellus inferior, Transversus perinei. Erector penis. To the pubis, sixteen: Obiiquus
externus, Obiiquus internus, Transversalis, Rectus abdominis, P\Tamidalis, Psoas parvus,

Pectineus, Adductor magnus, Adductor longus. Adductor brevis. Gracilis, Obturator externus

and internus, Levator ani, Compressor urethrae, and occasionally a few fibres of the Accelerator

urinae.

THE PELVIS (Figs. 170, 171).

The pelvis is stronger and more massively constructed than either the cranial

or thoracic cavity; it is a bony ring, interposed between the lower end of the verte-

bral column, which it supports, and the lower extremities, upon w'hich it rests.

It is composed of four bones—the two ossa umominata, which bound it on either

side and in front, and the sacnim and coccjrx, which complete it behind. The
pelvis is divided by an oblique plane passing through the prominence of the

sacrum, the iliopectineal line, and the upper margin of the symphysis pubis

into the false and true pelvis.

The False Pelvis {pelvis major) is the expanded portion of the pelvic cavity

which is situated above this plane. It is bounded on each side by the ossa ilii;

in front it is incomplete, presenting a wide interxal 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, and is, in fact, really a portion of the abdominal

cavitv. The term false pelvis is incorrect, and this space ought more properly to

be regarded as part of the hj-pogastric and iliac regions of the abdomen.

The True Pelvis (pelvis minor) is that part of the pelvic cavity which is

situated below the iliopectineal line. It is smaller than the false pelvis, but its

walls are more perfect. For convenience of description it is divided into a superior

circumference, or inlet, an inferior circumference, or outlet, and a cavity.

The superior circumference, or inlet (apertura pelvis superior), forms the brim

of the pelvis, the included space being called the inlet. It is formed by the ilio-

pectineal line, completed in front by the crests of the pubic bones, and behind

by the anterior margin of the base of the sacrum and sacrovertebral angle. The

iiilet of the pelvis is somewhat heart-shaped, obtusely pointed in front, diverging

on either side, and encroached upon behind by the projection forward of the

promontory of the sacrum. It has three principal diameters—antero-posterior

(sacropubic), transverse, and oblique. The antero-posterior or conjugate diameter

{coiijugata) extends from the sacrovertebral angle to the symphysis pubis. Its

average measurement is four inches in the male and four and three-fifths inches

in the female. The transverse diameter (diameter transversa) extends across

the greatest width of the inlet, from the middle of the brim on one side to the
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same point on the opposite; its average measurement is five inches in the male,
five and one-fourth inches in the female. The oblique diameter {diameter ohliqua)
extends from the margin of the pelvis, corresponding to the iliopectineal eminence

Fig. 170.—Male pelvis (adult).

on one side, to the sacroiliac articulation on the opposite side; its average measure-
ment is four and one-fourth inches in the male and five in the female.

The cavity of the true pelvis is bounded in front by the symphysis pubis; behind,
by the concavity of the sacrum and coccyx, which, curving forward above and

Fig. 171.—Female pelvis (adult).

below, contracts the inlet and outlet of the canal; and laterally it is bounded by
a broad, smooth, quadrangular surface of bone, corresponding to the inner surface

of the body of the ischium and that part of the ilium which is below the ilio-
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pectineal line. The cavity is shallow in front, measuring at the symphysis an
inch and a half in depth, three inches and a half in the middle, and four

inches and a half posteriorly. From this description it will be seen that the cavity

of the pelvis is a short, cur\ed canal, considerably deeper on its p>osterior than

on its anterior wall. This cavity contains, in the recent subject, the rectum,

bladder, and some of the organs of generation. The rectum is placed at the back
of the pelvis, and corresponds to the cur\e of the sacrococcygeal segment of the

vertebral column; the bladder in front, behind the symphysis pubis. In the female

the uterus and vagina occupy the inter\al between these viscera.

The lower circumference is very irregular; the space enclosed by it is called

the outlet [apertura pelvis inferior). It is bounded by three prominent emi-
nences—one posterior, formed by the point of the cocc^tc; and one on each side,

the tuberosities of the ischia. These eminences are separated by three notches;

one in front, the pubic arch (arcus pubis), formed by the convergence of the rami
of the ischia and pubic bones on each side. The other notches, one on each side,

are formed by the sacrum and coccn-y behind, the ischium in front, and the ilium

above; they are called the sacrosciatic nolxhes; in the natural state they are converted

into foramina by the lesser and greater sacrosciatic ligaments. In the recent

state, when the ligaments are in situ, the outlet of the pelvis is lozenge-shaped,

bounded in front by the subpubic ligament and the rami of theos pubis and ischium;

on each side by the tuberosities of the ischia; and behind by the great sacrosciatic

ligaments and the tip of the coccvx.

The diameters of the outlet of the pelvis are two, antero-posterior and trans-

verse. The antero-posterior diameter extends from the tip of the coccyx to the

lower part of the symphysis pubis; its average measurement is three and three-

quarter inches in the male and four and one-half inches in the female. The
antero-posterior diameter varies with the length of the qoccjs., and is capable

of increase or diminution on account of the mobility of that bone. During labor

the coccyx may be l^ent back so that the conjugate is increased one inch, or even

one and one-fourth inches. The transverse diameter extends from the posterior

part of one ischiatic tuberosity to the same point on the opposite side; the average

measurement is three and one-half inches in the male and four and three-fourths

in the female.*

Position of the Pelvis.—In the erect posture the pelvis is placed obliquely with

regard to the trunk of the body; the bony ring, which forms the brim of the true

pelvis, is placed so as to form an angle of about 60 to 65 degrees with the ground

on which we stand (inclinatio pelvis). The pelvic surface of the symphysis

pubis looks upward and backward, the concavity of the sacrum and cocc\-x down-

ward and forward, 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 coccj-x a little more than half an inch above its lower border. In conse-

quence of the obliquity of the pelvis the line of gravity of the head, which passes

through the middle of the odontoid process of the axis and through the points

of junction of the cur\'es of the vertebral column to the sacrovertebral angle,

descends toward the front of the cavity, so that it bisects a line drawTi transversely

through the middle of the heads of the thigh bones. And thus the centre of gravity

of the head is placed immediately over the heads of the thigh bones on which the

trunk is supported.

> The measurements of the pehns given above are, I belie\'e. fairly accurate, but different measurements are
gnven by various authors, no doubt due in a great measure to differences in the physique and stature of the
|X)pulation from whom the measurements have been taken. The accompan>nng table has been formulated to
show the measurements of the peh-is which are adopted by many obstetricians.

—

[Editor.]

Diameters of the Thxie Pelvis in- Woman.
AnUro-poaterior. ObKqne. Tranntrae.

Of inlet 4»i inches (118 mm.) 5 inches (127 mm.) 5>/4 inches (135 mm.)
Of outlet . . 4'. inches (115 mm.) 4^4 inches (120 mm.)
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Axes of the Pelvis (Fig. 172).—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 symphysis pubis. A line carried at right angles with this at its middle

would correspond at one extremity with the umbilicus, and at the other with the

middle of the coccyx; the axis of the inlet is therefore directed downward and
backward. The axis of the outlet, prolonged upward, would touch the base of

the sacrum, and is therefore directed downward
and forward. 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 explain the

course of the fetus in the passage through the

pelvis during parturition.

Differences between the Male and Female
Pelvis.—^The female pelvis, looked at as a whole,

is distinguished from the male by the bones
being more delicate, by its width being greater

and its depth smaller. The whole pelvis is less

massive, and its bones are lighter and more
slender, and its muscular impressions are slightly

marked. The iliac fossae are shallow, and the

anterior iliac spines widely separated; hence the

greater prominence of the hips. The inlet in

the female is larger than in the male; it is more
nearly circular, and the sacrovertebral angle

projects less forward. The cavity is shallower and wider; the sacrum is shorter,

wider, and less curved; the obturator foramina are triangular, and smaller in size

than in the male. The outlet is larger and the coccyx more movable. The

^lane. of outlet.

Fig. 172.—Vertical section of the pelvis,

with lines indicating the axis of the pelvis.

Fig. 173.—Diameters of the pelvic inlet in the female.

spines of the ischia project less inward. The tuberosities of the ischia and the

acetabula are wider apart. The pubic arch is wider and more rounded than in

the male, where it is an angle rather than an arch. In consequence of this the
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width of the fore part of the pelvic outlet is much increased and the passage

of the fetal head facilitated.

The size of the pelvis varies not only in the two sexes, but also in different

members of the same sex. This does not appear to be influenced in any way by
the height of the individual. Women of short stature, as a rule, have broad
pelves. Occasionally the pelvis is equally contracted in all its dimensions, so

much so that all its diameters measure an inch less than the average, and this

even in women of average height and otherwise well formed. The principal

divergences, however, are found at the inlet, and affect the relation of the antero-

posterior to the transverse diameter. Thus we may have a pelvis the inlet of

which is elliptical either in a transverse or antero-posterior direction; the trans-

verse diameter in the former and the antero-posterior in the latter greatly exceeding

the other diameters. Again, the inlet of the pelvis in some instances is seen to

be almost circular. The same differences are found in various races. European
women are said to have the most roomy pelves. That of the negress is smaller,

circular in shape, and with a narrow pubic arch. The Hottentots and Bushwomen
possess the smallest pelves.

Fig. 174.—Diameters of the pelvic outlet in the female.

In the fetus 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 sacrovertebral

angle less marked. The generally accepted opinion that the female pelvis does

not acquire its sexual characters until after puberty has been shown by recent

obsenations^ to be erroneous, the characteristic differences between the male and

female pelvis being distinctly indicated as early as the fourth month of fetal life.

At birth these differences are distinct (Romiti), the female pelvis possessing less

straight ilia, a broader subpubic arch, and less height than the male.

Surface Form.—The pehic bones are so thickly covered with muscles that it is only at cer-

tain points that they approach the surface and can be felt through the skin. In front, the anterior

superior spinous process is easily recognized; a portion of it is subcutaneous, and in thin sub-

jects may be seen to stand out as a prominence at the outer extremity of the fold of the groin.

In fat subjects its position is marked by an oblique depression among the surrounding fat,

at the bottom of which the bony process may be felt. Proceeding upward and outward from

this process, the crest of the ilium may be traced throughout its whole length, sinuously curved.

It is represented, in muscular subjects, on the surface, by a groove or furrow, the iliac furrow,

caused by the projection of fleshy fibres of the External oblique muscles of the abdomen; the

1 Fehling, Zeitschr. fur Geburt. u. Gynak., Band ix and x; and Arthur Thomson. Journal of Anatomy and

Physiology, vol. xxxiii.
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iliac furrow lies slightly below the level of the crest. It terminates behind in the posterior supe-

rior spinous process, the position of which is indicated by a slight depression on a level with the

spinous process of the second sacral vertebra. Between the two posterior superior spinous

processes, but at a lower level, is to be felt the spinous process of the third sacral vertebra (see

page 68). Another part of the bony pelvis easily accessible to touch is the tuberosity of the

ischium, situated beneath the gluteal fold, and, when the hip is flexed, it is easily felt, as it is then

to a great extent uncovered by muscle. Finally, the spine of the os pubis can always be readily

felt, and constitutes an important surgical guide, especially in connection with the subject of

hernia. It is nearly in the same horizontal line with the upper edge of the great trochanter. In

thin subjects it is very apparent, but in the obese it is obscured by the pubic fat. It can, however,

be detected by everting the thigh and following up the tendon of origin of the Adductor longus

muscle.

Applied Anatomy.—There is arrest of development in the bones of the pelvis in cases of

extroversion of the bladder; the anterior part of the pelvic girdle being deficient, the bodies of the

pubic bones imperfectly developed, and the symphysis absent. The pubic bones are separated

to the extent of from two to four inches, the sujjerior rami shortened and du'ected forward, and
the obtiu-ator foramen diminished in size, narrowed, and turned outward. The iliac bones are

straightened out more than normal. The sacrum is very peculiar. The lateral curve, instead of

being concave, is flattened out or even convex, with the iliosacral facets turned more outward
than normal, while the vertical curve is straightened.^

Fractures of the pelvis are divided into fractures of the false pelvis and of the true pelvis. Frac-
tures of the false pelvis vary in extent: a small portion of the iliac crest may be broken or one of

the spinous processes may be torn off, and this may be the result of muscular action; or the

bone may be extensively comminuted. This latter accident is the result of some crushing vio-

lence, and may be complicated with fracture of the true pelvis. These cases may be accompanied
by injury to the intestine as it lies in the hollow of the bone, or to the iliac vessels as they course

along the margin of the true pelvis. Fractures of the true pelvis generally occur through the

ascending ramus of the os pubis and the ramus of the ischium, as this is the weakest part of the

bony ring, and may be caused either by crushing violence applied in an antero-posterior direction,

when the fracture occurs from direct force, or by compression laterally, when the acetabula are

pressed together, and the bone gives way in the same place from indirect violence. Occasionally

the injury may be double, a break occurring on both sides of the body. In fracture of the true

pelvis the contained viscera are liable to be damaged; the small intestines, the urethra, the bladder,

the rectum, the vagina, and even the uterus, in the female, have all been lacerated by a dis-

placed fragment. Fractures of the acetabulum are occasionally met with; either a portion of

the rim may be broken off, or a fracture may take place through the bottom of the cavity, and the

head of the femur may be driven inward and project into the pelvic cavity. Separation of the

Y-shaped cartilage at the bottom of the acetabulum may also occur in the young subject,

dispersing the bone into its three anatomical portions.

The sacrum is seldom broken. The cause is direct violence

—

i. e., blows, kicks, or falls on the

part. The lesion may be complicated with injury to the nerves of the sacral plexus, leading

to paralysis and loss of sensation in the lower extremity or to incontinence of feces from paralysis

of the Sphincter ani.

Fracture of the coccyx is a very rare injury, but does occasionally take place. Some sup-

posed dislocations of this bone have been fractures and so have some of the cases diagnosticated

as coccygodynia. A fracture of the coccyx is due to direct force.

The pelvic bones often undergo important deformity in rhachitis, the effect of which in the

adult woman may interfere seriously with childbearing. The deformity is due mainly to the

weight of the spine and trunk, which presses on the sacrovertebral angle and greatly increases

it, so that the antero-posterior diameter of the pelvis is diminished. But, in addition to this,

the weight of the viscera on the venter ilii causes the ilia to expand and the tuberosities of the

ischia to incurve. In osteomalacia also great deformity may occur. The weight of the trunk
causes an increase in the sacrovertebral angle and a lessening of the antero-posterior diameter

of the inlet, and at the same time the pressure of the acetabula on the heads of the thigh bones
causes these cavities, with the adjacent bone, to be pushed upward and backward, so that the

oblique diameters of the pelvis are also diminished, and the cavity of the pelvis assumes a tri-

radiate shape, with the symphysis pubis pushed forward.

THE THIGH.

The thigh is that portion of the lower extremity which is situated between the

pelvis and the knee. It consists in the skeleton of a single bone, the femur.

• Wood, Heath's Dictionary of Practical Surgery, i, 426.



THE FEMUR, OR THIGH BONE 221

The Femur, or Thigh Bone
(Figs. 175, 177).

The femur (femur) is the long-

est,' largest, and strongest bone

in the skeleton, and almost per-

fectly cylindrical throughout the

greater part of its extent. In the

erect posture it is not vertical,

being separated from its fellow

above by a considerable inten'al,

which corresponds to the entire

breadth of the pelvis, but inclin-

ing gradually downward and in-

ward, so as to approach its fellow

toward its lower part, for the

purpose of bringing the knee-joint

near the line of gravity of the

body. The degree of this incli-

nation varies in different persons,

and is greater in the female than

the male, on account of the greater

breadth of the pelvis. The femur,

like other long bones, is divisible

into a shaft and two extremities.

The Upper or Proximal Ex-
tremity presents for examination

a head, a neck, and a greater and

a lesser trochanter.

The head {caputfemorisy, which

is globular and forms rather more

than a hemisphere, is directed up-

ward, inward, and a little forward,

the greater part of its convexity

Ijeing above and in front. Its

surface is smooth, coated with

hyaline cartilage in the recent

state, except at a little behind and

below its centre, where there is

an ovoid depression (fovea capitis

femoris), for the attachment for

the ligjamentum teres.

The neck (collum femoris) is

a flattened pyramidal process of

bone which connects the head

with the shaft. It varies in length

and obliquity at various periods in

life and under different circum-

stances. The angle is widest in

infancy, and becomes lessened

during growth, so that at puberty

it forms a gentle curve from the

' In a man six feet high it measures eighteen
inches—one-fourth of the whole body stature.

OBTURATOR INTCRNUS

and QEMELLI.

PYRIFORMIS.

Depression for
, (.IGAMENTUM TERES.

^iofenoni
ItgamenL

\ Shaft

d
suecmiREUS

. Capsular
ligament.

/

VArfi'-

if"'*fer Con^i

Fig. 175.- -Right femur. Anterior surfaock
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axis of the shaft. In the adult it forms an angle of about 125 degrees with the

shaft, but varies in inverse proportion to the development of the pelvis and the

stature. In consequence of the prominence of the hips and widening of the pelvis

in the female, the neck of the thigh bone forms more nearly a right angle with the

shaft than it does in the male. The neck is flattened from before backward,
contracted in the middle, and broader at its outer extremity, where it is connected
with the shaft, than at its summit, where it is continuous with the head. The
vertical diameter of the outer half is increased by the thickening of the lower edge,
which slopes downward to join the shaft at the lesser trochanter; as a result of

this the outer half of the neck is flattened from before backward, and its vertical

diameter measures one-third more than the antero-posterior. The inner half

is smaller and of a more circular shape. 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 gives attachment to the posterior

part of the capsular ligament of the hip-joint, about half an inch above the

posterior intertrochanteric line. The superior border is short and thick, and ter-

minates externally at the great trochanter; its surface is perforated by large

foramina. The inferior border, long and narrow, curves a little backward, to

terminate at the lesser trochanter.

Obturator intemus and Gemelli
Pyriformis

Iiisertion of Obturator
extemus

Fovea capitis,

for lig. teres
Greater trochanter

Leaser trochanter-

Fig. 176.—Upper extremity of the femur viewed from behind and above.

The trochanters 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 greater trochanter (trochanter major) is a large, irregular, quadrilateral emi-

nence, situated at the outer side of the neck, at its junction with the upper part of

the shaft. It is directed a little outward and backward, and in the adult is about

three-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 impression, which

extends from the posterior superior to the anterior inferior angle, and serves for

the attachment of the tendon of the Gluteus medius. Above the impression is

a triangular surface, sometimes rough for part of the tendon'of the same muscle,

sometimes smooth for the interposition of a bursa between that tendon and the

bone. Below and behind the diagonal line is a smooth, triangular surface,

over which the tendon of the Gluteus maximus muscle plays, a bursa being inter-

posed. The internal surfojce is of much less extent than the external, and presents
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at its base a deep depression, the

digital or txochanteric fossa (fossa

trochanterica), for the attachment

of the tendon of the Obturator

externus muscle; above and in

front of this an impression for

the attachment of the Obtura-

tor internus and Gemelli. The
superior border is free; it is thick

and irregular, and marked near

the centre by an impression, which

extends onto the internal surface,

for the attachment of the Pyri-

formis. The inferior harder cor-

responds to the point of junction

of the base of the trochanter with

the outer surface of the shaft; it

is marked by a rough, prominent,

slightly cuned ridge, which gives

origin to the upper part of the

Vastus externus muscle. The
anterior border is prominent,

somewhat irregular, as well as the

surface of bone immediately be-

low it ; it affords attachment at its

outer part to the Gluteus mini-

mus. 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 (trochan-

ter minor) is a conical eminence
which varies in size in different

subjects; it projects from the lower

and back parts of the base of the

neck. Its base is triangular, and
connected with the adjacent parts

of the l)one by three well-marked

borders; two of these are above

—the internal border, continuous

with the lower border of the neck,

the external border, with the pos-

terior intertrochanteric line —
while the inferior border is con-

tinuous with the middle division

of the linea aspera. Its summit,
which is directed inward and
backward, is rough and gives

insertion to the tendon of the

Iliopsoas. The Iliacus is also

inserted into the shaft below
the lesser trochanter between the

\'astus internus in front and the

Pectineus behind.

OBTURATOR EXTERNUS.

Groovefor tendon oi
POPLITEUS.

Capsular
ligament

Fig. 177.—Kight femur. Posterior surface.
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A well-marked prominence of variable size, which projects from the upper and

front part of the neck at its junction with the great trochanter, is called the

tubercle of the femur; it is the point of meeting of five muscles—the Gluteus mini-

mus externally, the Vastus externus below, and the tendon of the Obturator internus

and Gemelli internally, Running obliquely downward and inward from the

tubercle is the spiral line of the femur, or anterior intertrochanteric line (linea inter-

trochanterica); it winds around the inner side of the shaft, below the lesser tro-

chanter, and terminates about two inches below this eminence in the linea aspera.

Its upper half is rough, and affords attachment to the iliofemoral ligament of the

hip-joint; its lower half is less prominent, and gives origin to the upper part of the

Vastus internus. Running obliquely downward and inward from the summit

of the great trochanter on the. posterior surface of the neck is a very prominent,

well-marked ridge, the posterior intertrochanteric

ia,
.gc line (crista mtertrochaiiiericd). Its upper half

*^
j

*^ ^ forms the posterior border of the great tro-

chanter, and its lower half runs downward and

inward to the upper and back part of the lesser

trochanter, A slight ridge sometimes com-

mences about the middle of the posterior intertro-

chanteric line, and passes vertically downward
for about two inches along the back part of the

shaft; it is called the linea quadrati, and gives

attachment to the Quadratus femoris and a few

fibres of the Adductor magnus muscles.*

The Shaft (corpus femoris).—The shaft, almost

cylindrical in form, is a little broader above than

in the centre, and somewhat flattened below, from

before backward. It is slightly arched, so as to

be convex in front and 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 poste-

rior; the other two are placed laterally.

The linea aspera (Fig. 178) is a prominent

longitudinal ridge or crest, on the middle third

of the bone, presenting an external lip (labium

laterale), an internal lip (labium mediale), and a

rough intermediate space. Above, this crest is

prolonged by three ridges. The most external

ridge is very rough, and is continued almost

vertically upward to the base of the great trochanter. It is sometimes termed

the gluteal ridge (tuberositas glutaea), and gives attachment to part of the (jluteus

maximus muscle; its upper part is sometimes elongated into a roughened

crest, on which is a more or less well-marked, rounded tubercle, a rudimental

third trochanter (trochanter tertius). The middle ridge (linea pectinea), the least

distinct, is continued to the base of the lesser trochanter, and the internal ridge is

lost above in the spiral line of the femur. Below, the linea aspera is prolonged

by two ridges, which pass to the condyles and enclose between them a triangular

space, the popliteal surface (planum popliteum), upon which rests the popliteal

artery. Of these two ridges, the older one is the more prominent, and descends

to the-summit of the outer condyle. The i7iner one is less marked, especially at

adductor
tubercle

Fig. 178. -Diagram of linea aspera of the
right femur. (After Birmingham.)

' Generally there is merely a slight thickening about the centre of the intertrochanteric line, marking the point

of attachment of the Quadratus femoris. This is termed by some anatomists the tubercle of the Quadratus.
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its upper part, where it is crossed by the femoral arterv. It terminates, below,

at the summit of the internal condyle, in a small tubercle, the adductor tubercle,

which affords attachment to the tendon of the Adductor magnus. To the inner

lip of the linea aspera and its inner prolongation above and below arises the

Vastus internus, and to the outer lip and its outer prolongation above arises the

Vastus externus. The Adductor magnus is attached to the licea aspera, to its

outer prolongation above and its inner prolongation below. Between the Vastus

externus and the Adductor magnus are attached two muscles—viz., the Gluteus
maximus above, and the short head of the Biceps femoris below. Between the

Adductor magnus and the Vastus internus four muscles are attached—the Iliacus

and Pectineus above, the Adductor brevis and Adductor longus below (Fig. 178).

A little below the centre of the linea aspera is the nutrient foramen, the orifice of

the nutrient canal, which is directed obliquely upward (proximally)

.

The two lateral borders of the femur are only slightly marked, the outer one ex-

tending 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

opposite the lesser trochanter, to the anterior extremity of the internal condyle.

The internal border marks the limit of origin of the Crureus muscle internally.

The anterior surface includes that portion of the shaft which is situated between

the two lateral l)orders. It is smooth, convex, broader above and below than in

the centre, slightly twisted, so that its upper part is directed for\\ard and a little

outward, its lower part forward and a little inward. From the upper three-fourths

of this surface the Crureus takes origin; the lower fourth is separated from the

muscle by the inter\ ention of the synovial membrane of the knee-joint and a bursa,

and affords origin 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 external condyle;

from its upper three fourths arises 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 condyle; it is covered by the

Vastus internus muscle.

Lower or Distal Extremity.—The lower extremity, larger than the upper,

is of a cuboidal form, flattened from before backward, and divided into two large

eminences, the condyles, by an interxal which presents a smooth depression in

front called the trochlea {fades patellaris), and a notch of considerable size behind

—

the intercondyloid notch (fossa intercondyloided). The external condyle (condyhis

lateralis) is the more prominent anteriorly, and is the broader both in the antero-

posterior and transverse diameters. The internal condyle (condyhis medialis) is

the longer, and more prominent inferiorly. This difference in the length of the

two condyles is only obsened when the bone is perpendicular and depends upon

the ol)liquity of the thigh bones, in consequence of their separation above at the

articulation with the pelvis. If the femur is held obliquely, the surfaces of the

two condyles will be seen to be nearly horizontal. The two condyles are directly

continuous in front, and form a smooth, trochlear surface, the trochlea. The
trochlea and the inferior surface of the condyles constitute the articular surface

of the lower end of the femur, and are covered by hyaline cartilage in the recent

state. The trochlea articulates with the patella, ft presents a median groove,

which extends downward and backward to the intercondyloid notch; and two

lateral convexities, of which the external is the broader, more prominent, and pro-

longed farther upward upon the front of the outer condyle. The external border

of this articular surface is also more prominent, and ascends higher than the

internal one. The inferior surfaces of the condyles are convex from side to side

15
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and from before backward, and articulate with the corresponding surfaces of

the tibia. They are marked off from the trochlea by two irregular grooves.
The outer groove runs obliquely outward and forward from the anterior extremity
of the intercondyloid notch to the outer side of the external condyle. The inner
is less well marked and placed farther forward than the one on the external

condyle; it extends obliquely inward and backward. In the grooves the semilunar
cartilages fit when the knee is extended. The opposed surfaces of the condyles
form the lateral walls of the intercondyloid notch.

Outer groove.

Outer tuberosity.

nner groove.

Inner tuberosity.

Semilunar area.

Fig. 179.—Lower extremity of right femur viewed from below.

The outer surface of the external condyle presents, a little behind its centre,

an eminence, the outer tuberosity (epicondylus lateralis); it is less prominent
than the inner tuberosity, and gives attachment to the external lateral ligaments

of the knee. Immediately beneath it is the popliteal groove, which commences
at a depression a little behind the centre of the lower border of this surface;

the front part of this depression gives origin to the Popliteus muscle, the tendon
of which is lodged in the groove during flexion of the knee. The groove is smooth,

covered with hyaline cartilage in the recent state, and runs upward and back-

ward to the posterior extremity of the condyle. The posterior extremity is con-

vex and smooth; just above and to the outer side of the articular surface is a de-

pression for the tendon of the outer head of the Gastrocnemius, above which is

the origin of the Plantaris.

The inner surface of the inner condyle presents a convex eminence, the inner

tuberosity {epicondylus medialis), rough, for the attachment of the internal lateral

ligament. Just above the articular surface of this condyle, behind, is a depres-

sion for the tendon of origin of the inner head of the Gastrocnemius.

The intercondyloid notch is bounded laterally by the opposed surfaces of the

condyles, and lodges the crucial ligaments of the knee-joints. The inner wall

of the notch at its front part has attached to it the posterior crucial ligament.

The external wall at. its upper and back part affords attachment to the anterior

crucial ligament. Above, it is separated from the popliteal surface by a ridge

—

the linea intercondyloidea.

Structure.—The shaft of the femur is a cylinder of compact tissue, hollowed by a large med-
ullary 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 cavity gradually becomes smaller, 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 ends of the femur is remarkable. In the upper end they
are arranged in two sets. One, starting from the top of the head, the upper surface of the neck,



THE FEMUR, OR THIGH BONE 227

and the great trochanter, converge to the inner circumference of the shaft (Figs. 180 and ISl);

these are placed in the direction of greatest pressure, and serve to support the vertical weight
. if the body. The second set are planes of lamellae intersecting the former nearly at right angles,

and are situated in the line of the greatest tension

—

that is to say, along the Hnes in which the muscles and
ligaments exert their traction. In the head of the

lx>ne these planes are arranged in a cur\ed form, in

order to strengthen the bone when exposed to pressure

in all directions. In the midst of the cancellous tis-

sue of the neck is a vertical plane of compact bone,

the femoral spur (calcar femorale), which commences
at the p>oint where the neck joins the shaft just exter-

nal to the lesser trochanter, and extends in the direc-

tion of the digital fossa (Fig. 182). This materially

strengthens this portion of the bone. Another point in

connection with the structure of the neck of the femur
requires mention, especially on account of its influence

on the production of fracture in this situation. It \^^ll

be noticed that a considerable portion of the great

trochanter lies behind the level of the posterior sur-

face of the neck; and if a section be made through

the trochanter at this level, it will be seen that the

posterior wall of the neck is prolonged into the tro-

chanter. This prolongation is termed by Bigelow the true neck,^ and forms a thin, dense

plate of bone, which passes beneath the posterior intertrochanteric ridge toward the outer sur-

face of the bone. In the lower end the cancelli spring on all sides from the inner surface of the

ofFig. 180.—Scheme showing disposition
principal cancellous lamells in upper eztrem-
itv of femur.

Epiphyseal line.

Fig. 181.—Longitudinal section of head and neck of femur.

cylinder, and descend in a perpendicular direction to the articular surface, the cancelli being

strongest and having a more accurately perpendicular course above the condyles. In addition

'Bigelow, on the Hip, p. 121.
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to this, however, horizontal planes of cancellous tissue are to be seen, so that the spongy tissue in

this situation presents an appearance of being mapped out into a series of rectangular areas.

Articulations.—With three bones—the os innominatum, tibia, and patella.

Development (Fig. 1 83).—The femur is developed from five centres—one for the shaft, one
for each extremity, and one for each trochanter. Of all the long bones, except the clavicle, it is

the first to show" traces of ossification; this commences in the shaft, at about the seventh week of

fetal life, the centres of ossification in the epiphyses appearing in the following order: First, in

the lower end of the bone, at the ninth month of fetal liiV (from this the condyles and tuber-

osities are formed); in the head at the end of the first year after birth; in the great trochanter,

during the fourth year; and in the lesser trochanter, between the thirteenth and fourteenth years.

The order in which the epiphyses are joined to the shaft is the reverse of that of their appearance;
their junction does not commence until after puberty, the lesser trochanter being first joined,

then the great, then the head, and lastly the inferior extremity (the first in which ossification

commenced), which is not united until the twentieth year. Because of this late union, the lower
extremity of the femur has been called the "growing end" of the bone, and early arrest of ossifi-

cation here results in more or less marked diminution of stature.

eat trochanter.

Ujital fossa.

Appeal's at 4fJi

year; joins shaft

about 18th year. .

C'alcar

femorale.

Appears at end

V of 1st year

;

joins shaft about

Appears at

9th month
(fetal).

18th year.

Appears 13th- 14th year :

^ joins shaft about 18th

I year.

.Joins shaft at 20th

year.

Fig. 182.—Calcar femorale.

Lower extremity.

Fig. 183.—Plan of the development of the femur,
five centres.

From

Attachment of Muscles.—To twenty-three. To the great trochanter: the Gluteus medius.
Gluteus minimus, Pyriformis, Obturator internus, Obturator externus. Gemellus superior,

and Gemellus inferior. To the lesser trochanter: the Psoas magnus and the Iliacus below it.

To the shaft: the Quadratus femoris, Vastus externus, Gluteus maxim us, short head of the
Biceps femoris. Vastus internus. Adductor magnus, Pectineus, Adductor brevis. Adductor
longus, Crureus, and Subcrureus. To the condyles: the Gastrocnemius, Plantaris, and
Popliteus.

Surface Form,—The femur is covered with muscles, so that in fairly muscular subjects the
shaft is not to be detected through its fleshly covering, and the only parts accessible to the touch
are the outer surface of the great trochanter and the lower expanded end of the bone. The
external surface of the great trochanter may be felt, especially in certain positions of the limb. Its

position is generally indicated by a depression, owing to the thickness of the Gluteus medius and

'This is said to be the only epiphysis in which ossification begins before birth; though, according to some
observers, the centre for the upper epiphysis of the tibia also appears before birth.
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minimus, which project above it. When, however, the thigh is flexed, and especially if crossed

over the opposite one, the trochanter produces a blunt eminence on the surface. The upper

border Is alwut on a line with the spine of the os pubis, and its exact level is indicated by a line

drawn from the anterior superior spinous process of the ilium, over the outer side of the hip,

ro the most prominent point of the tuberosity of the ischimn. This is known as N61aton's line.

The outer and iriner condyles of the lower extremity may easily be felt. The outer one is

more subcutaneous than the inner one, and readily felt. The tuberosity on it is comparatively

little developed, but can be more or less easily recognized. The inner condyle is more thickly

covered, and this gives a general convex outline to this part, especially when the knee is flexed.

The tuberosity on it is easily felt, and at the upper part of the condyle the sharp tubercle for the

insertion of the tendon of the Adductor magnus can be recognized without diflSculty. Occa-

sionally, exostoses develop in the tendon of insertion of the Adductor magnus; these are the

"rider's bones" of cavalry soldiers and horsemen (pp. 360, 515). When the knee is flexed, and

the patella situated in the interval between the condyles and the upper end of the tibia, a part

of the trochlear surface of the femur can be made out above the patella.

Applied Anatomy.—^There are one or two points about the ossification of the femur bear-

ing on practice to which allusion must be made. It has been stated above that the lower end

of the femiu- is the only epiphysis in which ossification has commenced at the time of birth.

The presence of the ossific centre in newly born children found dead is, therefore, a proof that

the child' has arrived at the full period of uterogestation. However, according to Hartman,

at term this centre is absent in 12 per cent, of cases. The position of the epiphyseal line should

be carefully noted. It is on a level with the adductor tubercle, and the epiphysis does not,

therefore, form the whole of the cartilage-clad portion of the lower end of the bone. It is essen-

tial to bear this point in mind in performing excision of the knee, since growth in length of the

femiu- takes place chiefly from the lower epiphysis, and any interference with the epiphyseal

cartilage in a young child would involve such ultimate shortening of the limb, from want of

growth, as to render it almost useless. Separation of the Uncer epiphysis may take place up to

the age of twenty, at which time it becomes completely joined to the shaft of the bone; but, as

a matter of fact, "few cases occur after the age of sixteen or seventeen. The epiphysis of the head

of the femur is of interest principally on account of its being the seat of origin of a large number

of cases of tuberculous disease of the hip-joint. The disease commences in the majority of cases

in the highly vascular and growing tissue in the neighborhood of the epiphysis, and from here

extends into the joint. In the condition known as coxa vara the head of the femur falls to a lower

level than normal. The angle between the neck and shaft is greatly diminished and may become

a right angle, or the head may actually descend to a lower level than that of the trochanter. The

neck is also bent with a convexity forward; coxa vara is due to rachitis.

Fractures of the femur are divided, like those of the other long bones, into fractures of the

upper end, of the shaft, and of the lower end. The fractures of the upper end may be classi-

fied into (1) fracture of the neck; (2) fracture at the junction of the neck with the great trochanter;

(3) fracture of the great trochanter; and (4) separation of the epiphysis, either of the head or

the great trochanter. The first of these, fracture of the neck, is usually termed intracapsular

fracture, but this is scarcelv a correct designation, as, owing to the attachment of the capsular

ligament, the fracture mav" be partly within and partly without the capsule, when the fracture

occurs at the lower part of the neck' It generally occurs in old people, principally women, and

usually from a verv slight d^ree of indirect violence. Probably the main cause of the fracture

taking place in old people is in consequence of the degenerative changes which the bone has

undergone. Merkel believes that it is mainly due to the absorption of the calcar femorale.

TheseJractures are occasionallv impacted. As a rule, they unite by fibrous tissue, and frequently

no union takes place, and the surfaces of the fracture become smooth and eburnated. The

lack of reparative power in intracajisular fracture is due to lack of apposition of the fragments and

diminution in the amount of blood sent to the smaller fragment. The head of the bone receives

blood from the neck through the reflected portions of the capsule and through the ligamentum

teres. A fracture cuts off the supplv bv the neck and by the reflected portions of the capsule.

Fractures at the junction of the rieck with the great trochanter are usually termed extracap-

sular, but this designation is also incorrect, as the fracture is partly within the capsule, owing

to its attachment in front to the anterior intertrochanteric line, which is situated below vhe line

of fracture. These fractures are produced by direct violence to the great trochanter, as from a

blow or fall laterallv on the hip. From the manner in which the accident is caused, the neck of

the bone is driven "into the trochanter, where it may remain impacted or the trochanter may

trochanter Most of the recorded cases of this latter injury occurred in young persons, and

were probably cases of separation of the epiphysis of the great trochanter. Separation of the

epiphysis of the head of the femur has been said to occur, but has probably never been verified

by postmortem examination.
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Fracture of the shaft may occur at any part, but the most usual situation is at or near the

centre of the bone. They may be caused by direct or indirect violence or by muscular action.

Fractures of the upper third of the shaft are almost always the result of indirect violence, while
those of the lower third are the result, for the most part, of direct violence. In the middle third

fractures occur from both forms of injury in about equal proportions. Fractures of the shaft

are generally oblique, but they may be transverse, longitudinal, or spiral. The transverse frac-

ture occurs most frequently in children. The fractures of the lower end of the femur include
transverse fracture above the condyles, the most common; and this may be complicated by a
vertical fracture between the condyles, constituting the T-shaped fracture. In these cases the

j)opliteal artery is in danger of being wounded. Oblique fracture, separating either the internal

or external condyle, and a longitudinal incomplete fracture between the condyles, may also take
place.

The femur and also the bones of the leg are frequently the seat of acute osteomyelitis in young
children. This is no doubt due to their greater exposure to injury, which is often the exciting

cause of this disease. Tumors not infrequently are found growing from the femur, the most
common forms being sarcoma, which may grow either from the periosteum or from the medullary
tissue within the interior of the bone; and exostosis, which is commonly found originating in

the neighborhood of the epiphyseal cartilage of the lower end.

Genu varum is a form of bow-leg in which the tibia and femur are curved outward, the knees
being widely separated. Both extremities are usually affected. In early life the disease is due
to rhachitis. In elderly people it may be due to arthritis deformans. Genu valgum (knock-knee)

is a condition in which the knees are close together, the feet are wide apart, and the internal

lateral ligament of the knee-joint is stretched. It is due to excessive growth of the inner con-
dyle of the femur, the shaft of the femur curving inward. It may be due to rhachitis, attitude of

an occupation, or flat-foot, and one or both knees may be affected.

THE LEG.

The skeleton of the leg consists of three bones—the patella, a large sesamoid
bone, placed in front of the knee; the tibia; and the fibula.

The Patella, or Kneecap (Fig. 184).

The patella is a flat, triangular bone, situated at the anterior part of the knee-

joint. It is usually regarded as a sesamoid bone, developed in the tendon of

the Quadriceps extensor. It serves to protect the front of the joint, and in-

creases the leverage of the

Quadriceps extensor by making
it act at a greater angle. It

presents an anterior and a pos-

terior surface, three borders,

and an apex.

Surfaces.—The anterior sur-

face is convex, perforated by
small apertures, for the passage

of nutrient vessels, and marked
by numerous rough, longitudi-

nal striae. This surface is cov-

ered, in the recent state, by an
expansion from the tendon of the Quadriceps extensor, which is continuous

below with the superficial fibres of the ligamentum patellae. It is separated

from the integument by a bursa.

The posterior surface presents a smooth, oval-shaped, articular surface (fades
articidaris) , covered with hjaline cartilage in the recent state, and divided into two
facets by a vertical ridge, which descends from the superior border toward the

inferior angle of the bone. The ridge corresponds to the groove on the trochlear

Fio. 184.—Right patella. A. Anterior surface,
surface.

B. Posterior
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surface of the femur, and the two facets to the articular surfaces of the two con-

dyles; the outer facet, for articulation with the outer condyle, being broader and

deeper. This character serves to indicate the side to which the bone belongs.

Below the articular surface is a rough, convex, nonarticular depression, the lower

half of which gives attachment to the ligamentum patellae, the upper half being

separated from the head of the tibia by adipose tissue.

Borders.—The superior border (basis patellae) is thick, and sloped from behind,

downward and forward; it gives attachment to that portion of the Quadriceps

extensor which is derived from the Rectus femoris and Crureus muscles.

The lateral borders are thinner, converging below. They give attachment

to that portion of the Quadriceps extensor derived from the external and internal

Vasti muscles.

The apex {apex patellae) is pointed, and gives attachment to the ligamentum

patellae.

Structure.—This bone resembles a sesamoid bone (1) in being developed in a tendon; (2) in

its centre of ossification presenting a knotty or tuberculated outline; (3) in its structure being

composed mainly of dense cancellous tissue. It consists of a nearly uniform, dense cancellous

tissue covered by a thin compact lamina. The cancelli immediately beneath the anterior surface

are arranged parallel with it. In the rest of the bone they radiate from the posterior articular

surface toward the other parts of the bone.

Development.—From a single centre, which makes its appearance in the second or third, but

mav not appear until the sixth year. More rarely, the bone is developed by two centres, placed

side bv side. Ossification is completed about the age of puberty.

Artir.iilat.ions.—With the two condyles of the femur.

Attachment of Muscles.—To four—the Rectus, Crureus, Vastus internus, and Vastus

externus. These muscles, joined at their insertion, constitute the Quadriceps extensor cruris.

Surface Form.—The external surface of the patella can be seen and felt in front of the knee.

In the extended position of the limb the internal border is a litde more prominent than the

outer, and if the Quadriceps extensor is relaxed the bone can be moved from side to side and

appears to be loosely fixed. If the joint is flexed, the patella recedes into the hollow between the

condyles of the femur and the upper end of the tibia, and becomes firmly fixed against the femiu-.

Applied Anatomy.—The main surgical interest about the patella is in connection with frac-

tures, which are of common occurrence. They may be produced by muscular action; that is

to say, by \nolent contraction of the Quadriceps extensor while the limb is in a position of semi-

flexion, so that the bone is snapped across the condyles; or by direct violence, such as falls on

the knee. Most fractures are due to muscular action; in fact, the patella is more often broken

by muscular action than is any other bone. In fractures by muscular action the line of fracture

is' transverse. In fractures by direct force the line of fracture may be oblique, longitudinal,

stellate, or the bone variously comminuted. The principal interest in these cases attaches to

their treatment. Owing to the wide separation of the fragments, and the difficulty there is in

maintaining them in apposition, union takes place by fibrous tissue, and this may subsequently

stretch, producing wide separation of the fragments and permanent lameness. Various plans,

including opening the joint and suturing the fragments, have been advocated for overcoming

this difficulty. In many cases a portion of fascia or capsule gets between the fragments. In

such a condition operation is neceasary.

In the larger number of cases of fracture of the patella the knee-joint is involved, the car-

tilage which covers its posterior surface being torn, the synovial membrane lacerated, the lateral

fibrous expansions ruptured, and the patellar bursa torn open. In cases of fracture from direct

violence, however, this need not necessarily happen, the lesion may involve only the superficial

part of the bone; and, as Morris has pointed out, it is an anatomical possibility, in complete

fracture, if the lesion involve only the lower and nonarticular part of the bone, for it to take

place without injury to the synovial membrane.

The Tibia, or Shin Bone (Figs. 185, 186).

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.
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Fio. 186.—Bones of the right leg. Posterior surface.
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In the male its direction is vertical and parallel with the bone of the opposite
side; but in the female it has a slightly oblique direction downward and outward,
to compensate for the oblique direction of the femur inward. It presents for
examination a shaft and two extremities.

The Proximal or Upper Extremity.—The upper extremity, or head, is

large, and expanded on each side into two lateral eminences, the internal and
external tuberosities (condylus medialis and condylus lateralis). Superiorly, each
tuberosity presents a smooth, concave surface (fades articidaris superior), which
articulates with a condyle of the femur. The internal articular surface is oval in

shape and concave from side to side; the external one is circular, concave from side

to side, but slightly convex from before backward, especially at its posterior

part, where it is prolonged on to the posterior surface for a short distance; the
central portions of these surfaces articulate with the condyles, while the peripheral

portions are overlaid by the semilunar cartilages of the knee. Between the two
articular surfaces, and nearer the posterior than the anterior aspect of the bone,
is an eminence, the spine of the tibia (eminentia intercondyloidea) ; surmounted
by a prominent tubercle on each side (the tuberculum intercondyloideum mediale
and the tuberculum intercondyloideum laterale), on to the lateral aspect of which

Posterior crucial

External bemilunar ^^^ </ « •

cartilage.

Internal semilunar
' cartilage.

Internal semilunar
cartilage.

External semilunar Anterior crucial
cartilage. ligament.

Fig. 187.—Upper surfaces of right tibia, showing attachment of crucial ligaments and semilunar cartilages. The
cartilages have been partly cut away.

the facets just described are prolonged; in front and behind the spinous process

is a rough depression (fossa intercondyloidea anterior and the fossa intercondy-

loidea posterior) for the attachment of the anterior and posterior crucial ligaments

and the semilunar fibrocartilages (Fig. 187).

The anterior surfaces of the tuberosities are continuous with one another, form-

ing a single large surface, which is somewhat flattened; it is triangular, broad

above, and perforated by large vascular foramina; narrow below, where it ter-

minates in a prominent oblong elevation of large size, the tubercle of the tibia

(tuberositas tibiae); the lower half of this tubercle is rough, for the attachment of

the ligamentum patellae; the upper half presents a smooth facet supporting, in

the recent state, a bursa which separates the ligament from the bone. Poste-

riorly the tuberosities are separated from each other by a shallow depression,

the popliteal notch (incisura poplitea), which gives attachment to part of the pos-

terior crucial ligament and part of the posterior ligament of the knee-joint. The
inner tuberosity presents posteriorly a deep transverse groove, for the insertion

of one of the fasciculi of the tendon of the Semimembranosus (Fig. 266) . Its lateral

surface is convex, rough, and prominent, and gives attachment to the internal

lateral ligament. The outer tuberosity presents posteriorly a flat articular facet

(facies articularis fibularis) , nearly circular in form, directed downward, backward.
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and outward, for articulation with the fibula. Its lateral surface is convex and
rough, more prominent in front than the internal, and presents a prominent
rough eminence, situated on a level with the upper border of the tubercle of the

tibia at the junction of its anterior and outer surfaces, for the attachment of the

iliotibial band. Just below this the Extensor longus digitorum arises, and a slip

from the Biceps femoris cruris is attached.

Shaft of the Tibia (corpus tibiae). —The shaft of the tibia is of a triangular

prismoid form, broad above, gradually decreasing in size to its most slender part,

the commencement of its lower fourth; it then enlarges again toward its lower

extremity. It presents for examination three borders and three surfaces.

The anterior border, the most prominent, is called the crest of the tibia (crista

anterior); 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 sinuous

course, being usually curved outward above and inward below; it gives attachment
to the deep fascia of the leg.

The internal border (margo medialis) is smooth and rounded above and below,

but more prominent in the centre; it commences at the back part of the inner tuber-

osity, 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, and its middle

third to some fibres of origin of the Soleus and Flexor longus digitorum muscles.

The external border (crista interossea), or interosseous ridge, is thin and prominent,

especially its central part, and gives attachment to the interosseous membrane;
it commences above in front of the fibular articular facet, and bifurcates below,

to form the boundaries of a triangular rough surface, for the attachment of the

interosseous ligament connecting the tibia and fibula.

The internal surface (fades medialis) is smooth, convex, and broader above than

below; its upper third, directed forward and inward, is covered by the aponeurosis

derived from the tendon of the Sartorius, and by the tendons of the Gracilis and
Semitendinosus, all of which are inserted nearly as far forward as the anterior

border; in the rest of its extent it is subcutaneous.

The external surface (fades lateralis) is narrower than the internal; its upper
two-thirds presents a shallow groove for the origin of the Tibialis anticus muscle;

its lower third is smooth, convex, curves gradually forward to the anterior aspect

of the bone, and is covered from within outward by the tendons of the following

muscles: Tibialis anticus. Extensor proprius hallucis. Extensor longus digitorum.

The posterior surface (fades posterior) (Fig. 186) presents, at its upper part, a

prominent ridge, the oblique line of the tibia (linea poplitea), which extends from

the back part of the articular facet for the fibula obliquely downward, to the in-

ternal border, at the junction of its upper and middle thirds. It marks the lower

limit for the insertion of the Popliteus muscle, and serves for the attachment of

the popliteal fascia and part of the Soleus, Flexor longus digitorum, and Tibialis

posticus muscles; the triangular concave surface, above and to the inner side of

this line, gives attachment to the Popliteus muscle. The middle third of the

posterior surface is divided by a vertical ridge into two lateral halves; the ridge

is well marked at its commencement at the oblique line, but becomes gradually

indistinct below; the inner and broader half gives origin to the Flexor longus

digitorum, the outer and narrower to part of the Tibialis posticus. The remaining

part of the bone presents a smooth surface covered by the Tibialis posticus,

Flexor longus digitorum, and Flexor longus hallucis muscles. Immediately

below the oblique line is the nutrient foramen, which is large and directed obliquely

downward. It is the opening of the nutrient canal, which is directed toward the

ankle.
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The Distal or Lower Extremity.—The lower extremity, much smaller than
the upper, presents five surfaces; it is prolonged downward, on its inner side,

to a strong process, the internal malleolus {malleolm medialis).

The inferior surface {Jacies articularis inferior) of the bone is quadrilateral,
and smooth for articulation with the astragalus. This surface is concave from
before backward, and broader in front than behind. It is traversed from
before backward bv a slight elevation, separating two lateral depressions. It is

narrow internally, where the articular surface becomes continuous with that on
the inner malleolus.

The anterior surface of the lower extremity is smooth and rounded above, and
covered by the tendons of the Extensor muscles of the toes; its lower margin
presents a rough transverse depression, for the attachment of the anterior ligament
of the ankle-joint.

The posterior surface presents a superficial groove directed obliquely downward
and inward, continuous with a similar groove on the posterior surface of the as-

tragalus, and serving for the passage of the tendon of the Flexor longus hallucis.

The external surface presents a triangular rough depression for the attachment
of the interior interosseous ligament, connecting it with the fibula; the lower part

of this depression, the incisura fibidaris, is smooth, covered with cartilage in the

recent state, and articulates with the fibula. This surface is bounded by two
prominent borders, continuous above with the interosseous ridge; they afford

attachment to the anterior inferior and posterior inferior tibiofibular ligaments.

The internal surface of the lower extremity is prolonged downward to form a
strong pyramidal process, flattened from without inward—the internal malleolus

(nmlleolus medialis). The inner surface of this process is convex and subcu-
taneous; its outer surface is smooth and
slightly concave, and articulates with the Upper extremity.

astragalus; its anterior border is rough,

for the attachment of the anterior fibres

of the internal lateral or deltoid ligament;

its posterior border presents a broad and
deep groove {sulcus malleolaris), directed

obliquely downward and inward, which
is occasionally double; this groove trans-

mits the tendons of the Tibialis posticus

and Flexor longus digitorum muscles.

The ape.r of the internal malleolus is

marked by a rough depression behind,

for the attachment of the internal lateral

ligaments of the ankle-joint.

Structure.—Like that of the other long bones.

At the junction of the middle and lower third,

where the bone is smallest, the wall of the shaft

is thicker than in other parts, in order to com-
pensate for the smallness of the calibre of the

bone.

Development. — From three centres (Fig.

188), one for the shaft and one for each extrem-
ity. Ossification commences in the centre of the Lower extremity-

shaft about the seventh week, and gradually ex- Fig. 188.

tends toward either extremity. The centre for the

upper epiphysis appears before or shortly after

birth; it is flattened in form, and has a thin, tongue-shaped process in firont which forms the
tubercle. That for the lower epiphysis appears in the second year. The lower epiphysis
joins the shaft at about the eighteenth, and the upper one about the twentieth year. Two
additional centres occasionally exist—one for the tongue-shaped process of the upper epiphysis,

which forms the tubercle and one for the inner malleolus.

Appears shortly

after birth.

Appears at 2nd_
year.

foins shaft about
~^Oih year.

Joins shaft about
18th year.

-Plan of the development of the tibia.
From three centres.
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Articulations.—With three bones—the femur, fibula, and astragalus.

Attachment of Muscles.—To tu-elve: To the inner tuberosity, the Semimembranosus; to the

outer tuberosity, the Tibialis antieus and Extensor longus digitorum and Biceps femoris, to the

shaft, its internal surface, the Sartorius, Gracilis, and Semitendinosus; to its external surface,

the Tibialis antieus; to its posterior surface, the Popliteus, Soleus, Flexor longus digitorum, and

Tibialis posticus; to the tubercle, the ligamentura patellae, by which the Quadriceps extensor

muscle is inserted into the tibia. In addition to these muscles, the Tensor fasciae femoris is

inserted indirectly into the tibia, through the iliotibial band, and the Peroneus longus occasionally

derives a few fibres of origin from the outer tuberosity.

Surface Form.—A considerable portion of the tibia is subcutaneous and easily felt. At the

upper extremity the tuberosities are to be recognized just below the knee. The internal one is

broad and smooth, and merges into the subcutaneous surface of the shaft below. The external

one is narrower and more prominent, and on it, about midway between the apex of the patella

and the head of the fibula, may be felt a prominent tubercle for the insertion of the iliotibial

band. In front of the upper end of the bone, between the tuberosities, is the tubercle of the

tibia, forming an oval eminence which is continuous below with the anterior border or crest

of the bone. This border can be felt, forming the prominence of the shin, in the upper two-

thirds of its extent as a sharp and sinuous ridge, curved outward above and inward below. In

the lower third of the leg the border disappears, and the bone is concealed by the tendons of the

muscles on the front of the leg. Internal to the anterior border is to be felt the broad internal

surface of the tibia, slightly encroached upon by the muscles in front and behind. It com-

mences above at the wide expanded inner tuberosity, and terminates below at the internal malle-

olus. The internal malleolus is a broad prominence situated on a higher level and somewhat

farther forward than the external malleolus. It overhangs the inner border of the arch of the

foot. Its anterior border is nearly straight; its posterior border presents a sharp edge which

forms the inner margin of the groove for the tendon of the Tibialis posticus muscle.

The Fibula, or Calf Bone (Figs. 185, 186).

The fibula is situated at the outer side of the leg. It is the smaller of the two

bones, and, in proportion to its length, the most slender of all the long bones; it

is placed on the outer side of the tibia, with which it is connected above and below.

Its upper extremity is small, placed toward the back of the head of the tibia and

below the level of the knee-joint, and excluded from its formation; the lower

extremity inclines a litde forward, 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 Proximal or Upper Extremity.—The upper extremity, or head (capiiu-

lum fibulae), is of an irregular quadrate form, presenting above a flattened articular

facet, directed upward, forward, and inward, 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

of the fibula (apex capituli fibulae), which projects upward from the posterior

part of the head. The prominence gives attachment to the tendon of the Biceps

femoris muscle and to the long external lateral ligament of the knee, the ligament

dividing the tendon into two parts. The apex of the styloid process gives at-

tachment to the short external lateral ligament. The remaining part of the

circumference of the head is rough, for the attachment of muscles and ligaments.

It presents in front a tubercle for the origin of the upper and anterior part of the

•Peroneus longus, and the adjacent surface gives attachment to the anterior

superior tibiofibular ligament; and behind, another tubercle for the attachment

of the posterior superior tibiofibular ligament and the upper fibres of origin of

the Soleus muscle.

The Shaft (corpus fibulae).^—The shaft presents four borders—the antero-

external, the antero-internal, the postero-external, and the postero-internal ; and

four surfaces—anterior, posterior, internal, and external.

' Authorities differ as to the best description of the borders and surfaces of the shaft of the fibula. The editor has

followed the scheme in general use at the present time. A more appropriate plan might be afforded by the consid-

eration of three surfaces: extensor, peroneal, and flexor, the last being subdivided by the oblique ridge.—Editor.
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The antero-extemal border {crwta anterior) commences above in front of the
head, runs vertically downward to a little below the middle of the bone, and then,
cunmg somewhat outward, bifurcates so as to embrace the triangular subcutane-
ous surface mimediately above the outer surface of the external malleolus. This
border gives attachment to an intermuscular septum, which separates the Extensor
muscles on the anterior surface of the leg from the Peroneus longus and brevis
muscles on the outer surface.

The antero-internal border (crista interossea), 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,
which separates the Extensor muscles in front from the Flexor muscles behind.'
The postero-extemal border {crista lateralis) is prominent; it commences above

at the base of the styloid process, and terminates below in the posterior border
of the outer malleolus. It is directed outward, above, backward in the middle
of its course, backward and a little inward below, and gives attachment to an
aponeurosis which separates the Peronei muscles on the outer surface of the shaft
from the Flexor muscles on its posterior surface.

The postero-intemal border {crista medialis) sometimes called the oblique line,

commences above at the inner side of the head, and terminates by becoming
continuous with the interosseous ridge at the lower fourth of the bone. It is

well marked and prominent at the upper and middle parts of the bone. It gives
attachment to an aponeurosis which separates the Tibialis posticus from the
Soleus above and the Flexor longus hallucis below.
The anterior surface (fades anterior) is the inter%al between the antero-external

and antero-internal 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 origin of three muscles, the Extensor longus digitorum, Peroneus tertius,
and Extensor proprius hallucis.

The external surface (Jacies lateralis) is the space between the antero-external
and postero-external borders. It is much broader than the preceding, and often
deeply grooved, is directed outward in the upper two-thirds of its course, backward
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 (Jozies medialis) is the interval included between the antero-
internal and the postero-intemal borders. It is directed inward, and is grooved
for the origin of the Tibialis posticus muscle.
The posterior surface (Jacies posterior) is the space included between the postero-

external and the postero-internal borders; it is continuous below with the rough
triangular surface above the articular facet of the outer malleolus; it is directed
backward above, backward and inward at its middle, directly inward below.
Its upper third is rough, for the origin 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 hallucis muscle. At about the middle of this surface is the
nutrient foramen. It opens into the nutrient canal, which is directed downward.
The Distal or Lower Extremity.— The lower extremity, or external malleolus

{malleolus lateralis), is of a pyramidal form, somewhat flattened from without in-

ward, and is longer, and descends lower than the internal malleolus. Its external

surface is convex, subcutaneous, and continuous with the triangular (also sub-
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cutaneous) surface on the outer side of the shaft. The internal surface presents

in front a smooth triangular facet (fades articularis malleoli), broader above than

below, and convex from above downward, which articulates with a corresponding

surface on the outer side of the astragalus. Behind and beneath the articular

surface is a rough depression which gives attachment to the 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 border is broad and
marked by a shallow groove (sulcus malleolaris), for the passage of the tendons

of the Peroneus longus and brevis muscles. The apex is rounded, and giA'es

attachment to the middle fasciculus of the external lateral ligament.

For
astragalus

Upper extremity.

Appears about

%th year.

Unites about

25th year.

For post,fascic. of
extl. lateral ligt. Appears at_

2iid year.

Unites about

20th year.

Fig. 189.—Lower extremity of right fibula.

Internal aspect.

Lower extremity.

Fig. 190.—Plan of the development of
the fibula. From three centres.

In order to distinguish the side to which the bone belongs, hold it with the lower e.xtremity

downward and the broad groove for the Peronei tendons backward

—

i.e., toward the holder;

the triangular subcutaneous surface will then be directed to the side to which the bone belongs.

Development.—From three centres (Fig. 1 90)—one for the shaft and one for each extremity.

Ossification commences in the shaft about the eighth week of fetal life, a little later than in the

tibia, and extends gradually toward the extremities. At birth both ends are cartilaginous. Ossifi-

cation 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 about the twentieth year; the upper epiphysis joins about the twenty-fifth year. Ossifi-

cation appearing first in the lower epiphysis is contrary to the rule which prevails with regard

to the commencement of ossification in epiphyses—viz., that epiphysis toward which the nutrient

artery is directed commences to ossify last; but it follows the rule which prevails with regard to

the union of epiphyses, by uniting first.

Articulations.—With ttco bones: the tibia and astragalus.

Attachment of Muscles.—To ninf.- To the head, the Biceps femoris, Soleus, and Peroneus

longus; to the shaft, its anterior surface, the Extensor longus digitorum, Peroneus tertius, and
Extensor proprius hallucis; to the internal surface, the Tibialis posticus; to the posterior surface,

the Soleus and Flexor longus hallucis, to the external surface, the Peroneus longus and brevis.

Surface Form.—The only parts of the fibula which may be fe't are the head and the lower

part of the external surface of the shaft and the external malleolus. The head may be seen
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and felt behind and to the outer side of the outer tuberosity of the tibia. It presents a small,
prominent triangular eminence slightly above the level of the tubercle of the tibia. The exter-
nal malleolus presents a narrow elongated prominence, situated on a plane posterior to the
internal malleolus and reaching to a lower level. From it may be traced the lower third or
half of the external surface of the shaft of the bone in the interval between the Peroneus tertius
in front and the other two Peronei tendons behind.
Applied Anatomy.—In fractures of the bones of the leg both bones are usuallv fractured, but

either iione may be broken separately, the fibula more frequently than the tibia. Fracture of
both bones may be caused either by direct or indirect violence. When it occurs from indirect
force the fracture in the tibia is usually at the junction of the middle and lower third of the bone.
Many causes conduce to render this the weakest part of the bone. The fracture of the fibula
is usually at rather a higher level. These fractures present great variety, both as re^rds their

direction and condition. They may be oblique, transverse, longitudinal, or spiral. \\'hen
oblique, they are usually the result of indirect violence, and the direction of the fracture is from
behind, downward, forward, and inward in many cases, but may be downward and outward
or downward and backward. WTien transverse, the fracture is often at the upper part of the
bone, and is the result of direct xiolence. The spiral fracture usually commences as a vertical

fissure, involving the ankle-joint, and is associated with fracture of the fibula higher up. It is

the result of torsion, from twisting of the body while the foot is fixed.

Fractures of the tibia alone are almost always the result of direct violence, except where the
malleolus is broken off by twists of the foot. Fractures of the fibula alone may arise from indi-

rect or direct force, those of the lower end being usually the result of the former, and those higher
up being caused by a direct blow on the part.

The tibia and fibula, like the femur, are frequendy the seat of acvte osteomyelitis. Tuberculous
abxcess is more frequently met with in the cancellous tissue of the head and lower end of the

tibia than in any other bone of the body. The abscess is of small size, ver}' chronic, and prob-
ably the result of tuberculous osteitis in the highly vascular growing tissue at the end of the shaft

near the epiphyseal cartilage in the young subject. Such an abscess in bone is called Brodie's

abscess.

The tibia is the bone which is most frequently and most extensively distorted in rhachitis. • It

gives way at the junction of the middle and lower third, its weakest part, and presents a curve

forward and outward. Bow-leg is due to outward cur%-ature of the femur, tibia, and fibula,

the bend being about the junction of the shafts and lower extremities.

THE FOOT (Figs. 191, 192).

The skeleton of the foot consists of three divisions—the tarsus, metatarsus, and
phalanges.

The Tarsus (ossa larsi).—The bones of the tarsus are seven in number

—

viz., the calcaneus, or os calcis, astragalus, cuboid, scaphoid, internal, middle, and
external cuneiform.

The Calcaneus fos calcis) (Fig. 194).—The heel bone is the largest and strongest

of the tarsal bones. It is irregularly cuboidal in form, ha^^ng its long axis directed

forward and outward. It is situated at the lower and back part of the foot,

sening to transmit the weight of the body to the ground, and forming a strong

lever for the muscles of the calf. It presents for examination six surfaces

—

superior, inferior, external, internal, anterior, and posterior.

The superior surface is formed, behind, by the upper aspect of that part of the

OS calcis which projects backward to form the heel. It varies in length in different

individuals; is convex from side to side, concave from before backward, and cor-

responds 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) articular facets,

separated by a broad shallow groove {mtlcus calcanei), which is directed obliquely

fonsard and outward, and is rough for the attachment of the interosseous ligament

connecting the astragalus and os calcis. AVhen the calcaneus is in contact with

the astragalus this groove is converted into a canal (sinu^ tarsi). Of the articular

surfaces, the posterior articular surface (fades articularis posterior) is the larger, and

is situated on the bodv of the bone; it is of an oblong form, wider behind than in
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front, and convex; it articulates with the posterior articular area of the astragalus.

The anterior articular surface is usually divided into two facets, the anterior of which
(fades articularis anterior) supports the head of the astragalus. The more pos-

teriorly situated facet (facies articularis calcanea media) articulates with the middle

facet on the under surface of the astragalus. The anterior articular surface is

supported on a projecting process of bone, called the lesser process of the cal-

caneus {sustentaculum tali); it is 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 of the calcaneus, marked by a

rough depression for the attachment

of numerous ligaments, and a tubercle

for the origin of the P^xtensor brevis

digitorum muscle.

The inferior surface 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 de-

pression; the external tubercle (pro-

cessus lateralis tuber is calcanei), small,

prominent, and rounded, gives origin

to part of the Abductor minimi
digiti; the internal tubercle (processus

medialis tuberis calcanei), broader and
larger, for the support of the heel,

gives origin, by its prominent inner

margin, to the Abductor hallucis, and
in front to the Flexor brevis digitorum

muscle and plantar fascia; the de-

pression between the tubercles gives

origin to the Abductor minimi digiti.

The rough surface in front of the

tubercles gives attachment to the long

plantar ligament and origin to the

outer head of the Plexor accessorius

muscle; while to a prominent tubercle

nearer the anterior part of this sur-

face, 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 exter-

nal lateral ligament. At its upper and anterior part this surface gives attach-

ment to the external calcaneo-astragaloid ligament; and in front of the tubercle

it presents a narrow surface marked by two oblique grooves; separated by an

elevated ridge which varies much in size in different bones, it is named the peroneal

spine (processus trochlearis), and gives attachment to a fibrous process from the

external annular ligament. The superior groove transmits the tendon of the

Peroneus brevis; the inferior groove the tendon of the Peroneus longus.

The internal surface is deeply concave; it is directed obliquely downward and

forward, and serves for the transmission of the plantar vessels and nerves into the

sole of the foot; it affords origin to part of the Flexor accessorius muscle. At

its upper and fore part it presents an eminence of bone, the sustentaculum tali,

E. A. S.

Fig. 193.—Schematic representation of the articula-
tions of the tarsus. Occasional articulations shown by
X X X X.
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which projects horizontally inward, and to it a sHp of the tendon of the Tibialis

posticus is attached. This process is concave above, and supports the anterior
articular surface of the astragalus; below, it is grooved for the tendon of the Flexor
longus hallucis. Its free margin is rough, for the attachment of part of the
internal lateral ligament of the ankle-joint.

The anterior surface (Jacies articularis cvboidea), of a somewhat triangular
form, articulates with the cuboid. It is concave from above downward and out-
ward, and convex in the opposite direction. Its inner harder gives attachment
to the inferior calcaneoscaphoid ligament.

Groove for Peroneus brevis

Peroneal tubercle

Groovefor Peroneus longus

tendoAchiUit

External tubercle

B

For posterior facet of astragalut

For middlefacet of astragalus

For anteriorfacet ofaslragalut

Internal tubercle /

Groovefor Flexor longus hallucis

Sustentaculum talt

For cuboid

Groovefor interosseous ligament

Fig. 1&4.—The left calcaneus. .1. Postero-extemal view. B. Antero-intonai view.

The posterior surface is rough, prominent, convex, and wider below than above.

The posterior extremity is the projection of the heel. It is called the tuberosity

{tuber calcanei). Its lower part is rough, for the attachment of the tendo Achillis

and the tendon of the Plantaris muscle; its upper part is smooth, and is covered

by a bursa which separates the tendons from the bone.
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front, and convex; it articulates with the posterior articular area of the astragalus.

The anterior articular surface is usually divided into two facets, the anterior of which
(fades articularis anterior) supports the head of the astragalus. The more pos-

teriorly situated facet (facies articularis calcanea media) articulates with the middle

facet on the under surface of the astragalus. The anterior articular surface is

supported on a projecting process of bone, called the lesser process of the cal-

caneus {sustentaculum tali); it is 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 of the calcaneus, marked by a

rough depression for the attachment

of numerous ligaments, and a tubercle

for the origin of the Extensor brevis

digitorum muscle.

The inferior surface is narrow,

rough, uneven, wider behind than in

front, and convex from side to side;

it is bounded posteriorly by two
tubercles separated by a rough de-

pression; the external tubercle (jrro-

cessus lateralis tuberis calcanei), small,

prominent, and rounded, gives origin

to part of the Abductor minimi
digiti; the internal tubercle (processus

medialis tuberis calcanei), broader and
larger, for the support of the heel,

gives origin, by its prominent inner

margin, to the Abductor hallucis, and
in front to the Flexor brevis digitorum

muscle and plantar fascia; the de-

pression between the tubercles gives

origin to the Abductor minimi digiti.

The rough surface in front of the

tubercles gives attachment to the long

plantar ligament and origin to the

outer head of the Flexor accessorius

muscle; while to a prominent tubercle

nearer the anterior part of this sur-

face, 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 exter-

nal lateral ligament. At its upper and anterior part this surface gives attach-

ment to the external calcaneo-astragaloid ligament; and in front of the tubercle

it presents a narrow surface marked by two oblique grooves; separated by an

elevated ridge which varies much in size in different bones, it is named the peroneal

spine (processus trochlearis), and gives attachment to a fibrous process from the

external annular ligament. The superior groove transmits the tendon of the

Peroneus brevis; the inferior groove the tendon of the Peroneus longus.

The internal surface is deeply concave; it is directed obliquely downward and

forward, and serves for the transmission of the plantar vessels and nerves into the

sole of the foot; it affords origin to part of the Flexor accessorius muscle. At

its upper and fore part it presents an eminence of bone, the sustentaculum tali,

E. A. S.

Fig. 193.—Schematic representation of the articula-
tions of the tarsus. Occasional articulations shown by
X X X X.
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which projects horizontally inward, and to it a slip of the tendon of the Tibialis
posticus is attached. This process is concave above, and supports the anterior
articular surface of the astragalus; below, it is grooved for the tendon of the Flexor
longus hallucis. Its free margin is rough, for the attachment of part of the
internal lateral ligament of the ankle-joint.

The anterior surface (Jacies articularis cuboidea), of a somewhat triangular
form, articulates with the cuboid. It is concave from above do\\Tiward and out-
ward, and convex in the opposite direction. Its inner border gives attachment
to the inferior calcaneoscaphoid ligament.

Groove for Peroneut brevis

Peroneal tubercle

Groovefor Peroneus longus

tendoAchillis

Extemat tubercle

I

B

For posteriorfacet of astragalus

For middlefacet of astragalus

For anteriorfacet of astragalus

For cuboid
Internal tubercle /

Groovefor Flexor longus hallucis

Sustentaculum tah

Groovefor interosseous ligament

Fig. 194.—The left calcaneus. .4. Postero-extemal \-iew. B. .\ntero-int«iial view.

The posterior surface is rough, prominent, convex, and wider below than above.
The posterior extremity is the projection of the heel. It is called the tuberosity

(tuber calcanei). Its lower part is rough, for the attachment of the tendo Achillis

and the tendon of the Plantaris muscle; its upper part is smooth, and is covered
by a bursa which separates the tendons from the bone.
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Articulations.—With two bones—the astragalus and cuboid.

Attachment of Muscles.—To eight, part of the Tibialis posticus, the tendo Achillis, Plan-

taris, Abductor hallucis, Abductor minimi digiti, Flexor brevis digitorum, Flexor accessorius,

and Extensor brevis digitorum.

For scaphoid Neck Sup. surface, far tibia

For inferior tibiofibular

ligament

Tubercle

For ext. malleolus

For int. malleolus

Sup. surface, for tibia

Groove for Flexor longus
hallucis

For inferior calcaneo-
navicular ligament

Middle calcaneal
facet

Posterior calcaneal
facet

For scaphoid

For scaphoid

—Anterior calcaneal facet

Groove for interosseous
ligament

Groove for Flex
long, hallucis

Fig. 195.-The left astragalus. A. Supero-external view. B. Infero-internal view. C. Inferior view.

The Astragalus, or Ankle Bone (talus) (Fig. 195).—The astragalus is the .second

largest of the tarsal bones. It occupies the middle and upper part of the tarsus,

supporting the tibia above, articulating with the malleoli on either side, resting

below upon the calcaneus, and joined in front to the scaphoid. This bone may
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be easily recognized by its large rounded head, by the broad articular facet on its

upper convex surface, and by the two articular facets separated h\ a deep groove

on its under concave surface. It presents six surfaces for examination.

The superior surface presents, behind, a broad smooth trochlear surface {trochlea

tali) for articulation with the tibia. The trochlea is broader in front than behind,

convex from before backward, 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 areas separated by a deep groove

(sulcus tali). The groove runs obliquely forward and outward, becoming gradu-

ally broader and deeper in front; it corresponds with a similar groove upon the

upper surface of the calcaneus, and forms, when articulated with that bone, a

canal, filled up in the recent .state by the calcaneo-astragaloid ligament. Of
the two articular areas, the posterior (facies articularis calcanea posterior) is the

larger, of an oblong form, and deeply concave from side to side; it rests on the

posterior articular surface of the os calcis; the anterior articular area is shorter

and narrower, of an elongated oval form, convex longitudinally, and most often

subdividefl into two facets by an elevated ridge; of these, the posterior (faciei

articularis calcanea media) articulates with the hinder portion of the anterior

articular surfaces of the calcaneus; the anterior (facies articularis calcanea anterior)

rests upon the anterior portion of the anterior articular surface of the calcaneus

just mentioned.

The internal surface presents at its upper part a pear-shaped articular facet (fades

malleolaris medialis) for the inner malleolus, continuous above with the trochlear

surface; below the articular surface is a rough depression, for the attachment

of the deep portion of the internal lateral ligament.

The external surface presents a large triangular facet (facies maUeolaris lateralis),

concave from above downward for articulation with the external malleolus;

it is continuous above with the trochlear surface; and in front of it is a rough

depression for the attachment of the anterior fasciculus of the external lateral

ligament of the ankle-joint.

The anterior surface (facies articularis navicularis) forms the head of the astrag-

alus, is convex and rounded, smooth, of an oval form, and directed obliquely

inward and downward; it articulates with the scaphoid. On its under and inner

surface is a small facet, continuous in front with the articular surface of the head,

and behind with the anterior articular area for the calcaneus. This rests on the

inferior calcaneoscaphoid ligament, being separated from it by the syno\-ial mem-
brane. The head is attached to the rest of the bone by a constricted portion, the

neck of the astragalus (collum tali).

The posterior surface is traversed by a groove (s-ulcus m. flexoris hallucis longi),

which runs obliquely downward and inward, and transmits the tendon of the

Flexor longus hallucis, external to which is the prominent external tubercle (j)ro-

cessus posterior tali), to which the posterior fasciculus of the external lateral

ligament is attached. This tubercle is sometimes separated from the rest of the

astragalus, and is then known as the os trigonum.

To ascertain to which foot the bone belongs, hold it with the broad articular surface upward,

and the rounded head for\sard; the lateral triangular articular surface for the external malleolus

will then ]X)int to the side to which the bone belongs.

Articulations.—With four bones—tibia, fibula, calcaneus, and scaphoid.

The Cuboid (os cuhoideum) (Fig. 196).—^The cuboid is placed on the outer

side of the foot, in front of the calcaneus, and behind the fourth and fifth meta-

tarsal bones. It is of a p>Tamidal shape, its base being directed inward, its apex

outward. It may be distinguished from the other tarsal bones by the existence
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of a deep groove on its under surface, for the tendon of the Peroneus longus muscle.

It presents for examination six surfaces, three articular and three nonarticular.

The nonarticular surfaces are the dorsal, plantar, and external. The dorsal

surface, directed upward and outward, is rough, for the attachment of numerous

ligaments. The plantar surface presents in front a deep groove, the peroneal

groove (sulcus m. peronei longi), which runs obliquely from without, forward and
inward; it lodges the tendon of the Peroneus longus, and is bounded behind by

a prominent ridge, to which is attached the long calcaneocuboid ligament. The
ridge terminates externally in an eminence (tuberositas ossis cuboidei), the surface

of which presents a convex facet, for articulation with the sesamoid bone of the

tendon contained in the groove. The surface of bone behind the groove is rough,

for the attachment of the short plantar ligament, a few fibres of origin of the

Flexor brevis hallucis, and a fasciculus from the tendon of the Tibialis posticus.

The external surface, the smallest and narrowest of the three, presents a deep

notch formed by the commencement of the peroneal groove.

For ext. cuneiform For 4th metatanal

Occasional facet

for scaphoid

Groove for Tuberositij For calcaneus
Peroneus

. longus B

Fig. 196.—The left cuboid. A. Antero-internal view. B. Postero-external view.

The articular surfaces are the posterior, anterior, and internal. The posterior

surface is smooth, triangular, and concavo-convex, for articulation with the

anterior surface of the calcaneus. The anterior surface, of smaller size, but also

irregularly triangular, is divided by a vertical ridge into two facets : the inner one,

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 smooth 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 liga-

ments.

To ascertain to which foot the bone belongs, hold it so that its under surface, marked by the
peroneal groove, looks downward, and the large concavo-convex articular surface backward
toward the holder: the narrow nonarticular surface, marked by the commencement of the
peroneal groove, will point to the side to which the bone belongs.

Articulations.—With /our bones—the calcaneus, external cuneiform, and the fourth and fifth

metatarsal bones; occasionally with the scaphoid.

Attachment of Muscles.—Part of the Flexor brevis hallucis and a slip from the tendon of

the Tibialis posticus.

Scaphoid or Navicular Bone (os naviculare pedis) (Fig. 197).—The scaphoid is

situated at the inner side of the tarsus, between the astragalus behind and the

three cuneiform bones in front. It may be distinguished by its form, being con-

cave behind, convex and subdivided into three facets in front.

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,
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and articulates with the rounded head of the astragalus. The dorsal surface is

convex from side to side, and rough for the attachment of ligaments. The plantar

is irregular, and also rough for the attachment of ligaments. The internal surface

presents a rounded tuljercular eminence, the tuberosity (tuberositas ossis naincu-

laris), the lower part of which projects, and gives attachment to part of the tendon
of the Tibialis posticus. The external surface is rough and irregular, for the

attachment of ligamentous fibres, and occasionally presents a small facet for

articulation with the cuboid bone.

For mid. cuneiform

For int. cuneiform

For ext.

cuneiform

Fig. 197 —The left scaphoid.

Occasional
facet for
cuboid

A. Antero-extemal %new.

For astragalus Tubercle

B. Postero-intemal view.

For
mid-cuneiform

To ascertain to which foot the bone belongs, hold it with the concave articular surface back-
ward, and the convex dorsal surface upward; the external surface

—

i. e., the surface opposite
the tubercle—will f)oint 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.

Cuneiform or Wedge Bones.—The cuneiform bones have received their name
from their wedge-like shape. They form, with the cuboid, the distal row of

the tarsus, being placed between the scaphoid behind, the three innermost meta-
tarsal bones in front, and the

cuboid externally. They are For 1st metatarsal

called the first, second, and
third, counting from the inner

to the outer side of the foot,

and. from their position, in-

ternal, middle, and external.

Internal or First Cuneiform

(os cuneiforme primum) (Fig.

198).—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 by its not presenting such a distinct wedge-like form.

Without the others it may be known by the large, kidney-shaped anterior articu-

lating surface and by the prominence on the inferior or plantar surface for the

attachment of the Tibialis posticus. It presents for examination six surfaces.

The internal surface is subcutaneous, and forms part of the inner border of the

foot; it is broad, quadrilateral, and presents at its anterior inferior angle a smooth

oval facet, into which the tendon of the Tibialis anticus is partially inserted;

in the rest of its extent it is rough, for the attachment of ligaments. The external

For tendon of
Tibialis anticus

For acaphoid

Fig. 198.- -The left internal cuneiform. A. Aotero-intemal view.
B. Postero-external view.
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sxirface is concave, presenting, along its superior and posterior borders, a narrow,
reversed, L-shaped surface, for articulation with the middle cuneiform behind
and second metatarsal bone in front; in the rest of its extent it is rough, for the

attachment of ligaments, and part of the tendon of the Peroneus longus. The
anterior surface, kidney-shaped, much larger tiian the posterior, articulates with
the metatarsal bone of the great toe. The posterior surface is triangular, concave,

and articulates with the innermost and largest of the three facets on the anterior

surface of the scaphoid. The plantar surface is rough, and presents a prominent
tuberosity at its back part for the attachment of part of the tendon of the Tibialis

posticus. It also gives attachment in front to part of the tendon of the Tibialis

anticus. The dorsal surface is the narrow-pointed end of the wedge, which is

directed upward and outward; it is rough for the attachment of ligaments.

To ascertain to which side the bone belongs, hold it so that its dorsal narrow edge looks
upward, and the long, kidney-shaped, articular surface forward; the external surface, marked
by its vertical and horizontal articular facets, will point to the side to which it belongs.

Articulations.—With fou^ bones: scaphoid, middle cuneiform, first and second metatarsal
bones.

Attachment of Muscles.—To three—the Tibialis anticus and posticus, and Peroneus longus.

Middle or Second Cuneiform {os cuneiforme secuudum) (F'ig. 199).—The middle
cuneiform, the smallest of the three, is of very regular wedge-like form, the broad
extremity being placed upward, the narrow end downward. It is situated between

the other two bones of the same

For i7it. cuneiform For scaphoid
"^me, and articulates with the

scaphoid behind and the second

metatarsal in front. It is smaller

than the external cuneiform bone,

from which it may be further dis-

tinguished by the L-shaped artic-

ular facet, which runs around the

Fo^^ndme}atarsal For ext. cuneiform "PP/r and back part of its inner

Fig. 199.—The left middle cuneiform. A. Antero-internal „,, '
. .

,

view. i}. Posteroexternal view. 1 he Huterior 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 L-shaped articular facet, running along the superior and posterior

borders, for articulation with the internal cuneiform, and is rough in the rest of its

extent, for the attachment of ligaments. The external surface presents posteriorly a

smooth facet for articulation with the external cuneiform bone. The dorsal

surface forms the base of the wedge; it is quadrilateral, broader behind than in

front, and rough for the attachment of ligaments. The plantar surface, pointed

and tubercular, is also rough for ligamentous attachment and for the insertion

of a slip from the tendon of the Tibialis posticus.

To ascertain to which foot the bone belongs, hold its superior or dorsal surface upward, the

broadest edge being toward the holder; the smooth facet (limited to the posterior border) will

then point to the side to which it belongs.

Articulations.—With four bones—scaphoid, internal and external cuneiform, and second

metatarsal bone.

Attachment of Muscles.—A slip from the tendon of the Tibialis posticus is attached to

this bone.

External or Third Cuneiform {os cuneiforme tertium) (Fig. 200).—The external

cimeiform, intermediate in size between the two preceding, is of a very regular

wedge-like form, the broad extremity being placed upward, the narrow end down-
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ward. It occupies the centre of the front row of the tarsus, between the middle
cuneiform internally, the cuboid externally, the scaphoid behind, and the third

metatarsal in front. It is distinguished from the internal cuneiform bone by its

more regular wedge-like shape and by the absence of the kidney-shaped articular

surface; from the middle cmieiform, by the absence of the I>-shaped facet, and
by the two articular facets which are present on both its inner and outer surfaces.

It has six surfaces for examination.

The anterior surface, triangular in form, articulates with the third metatarsal

bone. The posterior surface articulates with the most external facet of the scaphoid,

and is rough below for the attachment of ligamentous fibres. The internal

surface presents two articular facets, separated by a rough depression; the anterior

one, sometimes divided into two, articulates with the outer side of the base of

the second metatarsal bone ; the posterior one skirts the posterior border and articu-

lates with the middle cuneiform; the rough depression between the two gives

attachment to an interosseous ligament. The external surface also presents two

articular facets, separated by a rough nonarticular surface; the anterior facet,

situated at the superior angle of the bone, is small, and articulates with the inner

side of the base of the fourth metatarsal ; the posterior and larger one articulates

with the cuboid; the rough, nonarticular surface ser\'es for the attachment of

For Wi
For scaphoid For middle-cuneiform

metatarsal For cuboid

For 2nd
metatarsal

Fig. 200.—The left external cuneiform. A. Postero-intema] view. B. .\ntero-extemal \Tew.

an interosseous ligament. The three facets for articulation with the three meta-

tarsal bones are continuous with one another, and covered by a prolongation of

the same cartilage; the facets for articulation with the middle cuneiform and

scaphoid are also continuous, but that for articulation with the cuboid is usually

separate. The dorsal surface is of an oblong scjuare form, its posterior external

angle being prolonged backward. The plantar surface is an obtuse rounded

margin, and senes for the attachment of ligaments and a part of the tendon of

the Tibialis posticus, and for part of the fibres of origin of the Flexor brevis hallucis.

To ascertain to which side the bone belong, hold it with the broad dorsal surface upward,

the prolonged edge backward; the separate articular facet for the cuboid will point to the proper

side.

Articulations.—With six bones—the scaphoid, middle cuneiform, cuboid, and second, third,

and fourth metatarsal bones.
• i n •

Attachment of Muscles.—To <«?o—part of the Tibialis posticus, and Flexor brevis hallucis.

The number of tarsal bones mav be reduced owing to congenital ankylosis which may occur

between the os calcis and cuboid, the os calcis and scaphoid, the os calcis and astragalus, or the

astragalus and scaphoid.

The Metatarsal Bones (ossa metatarsalw).—The metatarsal bones are five

in number, and are numbered one to five, in accordance with their position from

within outward; they are long bones, and present for examination a shaft and two

extremities.
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Common Characters.

—

The shaft (corpus) 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. On the plantar surface of the

shaft of each bone is a nutrient

foramen corresponding to the

nutrient foramen in each meta-
carpal bone. The proximal

extremity, or base (basis), is

wedge-shaped, articulating by
its terminal surface with the

tarsal bones, and by its lateral

surfaces with the contiguous

metatarsal bones, its dorsal and
plantar surfaces being rough for

the attachment of ligaments.

The distal extremity, or head

(capitnhim), presents a terminal

rounded articular surface, oblong

from above downward, and ex-

tending farther backward below

than above. Its sides are flat-

tened and present a depression,

surmounted by a tubercle, for

ligamentous attachment. Its

under surface is grooved in the middle line for the passage of the Flexor tendon,

and marked on each side by an articular eminence continuous with the terminal

articular surface.

For
peroneua
longus.

Occasional facet for
second metatarsal.For internal cuneiform

Fig. 201.—The first metatarsal. (Left.)

Occasional

facet for first

metatarsal.

For middle cuneiform.

For external
cuneiform.

For second meffifarsal.

For midtile cuneiform.

For fourth
metatarsal.

Fig. 202.—The second metatarsal. (Left.) Fig. 203.—The third metatarsal. (Left.)

Peculiar Characters.

—

The metatarsal bone of the great toe (os vietatarsale I)

(Fig. 201) is remarkable for its great thickness, but is the shortest of all the

metatarsal bones. The shaft is strong and of well-marked prismoid form. The
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proximal extremity presents, as a rule, no lateral articular facet, but occasionally

on the outer side there is an oval facet by which it articulates with the second

metatarsal bones. Its proximal articular surface is of large size and kidney

shaped; it corresponds to the distal extremity of the internal cuneiform; its cir-

cumference is grooved, for the tarsometatarsal ligaments, and internally gives

attachment to part of the tendon of the TibiaUs anticus muscle; its inferior angle

presents a rough oval prominence, the tuberosity {tuberositas ossi3 metatarsalis I),

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 facets are separated by a smooth elevated ridge.

This bone is known by the single kidney-shaped articular surface on its base, the deeply

grooved appearance of the plantar surface of its head, and its great thickness relatively to its

length. When it is placed in its natural position, the concave border of the kidney-shaped

articular surface on its base points to the side to which the bone belongs.

Attachment of Muscles.—To thre^—part of the Tibialis anticus, the Peroneus longus, and
the First dorsal interosseous.

The second metatarsal (os metatarsale II) (Fig. 202) is the longest and largest

of the remaining metatarsal bones, being prolonged backward into the recess

formed between the three cuneiform bones. Its tarsal extremity is broad above,

narrow and rough l)elow. It presents four articular surfaces—one behind, of

a triangular form, for articulation with the middle cuneiform; one at the upper

part of its internal lateral surface, for articulation with the internal cuneiform;

and two on its external lateral surface—an upper and a lower, separated by

a rough nonarticular inter\al. Each of these articular surfaces is divided by a

vertical ridge into two facets, thus making four facets; the two anterior of these

articulate with the third metatarsal; the two posterior (sometimes continuou.s)

with the external cuneiform. In addition to these articular surfaces there is

occasionally a fifth when this bone articulates with the first metatarsal bone.

It is oval in shape, and is situated on the inner side of the shaft near the base.

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 subdi-

visions of these external facets sometimes run into one should not be forgotten.

Attachment of Muscles.—To four—the Adductor obliquus hallucis. First and Second

dorsal interossei, and a slip from the tendon of the Tibialis posticus; occasionally also a slip

from the Peroneus longus.

The third metatarsal [os metatarsale III) (Fig. 203) articulates proximally, by

means of a triangular smooth surface, with the external cuneiform; on its inner

side, by two facets, with the second metatarsal; and on its outer side, by a single

facet, with the fourth metatarsal. The latter facet is of circular form.and situated

at the upper angle of the base.

The third metatarsal is known by possessing 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.

Attachment of Muscles.—To Jive—Adductor obliquus hallucis. Second and Third dorsal

and First plantar interossei, and a slip from the tendon of the Tibialis posticus.

The fourth metatarsal (os metatarsale IV) (Fig. 204) is smaller in size than the

preceding; its tarsal extremity presents a terminal quadrilateral surface, for articu-

lation 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
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portion for articulation with the external cuneiform; on the outer side a single

facet, for articulation with the fifth metatarsal.

The fourth metatarsal is known by its having a single facet on either side of the tarsal extrem-

ity, that on the inner side being divided into two parts. If this subdivision be not recognizable,

the fact that its tarsal end is bent somewhat outward will indicate the side to which it belongs.

Attachment of Muscles.—To five—Adductor obliquus hallucis, Third and Fourth dorsal,

and Second plantar interossei, and a slip from the tendon of the Tibialis posticus.

The fifth metatarsal bone, or the metatarsal bone of the little toe (os metatarsale F)
(Fig. 205), is recognized by the tubercle (tuberositas ossis metatarsails V) on the

outer side of its base. It articulates behind, by a triangular surface cut obliquely

from without inward, with the cuboid, and internally with the fourth metatarsal.

For cuboid.

For ext. cuneiform.

Fig. 204.—The fourth metatarsal

For fifth

metatarsal.

(Left.)

Tuberosity.
For fourth ^

metatarsal.

For cuboid.

Fig. 205.—The fifth metatarsal. (Left.)

The projection on the outer side of this bone at its tarsal end at once distinguishes it from
the others, and points to the side to which it belongs.
Attachment of Muscles.—To .nx~the Peroneus brevis, Peroneus tertius, Fle.xor brevis

minimi digiti, Adductor transversus hallucis, Fourth dorsal, and Third plantar interossei.

Articulations.—Each bone articulates with the tarsal bones by one extremity (proximal), and
by the other (distal) extremity .with the first row of phalanges. The number of tarsal bones
with which each metatarsal articulates is one for the first, three for the second, one for the third,

two for the fourth, and one for the fifth.

The Phalanges of the Foot (Phalanges Digitorum Pedis).

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 nutritive foramina correspond to those in the phalanges of the hand.
The first or proximal phalanx (phalanx prima) resembles closely the corre-

sponding bone of the hand. The shaft also is compressed from side to side,

convex above, concave below. The proximal extremity is concave; and the distal

extremity presents a trochlear surface, for articulation with the second phalanx.
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The second phalanx (phalanx secunda) is remarkably small and short, but
rather broader than the first phalanx.

The ungual or distal phalanx (phalanx tertia) in form resembles the bone of the
corresponding finger, but is smaller, flattened from above downward, presenting
a broad base for articulation with the second phalanx, and an expanded extremity
for the support of the nail and end of the toe.

y 8 i 8.

Appears 10th year

;

unites after piiherty.

Tarsus.

One centre for each bone,

except calcaneus

Metatarsits.

Two centres for each bone

One for shaft,

One for digital extremity

except 1st.

One for proximal
extremity.

Appears Sd year.

Unite 18th-S0 year.

Appears 7th xoeek.

Appears 9th week.~

Unite 18th-20th year.
|

Appears 5th-8th year.

Appears 4th year.

Unite 17-18th year. I

Phalanges. Appears 2nd-4th month.

Two centres for each bone :

One for shaft,

Appears 6th-7th year.

Unite 17th-18lh year.
|

Appears 2nd-4th month.

Appears 6th year.

Unite 17th-18th year.

Appears 10th week.

Fig. 206.—Plan of the development of the foot.

Articulation.—The first row, with the metatarsal bones behind and second phalanges in

front; the second row of the four outer toes, with the first and third phalanges; of the great toe,

with the first phalanx; the third row of the four outer toes, with the second phalanges.

Attachment of Muscles.—To the first phalanges: Great toe, five muscles—innermost tendon
of Extensor brevis digitorum. Abductor hallucis, Adductor obliquus hallucis, Flexor brevis

hallucis, Adductor transversus hallucis. Second toe, three muscles—First and Second dorsal

interosseous and First lumbrical. Third toe, three muscles—Third dorsal and First plantar inter-

osseous and Second lumbrical. Fourth toe, three muscles—Fourth dorsal and Second plantar

interosseous and Third lumbrical. Fifth toe, four muscles—Flexor brevis minimi digiti, Abduc-
tor minimi digiti, and Third plantar interosseous, and Fourth lumbrical. Second phalanges:

Great toe—Extensor longus hullucis, Flexor longus hallucis. Other toes—Flexor brevis digitorum,

one slip of the common tendon of the Extensor longus and brevis digitorum.' Third phalanges:

Two slips from the common tendon of the Extensor longus and Extensor brevis digitorum, and
the Flexor longus digitorum.

• Except thfe second phalanx of the fifth toe, which receives no slip from the Extensor brevis digitorum.
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Development of the Foot (Fig. 206).

The tarsal bones are each developed from a single centre, excepting the calcaneus, which has
an epiphysis for its posterior extremity. The centres make their appearance in the following

order: calcaneus, at the sixth month of fetal 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 calcaneus appears at the tenth year, and unites with the rest of the bone soon
after puberty. When this part remains as a separate bone, it is called the os trigonum.

The metatarsal bones are each developed from two centres

—

one for the shaft and one for the

digital extremity in the four outer metatarsal; one for the shaft and one for the base in the metatar-

sal bone of the great toe.' Ossification commences in the centre of the shaft about the ninth week,

and extends toward either extremity. The centre in the proximal end of the first metatar.sal

bone appears about the third year, the centre in the distal end of the other bones between the fifth

and eighth years; they unite with the shaft between the eighteenth and twentieth years.

The phalanges are developed from two centres for each bone

—

one for the shaft and one for

the proximal extremity. The centre for the shaft appears about the tenth week, that for the

epiphysis between the fourth and tenth years; they join the shaft about the eighteenth year.

Construction of the Foot as a Whole (Figs. 207, 208).

The foot is constructed on the same principles as the hand, but modified to

form a firm basis of support for the rest of the body when in the erect position.

It is more solidly constructed, and its component parts are less movable on each

other than in the hand. This is especially the case with the great toe, which has

to assist in supporting the body, and is therefore constructed with greater soHdity;

it lies parallel with the other toes, and has a very limited degree of mobility,

whereas the thumb, which is occupied in numerous and varied movements, is

constructed in such a manner as to permit of great mobility. Its metacarpal bone

is directed away from the others, so as to form an acute angle with the second,

and it enjoys a considerable range of motion at its articulation with the carpus.

The foot is placed at right.angles to the leg—a position which is almost peculiar

to man, and has relation to the erect position which he maintains. In order to

allow of its supporting the weight of the whole body in this position with the

least expenditure of material, it is constructed in the form of an arch. This

antero-posterior or longitudinal arch is made up of two unequal limbs. The
hinder one, which is made up of the calcaneus and the posterior part of the astrag-

alus, is about half the length of the anterior limb, and measures about three

inches. The anterior limb consists of the rest of the tarsal and the metatarsal

bones, and measures about seven inches. It may be said to consist of two parts,

an inner segment made up of the head of the astragalus, the scaphoid, the three

cuneiform, and the three inner metatarsal bones; and an outer segment composed

of the calcaneus, the cuboid, and the two outer metatarsal bones. The summit of

the arch is at the superior articular surface of the astragalus; and its two extremi-

ties—that is to say, the two piers on which the arch rests in standing^—are the

internal tubercle on the under surface of the calcaneus posteriorly, and the heads

of the metatarsal bones anteriorly. The weakest part of the arch is the joint

between the astragalus and scaphoid ; and here it is more liable to yield in those

who are overweighted, and in those in whom the ligaments which complete and

preserve the arch are relaxed. This weak point in the arch is braced on its con-

cave surface by the inferior calcaneoscaphoid ligament, w^hich is more elastic

than most other ligaments, and thus allows the arch to yield from jars or shocks

applied to the anterior portion of the foot and quickly restores it to its pristine

•As was noted in the first metacarpal bone, so in the first metatarsal, there is often to be observed a tendency
to the formation of a second epiphysis in the distal extremity.
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condition. This ligament is supported internally by blending with the deltoid

ligament, and inferiorly by the tendon of the Tibialis posticus muscle, which is

spread out into a fan-shaped insertion, and prevents undue tension of the liga-

ment or such an amount of stretching as would permanently elongate it.

In addition to this longitudinal arch the foot presents a transverse arch, at the

anterior part of the tarsus and hinder part of the metatarsus. This, however, can
scarcely be described as a true arch, but presents more .the character of a half-

dome. The inner border of the central portion of the longitudinal arch is elevated

Fig. 207.—Skeleton of the foot, internal border. (Poirier and Charpy.

)

from the ground, and from this point the bones arch over to the outer border,

which is in contact with the ground, and, assisted by the longitudinal arch, pro-

duce a sort of rounded niche on the inner side of the foot, which gives tne appear-

ance of a transverse as well as a longitudinal arch.

The line of the foot, from the point of the heel to the toes, is not quite straight,

but is directed a little outward, so that the inner border is a little convex and the

outer border concave. This disposition of the bones becomes more marked when
the longitudinal arch of the foot is lost, as in the condition known under the name
of "flat-foot."

MIDDLE CUNFIFORM

riBST METATARSAL

Fig. 208.—Skeleton of the foot, external border. (Poirier and Charpy.)

Surface Form.—On the dorsum of the foot the individual bones are not to be distinguished

with the exception of the head of the astragalus, which forms a rounded projection in front of

the ankle-joint when the foot is forcibly extended. The whole surface forms a smooth convex

outline, the summit of which is the ridge formed by the head of the astragalus, the scaphoid,

the middle cuneiform, and the second metatarsal bones; from this it gradually inclines outward

and more rapidly inward. On the inner side of the foot, the internal tubercle of the calcaneus

and the ridge separating the inner from the posterior surface of the bone may be felt most pos-

teriorly. In front of this, and below the internal malleolus, may be felt the projection of the

sustentaculum tali. Passing forward is the well-marked tuberosity of the scaphoid bone, situ-

ated about an inch or an inch and a quarter in front of the internal malleolus. Further toward
the front, the ridge formed by the base of the first metatarsal bone can be obscurely felt, and
from this the shaft of the bone can be traced to the expanded head articulating with the base
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of the first phalanx of the great toe. Immediately beneath the base of this phalanx, the internal

sesamoid bone is to be felt. Lastly, the expanded ends of the bones forming the last joint of

the great toe are to be felt. On the outer side of the foot the most posterior bony point is the

external tubercle of the calcaneus, with the ridge separating the posterior from the outer surface

of the bone. In front of this the greater part of the external surface of the calcaneus is subcu-

taneous; on it, below and in front of the external malleolus, may be felt the peroneal spine when
this is present. Farther forward, the base of the fifth metatarsal bone forms a prominent and
well-defined landmark, and in front of this the shaft of the bone, with its expanded head, and
the base of the first phalanx may be defined. The sole of the foot is almost entirely covered

by soft parts, so that but few bony parts are to be made out, and these somewhat obscurely.

The hinder part of the under surface of the calcaneus and the heads of the metatarsal bones,

with the exception of the first, which is concealed by the sesamoid bones, may be recognized.

Applied Anatomy.—Considering the injuries to which the foot is subjected, it is surpris-

ing how seldom the tarsal bones are fractured. This is no doubt due to the fact that the tarsus

is composed of a number of bones, articulated by a considerable extent of surface and joined

together by very strong ligaments, which serve to mitigate the intensity of violence applied to this

part of the body. When fracture does occur, these bones, being composed for the most part

of a soft cancellous structure, covered only by a thin shell of compact tissue, are often extensively

comminuted, especially as most of the fractures are produced by direct violence. As the bones

have only a very scanty amount of soft parts over them, fractures are very often compound, and
amputation is frequently necessary.

CALCANEUS

FIFTH
METATARSAL

EXTERNAL
CUNEIFORM

FIRST
METATARSAL

Fig. 209.—Line of Chopart's amputation. Fig. 210,—Line of Lisfranc's amputation.
(Poirier.) (Poirier.)

When fracture occurs in the anterior group of tarsal hones, it is almost invariably the result

of direct violence, but fractm-es of the posterior group, that is, of the calcaneus and astragalus,

are most frequently produced by falls from a height on to the feet; though fracture of the cal-

caneus may be caused by direct violence or by muscular action. The posterior part of the bone,
that is, the part behind the articular surfaces, is almost always the seat of the fracture, though
some few cases of fracture of the sustentaculum tali and of vertical fracture between the two
articulating facets have been recorded. The neck of the astragalus, being the weakest part of

the bone, is most frequently fractured, though fractures may occur in any part and almost in

any direction, either associated or not with fracture of other bones.

In cases of club-foot, especially in congenital cases, the bones of the tarsus become altered

in shape and size, and displaced from their proper positions. This is especially the case in

congenital equinovarus, in which the astragalus, particularly about the head, becomes twisted and
atrophied, and a similar condition may be present in the other bones, more especially the

scaphoid. The tarsal bones are peculiarly liable to become the seat of tuherculous caries, and this

condition may arise after comparatively trivial injuries. There are several reasons to account

for this. They are composed of a delicate cancellated structure, surrounded by intricate synovial

membranes. They are situated at the farthest point from the central organ of the circulation

and exposed to vicissitudes of temperature; and, moreover, on their dorsal surface are thinly

clad with soft parts which have but a scanty blood-supply. And finally, after slight injuries,

they are not maintained in a condition of rest to the same extent as structures suft'ering from
similar injuries in some other parts of the body. Caries of the calcaneus or astragalus may
remain limited to the one bone for a long period, but when one of the other bones is affected,

the remainder frequently become involved, in consequence of the disease spreading through

the large and complicated synovial membrane which is more or less common to these bones.

Amputation of the whole or a part of the foot is frequently required either for injury or disease.

The principal amputations are as follows; (1) Syme's amputation at the ankle-joint by a heel-

flap, with the removal of the malleoli and a thin slice from the lower end of the tibia. (2)

Pirogoff's amputation: removal of the whole of the tarsal bones, except the posterior part of the
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calcaneus. A thin slice is sawed from the tibia and fibula, including the two malleoli. The sawed
surface of the calcaneus is then turned up and united to the similar surface of the tibia. (3)

Subastragaloid amputation: removal of the foot below the astragalus through the joint between
it and the calcaneus.

The bones of the tarsus occasionally require removal individually. This is especially the

case with the astragalus and calcaneus for disease limited to the one bone, or again the

astragalus may require excision in cases of subastragaloid dislocation. In cases of inveterate

talipes the head of the astragalus and greater process of the calcaneus is often removed, some-
times the scaphoid is also taken out. Finally, Mikulicz and Watson have devised operations for

the removal of more extensive portions of the tarsus. Mikulicz's operation consists in the re-

moval of the calcaneus and astragalus, along with the articular surfaces of the tibia and fibula,

and also of the scaphoid and cuboid. The remaining portion of the tarsus is then brought

into contact with the sawed surfaces of the tibia and fibula, and fixed there. The result is a

fKJsition of the shortened foot resembUng talij>es equinus. Watson's operation is adapted to

those cases where the disease is confined to the anterior tarsal bones. By two lateral incisions

he saws through the bases of the metatarsal bones in front and opens up the joints between the

scaphoid and astragalus, and the cuboid and calcaneus, and removes the intervening bones.

Fractures of the metatarsal bones and phalanges are nearly always due to direct violence, and
in many cases the injury is the result of severe crushing accidents, necessitating amputation.

The metatarsal bones, and especially the metatarsal bone of the great toe are frequently dis-

eased, either in tuberculous subjects or in perforating ulcer of the foot.

Sesamoid Bones (Ossa Sesamoidea) (Figs. 211, 212).

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

Fig. 211 —Sesamoid bones of the hand,
aod Charpy.

)

(Poirier Fig. 212.—Sesamoid ^nea of the foot
(Poirier and Charpy.)

the parts over which thev glide. It is said that they are more commonly found in

the male than in the female, and in persons of an active muscular habit than in

those who are weak and debilitated. They are invested throughout their whole

surface bv 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

oresent a free articular facet. They may be divided into two kinds—those

17
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which gHde over the articular surfaces of the joints, and those which play over
the cartilaginous facets found on the surfaces of certain bones.

The sesamoid bones of the joints in the upper extremity are two on the palmar
surface of the metacarpophalangeal joint in the thumb, developed in the tendons

of the Fljexor brevis pollicis; one on the palmar surface of the interphalangeal

joint of the thumb; occasionally one or two opposite the metacarpophalangeal

articulations of the fore and little fingers; and, still more rarely, one opposite the

same joints of the third and fourth fingers. 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 halluds, opposite the metatarso-

phalangeal joint of the great toe; one sometimes over the interphalangeal joint

of the great toe; and occasionally one in the metatarsophalangeal joint of the

second toe, the little toe, and, still more rarely, the third and fourth toes.

Those found in the tendons which glide over certain bones occupy the following

situations: One sometimes found in the tendon of the Biceps brachii, opposite the

tuberosity of the radius; 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 anticus, opposite the smooth facet of the internal cuneiform bone;

one is found in the tendon of the Tibialis posticus, opposite the inner side of the

head of the astragalus; one in the outer head of the Gastrocnemius, behind the

outer condyle of the femur; and one in the conjoined tendon of the Psoas and
Iliacus, where it glides over the os pubis. Sesamoid bones are found occasionally

in the tendon of the Gluteus maximus, as it passes over the great trochanter, and
in the tendons which wind around the inner and outer malleolL
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THE various bones of which the skeleton consists are connected at different

parts of their surfaces, and such connections are designated by the

name of joints, or articulations. Certain joints are immovable, as all those between

the cranial bones excepting the temporomandibular joint. In an inmiovable joint

the adjacent margins of the bones are applied in close contact, a thin layer of

fibrous membrane, the sutural ligament, or, as 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 fibrocartilages, as in the joints between the vertebral bodies and
in the interpubic articulation; but in the movable joints the bones forming the

articulation are generally expanded for greater convenience of mutual connection,

covered by hyaline cartilage, held together by strong bands or capsules of fibrous

tissue called ligaments, and partially lined by a membrane, the synovial membrane,

which transudes 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, hyaline

cartilage, fibrocartilage, ligament, and synovial membrane
Bone.—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, and consist of spong}-, cancellous ticsue, with a thin

coating of compact substance. 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 color, extremely dense, and varies in thickness. Its

structure differs from ordinary bone tissue in this respect, that it contains no

Haversian canals, and its lacunae are much larger than in ordinary bone and

have no canaliculi The vessels of the cancellous tissue, as they approach the

articular lamella, turn back in loops, and do not perforate it; this layer is conse-

quently more dense and firmer than ordinary bone, and is evidently designed to

form a firm and unyielding support for the articular cartilage. In the flat bones

the articulations usually take place at the edges, and, in the short bones, at various

parts of their surface.

Cartilage.—There are three varieties of cartilage

—

A, hyaline; B, fibrocartilage;

and C, yellow elastic cartilage; of these, but two, hyaline and fibrocartilage are

utilized in the structure of a joint.

In general, cartilage consists of a genetic investing membrane, the perichondrimn, surrounding

the cartilage substance proper. T^e latter consists of the cellular elements, or chondroblasts,

and the intercellular substance, or zaatrix.

The perichondrium is composed chiefly of white fibrous connective tissue with a few added

yellow elastic fibres and cellular elements. The outer part contains few cells, and is called the

fibrous layer. The inner part, or genetic layer, contains the bloodvessels, and is rich in flat-

tened, elongated, or spindle-shaped cells, the chondroblasts.

The chondroblasts vary in shape; those immediately beneath the perichondriimi are flat

and elongated, while those farther in become larger and oval in form. Each cell contains a

prominent nucleus embedded in a clear protoplasm that may contain one or more vacuoles.

Each cell is sharplv outlined, and lies in a space called the lactma, btit two or more cells may be

seen to occupy the same lacuna. The matrix immediately surrounding the lacuna is somewhat

differentiated from the remaining matrix, and is called the capsule of the lacuna.

(259)
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The matrix varies in the different varieties of cartilage. In hyaline cartilage it is bluish

or pearly in appearance, and under low magnification is apparently noraogeneous ; in the fibro-

cartilage the matrix consists mainly of white fibrous tissue arranged in bundles of varying size

with islands of hyaline matrix and cartilage cells at intervals; the matrix of elastic cartilage

is mainly yellow elastic tissue with islands of hyaline matrix and cartilage cells.

^4. Hyaline cartilage is surrounded by its perichondrium, internal to which is found the

apparently homogeneous or slightly granular matrix. If the latter be examined by polarized

light or be first treated with potassium hydrate, the fundamental fibrillse are discernible. The
fibrils form a meshwork that contains the hyaline substance and cells.

In joints the hyaline cartilage is found as a thin layer covering the articular surfaces of

the bones concerned, and is here called articular cartilage. In this form the peripheral cells

are parallel to the surface; deeper in toward the bone the cells become arranged in rows at

right angles to the surface. The latter condition may account for the vertical splitting of articular

cartilage that occurs in certain diseases.

Hyaline cartilage is also found in the costal, tracheal, bronchial, and most of the laryngeal

cartilages. It tends to calcify and even ossify in old age, and upon boiling yields a substance

called chondrin.

The hyaline cartilage that covers the joint surfaces of the bones, by its elasticity enables it

to break the force of any concussion, while its smoothness affords ease and freedom of move-
ment. It varies in thickness according to the shape of the articular surface on which it lies;

where this is convex the cartilage is thickest at the centre, where the greatest pressure is received;

the reverse is the case on the concave articular surfaces.

'V

Fig. 213.—Sections of cartilage. A. Hyaline cartilage, a. Fibrous layer of perichondrium. 6. Genetic
layer of perichondrium, c. Youngest chondroblasts. d. Older chondroblasts. e. Capsule, /.cells. ». Lacuna.
B. Elastic cartilage. C. Wnite fibroeartilage. (Radasch.)

B. Fibroeartilage is surrounded by a perichondrium; its matrix differs from that of the

hyaline variety in consisting chiefly of white fibrous tissue arranged in bundles with little islands

of hyaline substance and cells scattered here and there. It is found in the intra-articular car-

tilages, deepening joint cavities, and in the intervertebral disks. It is arranged in three

groups— (1) intra-articular, (2) connecting, and (3) circumferential.

1. The articular fibrocartilages, or articular disks {vienisci articularcs), are flattened, fibro-

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

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

centre than at their circumference, and held in position by the attachment of their margins

and extremities to the surrounding ligaments. The synovial membrane of the joint is prolonged

over them a short distance from their attached margins. They are found in the temporo-
mandibular, sternoclavicular^ acromioclavicular, wrist- and knee-joints. These cartilages are
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usually found in those joints which are most exposed to \-ioIent concussion and subject to fre-

quent movements. Their ase is to maintain the apposition of the opposed surfaces in their
various motions; to increase the depth of the articular surfaces and give ease to the gliding
movement; to moderate the effects of great pressure and deaden the intensity of the shocks to
which the |)arts may be subjected. Humphr)' has pointed out that these intra-articular fibro-
cartilages serve an important piirpose in increasing the variety of movements in a joint. Thus,
in the knee-joint there are two kinds of motion—viz., angular"movement and rotation—although
it is a hinge-joint, in which, as a rule, only one variety of motion is permitted; the former
movement takes place between the condyles of the feinur and the articular cartilages, the
latter between the cartilages and the head of the tibia. So, also, in the temporomandibular
joint, the upward and downward movement of opening and shutting the mouth takes place
between the fibrocartilage and the mandible, the grinding movement between the glenoid cavity
and the fibrocartilage, the latter moving with the mandible.

Intra-articular cartilages may divide the joint into two distinct cavities, as in the temporo-
mandibular articulation. The periphery of an articular cartilage is attached particularly to

the capsule, and may also be attached to the nonarticular portion of the bone. The semilunar
cartilages of the knee resemble tendon more than they do cartilage. The fibres are arranged
in dense, more or less parallel bundles, separated by small, scattered hyaline cells, and the disks
are attached to the bone by thin layers of hyaline cartilage.

2. The connectiiig fibrocartilages are interposed between the bony surfaces of those joints

which admit of only slight mobility, as between the bodies of the vertebrae and between the

pubic bones. They form disks which adhere closely to both of the opposed surfaces, and are

composed of concentric rings of fibrous tissue, with cartilaginous laminse interposed, tike former
tissue predominating toward the circumference, the latter toward the centre.

3. The circumferential fibrocartilages consist of a rim of fibrocartilage, 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 its edges.

Elastic cartilage, although not utilized in joints, may be considered here. It is siurounded

by a perichondrium, and its matrix differs from the preceding varieties in being composed
chiefly of yellow elastic tissue. It is found in the pinna of the ear, Eustachian tube, epiglottis,

and small cartilages of the larynx. It does not ossify or calcify.

Cartilage, in the adult, is an avascular tissue, and although vessels at times are seen in the

costal cartilages, they do not nourish it, as no branches are given off. Nerves are "likewise

absent.

Ligaments consist of bands of various forms, sening to connect the articular

extremities of bones, and are composed mainly of coarse bundles of ven'

dense, white, fibrous tissue placed parallel with, or closely interlaced with, one

another, and presenting a white, shining, silven- aspect. A ligament is pliant

and flexible, so as to allow of the most perfect freedom of movement, but it is

strong, tough, and inextensile, so as not readily to yield under the most severely

applied force; it is consequently well adapted to sene as the connecting medium
between the bones. Some ligaments consist entirely of yellow elastic tissue, as

the ligamenta subflava, which connect together the adjacent arches of the verte-

brae in man, and the ligamentum nuchae in the lower animals are composed of

yellow elastic tissue. In these cases it will be obsened that the elasticity of the

ligament is intended to act as a substitute for muscular power.

S3movial membrane is a thin, delicate, serous membrane, arranged in its

simplest form like a short, wide tube, attached by its open ends to the margins

of the articular cartilages and covering the inner surfaces of the various ligaments

which connect the articulating surfaces, so that, along with cartilages, it completely

encloses the joint-cavity. Its transudate is thick, viscid, and glair^-, like the

white of an eg^, hence it is termed synovia. It is composed of a single layer of

endothelial cells resting upon a thin layer of fibroelastic (subendothelial) tissue.

The synovial membranes found in the body admit of subdivision into three kinds

—

articular, bursal, and vaginal.

Articular synovial membrane is found in ever\' freely movable joint. It lines the capsule

of the joint and is reflected upon the nonarticular intracapsular portion of the bones which

enter into the formation of the joint. In the fetus this membrane is said, bv Toynbee, to
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be continued over the surface of the cartilages; but in the aduh it merely encroaches for a short

distance upon the margins of the cartilages, to which it is firmly attached; it then invests the

inner surface of the capsular or other ligaments enclosing the joint, and is reflected over the

surface of any tendons passing through its cavity, as the tendons of the Popliteus in the knee

and the tendon of the Biceps in the shoulder. In some of the joints the synovial membrane
is thrown into folds, which pass across the cavity. They are called synovial ligaments,

and are especially distinct in the knee. These folds, when large, frequently contain con-

siderable quantities of fat, which acts as a cushion between the two articular surfaces and
serves a valuable purpose in filling up gaps. In some joints there are flattened folds, sub-

divided at their margins into fringe-like processes (synovial villi), the vessels of which have

a convoluted arrangement. These latter generally project from the synovial membrane near

the margin of the cartilage and lie flat upon its surface. They consist of fibroelastic tissue

covered with endothelium, and contain fat-cells in variable quantities, and, more rarely, isolated

cartilage-cells. Under certain diseased conditions similar processes are found covering the

entire surface of the synovial membrane, forming a mass of pedunculated fibrofatty growths

which project into the joint. Similar structures are also found in some of the bursal and vaginal

synovial membranes.

The bursal synovial membranes are sacs interposed between surfaces which move upon each

other, producing friction, as in the gliding of a tendon or of the integument over projecting bony
surfaces. There are two groups of synovial bursse designated according to situation: (1) Sub-
cutaneous sjmovial bursae (bursae mucosae subcutaneae) (Fig. 214) are those situated between the

integument and a prominent process of bone. Subcutaneous bursse are found between the

integumeftt and the front of the patella, over the olecranon, the malleoli, and other prominent

parts. (2) Subtendinous synovial btirsse {bursae mucosae subtendineae) (Fig. 214) are those situ-

ated between tendons or muscles and the bony or cartilaginous surfaces over which the tendons

or muscles glide. For example, a bursa is placed between the Glutei muscles and the surface

Fig. 214.—Scheme of a serous bursa. (Poirier and Charpy.)

of the great trochanter. Subtendinous bursae are found often about joints and not unusually com-
municate directly with the cavity of the joint by means of an opening in the joint capsule, the

synovial membrane of the joint being continuous with the synovial membrane of the bursa.

For instance, the bursa between the tendon of the Psoas and Iliacus muscles and the capsular

ligament of the hip communicates with the hip-joint; and the bursa between the under surface

of the Subscapularis muscle and the neck of the scapula communicates with the shoulder-joint.

Bursae consist of a thin wall of connective tissue, lined bv endothelial cells, and contain a viscid

fluid.

The vaginal synovial membrane (Figs. 257 and 365), which is the ssmovial sheath or the

thecal synovial bursa (vagina mucosa tendinis), serves to facilitate the gliding of a tendon in the

osseofibrous canal through which it passes. 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

surface of the contained tendon, the space between the two surfaces of the membrane containing

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 osseofibrous canals in the hand or foot.

A vaginal sheath covers the long head of the Biceps brachii muscle from its origin to the surgical

neck of the humerus (Fig. 247).

Subjacent to the synovial membrane of certain joints are found pads of adipose tissue, the

S3movial pads. These serve to fill up large spaces, and by adapting themselves to changes of

position maintain the form of the joint during movement.
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The articulations are divided into three classes—synarthrosis, or immovable;
amphiarthrosis, or mixed; and diarthrosis, or movable joints.

Synarthrosis (Immovable Articulation).—Synarthrosis includes all those artic-

ulations in which the surfaces of the bones are in almost direct contact, being
fastened together by an intervening mass of connective tissue, and in which there

Periosteum
Sutural ligament

Cartilage

Fig. 215.—Section across the sagittal suture.

Perichmidnum 7=55^^'^

Periosteum

Fig. 216.—Section through the occipitosphenoid
synchondrosis of an infant.

is no joint cavity and no appreciable motion. Examples of synarthrosis are the

joints between the bones of the cranium and of the face, excepting those of the

mandible. The varieties of synarthrosis are four in number—sutura, schindylesis,

gomphosis, and synchondrosis.

Ligament

Intervertebral disk
of jibrocartilage

Articular cartilage \\S^^^i^SK*f

Fig. 217.—Diagrammatic section of a symphysis.

The sutura is that form of articulation met with only in the skull, where the

contiguous margins of flat bones are apparently but not really in immediate

contact, a thin layer of fibrous tissue, sutural membrane, being interposed. This

membrane is continuous externally with the pericranium and internally with the

f>',>'\ lV'>*^*Vc''S^ -^'^^ }^yArtictilar cartilage

Synovial memhrane /.f^

Capsular ligament

Synovial membrane

Articular cartilage

Intra-aHicvlar
Jibrocartilage

Capsular ligament

Fig. 218.—Diagrammatic section of p. diarthrodial
joint.

Fig. 219.—Diagrammatic section of a diarthrodial
joint, with an intra-articular fibrocartilage.

dura. In some of the sutures the sutural membrane gradually disappears as

age advances and the two bones form an osseous fusion. Where the articulating

surfaces are connected by a series of processes and indentations interlocked.
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it is termed a true suture, or sutura vera, of which there are three varieties

—

sutura

dentata, serrata, and limbosa. The sutura dentata 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 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 sutura limbosa besides the dentated processes, there is a certain

degree of bevelling of the articular surfaces, so that the bones overlap each other,

as in the suture between the parietal and frontal bones. When the articulation

is formed by roughened surfaces placed in apposition with one another, it is

termed the false suture, of which there are two kinds—the sutura squamosa, formed
by the overlapping of two contiguous bones by broad bevelled margins, as in the

squamoparietal (squamous) suture; and the sutura harmonia, where there is simple

apposition of two contiguous, rough, bony surfaces, as in the articulation between
the two maxillae or of the horizontal plates of the palate bones.

Schindylesis is that form of articulation in which a thin plate of bone is

received into a cleft or fissure formed by the separation of two laminae in another

bone, as in the articulation of the rostrum of the sphenoid and perpendicular

plate of the ethmoid with the vomer, or in the reception of the latter in the

median fissure between the maxillae and palate bones.

A gomphosis 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 articu-

lation between bones, properly so called, but is seen in the articulation of the teeth

with the alveoli of the maxillae and mandible.

A synchondrosis is a joint in which the connecting medium is hyaline cartilage.

This is a temporary form of joint, because the hyaline cartilage becomes con-

verted into bone before adult life. Such joints are found between the epiphyses

and shafts of long bones, between the occipital and the sphenoid at, and for some
years after birth.

Amphiarthrosis (Mixed Articulation).—In this form of articulation the con-

tiguous osseous surfaces are either connected by broad flattened disks of fibro-

cartilage which adhere to the end of each bone, as in the articulation between the

bodies of the vertebrae, or else the articular surfaces are covered with fibro-

cartilage, partially lined by synovial membrane, and connected by external liga-

ments, as in the pubic symphysis, both of these joints being capable of limited

motion.

The articulation between the bodies of the vertebrae resemble the synarthrodia!

joints in the continuity of their surfaces and the absence of a synovial sac; the

symphysis pubis resembles the diarthrodial articulation.

Diarthrosis (Movable Articulation) .—This form of articulation includes the

greater number of the joints in the body, mobility being their distinguishing

character. They are formed by the approximation of two contiguous bony
surfaces covered with cartilage, connected by ligaments and lined with synovial

membrane. The varieties of joints in this class have been determined by the

kind of motion permitted in each. There are two varieties in which the move-
ment is uniaxial; that is to say, all movements take place around one axis. In

one form, the ginglymus, or hinge-joint, this axis is, practically speaking, trans-

verse; in the other, the trochoid, or pivot-joint, it is longitudinal. There are two
varieties where the movement is biaxial or around two horizontal axes at right

angles to each other or at any intervening axis between the two. These are the

condyloid joint and the saddle-joint. There is one form of joint where the move-
ment is polyaxial, the enarthrosis, or ball-and-socket joint. And finally there are

the arthrodia, or gliding joints. In a diarthrosis there is always a joint cavity

lined with synovial membrane—the articular surfaces of the bones are covered

with hyaline cartilage, and the bones are held in contact by ligaments.



SYNARTHROSIS 265

The ginglymus, or hinge-joint, is that form of joint in which the articular surfaces

are moulded to each other in such a manner as to permit motion only in one plane,

forward and backward; the extent of motion at the same time being considerable.

The direction which the distal bone takes in this motion is never in the same
plane as that of the axis of the proximal bone, and there is always a certain amount
of alteration from the straight line during flexion. The articular surfaces are

connected together by strong lateral ligaments, which form their chief bond of

union. The most perfect forms of ginglymus are the interphalangeal joints.

A trochoid, or pivot-joint or rotary joint, is one in which the movement is

limited to rotation; the joint is formed by a pivot-like process turning within

a ring, or the ring on the pivot, the ring being formed partly of bone, partly of

ligament. In the superior radioulnar articulation the ring is formed partly by

the lesser sigmoid cavity of the ulna and in the rest of its extent by the orbicular

ligament ; here the head of the radius rotates within the ring. 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 around the odontoid process.

Condyloid or biaxial articulation is that form of joint in which an ovoid artic-

ular head, or condyle, is received into an elliptical cavity in such a manner as

to permit of flexion and extension, adduction and abduction and circumduction,

but no axial rotation. The articular surfaces are connected together by anterior,

posterior, and lateral ligaments. An example of this form of joint is found in

the wrist.

Articulation by reciprocal reception, or saddle-joint, is that variety in which the

articular surfaces are concavo-convex; that is to say, they are inversely convex,

in one direction and concave in the other. The movements are the same as in

the preceding form; that is to say, there is flexion, extension, adduction, abduction,

and circumduction, but no axial rotation. The articular surfaces are connected

by a capsular ligament. The best example of this form of joint is the carpo-

metacarpal joint of the thumb.

An enarthrosis, or ball-and-socket joint, is that form of joint in which the distal

bone is capable of motion around an indefinite number of axes which have one

common centre. It is formed by the reception of a globular head into a deep

cup-like cavity, the parts being kept in apposition by a capsular ligament strength-

ened by accessory ligamentous bands. Examples of this form of articulation are

found in the hip- and shoulder-joints.

Arthrodia.—Arthrodia is that form of joint which admits of a gliding move-

ment ; it is formed by the approximation of plane surfaces or of one slightly con-

cave to one slightly convex, the amount of motion between them being limited

bv the ligaments, or osseous processes, surrounding the articulation; as in the

articular processes of the vertebrae, the carpal joints, except that of the os magnum

with the scaphoid and semilunar bones.

Below, in tabular form, are the names, distinctive characters, and examples

of the different kinds of articulations:
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Synarthrosis, or Im-
movable Joint. Sur-

faces separated by

fibrous membrane or

by a line of cartilage,

without any interven-

ing synovial cavity,

and immovably con-

nected with each
other.

As in joints of cran-

ium and face (except

mandible).

Amphiarth rosis,

Mixed Articulation.

Sutura vera (true)

articulate by indent--!

ed borders.

Sutura. Articu-

lation by processes

and indentations ^

interlocked.

Sutura notha

(false), articulate by
rough surfaces.

Diarthrosis,

Movable Joint.

f Dentata, having tooth-

like processes.

As in interparietal suture.

Serrata, having serrated

r fi..u.^r. ..a^n n.„^\ edges like the teeth of a
saw.

As in interfrontal suture.

Limbosa, having bevelled

margins and dentated pro-

cesses.

As in frontoparietal su-

._
ture.

r Squamosa, formed by
thin bevelled margins, over-

lapping each other.

As in squamoparietal

suture.

Harmonia, formed by
luugu ouiicti,ca.

^j^^ apposition of contigu-

ous rough surfaces.

As in intermaxillary su-

1^ ture.

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.
Gomphosis.—Articulation formed by the insertion of a conical process

.into a socket—the teeth.

Synchondrosis—(1) Surfaces connected by fibrocartilage and not

separated by synovial membrane. Has limited motion. As in joints

between bodies of vertebrae.

(2) Surfaces covered by fibrocartilage, lined by partial synovial

membrane. As in pubic symphysis.

Ginglymus.—Hinge-joint; motion limited to two directions, for-

ward and backward. Articular surfaces fitted together so as to

permit of movement in one plane. As in the interphalangeal

joints.

Trochoid, or Pivot-joint.—Articulation by a pivot process turning

within a ring or ring around a pivot. As in superior radioulnar articu-

lation and atlanto-axial joint.

Condyloid.—Ovoid head received into elliptical cavity. Movements
in every direction except axial rotation. As the wrist-joint.

Reciprocal Reception (saddle-joint).—Articular surfaces inversely con-

vex in one direction and concave in the other. Movement in every

direction except axial rotation. As in the carpometacarpal joint of the

thumb.
Enarthrosis.—Ball-and-socket joint ; capable of motion in all directions.

Articulations by a globular head received into a cup-like cavity. As in

hip- and shoulder-joints.

Arthrodia.—Gliding joint; articulations by plane surfaces, which

glide upon each other. As in carpal and tarsal articulations.

The Kinds of Movement Admitted in Joints.

The movements admissible in the joints may be divided into four kinds—gliding,

angular movement, circumduction, and rotation. These movements are often,

however, more or less combined in the various joints, so as to produce an infinite

variety, and it is seldom that we find only one kind of motion in any particular

joint.

Gliding movement is the most simple kind of motion that can take place in a

joint, one surface gliding or moving over another without any angular or rotatory

movement. It is common to all movable joints, but in some, as in the articu-

lations 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
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surfaces, of whatever form, limited by the ligaments which enclose the articu-

lation. Gliding over a wide range, as is seen in the sliding of the patella over

the condyles of the femur, is called coaptation.

Angular movement occurs only between the long bones, and by it the angle

between the two bones is increased or diminished. It may take place in four

directions—forward and backward, constituting flexion or bending and extension

or straightening, or inward toward and outward from the medial line of the body,

constituting adduction and abduction. Abduction of a limb is movement away
from the medial line of the body. Adduction of a limb is movement toward the

medial line of the body. In the fingers and toes the significance of the terms are

different; abduction means movement of the fingers away from the middle finger

or of the toe away from the second toe; adduction means movement of fingers

toward the middle finger or of the toes toward the second toe. The strictly gingly-

moid or hinge-joints admit of flexion and extension only. Abduction and adduc-

tion, combined with flexion and extension, are met with in the more movable
joints; as in the hip-, shoulder-, and metacarpal-joint of the thumb, and partially

in the wrist. When two anterior surfaces are brought nearer together, as by

bending the elbow or wrist, we speak of the movement as anterior or ventral

flexion. Ventral flexion of the wrist is also called volar or palmar flexion. If

two posterior surfaces are brought nearer together, as by bending the knee or

extending the wrist, we speak of the movement as posterior or dorsal flexion.

At the wrist-joint the bending of the ulnar margin of the hand toward the

ulnar side of the forearm is ulnar flexion; the bending of the radial margin of

the hand toward the radial side of the forearm is radial flexion.

Circumduction is that limited degree of motion which takes place between the

head of the bone and its articular cavity, while 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 an axis, which is the axis of the pivot

on which the bone turns, as in the articulation between the atlas and axis, when
the odontoid process senes as a pivot around which the atlas turns; or else is the

axis of a pivot-like process which turns within a ring, as in the rotation of the

radius upon the humerus.

Ligamentous Action of Muscles.—The movements of the different joints of a limb are com-

bined bv means of the long muscles which pass over more than one joint, and which, when

relaxed and stretched to their greatest extent, act as elastic ligaments in restraining certain

movements 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 is also flexed, so as to bring

their attachments nearer together. The uses of this arrangement are threefold : (1 ) It coordinates

the kinds of movement which are the most habitual and necessary-, and enables them to be per-

formed with the least expenditure of power. "Thus, in the usual gesture of the arms, whether

in grasping or rejecting, the shoulder and the elbow are flexed simultaneously, and simultaneously

extended," in consequence of the passage of the Biceps and Triceps brachii over both joints.

(2) It enables the short muscles which pass over onk 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

thev are of ver^" great power in resisting movements to an extent incompatible with the mechan-

ism' 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

neighboring joints be unitei bv 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 different varieties of move-

ment, the muscles adapting themselves tonically to the length required."^ Dr. W. W. Keen

points out how important it is
" that the surgeon should remember this ligamentous action of

' Dr. Cleland, in Journal of Anatomy and Phyaiolog>-. 1866. No. 1, p. 85.
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muscles in making passive motion—for instance, at the wrist after Colles' fracture. If the

fingers be extended, the wrist can be flexed to a right angle. If, however, they be first flexed,

as in 'making a fist.' flexion at the wrist is strictly limited to from 40 to 50 degrees in different per-

sons, and is very painful beyond that point. Hence, passive motion here should be made with
the fingers extended. In the leg, when flexing the hip, the knee should be flexed." Dr. Keen
further points out that "a beautiful illustration of this is seen in the perching of birds, whose
toes are forced to clasp the perch by just such a passive ligamentous action so soon as thev
stoop. Hence, they can go to sleep and not fall off the perch."

The articulations may be arranged into those of the trunk, those of the upper
extremity, and those of the lower extremity.

ARTICULATIONS OF THE TRUNK.

These may be divided into the following groups, viz.

:

I. Of the Vertebral Column,
II. Of the Atlas with the Axis.

III. Of the Atlas with the Occipital

Bone.

IV. Of the Axis with the Occipital Bone.

V. Of the Mandible.

VI. Of the Ribs with the Vertebrae.

VII.

VIII.

IX.

Of the Cartilages of the Ribs with

the Sternum and with Each
Other.

Of the Sternum.
Of the Vertebral Column with the

Pelvis.

Of the Pelvis.

I. Articulations of the Vertebral Column.

The different segments of the vertebral column are connected by spinal ligaments

(ligamenta columnae vertehralis), which may be divided into five sets: (1) Those
connecting the bodies of the vertebrae. (2) Those connecting the laminae. (3)

Those connecting the articular processes. (4) Those connecting the spinous processes.

(5) Those of the transverse processes (the last four kinds being known as interneural).

The articulations of the bodies of the vertebrae with each other form a series

of amphiarthrodial joints; those between the articular processes form a series of

arthrodial joints.

1. Ligaments of the Vertebral Bodies or Centra (Intercentral
Ligaments)..

Anterior Common Ligament.

Posterior Common Ligament.

Intervertebral Substance,

The anterior common ligament {ligamentum longitudinale unferius) (Figs.

222, 225, and 228) is a broad and strong band of longitudinal fibres which extends

along the anterior (ventral) surface of the bodies of the vertebrae from the axis

to the sacrum. It is broader below than above, thicker in the thoracic 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, where it is continuous with the

anterior atlanto-axial ligament, is connected with the tendon of insertion of the

Longus colli muscle, and extends down as far as the upper bone of the sacrum.

It consists of dense longitudinal fibres, which are intimately adherent to the

intervertebral substance and the prominent margins of the vertebrae, but less
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closely to the middle of the bodies. In the latter situation the fibres are exceed-
ingly thick, and sene to fill up the concavities on their front surface and to make
the anterior surface of the vertebral column more even. This ligament is com-
posed 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 vertebrfc. A second subjacent set extends between two or three vertebrae,

while a third set, the shortest and deepest, extends from one vertebra to the nex-t.

At the side of the bodies the ligament consists of a few short fibres, which pass
from one vertebra to the next, separated from the median portion by large oval

apertures for the passage of vessels.

The posterior common ligament (Hgamentum longitudinale posterius) (Figs.

227 and 228 ) is situated within the vertebral canal, and extends along the posterior

(rfor*a/) surface of the bodies of the vertebrae from the body of the axis above, where

INTCHVERTC-
8RAL FIBRO-
CARTILAGE

- DOT OF
VERTEBRAL
ARCH

Fig. 221.— Intervertebral disk, with the adjacent
vertebral bodies, from in front. (Spaltehoiz.)

POSTERIOR COMMON
LIGAMENT

Fig. 220.—Vertebral bodies with ligaments, from
behind. (Spalteholz.)

it is continuous with the posterior occipito-

axial ligament, to the sacrum below. It is

broader above than below, and thicker in

the thoracic than in the cenical or lumbar
regions. In the situation of the intener-

tebral substance and contiguous margins

of the vertebrae, where the ligament is more intimately adherent, it is broad, and
presents a series of dentations with intenening concave margins; but it is narrow

and thick over the centre of the bodies, from which it is separated by the venae

basis vertebrae. This ligament is composed of smooth, shining, longitudinal

fibres, denser and more compact than those of the anterior ligament, and formed

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 of the spinal cord by loose connective tissue.

The Intervertebral Fibrocartilages {fibrocartUagines intervertebrales) (Figs.

221 and 222).—Each fibrocartilaginous disk is of lenticular form and of composite

structure. The disks are interposed between the adjacent surfaces of the bodies

of the vertebrae from the axis to the sacrum, and form the chief bonds of connec-

tion between those bones. In young children intenertebral substance exists

in the coccyx. These disks vary in shape, size, and thickness in different parts

of the vertebral column. In shape they accurately correspond with the surfaces

of the bodies between which they are placed, being oval in the cenical and lumbar
regions, and circular in the thoracic. Their size is greatest in the lumbar region.
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In thickness they vary not only in the different regions of the vertebral column,

but in different parts of the same disk; thus, they are thicker in front than behind

in the cervical and lumbar regions, while they are uniformly thick in the thoracic

region. The intervertebral disks form about one-fourth of the vertebral column,

exclusive of the first two vertebrae; they are not equally distributed, however,

between the various bones; the thoracic portion of the vertebral column having,

in proportion to its length, a much smaller quantity than in the cervical and lumbar

POSTERIOR COMMON
LIGAMENT

Fig. 222.- -Median section of a piece of the lumbar vertebral column, right half of section viewed from the
left. (Spalteholz.)

regions, which necessarily gives to the latter parts greater pliancy and freedom

of movement. The intervertebral disks are adherent, by their surfaces, to a

thin layer of hyaline cartilage which covers the upper and under surfaces of the

bodies of the vertebrae, and in which, in early life, the epiphyseal plates develop,

and by their circumference are closely connected in front to the anterior, and
behind to the posterior common ligament; while in the thoracic region they

are connected laterally, by means of the interarticular ligament, to the heads of

those ribs which articulate with two vertebrae; they, consequently, form part of

the articular cavities in which the heads of these bones are received.

Structure of the Intervertebral Substance.—The outer portion of the intervertebral sub-

stance is composed of many layers of fibrous connective tissue. This enveloping portion is called

the annulus fibrosus. The central portion of the disk is composed of soft, pulpy, highly elastic

fibrocartilage, containing some bands of connective tissue. It is called the nucleus pulposus, is of

a yellowish color, and rises up considerably above the surrounding level when the disk is divided

horizontally. This pulpy substance, which is especially well developed in the lumbar region,

is the remains of the notochord, and, according to Luschka, contains a small synovial cavity in its

centre. The outer layers of the disk are arranged concentrically one within the other, the outer-

most consisting of ordinary fibrous tissue, but the others and more numerous consisting of white

fibrocartilage. These plates are not quite vertical in their direction, those near the circumference

being curved outward and closely approximated; while those nearest the centre curve in the

opposite direction, and are somewhat more widely separated. The fibres of which each plate is

composed are directed, for the most part, obliquely from above downward, the fibres of adjacent

plates passing in opposite directions and varying in every layer; so that the fibres of one layer

are directed across those of another, like the limbs of the letter X. This laminar arranj;ement

belongs to about the outer half of each disk. The pulpy substance presents no concentric arrange-

ment, and consists of a fine fibrous matrix, containing angular cells, united to form a reticular
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structure. J. Bland Sutton' calls attention to the fact that in the human fetus a transverse

ligamentous band crosses the dorsal aspect of the intervertebral disk and is continuous with the

interosseous ligaments of the heads of the ribs; and also that a fetal ligamentous band exists in

the ventral surface of the intervertebral disk which, after development, becomes the middle
fasciculus of the stellate ligament. These bands are named by Sutton the posterior conjiigal

ligaments and the anterior conjugal ligaments.

Intemeural articulations include the ligaments of the laminae; articular pro-

cesses, spinous processes, and transverse processes.

2. Ligaments Connecting the Lamina.

Ligamenta Subflava.

The ligamenta subflava (ligamenta intercruralid) (Figs. 222 and 223) are inter-

posed between the laminne of the vertebrae, from the axis to the sacrum. They
are most distinct when seen from the interior of the vertebral canal; when viewed

from the outer surface they ap-

pear short, being overlapped by
the laminae. Each ligamentum
subflavum consists of two lateral

portions, which commence on

each side at the root of either

articular process, and pass back-

ward to the point where the

laminte converge to form the

spinous process, where their mar-

gins are in contact and to a

certain extent united; slight in-

tenals being left for the passage

of small vessels. These ligaments

consist of yellow elastic tissue,

the fibres of which, almost per-

pendicular in direction, are at-

tached to the anterior surface of

the laminae above, some distance

from its inferior margin, and to

the posterior surface, as well as

to the margin of the lamina

below. In the cervical region

they are thin in texture, but very

broad and long; they become
thicker in the thoracic region,

and in the lumbar acquire very

considerable thickness. Their

highly elastic property serves to

preserve 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.

3. Ligaments Connecting the Articular Processes.

Capsular Ligaments.

The capsular ligaments {capmlae articiilares) (Fig. 225) are thin and loose

ligamentous sacs, attached to the contiguous margins of the articulating processes

> Ligaments: Their Nature and Morphology, 1887.

Fig. 223.—Vertebral arches with ligamenta filava.

(Spalteholz.)
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of each vertebra through the greater part of their circumference, and completed

internally by the ligamenta subflava. They are longer and looser in the cervical

than in the thoracic or lumbar regions. The capsular ligaments are lined on
their inner surface with synovial membrane.

4. Ligaments Connecting the Spinous Processes.

Supraspinous Ligament.

Ligamentum Nuchae.
Interspinous Ligaments,

The supraspinous ligament {ligamentum supraspinale (Fig. 222) is a strong

fibrous cord, which connects the apices of the spinous processes from the seventh

cervical to the spinous processes of the sacrum. It is thicker and broader in

the lumbar than in the thoracic region, and intimately blended, in both situa-

tions, with the neighboring aponeurosis. The most superficial fibres of this

ligament connect three or four vertebrae; those deeper-seated pass between two
or three vertebrae; while the deepest connect the contiguous extremities of neigh-

boring vertebrae. It is continued upward to the external occipital protuberance

as the ligamentum nuchae.

The ligamentum nuchae is a fibrous membrane which, in the neck, represents

the supraspinous ligaments of the lower vertebrae. It extends from the external

occipital protuberance and crest to the spinous process of the seventh cervical

vertebra. From its anterior border a fibrous lamina is given off, w^hich is attached

to the posterior tubercle of the atlas, and to the spinous processes of all the cervical

vertebrae, so as to form a septum between the muscles on either side of the neck.

In man it is merely a rudiment of an important elastic band which, in some of

the lower animals, serves to sustain the weight of the head.

The interspinous ligaments (ligamenta interspinaUa) (Fig. 222), thin and
membranous, are interposed between the spinous processes. Each ligament

extends from the root to the summit of each spinous process and connects their

adjacent margins. They meet the ligamenta subflava in front and the supraspin-

ous ligament behind. They are narrow and elongated in the thoracic region;

broader, quadrilateral in form, and thicker in the lumbar region; and only slightly

developed in the neck.

5. Ligaments Connecting the Transverse Processes.

Intertransverse Ligaments.

The intertransverse ligaments (ligamenta intertransversaria) (Fig. 235) consist

of bundles of fibres interposed between the transverse processes. In the cervical

region they consist of a few irregular, scattered fibres; in the thoracic, they are

rounded cords intimately connected with the deep muscles of the back; in the

lumbar region they are thin and membranous.

Movements of the Vertebral Column.—The movements permitted in the vertebral-

column are flexion, extension, lateral viovement, circumduction, and rotation.

In flexion (forward flexion), or movement of the vertebral column forward, the anterior

common ligament is relaxed, and the intervertebral substances are compressed in front, while
the posterior common ligament, the ligamenta subflava, and the inter- and supraspinous liga-

ments are stretched, as well as the posterior fibres of the intervertebral disks. The interspaces

between the laminae are widened, and the inferior articular processes of the vertebrae above
glide upward upon the articular processes of the vertebrae below. Flexion is the most extensive

of all the movements of the vertebral column.
In extension (baclcward flexion), or movement of the vertebral column backward, an exactly

opposite disposition of the parts take place. This movement is not extensive, being limited

by the anterior common ligament and by the approximation of the spinous processes.
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Flexion and extension are greatest in the lower part of the lumbar region between the third
and fourth and fourth and fifth lumbar vertebrse; above the third they are much diminished,
and reach their minimum in the middle and upper part of the back. They increase again in the
neck, the capability of motion backward from the upright position being in this region greater
than that of the motion forward, whereas in the lumbar region the reverse is the case.

In lateral flexion, the sides of the intervei tebral disks are compressed, the extent of motion
being limited by the resistance offered by the surrounding ligaments and by the approximation
of the transverse processes. This movement may take place in any part of the vertebral column,
but has the greatest range in the neck and loins.

Circumduction is limited, and is produced merely by a succession of the preceding movements.
Rotation is produced by the twisting of the intervertebral substances; this, although only

slight between any two vertebrfe, produces a considerable extent of movement when it tak^
place in the whole length of the vertebral column, the front of the upper part of the column
being turned to one or the other side. This movement takes place only to a slight extent in the

neck, but is more pronounced in the upper part of the thoracic region, and is altogether absent in

the lumbar region. It is thus seen that the cervical region enjoys the greatest extent of each
variety of movement, flexion and extension, especially, being very extensive. In the thoracic

region the three movements of flexion, extension, and circumduction are permitted only to a
slight extent, while rotation is very extensive in the upper part and ceases below. In the lumbar
region there is extensive flexion, extension, and lateral movement, but no rotation.

The movements permitted are mainly due to the shape and position of the articulating pro-

cesses. In the loins the inferior articulating processes are turned outward and are embraced by
the superior; this renders rotation in this region of the vertebral column impossible, while there is

nothing to prevent a sliding upward and downward of the surfaces on each other, so as to allow

of flexion and extension. In the thoracic region, on the other hand, the articulating processes, by

their direction and mutual adaptation, especially at the upper part of the series, permit of rotation,

but prevent extension and flexion, while in the cervical region the greater obliquity and lateral

slant of the articular processes allow not only flexion and extension, but also rotation.

The principal muscles which produce flexion are the Sternomastoid, Rectus capitis anticus

major, and Longus colli; the Scaleni; the abdominal muscles and the Psoas magnus. Extension

is jjroduced by the fourth layer of the muscles of the back, assisted in the neck by the Splenitis,

Semispinales dorsi et colli, and the ^lultifidus spinae. Lateral motion is produced by the fourth

layer of the muscles of the back, by the Splenius and the Scaleni, the Quadratus lumborum
and Psoas magnus, the muscles of one side only acting; and rotation by the action of the fol-

lowing muscles of one side only—viz., the Sternomastoid, the Rectus capitis anticus major, the

Scaleni, the Multifidus spinae, the Complexus, and the abdominal muscles.

n. Articulation of the Atlas with the Axis (Articulatio Atlantoepistrophica).

The articulation of the atlas with the axis is of a complicated nature, compris-

ing no fewer than four distinct joints. There is a pivot articulation between the

odontoid process of the axis and the ring formed between the anterior arch of

Fio. 224.—Articulation between odontoid process and atlas.

the atlas and the transverse ligament (Fig. 224). Here there are two joints—one

in front between the posterior surface of the anterior arch of the atlas and the front

18
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of the odontoid process (atlanto-odontoid joint) ; the other between the anterior

surface of the transverse ligament and the back of the process (syndosmo-odon-

toid joint). Between the articular processes of the two bones there is a double

arthroidal or gliding joint. The ligaments which connect these bones are the

Anterior Atlanto-axial.

Posterior Atlanto-axial.

Transverse.

Two Capsular.

The anterior atlanto-axial ligament (Figs. 225 and 228) is a strong, membranous
layer, attached, above, to the lower border of the anterior arch of the atlas; helow,

to the base of the odontoid process and to the front of the body of the axis. It is

strengthened in the middle line by a rounded cord, which is attached, above,

to the tubercle on the anterior arch of the atlas, and helow to the body of the axis,

being a continuation upward of the anterior common ligament of the vertebral

column. The ligament is in relation, in front, with the Recti antici majores.

The posterior atlanto-axial ligament (Figs. 225 and 228) is a broad and thin

membranous layer, attached, above, to the lower border of the posterior arch

of the atlas; heloiv, to the upper edge of the laminae of the axis. This ligament

supplies the place of the ligamenta subflava, and is in relation, behind, with the

Inferior oblique muscles.

The transverse ligament of the atlas* (ligamentum transversum atlantis) (Figs.

227 and 228) is a thick, strong band, which arches across the ring of the adas,

and serves to retain the odontoid process in firm connection with its anterior
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Fig. 225.—Occipital bone and first three cervical vertebrae with ligaments, from in front. (Spalteholz.)

arch. This ligament is flattened from before backward, broader and thicker in

' It has been found necessary to describe the transv^erse ligament with tho.se of the atlas and axis; but i\vt

student must remember that it is really a portion of the mechani.sm by which the movements of the head on
the vertebral column 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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the middle than at either extremity, and firmly attached on each side to a small
tubercle on the inner surface of the lateral mass of the atlas. As it crosses the
odontoid process, a small fasciculus is derived from its upper, and another from
its lower border; the former passing upward, to be inserted into the anterior sur-

face of the foramen magnum of the occipital bone; the latter, downward, to be
attached to the posterior surface of the body of the axis; hence, the whole ligament
has received the name of cruciform ligament {Ugamentum critciatiim atlantis).

A synovial surface is interposed between the odontoid process and the trans-

verse ligament, and one is placed between the anterior surface of the odontoid
process and the anterior arch of the atlas. The transverse ligament divides the

vertebral foramen of the atlas into two unequal compartments; of these, the pos-

terior and larger ser%es for the transmission of the cord and its membranes and
the spinal accessory nenes; the anterior and smaller contains the odontoid pro-

cess. Since the space between the anterior arch of the atlas and the transverse

ligament is smaller at the lower part than the upper (because the transverse

ligament embraces tightly the narrow neck of the odontoid process), this process

is retained in firm connection with the atlas after all the other ligaments have been

divided.

The capsular ligaments (capsulae articulares) (Figs. 226 and 227) are two thin

and loose capsules, connecting the lateral masses of the atlas with the superior

articular surfaces of the axis, the fibres being strengthened at the posterior and
inner part of each articulation by an accessory ligament, which is attached below

to the bodv of the axis near the base of the odontoid process.

Synovial Membranes (Fig. 224).—There arefour sjTio\-ial membranes in this articulation

—

one lining the inner sm-face 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 p>osterior surface
of the odontoid process and the transverse Hgaraent. The latter often communicates with
tho-e between the condyles of the occipital bone and the articular surfaces of the atlas.

Movements.—This joint allows the rotation of the atlas (and, with it, of the cranium) upon
the axis, the extent of rotation being limited bv the odontoid ligaments.

The principal muscles bv which this action is produced are the Stemomastoid and Com-
plexus of one side, acting with the Rectus capitis anticus major, Splenius, Trachelomastoid,
Rectus capitis posticiis major, and Inferior oblique of the other side.

ARTICULATIONS OF THE VERTEBRAL COLUMN WITH THE CRANIUM.

The ligaments connecting the vertebral column with the cranium may be divided
into two sets—those connecting the occipital bone with the atlas, and those con-
necting the occipital bone with the axis.

HI. Articulation of the Atlas with the Occipital Bone (Articulatio

Atlanto-occipitalis )

.

This articulation is a double condyloid joint. Its ligaments are the

Anterior Occipito-atlantal. Posterior Occipito-atlantal.

Two Capsular.

The anterior occipito-atlantal ligament (membrana atlantooccipitalis anterior)

(Figs. 225 and 228) is a broad membranous layer, composed of densely woven
fibres, which passes between the anterior margin of the foramen magnum above,

ind the whole length of the upper border of the anterior arch of the atlas below,

laterally, it is continuous with the capsular ligaments. In the middle line in
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front it is strengthened bj' a strong, narrow, rounded cord, which is attached,

above, to the basilar process of the occiput, and, below, to the tubercle on the

anterior arch of the atlas, and which is a continuation of the anterior common
ligament. This ligament is in relation, in front, with the Recti antici minores;

behind, with the odontoid ligaments.

The posterior occipito-atlantal ligament (membrana atlanto-occipitalis posterior,

posterior occipito-atloid ligament) (Figs. 226 and 228) is a very broad but thin

membranous lamina intimately blended with the dura. 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 i§ incomplete at each side, and
forms, with the groove in the upper surface of the posterior arch, an opening for

the vertebral artery and suboccipital nerve. The fibrous band which arches over

the artery and nerve sometimes becomes ossified. The ligaments are in relation,

behind, with the Recti postici minores and Obliqui superiores; m front, with the

dura of the vertebral canal, to which thev are intimatelv adherent.
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Fio. 226.—Occipital bone, first and second cervical vertebrip with ligaments from behind. (Spalteholz.)

The capsular ligaments (capsulae articulares) (Fig. 227) surround the condyles

of the occipital bone, and connect them with the articular processes of the atlas;

they consist of thin and loose capsules, which enclose the synovial membranes
of the articulations.

Synovial Membranes.—There are two synovial membranes in this articulation, one lining the

inner surface of each of the capsular Hgaments. These occasionally communicate with fhat

between the posterior surface of the odontoid process and the transverse ligament.

Movements.—The movements permitted in this joint are flexion and extension, which give

rise to the ordinary forward and backward nodding of the head. Slight lateral motion to one
or the other side may also take place. When either of these actions is carried beyond a slight

extent, the whole of the cervical portion of the spine assists in its production. Flexion h mainly
produced by the action of the Rectus capitis anticus major et minor and the Sternomastoid
muscles; extension by the Rectus capitis posticus major et minor, the Obliquus superior, the

Complexus, Splenius, and upper fibres of the Trapezius. The Recti laterales are concerned in

the lateral movement, assisted by the Trapezius, Splenius, Complexus, and the Sternomastoid
of the same side, all acting together. According to Cruveilhier, there is a slight amount of

rotation in this joint.
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IV. Articulation of the Axis with the Occipital Bone.

The ligaments of this articulation are the

Occipito-axial. Three Odontoid.

To expose these ligaments the vertebral canal should be laid open by removing
the posterior arch of the atlas, the laminae and spinous process of the axis, and
the portion of the occipital bone behind the foramen magnum, as seen in Fig. 227.

The reriical portion of
ODONTOID LIGAMENTS.

CAPSULAR LIQAMCNT
atid tynoriai
menibrane.

fCAPSULAR LIGAMENT
< and synovial

(, membrane.

^jrJ^
Fig. 227.—Occipito-axial and atlanto-axial ligaments. Posterior view, obtained by removing the arches of

the vertebrae and the p>osterior part of the skull.

The posterior occipito-axial ligament (membrana tectoria) (Figs. 227 and 228)
is situated within the vertebral canal. It is a broad, strong band, which covers

the odontoid process and its ligaments, and appears to be a prolongation upward
of, or a membrane due to fusion with, the posterior common ligament of the spine.

It is attached, below, to the posterior surface of the body of the axis, and, becom-
ing expanded as it ascends, is inserted into the basilar groove of the occipital

bone, in front of the foramen magnum, where it becomes blended with the dura

of the skull.

Relations.—By its anterior surface with the transverse ligament; by its posterior surface

with the posterior common ligament.

The lateral odontoid ligaments (ligamenta alaria) (Figs. 227 and 228) are

'strong, rounded, fibrous cords, which arise one on either side of the upper part of

the odontoid process, and, passing obliquely upward and outward, are inserted

1 into the rough depressions on the inner side of the condyles of the occipital bone.

In the triangular interval left between these ligaments another strong fibrous
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cord, the middle odontoid ligament {ligamentvm apicis dentis), may be seen, which

passes ahnost perpendicularly from the apex of the odontoid process to the

anterior margin of the foramen magnum, being intimately blended with the

deep portion of the anterior occipito-atlantal ligament and upper fasciculus of

the transverse ligament of the atlas.

Movements.—The odontoid ligaments serve to limit the extent to which rotation of the

cranium may be carried; hence, they have received the name of check liyamenis.

In addition to these ligaments, which connect the atlas and axis to the skull, the ligamentum

nuchae must be regarded as one of the ligaments by which the vertebral column is connected with

the cranium. It is described on page 272.
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Fig. 228.—Median sagittal section through the occipital bone and first three cervical vertebrae with ligaments.
(Spalteholz).

Applied Anatomy.—The ligaments which unite the component parts of the vertebrse together
are so strong, and these'bones are so interlocked by the arrangement of their articulating processes,
that dislocation is very uncommon, and, indeed, unless accompanied hy fracture, seldom occurs,
except in the upper part of the neck. Dislocation of the occiput from the atlas has only been
recorded in one or two cases; but dislocation of the atlas from the axis, with rupture of the trans-
verse ligament, is much more common; it is the mode in which death is produced in some cases
of execution by hanging. In the lower part of the neck^^that is, below the third cervical vertebra
—dislocation unattended by fracture occasionally takes place.
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V. Temporomandibular Articulation (Articulatio Mandibularis).

279

This is a ginglymo-arthrodial joint; the parts entering into its formation on
each side are, above, the anterior part of the glenoid cavity of the temporal bone
and the eminentia articularis; and, helow, the condyle of the mandible. The
ligaments are the following:

External Laieral.

Internal Lateral.

Articular Disk

Stylomandibular.
Capsular.

The external lateral ligament (ligamentum temporomaiidibulare) (Fig. 229)
is a short, thin, and narrow fasciculus, attached, above, to the outer surface of

the zygoma and to the tubercle on its lower border; below, to the outer border of

the neck and to the tubercle at the outer extremity of the condyle of the mandible.

It is broader above than below; its fibres are placed parallel to one another,

Fig. 229.—Temporomandibular articulation.

and directed obliquely downward and backward. Externally, it is covered by

the parotid gland and by the integument. Internally it is in relation with the

capsular ligament, of which it is an accessory band, and from which it is not

separable.

The internal lateral ligament {ligamentum sphenomandibnlare) (Fig. 230) is

a flat, thin band which is attached above to the spine of the sphenoid bone, and,

becoming broader as it descends, is inserted into the margin of the dental foramen

and the portion of bone, the lingula, which overhangs the foramen in front.

This ligament is not a true articular ligament, but is an accessory band, contrib-

uted to the capsule by the deep cervical fascia. Its outer surface is in relation,

above, with the External pterygoid muscle; lower down it is separated from the

neck of the condyle by the internal maxillary artery; and still more inferiorly,

the inferior dental vessels and nerve separate it from the ramus of the mandible.

The inner surface is in relation with the Internal pterygoid.
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The stylomandibular ligament {ligamentum stylomandihulare) (Fig. 230) is a
specialized band of the cervical fascia, which extends from near the apex of the
styloid process of the temporal bone to the angle and posterior border of the
ramus of the mandible, between the Masseter and Internal pterygoid muscles.
This ligament separates the parotid from the submaxillary gland, and has

attached to its inner side part of

J , ^^^)t^ the fibres of origin of the Stylo-
'#Jljlrr«^ glossus,muscle. Although usually

classed among the ligaments of

the mandible, it can be considered

only as an accessory to the articu-

lation.

The capsular ligament {caj)-

sula articularis) (Figs. 229 and
230) forms a thin and loose cap-

sule, passing from the circum-

ference of the glenoid cavity and
the articular surface immediately
in front to the upper margin of

the articular disk, and from the

lower margin of the articular disk

to the neck of the condyle of the

mandible. It consists of very

thin fibres, and is complete. It

forms two joint cavities, distinct

from each other, and separated

by the articular disk. So thin is

it that it is hardly to be considered as a distinct ligament; it is thickest at the

back part, and thinnest on the inner side of the articulation.^

The articular meniscus (discus arficidaris) (Fig. 231) is a thin plate of an oval

form, placed horizontally between the condyle of the mandible and the glenoid

cavity. Its upper surface is con-

cavo-convex from before backward,

and a little convex transversely, to

accommodate itself to the form of

the glenoid cavity. Its under sur-

face, where it is in contact with the

condyle, is concave. Its circumfer-

ence is connected to the capsular

ligament, and in front to the tendon

of the External pterygoid muscle.

It is thicker at its circumference,

especially behind, than at its centre.

The fibres of which it is composed
have a concentric arrangement, more
apparent at the circumference than

at the centre. Its surfaces are

smooth. It divides the joint into two cavities, each of which is furnished with a

separate synovial membrane reflected from the capsular ligament.

Fig. 230.—Temporomandibular articulation. Internal view.

Fig. 231. -Vertical section of the temporomandibular
'articulation.

Synovial Membranes (Fig. 231).—The synovial membranes, fico in number, are placed,

one above, and the other below, the articular disk. The upper one, the larger and looser of the

two, is continued from the margin of the cartilage covering the glenoid cavity and eminentia

'Sir O. Humphry describes the internal portion of the capsular lijtament separately as the short internal
lateral ligament; and it certainly seem.s as deserving of a separate description as is the external lateral ligament.
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articularis on to the upper surface of the articular disk. The lower one passes from the under
surface of the articular disk to the neck of the condyle of the mandible, being prolonged down-
ward a little farther behind than in front. The articular disk is sometimes perforated in its

centre; the two synovial sacs then conmiunicate with each other.

The nerves of this joint are derived from the auriculotemporal and masseteric branches
of the inferior maxillary. The arteries are derived /rom the temporal branch of the external
carotid.

Movements.—The movements possible in this articulation are, very extensive. Thus, the
mandible may be depressed or elevated, or it may be carried forward or backward. It must be
borne in mind that there are two distinct joints in this articulation—that is to say, one between
the condyle of the mandible and the articular disk, and another between the disk and the glenoid
fossa ; when the mandible is depressed, as in opening the mouth, the movements which take place
in these two joints are not the same. In the lower compartment, that between the condyle and
the articular disk, the movement is of a ginglv-moid or Wnge-like character, the condyle rotating
on a transverse axis on the articular disk; while in the upper compartment the movement is of
a gliding character, the articular disk, together with the condyle, gliding forward on to the
eminentia articularis. These two movements take place simultaneously—the condyle and
articular disk move forward on the eminence, and at the same time the condyle revolves on
the articular disk. In the opposite movement of shutting the mouth the reverse action takes
place; the articular disk glides back, carrj-ing the condyle with it, and this at the same time
revolves back to its former position. When the mandible is carried horizontally forward, as
in protruding the lower incisors in front of the upper, the movement takes place principally

in the upper compartment of the joint—the articular disk, carrj'ing with it the condyle, glides

forward on the glenoid fossa. This is because this movement is mainly effected by the External

pterygoid muscles, which are inserted into both condyle and articular disk. The grinding or
chewing movement is produced by the alternate movement of one condyle, with its disk, for-

ward and backward, while the other condyle moves simultaneously in the opposite direction;

at the same time the condyle undergoes a vertical rotation on its own axis on the disk in the

lower companment. One condyle advances and rotates, the other condyle recedes and rotates,

in alternate succession.

The mandible is depressed by its own weight, assisted by the Platysma, the Digastric, the

Mylohyoid, and the Geniohyoid muscles. It is elevated by the anterior part of the Temporal,
Masseter, and Internal pterygoid muscles. It is drawn forward by the simultaneous action of

the External pterygoid and the superficial fibres of the ^lasseter; and it is drawn backward by
the deep fibres of the Masseter and the posterior fibres of the Temporal muscles. The grinding

movement is caused by the alternate action of the two External pterygoids.

Surface Form.—The temporomandibular articulation is quite superficial, situated below the

base of the zygoma, in front of the tragus and external auditory meatus, and behind the posterior

border of the upper part of the Masseter muscle. Its exact position can be at once ascertained

bv feeling for the condyle of the mandible, the working of which can be distinctly felt in the

movements of the mandible in opening and shutting the mouth. When the mouth is opened

wide, the condyle advances out of the glenoid fossa on to the eminentia articularis, and a depres-

sion is felt in the situation of the joint.

Applied Anatomy.—Genuine dislocation of tfie mandible is almost always forward. Croker,

King, and Theim, however, have reported posterior displacement. Dislocation is caused by vio-

lence or muscular action, ^^'hen the mouth is open, the condyle is situated on the eminentia

articularis, and any sudden violence, or even a sudden muscular spasm, as during a convulsive

yawn, may displace the condyle forward into the zygomatic fossa. The displacement may be

unilateral or bilateral, according as one or both of the condyles is displaced. The latter of the

two is the more common. The articular di.sk adheres to the condyle tmtil it p>asses over the

eminentia articularis, but at this point remains behind. ^
Sir Astley Cooper described a condition which he x^rm^i^subluxation." It occiu-s princi-

pallv in delicate women, and is belived by some to be due to the relaxation of the ligaments,

permitting too free movement of the bone. Others believe it is due to displacement of the articular

disk. Still others r ttribute the symptoms to gouty or rheumatic changes in the joint^ In close

relation to the condyle of the mandible is the external auditor}- meatus and the tympanum;

any force, therefore, applied to the bone is liable to be attended with damage to these parts, or

inflammation in the joint may extend to the ear, or, on the other hand.Qnflammation of the middle

ear may involve the articulation and cause its destruction^thus leading to ankylosis of the joint.

In children, arthritis of this joint may follow the exanthemata, and in adults it occurs as the

result of some constitutional conditions, as rheumatism or gout. The temporomandibular

joint is also occasionally the seat of osteoarthritis, leading to great sufiFering during efforts of mas-

tication. A peculiar affection sometimes attacks the neck and condyle of the mandible, consisting
|

in hypertrophy and elongation of these parts and consequent protrusion of the chin to the opposite

side.
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VI. Articulations of the Ribs with the Vertebrae or the Costovertebral

Articulations (Articulationes Costovertebrales).

The articulations of the ribs witji the vertebral column may be divided into

two sets: (1) Those which connect the heads of the ribs with the bodies of the

vertebrae—costocentral. (2) Those which connect the necks and tubercles of the

ribs with the transverse processes—costotransverse.

1. Costocentral Articulations (Articulationes Capitulorum)
(Figs. 232 and 233).

These constitute a series of arthrodial joints, formed by the articulation of the

heads of the ribs with the cavities on the contiguous margins of the bodies of the

Fig. 232.—Vertebral column with ligament, from in front. (Spalteholz.)

thoracic vertebrae and the intervertebral substance between them, except in the

case of the first, tenth, eleventh, and twelfth ribs, where the cavity is formed

by a single vertebra. The bones are connected by the following ligaments:

Anterior Costovertebral or Stellate.

Capsular. Intra-articular

The anterior costovertebral or stellate ligament (ligamentum capihdi costae

radiatum) (Figs. 232 and 235) connects the anterior part of the head of each

rib with the sides of the bodies of two vertebrae and the intervertebral disk

between them. It consists of three flat bundles of ligamentous fibres, which are

attached to the anterior part of the head of the rib, just beyond the articular
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surface. The superior fibres pass upward 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 inward,

to l)e attached to the interxertebral substance.

On the first rib, which articulates with a single vertebra, this ligament does

not present a distinct division into three fasciculi; its fibres, however, radiate,

and are attached to the body of the last cenical vertebra, as well as to the body

of the vertebra with which the rib articulates. In the tenth, eleventh, and twelfth

ribs also, which likewise articulate with a single vertebra, the division does not

exist; but the fibres of the ligament in each case radiate and are connected with

the vertebra above, as well as that with which the ribs articulate.

Relations.—In front, with the thoracic ganglia of the sympathetic, the pleura, and, on the

right side, with the vena azj'gos major; behind, with the interarticnlar ligament and synovial

membranes.

INTRA-ARTICULAR LIGA-
MCNT OF HEAD OF RIB

The capsular ligament {capsida articularis) is a thin and loose ligamentous

bag, which surrounds the joint between the head of the rib and the articular

cavity formed by the inter-

vertebral disk and the ad-

jacent vertebra. It is very

thin, firmly connected with

the anterior ligament, and
most distinct at the upper

and lower parts of the

articulation. Behind, some

of its fibres pass through

the intervertebral foramen

to the back of the inter-

vertebral disk. This is the

homologueof theligamentum

cunjugale of some mammals,
which unites the heads of

opposite ribs across the

back of the intenertebral

disk.

The intra-articular liga-

ment (ligamenium capitidi

costae interarticidare) (Figs.

233 and 234) is situated in

the interior of the joint. It

consists of a short band of

fibres, flattened from above downward, attached by one extremity to the sharp

crest which separates the two articular facets on the head of the rib, and by the

other to the intersertebral disk. It divides the joint into two cavities, which

have no communication with each other. For the first, tenth, eleventh, and

twelfth ribs the intra-articular ligament does not exist; consequently there is

but one synovial membrane.

Synovial Membranes (Figs. 23.3 and 2^4).—There are hco sjTio\nal membrane in each of

the aniculations in which there is an intra-articular ligament, one on each side of this structure.

Fig. 233.—Ribs and corresponding vertebral^ bodies with their

ligaments, \-iewed from the right. (Spalteholz.)
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2. Costotransverse Articulations (Articulationes Costotransversariae)
(Fig. 234).

The articular portion of the tubercle of the rib and adjacent transverse process

form an arthrodial joint.

For the eleventh and twelfth ribs this articulation is wanting.

The ligaments connecting these parts are the

Anterior or Superior Costotransverse.

Middle Costotransverse (Interosseous).

Posterior Costotransverse.

Capsular.

The anterior or superior ligament (ligamentum costotransversarium anterius)

(Figs. 234 and 235) consists of two sets of fibres; the one (anterior) is attached

below to the sharp crest on the upper border of the neck of each rib, and passes

INTRA-ARTICULAR
LIGAMENT

ANTERIOR COSTOTRANSVERSE

LIGAMENT DIVIDED

MIDDLE COSTOTRANSVERSE

or INTEROSSEOUS

POSTERIOR COSTO-

TRANSVERSE LIGAMENT.

Fig. 234.—Costotransverse articulation. Seen from above.

obliquely upward and outward to the lower border of the transverse process

immediately above; the other (posterior) is attached below to the neck of the rib,

and passes upward and inward to the base of the transverse process and outer

border of the lower articular process of the vertebra above.

The first rib has no anterior costotransverse ligament. For the ticelfth rib the

ligament is absent or is a mere vestige.

Relations.—This ligament is in relation, in front, with the intercostal vessels and nerves;

behind, with the Longissimus dorsi muscle. Its infernal border is thickened and free, and bounds

an aperture 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 middle costotransverse or interosseous ligament (ligamentum colUcostae)

(Fig. 234) 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 ad-

jacent transverse process. In order to fully expose this ligament, a horizontal
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ANTE
COSTOTI

VERSE LIG/
INTERT

VERSE LIG4

INTCRVERTC*
BRAL DISK

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
the fibres of the Hgament put on the stretch.

For the eleventh and ticelfth ribs this ligament is quite rudimentary- or wanting.

The posterior costotransverse ligament (ligamentum costotransversarium pos-

terius) (Fig. 234) is a short but thick and strong fasciculus which passes obliquely

from the summit of the transverse, process to the rough nonarticular portion of

the tubercle of the rib.

This ligament is shorter ^\e

and more oblique in the

upper than in the lower

ribs. Those correspon-

ding to the superior ribs

ascend, while those of

the inferior ribs descend

slightly.

For the eleventh and
twelfth ribs this ligament

is wanting.

The capsular liga-

ment {caps IIIa articnlar-

is) is a thin, membranous
sac attached to the cir-

cumference of the articu-

lar surfaces, and enclos-

inga synovial membrane.

For the eleventh and

twelfth ribs this ligament

is absent.

Movements.—The heads

of the ribs are so closely

connected to the bodies of

the vertebne by the stellate

and intra-articular ligaments,

and the necks and tubercles

of the ribs to the transverse

processes, that only a slight

gliding movement of the ar-

ticular surfaces on each other can take place in these articulations. The result of this gliding

movement with respect to the six upper ribs consists in an elevation of the front and middle

portion of the rib with a consequent enlargement of the antero-posterior diameter of the thorax,

the hinder part being prevented from performing any upward movement by its close connection

with the vertebral column. In this gliding movement the rib rotates on an axis corresponding

to a line drawn through the two articulations, costocentral and costotransverse, which the rib

forms with the vertebral coliunn. None of the ribs lie in a truly horizontal plane; they are all

directed more or less obliquely, so that their anterior extremities lie at a lower level than their

posterior; this obliquity increases from the first to the seventh, and then again decreases. If we
examine any one rib—^say that in which there is the greatest obliquity—we shall see that it is

ob\-ious that as its sternal extremity is carried upward it must also be thrown forward; so that

the rib may be regarded as a radius monng on the vertebral joint as a centre, and causing the

sternal attachment to describe an arc of a circle in the vertical plane of the body. Since all the

ribs are oblique and connected in front to the sternum by the flexible costal cartilages, they

must have a tendency to thrust the sternum forward, and so increase the antero-posterior diameter

of the thorax. Withrespect to the seventh, eighth, ninth, and tenth ribs, each one, besides rotating

in a similar manner to the upper six. also rotates on an axis corresponding with a line drawn from

the head of the rib to the sternum. By this movement an elevation of the middle portion of the

rib takes place, and consequently an increase in the transverse diameter of the thorax. For the

ribs not onlv slant downward and forward from their vertebral attachinent, but they are also

oblique in relation to their transverse plane—that is to say, their middle is at a lower level than

ULAR PROCESS
Fig. 235.—Ribs and corresponding vertebrae with ligaments, viewed from

the right. (Spalteholz.)
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either their vertebral or sternal extremities. It results from this that when the ribs are raised, the
central portion is thrust outward, somewhat after the fashion in which the handle of a Inicket is.

thrust away from the side when raised to

yl II a horizontal position, and the lateral

diameter of the thorax is increased (see

Fig. 236). The mobility of the different

ribs varies greatly. The first rib is more
fixed than the others, on account of the

weight of the upper extremity and the

strain of the ribs beneath; but on the

freshly dissected thorax it moves as

freely as the others. From the same
causes the movement of the second rib is

also not very extensive. In the other

ribs this mobility increases successively

down to the last two, which are very

movable. The ribs are generally more
movable in the female than in the male.

VII. Costostemal Articulations

(Articulationes Stemocostales)

(Fig. 237).

The articulations of the carti-

lages of the true ribs with the

sternum are arthrodial joints, with

the exception of the first, in which
the cartilage is almost always

directly united with the sternum,

and which must therefore be re-

garded as a synarthrodial articu-

lation. The ligaments connecting

them are the

Anterior Chondrosternal.

Capsular.

Posterior Chondrosternal.

Intra-articular Chondrosternal.

Chondroxiphoid.

Fig. 236.—Diagrams showing the axis of rotation of the
ribs in the movements of respiration. The one axis of rota-
tion corresponds with the line drawn through the two articula-
tions which the rib forms with the vertebral column (a. 6), and
the other with a line drawn from the head of the rib to the
sternum {A , B). (From Kirke's Handbook of Physiology.)

The anterior chondrosternal ligament {ligamentum stemocostale radiatum) (Fig.

237) is a broad and thin membranous band that radiates from the front of the inner

extremity of the cartilages of the true ribs to the anterior surface of the sternum.

It is composed of fasciculi which pass in different directions. The superior

fasciculi ascend obliquelv; the inferior fasciculi pass obliquely downward, and
the middle fasciculi pass horizontally. 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 (memhrana sterni). This is more distinct at the

lower than at the upper part.

The capsular ligament (capsula articularis) surrounds the joint formed between

the cartilage of a true rib 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.
The posterior chondrosternal or sternocostal ligament (ligamentum stemo-

costale radiatum), less thick and distinct than the anterior, is composed of fibres
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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.

I'he intra-articular chondrostemal ligament {Ugamentum stemocostale inter-

articulare) (Fig. 237j is found Ix^tween the second costal cartilage and the sternum.

The cartilage of the second rib is connected with the sternum by means of an

Fig. 237.—Sternum and ribs with ligaments, from in front. In the right half of the figure the most anterior

layer has been removed and the joint cavities have been opened; the parts are separated somewhat from one

another on the left side. (SpaltehoU.)

intra-articular ligament attached bv one extremity to the cartilage of the second

rib, and bv the other extretaity to the cartilage which unites the first and second

pieces of the sternum. This articulation is provided with two synovial membranes.

The cartilage of the third rib is also occasionally connected with the sternum

bv means of an intra-articular ligament which is attached by one extremity to

the cartilage of the third rib, and by the other extremity to the sternum. This
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articulation may be provided with two synovial membranes. In the other joints
intra-articular ligaments may exist, but they rarely completely divide the joint
into two cavities.

The anterior chondroxiphoid ligament {Jigamentum costoxiphoideum anterius)
(Fig. 237) is a band of ligamentous fibres which connects the anterior surface
of the seventh costal cartilage, and occasionally also that of the sixth, to the
anterior surface of the ensiform cartilage. It varies in length and breadth in

different subjects. A similar band of fibres on the posterior surface, though
less thick and distinct, may be demonstrated. It is spoken of as the posterior

chondroxiphoid ligament.

Synovial Membranes (Fig. 237).—There is no synovial membrane between the first costal

cartilage and the sternum, as this cartilage is directly continuous with the manubrium. There are

two synovial membranes, both in the articulation of the second and third costal cartilages to the
sternum. There is generally one synovial membrane in each of the joints between the fourth,

fifth, sixth, and seventh costal cartilages to the sternum; but it is sometimes absent in the sixth

and seventh chondrosternal joints. Thus, there are usually eight synovial cavities on each side

in the articulations between the costal cartilages of the true ribs and the sternum. After middle
life the articular surfaces lose their polish, become roughened, and the synovial membranes
appear to be wanting. In old age the articulations do not exist, the cartilages of most of the
ribs becoming continuous with the sternum.

Movements.—The movements which are permitted in the chondrosternal articulations are
limited to elevation and depression, and these only to a slight extent.

Articulations of the Cartilages of the Ribs with Each Other {articulatioves

interchondrales) (Fig. 237).—The contiguous borders of the sixth, seventh, and
eighth, and sometimes the ninth and tenth, costal cartilages articulate with each

other by small, smooth, oblong-shaped facets. Each articulation is enclosed in

a thin capsular ligament lined by synovial membrane, and strengthened externally

and internally by ligamentous fibres, external and internal interchondral ligaments

(ligamenta intercostalia externa et interna), which pass from one cartilage to the

other. Sometimes the fifth costal cartilage, more rarely that of the ninth, articu-

lates, by its lower border, with the adjoining cartilage by a small oval facet;

more frequently they are connected by a few ligamentous fibres. Occasionally

the articular surfaces above mentioned are wanting.

Articulations of the Ribs with their Cartilages (Fig. 237).—The outer

extremity of each costal cartilage is received into a depression in the sternal

ends of the ribs, and the two are held together by the periosteum. There is no

real joint. Occasionally a synovial membrane exists between the first rib and
the corresponding cartilage.

VIII. Articulations of the Sternum (Fig. 237)

The first piece of the sternum is united to the second either by an amphi-

arthrodial joint—a single piece of true fibrocartilage uniting the segments—or by

a diarthrodial joint, in which each bone is clothed with a distinct lamina of hyaline

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. The two segments are

further connected by an

Anterior Intersternal Ligament. Posterior Intersternal Ligament.

The anterior intersternal ligament consists of a layer of fibres, having a longi-

tudinal direction; it blends with the fibres of the anterior chondrosternal liga-

ments on both sides, and with the tendinous fibres of origin of the Pectoralis
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major muscle. This ligament is rough, irregular, and much thicker below than
above.

The posterior intersternal ligament is disposed in a somewhat similar manner
on the posterior surface of the articulation.

IX. Articulation of the Vertebral Column with the Pelvis.

The ligaments connecting the last lumbar vertebra with the sacrum are similar

to those which connect the segments of the vertebral column with each other—viz.

:

(1) The continuation downward of the anterior and posterior common liga-

ments. (2) The intervertebral substance connecting the flattened oval surfaces

of the two bones and forming an amphiarthrodial joint. (3) Ligamenta subflava,

connecting the 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 supraspinous ligaments.

Occasional aperture of
communication with
Bursa cf psoas and iliacus.

Femur.
Fig. 238.—Articulations of the pelvis and hip. Anterior view.

The two proper ligaments connecting the pelvis with the vertebral column are

the lumbosacral and iliolumbar.

The lumbosacral ligament (Fig. 238) 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; it passes obliquely outward and is attached below

to the lateral surface of the base of the sacrum. It is closely blended with the

anterior sacroiliac and the iliolumbar ligaments, and is to be regarded as a portion

of the iliolumbar ligament. This ligament is in relation, in froiit, with the Psoas

muscle. The internal border of the lumbosacral ligament margins the foramen

of the last lumbar nerve.

19
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The iliolumbar ligament (ligamenium iliolumhale) (Fig. 238) passes horizontally-

outward from the apex of the transverse process of the last lumbar vertebra to

the crest of the ilium immediately in front of the sacroiliac 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 occupy-

ing the vertebral groove; above, with the Quadratus lumborum. It blends in

places with the lumbosacral ligament, and its crescentic inner margin marks
the limit of the foramen for the fourth lumbar nerve. These ligaments are thick

prolongations from the anterior layer of the lumbar fascia.

X. Articulations of the Pelvis.

The ligaments connecting the bones of the pelvis with each other may be

divided into four groups: (1) 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.

1. Articulation of the Sacrum and Ilium (Articulatio Sacroiliaca).

The sacroiliac 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 hyaline cartilage, thicker

on the sacrum than on the ilium. These are in close contact with each other,

and to a certain extent united together by irregular patches of softer fibro-

cartilage, and at their upper and posterior part by fine fibres of interosseous

fibrous tissue. Throughout a considerable part of their extent, especially in

advanced life, they are not connected together, but are separated by a space

containing a synovial-like fluid, and hence the joint presents the characters of

a diarthrosis.

The ligaments connecting these surfaces are the

Anterior Sacroiliac. Posterior Sacroiliac,

The anterior sacroiliac ligament (ligamenta sacroiliaca anieriora) (Fig. 238)

consists of numerous thin bands which connect the anterior surfaces of the

sacrum and ilium.

The posterior sacroiliac ligament (ligamenium sacroiliacum posterins) (Fig. 239)

is a strong ligament, 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. The upper part of the ligament, the short sacroiliac [Ugamentum

sacroiliacum posterius breve) is nearly horizontal in direction and passes from

the first and second transverse tubercles on the posterior surface of the sacrum

to the rough, uneven surface at the posterior part of the inner surface of the

ilium. The lower part (Ugamentum sacroiliacum posterius longum), oblique in

direction, is attached by one extremity to the third transverse tubercle on the

posterior surface of the sacrum, and by the other to the posterior superior spine

of the ilium; it is sometimes called the oblique sacroiliac ligament.

Surface Form.—The position of the sacroiliac joint is indicated by the posterior superior

spine of the ilium. This process is immediately behind the centre of the articulation.
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2. Ligaments Passing between the Sacrum and Ischium (Fig. 239).

The Great Sacrosciatic (Posterior).

The Small Sacrosciatic (Anterior).

The great or posterior sacrosciatic ligament {Ugamentum sacroiuberomm) (Figs.
239 and 240) is situated at the lower and back part of the pelvis. It is flat, and
triangular in form; narrower in the middle than at the extremities; attached
bv its broad base to the posterior inferior spine of the ilium, to the fourth and
fifth transverse tubercles of the sacrum, and to the lower part of the lateral margin
of that bone and the coccjtc. Passing obliquely downward, outward, and for-

LESSEM
SACROSCUTIC
LIGAMENT.

Femur.
Fig. 239.—Articulations of pehns and hip. Posterior view.

ward, 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 forward

along the inner margin of the ramus, forming what is known as the falciform

process of the great sacrosciatic ligament {processus falciformis). The free concave

edge of this prolongation has attached to it the obturator fascia, with which it

forms a kind of groove, protecting the internal pudic vessels and nerve. One
of its surfaces is turned toward the perineum, the other toward the Obturator

internus muscle.

Relations.—The superficial surface of this lifirament jjives origin, bv its whole extent, to fibres

of the Gluteus maximus muscle. Its deep surface is united to the lesser sacrosciatic ligament.

Its external border forms, above, the posterior boundary of the great sacrosciatic foramen, and,

below, the posterior boundar}' of the lesser sacrosciatic foramen. Its loicer border forms part

of the boundari- of the perineum. It is pierced by the coccygeal branch of the sciatic artery

and the coccygeal nerve.
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The small or anterior sacrosciatic ligament {ligamentum sacrospinosum) (Figs.

239 and 240), 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 attach-

ment of the great sacrosciatic ligament, with which its fibres are intermingled.

POUPART'S
LIGAMENT

ANT. SACROILIAC
LIGAMENT.

GREAT SACRO-
SCIATIC LIGA-
MENT.

SMALL SACRO-
SCIATIC LIGA-
MENT.

GREAT SACRO-
SCIATIC LIGA-
MENT.

Obturator
membrane

Fig. 240.—Side view of pelvis, showing the greater and lesser sacrosciatic ligaments.

Relations.—Its deep surface is in relation with the Coccygeus muscle; its superficial surface

is covered by the great sacrosciatic ligament and crossed by the internal pudic vessels and

nerve. Its superior border forms the lower boundary of the great sacrosciatic foramen; its

inferior border, part of the lesser sacrosciatic foramen.

These two ligaments convert the sacrosciatic notches into foramina. The superior or great

sacrosciatic foramen (foramen ischiadicum majus) (Figs. 239 and 240) is bounded, in fro)}t and

above, by the posterior border of the os innominatum; behind, by the great sacrosciatic ligament;

and below, by the lesser sacrosciatic ligament. It is partially filled in the recent state by the

Pyriformis. muscle, which passes through it. Above this muscle the gluteal vessels and superior

gluteal nerve emerge from the pelvis, and, below it, the sciatic vessels and nerves, the internal

pudic vessels and nerve, the inferior gluteal nerve, and the nerves to the Obturator internus and

Quadratus femoris. The inferior or lesser sacrosciatic foramen (foramen ischiadicum minus)

(Figs. 239 and 240) is bounded, in front, by the tuber ischii; above, by the spine and lesser sacro-

sciatic ligament; behind, by the greater sacrosciatic ligament. It transmits the tendon of the

Obturator internus muscle, its nerve, and the internal pudic vessels and nerve.

3. Articulation of the Sacrum and Coccyx (Symphysis Sacrococcygea).

This articulation is an amphiarthrodial joint, formed between the oval surface

at the apex of the sacrum and the base of the coccyx. It is analogous to the

joints between the bodies of the vertebrae. The ligaments are the

Anterior Sacrococcygeal.

Posterior Sacrococcygeal.

Lateral Sacrococcygeal.

Interposed Fibrocartilage.
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The anterior sacrococcygeal ligament (ligamentum sacrococcygevm anterius)

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. It

is a continuation of the anterior common ligament.

The posterior sacrococcygeal ligament (ligamentum sacrococcygeum posterius)

(Fig. 241) is divided into two portions, the deep and the superficial. The deep
portion {ligamentum sacrococcygeum posterius profundum), which is a continua-

tion of the posterior common ligament, is a flat band of a pearly tint, which arises

from the margin of the lower orifice of the sacral canal, and descends to be inserted

into the posterior surface of the coccyx. This ligament completes the lower

and back part of the sacral canal. Its superficial fibres are much longer than

the more deeply seated. This ligament is in relation, behind, with the Gluteus

maximus. The superficial portion {ligamentum sacrococcygeum posterius super-

ficiale) is composed of longitudinal fibrous bands which extend from the lower

portion of the middle sacral ridge to the posterior surface of the coccjoc and
closes partly the sacral hiatus, and of fibrous bands which extend from the sacral

cornua to the coccygeal cornua. A portion of this ligament corresponds to the

ligamenta subflava and the balance to the capsular ligament.

ex OF SACRUM
LATERAL SACRO-

CCYCEAL LIGAMENT
PERFICIAL PORTION OF ^OST
CROCOCCYGEAL LIGAMENT
EP PORTION OF POSTERIOR
CROCOCCYGEAL LIGAMENT

Fig. 241.—Ligaments between the sacnim and the coccyx. (SpaltehoU.)

A lateral sacrococcygeal or intertransverse ligament (Fig. 241) connects the

transverse process of the coccyx to the lower lateral angle of the sacrima on each

side.

A fibrocartilage or articolar disk is interposed between the contiguous surfaces

of the sacrum and cocc\'x; it differs from that interposed between the bodies of

the vertebrae in being thinner, and its central part firmer in texture. It is some-

what thicker in front and behind than at the sides. Occasionally, a synovial

membrane is found and the coccyx is freely movable. This is especially the case

during pregnancy.

The different segments of the coccyx are connected by an extension downward

of the anterior and posterior sacrococcygeal ligaments, a thin annular articular

disk 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 cocc\-x are first united, and at

a more advanced age the joint between the sacrum and coccyx is obliterated.
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Movements.—The movements which take place between the sacrum and coccyx, and between

the di^erent pieces of the latter bone, are forward and backward, and are very limited. Their

extent increases during pregnancy.

Hyaline cartilane covei-hifi bone.

Interpubic disk.

Cavity at upper
and hack part. \

4. Articulation of the Pubic Bones (Symphysis Ossium Pubis)

(Figs. 238, 242).

The articulation between the pubic bones is an amphiarthrodial joint, formed

by the apposition of the two oval articular surfaces of the pubic bones. The
ligaments of this articulation are the

Anterior Pubic. Superior Pubic.

Posterior Pubic. Inferior Pubic.

Interpubic Disk.

The anterior pubic ligament (Fig. 238) consists of several superimposed layers

which pass across the front of the articulation. The superficial fibres pass ob-

liquely from one bone to the other,

decussating and forming an interlace-

ment with the fibres of the aponeurosis

of the External oblique and the tendon

of the Rectus abdominalis muscles.

The deep fibres pass transversely

across the symphysis, and are blended

with the interpubic disk.

The posterior pubicligament consists

of a few thin, scattered fibres which
unite the two pubic bones posteriorly.

The superior pubic ligament (lig'a-

mentum pubicum swperius) (Fig. 238)

is a band of fibres which connects

the two pubic bones superiorly.

The inferior pubic or subpubic
ligament (ligamentum arcuatum pubis)

(Fig. 238) is a thick, triangular arch

of ligamentous fibres, connecting the

two pubic bones below and forming the upper boundary of the pubic arch.

Above, it is blended with the articular disk; laterally it is united with the descend-

ing rami of the pubis. Its fibres are closely connected and have an arched

direction. Its lower margin is separated from the triangular ligament of the

perineum by a gap, through which runs the dorsal vein of the penis.

The interpubic disk (lamina fibrocartilaginea inierpubica) (Fig. 242) consists

of a disk of fibrocartilage connecting the surfaces of the pubic bones in front.

Each of the two surfaces is covered by a thin layer of hyaline cartilage which is

firmly connected to the bone by a series of nipple-like processes which accurately

fit within corresponding depressions on the osseous surfaces. These apposed
cartilaginous surfaces are connected by an intermediate stratum of fibrous

tissue and fibrocartilage which varies in thickness in different subjects. It

often contains a cavity (cavum ariiculare) in its centre, probably formed by
the softening and absorption of the fibrocartilage, since it rarely appears before

the tenth year of life, and is not lined by synovial membrane. It is larger in the

female than in the male. It is most frequently limited to the upper and back

Fig. 242.—Vertical section of the symphysis pubis.
Made near its posterior surface.
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part of the joint, but it occasionally reaches to the front, and may extend the

entire length of the cartilage. This cavity may sometimes be demonstrated by
making a vertical section of the svmphvsis pubis near its posterior surface

(Fig. 242).
. :

"
'

The obturator ligament is more properly regarded as analogous to the mus-
cular fascife, with which it will be described.

ARTICULATIONS OF THE UPPER EXTREMITY.

The articulations of the upper extremity may be arranged in the following

groups

:

I. Sternoclavicular Articulation.

II. Acromioclavicular Articulation.

III. Ligaments of the Scapula.

W. Shoulder-joint.

V. Elbow-joint.

YI. Radioulnar Articulations.

VII. Wrist-joint.

VIII. Articulations of the Carpal Bones.

IX. Carpometacarpal Articulations.

X. Metacarpophalangeal Articula-

tions.

XI. Articulations of the Phalanges.

I. Sternoclavicular Articulation (Articulatio Stemoclavicularis) (Fig. 243).

The sternoclavicular is an arthrodial joint. The parts entering into its forma-

tion 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 of the

Fig. 243.—Sternoclavicular articulation. Anterior view.

Sternum is covered with hyaline cartilage. The articular surface of the clavicle

is much larger than that of the sternum, and invested with a layer of hyaline

cartilage^ which is considerably thicker than that on the latter bone. The liga-

ments of this joint are the

Capsular.

Anterior Sternoclavicular.

Posterior Sternoclavicular.

Interclavicular.

Costoclavicular.

Articular Disk.

• According to Bruch, the sternal end of the clavicle is covered by a tissue which is rather fibrous thao

cartilaginous in structure.
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The capsular ligament (capsula articularis) completely surrounds the articula-

tion, consisting of fibres of varying degrees of thickness and strength. Those
in front and behind are of considerable thickness, and form the anterior and
posterior sternoclavicular ligaments; but those above and below, especially in

the latter situation, are thin and scanty.

The anterior sternoclavicular ligament (ligamentum stemoclaviculare) (Fig.

243) is a part of the capsule. It 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 downward and
inward, is attached, below, to the upper and front part of the first piece of the

sternum. This ligament is covered, \n front, by the sternal portion of the Sterno-

mastoid and the integument; behind, it is in relation with the articular disk and
the two synovial membranes.

The posterior sternoclavicular ligament, also a part of the capsule, is a band
of fibres which covers the posterior surface of the articulation, being attached,

above, to the upper and back part of the inner extremity of the clavicle, and.

passing obliquely downward and inward, is attached, below, to the upper and
back part of the first piece of the sternum. It is in relation, in front, with the

articular disk and synovial membranes; behind, with the Sternohyoid and
Sternothyroid muscles.

The interclavicular ligament (ligamentum interclaviculare) (Fig. 243) is a flat-

tened band which varies considerably in form and size in different individuals;

it passes in a curved direction from the upper part of the inner extremity of one

clavicle to the other, and is also attached to the upper margin of the sternum.

It is in relation, in front, with the integument; behind, with the Sternothyroid

muscles.

The costoclavicular or rhomboid ligament (ligamentum costodaviculare) (Fig.

243) 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 back-

ward and outward, and is attached, above, to the rhomboid depression on the

under surface of the clavicle. It is in relation, in front, with the tendon of origin

of the Subclavius; behind, with the subclavian vein.

The articular disk (discus articularis) (Fig. 243) is a flat and nearly circular

meniscus, interposed between the articulating surfaces of the sternum and clavicle.

It is attached, above, to the upper and posterior border of the articular surface

of the clavicle; below, to the cartilage of the first rib, at its junction with the

sternum; and by its circumference, to the anterior and posterior sternoclavicular

and the interclavicular ligaments. It is thicker at the circumference, especially

its upper and back part, than at its centre or below. It divides the joint into

two cavities,' each of which is furnished with a separate synovial membrane.

'

Synovial Membrane.—Of the two synovial membranes found in this articulation, one is

reflected from the sternal end of the clavicle over the adjacent surface of the articular disk and
cartilage of the first rib; the other is placed between the articular surface of the sternum and
adjacent surface of the articular disk; the latter is the larger of the two.

Movements.—^This articulation is the centre of the movements of the shoulder, and admits

of a limited amount of motion in nearly every direction—upward, downward, backward, for-

ward—as well as circumduction. When these movements take place in the joint, the clavicle

in its motion carries the scapula with it, this bone gliding on the outer surface of the thorax. This

joint therefore forms the centre from which all movements of the supporting arch of the shoulder

originate, and is the only point of articulation of this part of the skeleton with the trunk. "The
movements attendant on elevation and depression of the shoulder take place between the clavicle

and the articular disk, the bone rotating upon the ligament on an axis drawn from before back-

ward through its own articular facet. When the shoulder is moved forward and backward, the

clavicle, with the articular disk, rolls to and fro on the articular surface of the sternum, revolving,

with a gliding movement, around an axis drawn nearly vertically through the sternum. In the

circumduction of the shoulder, which is compounded of these two movements, the clavicle revolves
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upon the articular disk, and the latter, with the clavicle, rolls upon the sternum."' Elevation
of the clavicle is principally limited by the costoclavicular ligament; depression by the inter-

clavicular. The muscles which raise the clavicle, as in shrugging the shoulder, are the upper
fibres of the Trapezius, the Levator anguli scapulae, the clavicular head of the Sternomastoid,
assisted to a certain extent by the two Rhomboids, which pull the vertebral border of the scapula
backward and upward, and so raise the clavicle. The depression of the clavicle is principally
effected by gravity, assisted by the Subclavius, Pectoralis minor, and lower fibres of the Trape-
zius. It is drawn backward by the Rhomboids and the middle and lower fibres of the Trapezius;
and forward by the Serratus magnus and Pectoralis minor.

Surface Form.—The position of the sternoclavicular joint may be easily ascertained by feeling

the enlarged sternal end of the collar-bone just external to the long, cord-like, sternal origin

of the Sternomastoid muscle. If this muscle is relaxed by bending the head forward, a depres-
sion just internal to the end of the clavicle, and between it and the sternum, can be felt, indi-

cating the exact position of the joint, which is subcutaneous. When the arm hangs by the side,

the cavity of the joint is V-shaped. If the arm is raised, the bones become more closely approxi-
mated, and the cavity becomes a mere slit.

Applied Anatomy.—The strength of this joint mainly depends upon its ligaments, and it

is because of the ligaments and because the force of a blow is generally transmitted along the

long axis of the cla\-icle, that dislocation so rarely occurs, and that the bone is generally broken
rather than displaced. ^Mien dislocation does occur, the course which the displaced bone takes

depends more upon the direction in which the violence was applied than upon the anatomical

construction of the joint; it may be either forward, backward, or upward. A complete upward
dislocation is also inward. A complete forward or backward dislocation is also inward and
downward. The chief point worthy of note, as regards the construction of the joint, in regard to

dislocations, is the fact that, owing to the shape of the articular surfaces being so little adapted
to each other, and that the strength of the joint mainly depends upon the ligaments, the dis-

placement when reduced is very liable to recur, and hence it is extremely difficult to keep the

end of the bone in its proper place, and it may be necessary to incise the soft parts and wire the

bone in place.

II. Acromioclavicular or Scapuloclavicular Articulation (Articulatio

Acromioclavicularis) (Fig. 244).

The acromioclavicular is an arthrodial joint formed between the outer ex-

tremity of the clavicle and the inner margin of the acromion process of the scapula.

The ligaments which surround the joint form a capsule. The ligaments of this

articulation are the

Superior Acromioclavicular. f Trapezoid

Inferior Acromioclavicular. Coracoclavicular

Articular Disk.

and
Conoid.

The superior acromioclavicular ligament (ligamentum acromioclavicvlare) (Figs

244 and 24-5) is a portion of the joint capsule. It is a quadrilateral band which

covers the superior part of the articulation, extending between the upper part of

the outer end of the clavicle and the adjoining part of the upper surface of the

acromion. It is composed of parallel fibres which interlace with the aponeurosis

of the Trapezius and Deltoid muscles; below, it is in contact with the articular

disk (when it exists) and the synovial membranes.

The inferior acromioclaviciilar ligament, somewhat thinner than the preceding,

and, like it, a portion of the capsule, 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 synovial membranes, and in rare cases with the articular disk;

heloio, with the tendon of the Supraspinatus. These two ligaments are con-

tinuous with each other in front and behind, and form a complete capsule around

the joint.

» Htimphry, On the Human Skeleton, p. 402.
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The articular disk (discus articidaris) is frequently absent in this articulation.

When the meniscus exists it is generally incomplete and only partially separates

the articular surfaces, and occupies the upper part of the articulation. More
rarely it completely separates the joint into two cavities.

The Synovial Membrane.—There is usually only one synovial membrane in this articu-

lation, but when a complete articular disk exists there are two synovial membranes.

The coracoclavicular ligament (ligamentum coracodavicvlare) (Figs. 244 and

245) serves to connect the clavicle with the coracoid process of the scapula. It

does not properly belong to this articulation, but as it forms a most efficient means

in retaining the clavicle in contact with the acromial process, it is usually described

with it. It consists of two fasciculi, called the trapezoid and conoid ligaments.

Fig. 244.—The left shoulder-joint, scapuloclavicular articulations, and proper ligaments of the scapula.

The trapezoid ligament {ligamentum trapezoideum), 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 posferior border is joined with the conoid

ligament, the two forming by their junction a projecting angle.

The conoid ligament (ligamentum conoideum), the posterior and internal fas-

ciculus, is a dense band of fibres, conical in form, the base being directed upward,

the summit downward. It is attached, below, by its apex to a rough impression at

the base of the coracoid process, internal to the trapezoid ligament; 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
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in relation, in front, with the Subclavius and Dehoid; behind, with the Trapezius.

Thev serve to limit rotation of the scapula, the trapezoid limiting rotation forward,

and the conoid backward.

Movements.—The movements of this articulation are of two kinds: (1) A gliding motion of

the articular end of the clavicle on the acromion. (2) Rotation of the scapula forward and back-

ward upon the clavicle, the extent of this rotation being limited by the two portions of the coraco-

clavicular ligament.

The acromioclavicular joint has important functions in the movements of the upper extremity.

It has been well pointed out by Sir George Hiunphry 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 backward 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 position, and

it would have been impossible to give a blow straight forward with the full force of the arm ; that

is to sav, with the combined force of the scapula, arm, and forearm. "This joint," as he happily

savs, "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, Uke the baskets in a

roundabout swing, to look the same way in everA' position, or nearly so." Again, when the whole

arch formed hiv the clavicle and scapula rises and falls (in elevation or depression of the shoul-

ders), the joint between these two bones enables the scapula still to maintain its lower part in

contact with the ribs.

Surface Form.—The position of the acromioclavicular joint can generally be ascertained by

the slightlv enlarged extremity of the outer end of the clavicle, which causes it to project above

the level of the acromion process of the scapula. Sometimes this enlargement is so considerable

as to form a rounded eminence, which is easily to be felt. The joint lies in the plane of a vertical

line jjassing up the middle of the front of the arm.

Applied Anatomy.—Owing to the slanting shape of the articular surfaces of this joint, the

commonest dislocation is the passing of the acromion process of the scapula under the outer

end of the clavicle; but dislocations in the opposite direction have been described. The first

form of dislocation is produced by violent force applied to the scapula so as to drive the shoulder

forward. The displacement in acromioclavicular dislocation is often incomplete, on accoimt

of the strong coracoclavicular ligaments which remain imtorn. The same difficulty exists, as in

the sternoclavicular dislocation, in maintaining the ends of the bone in apposition after reduction,

and if mav become necessari' to wire them in place after incision of the soft f)arts.

m. Proper Ligaments of the Scapula (Figs. 244, 245).

The proper ligaments of the scapula pass l^etween portions of that bone, but

are not parts of an articulation. They are the

Coracoacromial. Superior Transverse.

Inferior Transverse.

The coracoacromial ligament (ligamenfum coracoacromiale) is a strong triangular

band, extending between the coracoid and acromial processes. It is attached,

bv its apex, to the sunnnit 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 inward, its anterior fibres

forward and inward. 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 muscle; belmv,

with the tendon of the Supraspinatus muscle, a bursa being interposed. Its

outer border is continuous with a dense lamina that passes beneath the Deltoid

upon the tendons of the Supra- and Infraspinatus muscles. This ligament is

sometimes described as consisting of two marginal bands and a thinner inter-

vening p>ortion, the two bands being attached, respectively, to the apex and base

of the coracoid process, and joining together at their attachment into the acromion

process, ^^^len the Pectoralis minor is inserted, as sometimes is the ease, into
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the capsule of the shoulder-joint instead of into the coracoid process, it passes

between these two bands, and the intervening portion is then deficient.

The superior transverse or suprascapular ligament (ligamentum transversum

scapulae superius) (Figs. 245 and 246) converts the suprascapular notch into a

SUPERIOR
ACROMIOCLAVICULAR

LIGAMENT

GLENOID
LIGAMENT

Fig. 245.—Right clavicle and scapula with ligament, from without and somewhat from in front. (Spalteholz.)

nicEps.
CORACOACROMIAL \ GLENOID LIGAMENT.

LIGAMENT. DELTOID. SUPRASPINATUS.

TERES MAJO

SUB-
SCAPULA-

RIS.
LONG HEAD
OF TRICEPS.

LONG HEAD
OF TRICEPS

TERES MAJOR. Circumflex vessels. Circumfiex vessels. scapularis.

Fig. 246.—Vertical sections through the shoulder-joint, the arm being vertical and horizontal. (After Henle.)

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 pass over the ligament.
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An additional ligament, the inferior transverse or . spinoglenoid ligament Qiga-

Tnentuin transversum scapulae inferius), is sometimes found on the scapula,

stretchinj? from the outer border of the spine to the margin of the glenoid cavity.

When present, it forms an arch under which the suprascapular vessels and nerve

pass as they enter the infraspinous fossa.

Movements.—The scapula is capable of being moved upward and downward, forward and

backward, or, by a combination of these movements, circumducted on the wall of the thorax. The
muscles which raise the scapula are the upper fibres of the Trapezius, the Levator anguli scapulae,

and the two Rhomboids; those which depress it are the lower fibres of the Trapezius, the Pec-

toralis minor, and, through the clavicle, the Subclavius. The scapula is drawn backward by the

Rhomboids and the middle and lower fibres of the Trapezius, and forward by the Serratus

magnus and Pectoralis minor, assisted, when the arm is fixed, by the Pectoralis major. The
mobilitv of the scapula is very considerable, and greatly assists the movements of the arm at the

shoulder-joint. Thus, in raising the arm from the side the Deltoid and Supraspinatus can only

lift it to a right angle with the trunk, the further elevation of the limb being effected by the Trape-

zius and Serratus magnus moving the scapula on the wall of the thorax. This mobility is of

special importance in ankylosis of the shoulder-joint, the movement of this bone compensating

to a very great extent for the immobility of the joint.

IV. Shoulder-Joint (Articulatio Humeri) (Figs. 245, 246).

The shoulder-joint is an enarthrodial or ball-and-socket joint. The bones enter-

ing into its formation are the large globular head of the humerus, which is received

into the shallow glenoid cavity of the scapula—an arrangement which permits

of very considerable movement, while the joint itself is protected against dis-

placement by the tendons which surround it and by atmospheric pressure. The
ligaments do not maintain the joint surfaces in apposition, because when they

alone remain the humerus can be separated to a considerable extent from the

glenoid cavity; their use, therefore, is to limit the amount of movement. Above,

the joint is protected by an arched vault, formed by the under surfaces of the

coracoid and acromion processes, and the coracoacromial ligament. The articular

surfaces are covered by a layer of hyaline 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. Transverse Humeral.

Coracohumeral. Glenoid.^

The capsular ligament (capsula articularis) (Figs. 245 and 247) completely

encircles the articulation, being attached, above, to the circumference of the

glenoid cavity beyond the glenoid ligament, below, to the anatomical neck of the

humerus, approaching nearer to the articular cartilage above than in the rest

of its extent. It is thicker above and below than elsewhere, and is remarkably

loose and lax, and much larger and longer than is necessary to keep the bones

in contact, allowing them to be separated from each other more than an inch

—an evident provision for that extreme freedom of movement which is peculiar

to this articulation. Its superficial surface is strengthened, above, by the Supra-

spinatus; below, by the long head of the Triceps; behind, by the tendons of the

Infraspinatus and Teres minor; and m front, by the tendon of the Subscapularis.

The capsular ligament usually presents three openings: One anteriorly, below

the coracoid process, establishes a communication between the synovial mem-
brane of the joint and a bursa beneath the tendon of the Subscapularis muscle.

• The long tendon of origin of the Biceps brachii muscle also acts as one of the ligaments of this joint. See the
observations on p. 267 on the function of the muscles passing over more than one joint.
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The second, which is not constant, is at the posterior part, where a communica-
tion sometimes exists between the joint and a bursal sac belonging to the Infra-

spinatus muscle. The third is seen between the two tuberosities, for the passage

of the long tendon of the Biceps brachii muscle. It transmits a sac-like prolonga-

tion of the synovial membrane, which ends as a blind pouch opposite the surgical

neck of the bone.

The coracohumeral ligament (ligamentum coracohumerale) (Fig. 244) is a broad
band which strengthens the upper part of the capsular ligament. It arises from
the outer border of the coracoid process, and passes obliquely downward and
outward 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 ligament throughout the greater part of its extent.

ARTICULAR
CAPSULE

LONG HEAD OF
BICEPS MUSCLE

SUPERIOR
TRANSVERSE
LIGAMENT

SPINE OF SCAPULA
(sawed off at its origin)

Fig. 247.—Right shoulder-joint, frontal section, from behind. (Spalteholz.)

Supplemental Bands of the Capsular Ligament.—In addition to the coracohumeral

ligament, the capsular ligament is strengthened by supplemental bands in the

interior of the joint, and can be best studied by opening the capsule from l)ehind

and removing the head of the humerus. One of these bands (Flood's ligament)

passes from the anterior edge of the glenoid cavity to the lower part of the lesser

tuberosity of the humerus. It is supposed to correspond with the ligamentum

teres of the hip-joint. A second of these bands (Schlemm's ligament), is situated

at the lower part of the joint, and passes from the under edge of the glenoid cavity

to the under part of the neck of the humerus. A third, called the glenohumeral

ligament, is situated at the upper part of the joint. It is attached, above, to the

apex of the glenoid cavity, close to the root of the coracoid process, and, passing

downward along the inner edge of the tendon of the Biceps brachii, is attached,

below, above the lesser tuberosity of the humerus, where it forms the inner boundary



SHOULDER^JOIXT 303

of the upper part of the bicipital groove. It is a thin, ribbon-like band, occasion-

ally quite free from the capsule.

The transverse humeral ligament is a prolongation of the capsular ligament.

It is a broad band of fibrous tissue passing from the lesser to the greater tul>er-

osity of the humerus, and always limited to that portion of the bone which lies

above the epiphyseal line. It converts the bicipital groove into an osseoaponeu-

rotic canal, and is the homologue of the strong process of bone which connects

the summits of the two tuberosities in the musk ox.

The glenoid ligament {lahrum glenoidale) (Figs. 245 and 247) is a fibrocartilagi-

nous rim, attached around the margin of the glenoid cavity. It is triangular on
section, the thickest portion being fixed to the circumference of the cavitv, 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, and becomes continuous with the fibrous tissue of the glenoid ligament.

This ligament deepens the cavity for articulation, and protects the edges of the

bone.

Synovial Membrane (Fig. 247).—The sjTiovial membrane is reflected from the margin of

the glenoid cavity over the fibrocartilaginous rim surrounding it; it is then reflected over the

internal surface of the capsular ligament, covers the lower part and sides of the anatomical neck
of the humerus as far as the cartilage covering the head of the bone. The long tendon of the

Biceps brachii, which passes through the capsular ligament, is enclosed in a tubular sheath of

synovial membrane {vagina mucosa intertubercularis), which is reflected upon it at the point
where it perforates the capsule, and is continued around it as far as the level of the sur<Tical

neck of the humerus. The tendon of the Biceps is thus enabled to traverse the articulation, but
it is not contained in the interior of the synovial cavit^-.

Borsse.—A large bursa, the subscapular bursa, exists between the joint capsule and the ten-

don of the Subscapularis muscle. This sac communicates with the shoulder-joint bv means
of an opening at the inner side of the capsular ligament. Occasionally another and smaller bursa,

the infraspinatus bxirsa, exists beneath the tendon of the Infraspinatus. It communicates with
the shoulder-joint by means of an opening in the outer surface of the capsule. The subdeltoid
or subacromial bursa is placed between the under surface of the Deltoid muscle and the outer
surface of the capsule. It does not communicate with the joint. The subcutaneous acromial
bursa is between the surface and the summit of the acromion process. There is a bursa beneath
the Coracobrachialis muscle, one beneath the Teres major, and one beneath the tendinous
portion of the Latissimus dorsi. There is also a bursa between the tendon of insertion of
the Pectoralis major miiscle and the long head of the Biceps.

The muscles in relation with the joint are, above, the Supraspinatus; helmr, the long head of
the Triceps; in /row/, the Subscapularis; behind, the Infraspinatus and Teres minor; icithin, 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 circima-

flex, and the suprascapular.

The nerves are derived from the circumflex and suprascapular.

Movements.—The shoulder-joint is capable of movement in every direction, forward, back-
ward, abduction, adduction, circumduction, and rotation. The humerus is drawn foncard bv
the Pectoralis major, anterior fibres of the Deltoid, Coracobrachialis, and by the Biceps when
the forearm is flexed; backward, by the Latissimus dorsi. Teres major, posterior fibres of the Del-
toid, and by the Triceps when the forearm is extended; it is abduded (elevated) bv the Del-
toid and Su])raspinatus; it is adducted (depressed) by the Subscapularis, Pectoralis major, Latis-
simus dorsi, and Teres major; it is rotated outicard by the Infraspinatus and Teres minor; and
it is rotated imcard by the Subscapularis, Latissimus dorsi, Teres major, and Pectoralis major.
The most striking peculiarities in this joint are: (1 ) The large size of the head of the humerus

in comparison with the depth of the glenoid cavitA', even when supplemented bv the glenoid
ligament. (2) The looseness of the capsule of the joint. (3) The intimate connection of the cap-
sule with the muscles attached to the bead of the himaenis. (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 enjovs such
free movement in ever}- possible direction. \Mien 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 the muscles acting as accessory- ligaments, thev can
be carried considerably farther by the movements of the scapula, involving,- of course, motion at
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the acromio- and sternoclavicular 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 con-

siderable, especially in extreme elevation of the arm, which movement is best accomplished

when the arm is thrown somewhat forward and outward, because the margin of the head of the

humerus is by no means a true circle; its greatest diameter is from the bicipital groove downward,
inward, and backward, and the greatest elevation of the arm can be obtained by rolling its

articular surface in the direction of this measurement. 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

coracoacromial ligament constitutes a sort of supplemental articular cavity for the head of the

bone.

The looseness of the capsule is so great that the arm will fall about an inch from the scapula

when the muscles are dissected from the capsular ligament and an opening made in it to remove

the atmospheric pressure. The movements of the joint, therefore, are not regulated by the

capsule so much as by the surrounding muscles and by the pressure of the atmosphere—an

arrangement which "renders the movements of the joint much more easy than they would

otherwise have been, and permits a swinging, pendulum-like vibration of the limb when the

muscles are at rest" (Humphry). The fact, also, that in all ordinary positions of the joint the

capsule is not put on the stretch enables the arm to move freely in all directions. Extreme
movements are checked by the tension of appropriate portions of the capsule, as well as by the

interlocking of the bones. Thus it is said that " abduction is checked by the contact of the great

tuberosity with the upper edge of the glenoid cavity, adduction by the tension of the coraco-

humeral ligament" (Beaunis et Bouchard). Cleland^ maintains that the limitations of move-
• ment at the shoulder-joint are due to the structure of the joint itself, the glenoid ligament fitting,

in different positions of the elevated arm, into the anatomical neck of the humerus.

Cathcart' has pointed out that in abducting the arm and raising it above the head, the scapula

rotates throughout the whole movement with the exception of a short space at the beginning and

at the end; that the humerus moves on the scapula not only from the hanging to the horizontal

position, but also in passing upward as it approaches the vertical above; that the clavicle moves
not only during the second half of the movement but in the first as well, though to a less extent

—

?'. e., the scapula and clavicle are concerned in the first stage as well as in the second; and that

the humerus is partly involved in the second as well as chiefly in the first.

The intimate union of the tendons of the four short muscles with the capsule converts these

muscles into elastic and spontaneously acting ligaments of the joint, and it is regarded as being

also intended to prevent the folds into which all portions of the capsule would alternately fall in

the varying positions of the joint from being driven between the bones by the pressure of the

atmosphere.

The peculiar relations of the Biceps tendon to the shoulder-joint appear to subserve various

purposes. In the first place, by its connection with both the shoulder and elbow the muscle

harmonizes the action of the two joints, and acts as an elastic ligament in all positions, in the

manner previously adverted to.* .\ext, it strengthens the upper part of the articular cavity, and

prevents the head of the humerus from being pressed up against the acromion process, when the

Deltoid contracts, instead of forming the centre of motion in the glenoid cavity. By its passage

along the bicipital groove it assists in rendering the head of the humerus steady in the various

movements of the arm. When the arm is raised from the side it assists the Supra- and Infra-

spinatus in rotating the head of the humerus in the glenoid cavity. It also holds the head of the

bone firmly in contact with the glenoid cavity, and prevents its slipping over its lower edge, or

being displaced by the action of the Latissimus dorsi and Pectoralis major, as in climbing

and many other movements.

Surface Form.—^The direction and position of the shoulder-joint may be indicated by a line

drawn from the middle of the coracoacromial ligament, in a curved direction, with its con-

vexity inward, to the innermost part of that portion of the head of the humerus which can be

felt in the axilla when the arm is forcibly abducted from the side. When the arm hangs by the

side, not more than one-third of the head of the bone is in contact with the glenoid cavity, and

three-quarters of its circumference is in front of a vertical line drawn from the anterior border

of the acromion process.

Applied Anatomy.—Owing to the construction of the shoulder-joint and the freedom of

movement which it enjoys, as well as in consequence of its exposed situation, it is more fre-

quently dislocated than any other joint in the body. Dislocations of the shoulder contribute

about forty per cent, of the cases in tables of dislocations. Dislocation occurs when the arm
is thrown into extreme abduction, and when, therefore, the head of the humerus presses against

the lower and front part of the capsule, which is the thinnest and least supported part of the liga-

' See p. 299. ' Journal of Anatomy and Physiology, 18S4, vol. xviii.
« Ibid., vol. xviii. See p. 267.
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ment. The rent in the capsule almost invariably takes place in this situation, between the

tendon of the Subscapularis and the Triceps, and through it the head of the bone escapes, so

that the dislocation in most instances is primarily subglenoid. The head of the bone does not
usually remain in this situation, but generally assiunes some other position, which varies accord-
ing to the direction and amount of force producing the dislocation and the relative strength of

the muscles in front and behind the joint. In consequence of the muscles at the back being
weaker than those in front, and especiaUy on account of the long head of the Triceps preventing
the bone passing backward, dislocation forward is much more common than backward. The
most frequent jx>sition which the head of the humerus ultimately assumes is on the front of the
neck of the scapula, beneath the coracoid process, and hence named subcoracoid dislocation.

Occasionally, in consequence, probably, of a greater amount of force being brought to bear on
the limb, the head is driven farther inward,and rests on the upper part of the front of the thorax,
beneath the clavicle {subclavicular). If the head of the bone passes under the Subscapularis
muscle and also under the Teres major or the lower border of the Pectoralis major, the arm
remains abducted, or even with the elbow raised above the head (luxatio erecta). Sometimes
the humerus remains in the position in which it was primarily displaced, resting on the axillary
border of the scapula (subglenoid), and rarely it passes backward and remains in the infra-
spinous fossa beneath the spine (subspinous). If dislocation frequently recurs the condition mav
be amended in some cases by exjxjsing the capsule and putting tucks in it by means of sutures.
An old imreduced dislocation is sometimes treated by incising the soft parts and returning

the head of the humerus into the glenoid cavity. In other cases the head of the himierus is

excised. Dislocation of the long tendon of the Biceps muscle from the bicipital groove is a rare
accident. \Mien it occurs the arm is rigid in abduction, but the head of the humerus is found
to be in the glenoid cavity. It is reduced by flexion of the elbow and rotation of the arm. Rup-
ture of the long tendon of the Biceps is more common than dislocation of the tendon. After this

injury the l>elly of the muscle is relaxed and is nearer than normal to the elbow; flexion of
the forearm is much weakened, and is weaker in supination than it is in pronation. The head
of the humerus passes forward and inward, and the condition is often mistaken for dislocation
of the bone.

If we desire to aspirate the shoulder-joint, place the arm against the side, flex the forearm at
a right angle to the arm, cany the forearm across the front of the thorax, and enter the trtxar
below the acromion (De Vos).

The shoulder-joint is sometimes the seat of all those inflammatory affections, both acute and
chronic, which attack joints, though perhaps it suffers less frequently than some other joints of
equal size and imponance. Acute synovitis may result from injur*', rheumatism, or pyemia, or
may follow secondarily on the so-called acute epiphysitis of infants. It is attended with effusion
into the joiiit, and when this occurs the capsule is evenly distended and the contour of the joint
rounded. Special projections may occur at the site of the openings in the capsular ligament.
Thus, a swelling may appear just in front of the joint, internal to the lesser tuberosity, from
effusion into the bursa beneath the Subscapularis muscle; or, again, a swelhng which is some-
times bibbed may l)e seen in the interval between the Deltoid and Pectoralis major muscles,
from effusion into the diveniculum. which runs down the bicipital groove with the tendon of the
Biceps. The effusion into the synovial membrane can be best ascertained by examination from
the axilla, where a soft, elastic, fluctuating swelling can usually be felt. The bursa beneath the
Deltoid is sometimes ruptured by violence, and sometimes inflames, suppurates, or becomes
tuberculous.

Tuberculous arthritis not infrequently attacks the shoulder-joint, and may lead to total
destruction of the articulation, when ankylosis may result or long-protracted suppuration may
necessitate excision. This joint is also one of those which is most liable to be the seat of osteo-
arthritis, and may also be affected in gout and rheimiatism ; or in locomotor ataxia, when it

'>^casionally becomes the seat of Charcot's disease.

E.rcision of the shoidder-joint mav be required in cases of arthritis (especially the tubercu-
..jus form) which have gone on to destruction of the articulation; in compound dislocations and
fractures, particularly those arising from gunshot injuries, in which there has been extensive
injury- to the head of the bone; in some cases of old unreduced dislocation, where there is much
pain: and possibly in some few cases of growth connected with the upper end of the bone. The
operation is best performed by making an incision from the middle of the coracoacromial liga-
ment down the arm for about three inches; this will expose the bicipital groove and the tendon
of the Biceps, which may be either divided or hooked out of the way, according as to whether it

is implicated in the disease or not. The capsule is then freely opened, and the muscles attached
to the greater and lesser tuberosities of the humerus divided. The head of the bone can then
be thrust out of the wound and sawed off, or divided with a narrow saw in situ and subsequently
removed. The section should be made, if possible, just below the articular surface, so as to
leave the bone as long as possible. The glenoid ca\-ity must then l>e examined, and gout^ed
if carious.

' "^
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V. Elbow-joint (Articulatio Cubiti) (Figs. 248, 249).

The elbow is a ginglymus or hinge-joint. The bones entering into its forma-

tion are the trochlea of the humerus, which is received into the greater sigmoid

cavity of the ulna, and admits of the movements peculiar to such a joint—viz.,

flexion and extension; while the capitellum or radial head of the humerus articu-

lates with the cup-shaped depression on the head of the radius; the circum-

ference of the head of the radius articulates with the lesser sigmoid cavity of

the ulna, allowing of the movement of rotation of the radius on the ulna, the

chief action of the superior radioulnar articulation. The articular surfaces

are covered by a thin layer of hyaline cartilage, and connected by a capsular

Fig. 248.—Left elbow-joint, showing anterior
and internal ligaments.

Fig. 249.—Left elbow-joint, showing posterior
and external ligaments.

ligament (capsula articularis) (Fig. 250) of unequal thickness, being especially

thickened on its two sides and, to a less extent, in front and behind. These

thickened portions are usually described as distinct ligaments under the following

names

:

Anterior.

Posterior.

Internal Lateral.

External Lateral.
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CORONOIO
FOSSA

OLECRANON
FOSSA

ARTICULAR
CAPSULE

EPIPHYSEAL
JUNCTION

The orbicular ligament of the upper radioulnar articulation must also be
reckoned amoni; the ligaments of the elbow (see p. 310).

The anterior ligament (Fig. 248) is a broad and thin fibrous layer which covers

the anterior surface of the joint. It is attached, above, to the front of the internal

condyle and to the front of the humerus immediately above the coronoid and
radial fossae; below, to the anterior surface of the coronoid process of the ulna

and to the orbicular ligament, being continuous on each side with the lateral

ligaments. Its superficial fibres pass obliquely from the inner condyle of the

humerus outward to the orbicular ligament. The middle fibres, vertical in

direction, pass from the upper part of the coronoid depression and become partly

blended with the preceding, but are mainly inserted into the anterior surface of

the coronoid process. The
deep or transverse set inter-

sects these at right angles.

Fhis ligament is in relation,

in front, with the Brachialis

anticus muscle, except at its

outermost part.

The posterior ligament
(Fig. 249) is a thin and loose

membranous fold, attached,

above, to the lower end of

the humerus, above and at

the sides of the olecranon

fossa; below, to the groove

on the upper and outer sur-

faces of the olecranon. The
superficial or transverse fibres

pass between the adjacent

margins of the olecranon

fossa. The deeper portion

consists of vertical fibres,

some of which, thin and
weak, pass from the upper
part of the olecranon fossa to

the margin of the olecranon;

others, thicker and stronger,

pass from the back of the

capitellum of the humerus to

the posterior border of the

lesser sigmoid cavity of the

ulna. This ligament is in

relation, behind, with the

tendon of the Triceps muscle
and the Anconeus muscle.

The internal lateral ligament {Ugamentum collaterale ulnare) (Fig. 248) is

a thick triangular band consisting of two portions, an anterior and posterior,
united by a thinner intermediate portion. The anterior portion, directed obliquely
forward, 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. The posterior portion, also of triangular form, is attached, above, by
its apex, to the lower and back part of the internal condyle; below, to the inner
margin of the olecranon. Between these two bands a few intermediate fibres
descend from the internal condyle to blend with a transverse band of ligamentous

EPIPHYSEAL
JUNCTION

Fig. 250.—Right elbow-joint, cut through at right angles to the
axis of the trochlea humeri, from the ulnar side. (Spalteholx.)
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tissue which bridges across the notch between the olecranon and coronoid pro-

cesses. This ligament is in relation, internally, with the Triceps and Flexor

carpi ulnaris muscles and the ulnar nerve, and gives origin to part of the Flexor

sublimis digitorum muscle.

The external lateral ligament (ligamentum collaterale radiale) (Fig. 249) is a

short and narrow fibrous band less distinct than the internal, attached, above,

to a depression below 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 ulna. This ligament is intimately blended

with the tendon of origin of the Supinator [brevis] muscle.

Synovial Membrane (Fig. 250).—The synovial membrane is very extensive. It covers the

margin of the articular surface of the humerus, and lines the coronoid and olecranon fossae on

that bone; from these points it is reflected over the anterior, posterior, and lateral ligaments,

and forms a pouch (recessus sacn'formis) between

the lesser sigmoid cavity, the internal surface of

the orbicular ligament, and the circumference of

the head of the radius. Projecting into the cavity

is a crescentic fold of synovial membrane, between

the radius and ulna, suggesting the division of the

joint into tw o—one the humeroradial, the other the

humeroulnar.

Between the capsular ligament and the synovial

membrane are three masses of fat—one, the largest,

above the olecranon fossa, which is pressed into

the fossa by the Triceps during flexion; a second,

over the coronoid fossa; and a third, over the

radial fossa. The two last-named pads are pressed

into their respective fossse during extension.

The muscles (Fig. 251) in relation with the joint

are, in front, the Brachialis anticus; behind, the

Triceps and Anconeus; externally, the Supinator

[brevis] and the common tendon of origin of the

Extensor muscles; internally, the common tendon

of origin of the Flexor muscles, and the Flexor

carpi ulnaris, with the ulnar nerve.

The arteries supplying the joint are derived

from the anastomosis between the superior pro-

funda, inferior profunda, and anastomotica magna,

branches of the brachial, with the anterior, pos-

terior, and interosseous recurrent branches of the

ulnar and the recurrent branch of the radial.

These vessels form a complete chain of anasto-

moses around the joint.

The nerves are derived from the ulnar as it

passes between the internal condyle and the olec-

ranon; a filament from the musculocutaneous, and

two filaments from the median.

BuTSae.—The olecranon bursa (bursa subcutanea olecrani) is placed between the olecranon

process and the cutaneous surface. A bursa exists between the tendon of the Biceps brachii

and the tubercle of the radius (bursa bicipitoradialis) ; another between the Triceps tendon and

the olecranon process (bursa subtendinea olecrani); a third between the cutaneous surface and the

external condyle (bursa subcutanea epicondyli humeri lateralis) ; a fourth between the cutaneous

surface and the. internal condyle (bursa subcutanm epicondyli humeri, medialis); and a fifth

internal to the Triceps tendon at its insertion on the olecranon (bursa intratendinea olecram).

Movements.—The elbow-joint comprises three difl'erent portions—viz., the jomt between

the ulna and humerus, that between the head of the radius and the humerus, and the superior

radioulnar articulation, described below. All these articular surfaces are invested by a common

synovial membrane, and the movements of the whole joint should be studied together. The com-

bination of the movements of flexion and extension of the forearm with those of pronation and

supination of the hand, w^hich is insured 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

Fig. 251.—Sagittal section of the right elbow-
joint, taken somewhat obliquely and seen from
the radial aspect. (After Braune.)
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of movements of flexion and extension only. Owing to the obliquity of the trochlear surface o?

the humerus, this movement does not lake place in a straight line. When the forearm is extended

and supinated the axis of the arm is not in the same line as the axis of the forearm, but the axis

of the arm forms an angle with the axis of the forearm, and the hand, with the forearm, is

directed outward. During flexion, on the other hand, the forearm and the hand tend to approach

the middle line of the body, and thus enable the hand to be easily carried to the face. The shape

of the articular surfac-e of the humerus, with its prominences and depressions accurately adapted

to the opposing surface of the olecranon, prevents any lateral movement. Flexion Ls produced

bv the action of the Biceps and Brachialis anticus, assisted by the muscles arising from the inter-

nal eondvle of the humerus and by the Brachioradialis; extension, by the Triceps and Anconeus,

assisted by the Extensors of the wrist and by the Extensor communis digitoriun and Extensor

minimi digiti.

The joint between the head of the radius and the capitellum or radial head of the humerus

is an arthrodial joint. The bony surfaces would of themselves constitute an enarthrosis, and

allow of the movement in all directions were it not for the orbicular Hgament by which the head

of the radius is bound down firmly to the lesser sigmoid cavity of the ulna, an arrangement which

prevents any lateral separation of the two bones. It is to the same ligament that the head of

the radius owes its security from dislocation, which would othenvise constantly occur as a con-

sequence 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 joint.*

In complete extension the head of the radius glides so far back on the outer condyle that its

edce is plainlv felt at the back of the articulation. Flexion and extension of the elbow-joint are

limited bv the tension of the structures on the front and back of the joint, the limitation of flexion

being also aided by the saft structures of the arm and forearm coming in contact.

In combination with anv position of flexion or extension the head of the radius can be rotated

in the upper radioulnar joint, carr^'ing the hand with it. The hand is directly articulated to the

lower surface of the radius only, and the concave or sigmoid surface on the lower end of the

radius travels around the lower end of the ulna. The latter bone is excluded from the wrist-joint

(as will be seen in the sequel^ by the articular disk. Thus, rotation of the head of the radius

aroimd an axis which passes through the centre of the radial head of the humerus imparts circular

movement to the hand through a veri' considerable arc.

Surface Form.—If the forearm be slightly flexed on the arm, a curved crease or fold with

its convexitv downward may be seen running across the front of the elbow, extending from one

eondvle to the other. The centre of this fold is some slight distance above the line of the joint.

The position of the radiohumeral portion of the joint can be at once ascertained by feeling for a

slif^ht groove or depression between the head of the radius and the capitellum of the humerus at

the back of the articulation.

Applied Anatomy.—From the great breadth of the joint, and the manner in which the articular

surfaces are interlocked, and also on account of the strong lateral ligaments and the support

which the joint derives from the mass of muscles attached to each condyle of the humerus,

lateral displacement of the bones is very uncommon, whereas antero-posterior dislocation, on

account of the shortness of the antero-posterior tfiameter, the weakness of the anterior and

posterior ligaments, and the want of support of muscles, much more frequently takes place,

dislocation backward taking place when the forearm is in a position of extension, and forward

when in a position of flexion. For, in the former position, that of extension, the coronoid process

is not interlocked into the coronoid fossa, and loses its grip to a certain extent, whereas the

olecranon process is in the olecranon fossa, and entirely prevents displacement forward. On
the other hand, during flexion, the coronoid process is in the coronoid fossa, and prevents dis-

location backward, while the olecranon loses its grip and is not so efficient, as during extension,

in preventing a forward displacement. WTien lateral dislocation does take place, it is generally

incomplete.

Dislocation of the elbow-joint is of common occurrence in children, far more common than

dislocation of any other articulation. In lesions of this joint there is often very great difficulty in

ascertaining the exact nature of the injury. Sprain of the elbow is a verk- common injur}- in child-

hood. Injur\' to the radiohumeral joint is frequently produced by lifting a child by the hand,

as in swinging it over a gutter. The Supinator [breris]. which under normal circumstances would

retain the head of the radius against the capitellum of the humerus, is unable to do so, the radio-

humeral articulation receives the force and the orbicular ligament undergoes upward displace-

ment, is caught between the head of the radius and the capitellum, and jams the joint. This

injure- is often called subluxation of the head of the radius.

The elbow-joint is occasionallv the seat of acute synovitis. The synovial membrane then

becomes distended with fluid, the bulging showing itself principally around the olecranon process;

that is to say, on its iimer and outer sides and above, in consequence of the laxness of the

1 Humphry, op. cit., p. 419.
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posterior ligamenL Occasionally, a well-marked, triangular projection may be seen on the outer

side of the olecranon, from bulging of the synovial membrane beneath the Anconeus muscle.

Again, there is often some swelling ju^t above the head of the radius, in the line of the radio-

humeral joint. There is generally not much swelling at the front of the joint, though sometimes

deep-seated fulness beneath the Brachialis anticus may be noted. When suppuration occurs the

abscess usually points at one or other border of the Triceps muscle; occasionally the pus dis-

charges itself in front, near the insertion of the Brachialis anticus muscle. Chronic synovitis,

usually of tuberculous origin, is of common occurrence in the elbow-joint; under these circum-

stances the forearm tends to assume the position of semiflexion, which is that of greatest ease

and relaxation of ligaments. It should be borne in mind that should ankylosis occur in this or

the extended position, the limb will not be nearly so useful as if it becomes ankylosed in a position

of rather less than a right angle. Loose cartilages are sometimes met with in the elbow-joint,

not so commonly, however, as in the knee; nor do they, as a rule, give rise to such urgent symp-

toms. They rarely require operative interference. The elbow-joint is also sometimes affected

with osteoarthritis, but this affection is less common in this articulation than in some other

of the larger joints. Bursitis about the elbow, generally known as miners' elbow, is not

uncommon.
Excision of the elbow is principally required for one of three conditions—viz., tuberculous

arthritis, injury and its results, and ankylosis in a position which greatly impairs the useful-

ness of the limb; but may be necessary for some other rarer conditions, such as disorganizing

arthritis after pyemia, unreduced dislocation, and osteoarthritis. The results of the operation

are, as a rule, more favorable than those of excision of any other joint, and it is one, therefore,

that the surgeon should never hesitate to perform, especially in the first three of the conditions

mentioned above. The operation is best performed by a single vertical incision down the back

of the joint, a transverse incision, over the outer condyle, being added if the parts are much
thickened and fixed. A straight incision is made about four inches long, the mid-point of which

is on a level with and a little to the inner side of the tip of the olecranon. This incision is made
down to the bone, through the substance of the Triceps muscle. The operator with the point

of his knife, and guarding the soft parts with his thumb-nail, separates them from the bone.

In doing this there are two structures which he should carefully avoid—the ulnar nerve, which

lies parallel to his incision, but a little internal, as it courses down between the internal condyle

and the olecranon process, and the prolongation of the Triceps into the deep fascia of the fore-

arm over the Anconeus muscle. Having cleared the bones and divided the lateral and posterior

ligaments, the forearm is strongly flexed and the ends of the bone turned out and sawed off. The
section of the humerus should be through the base of the condyles, that of the ulna and radius

should be just below the level of the lesser sigmoid cavity of the ulna and the neck of the radius.

In this operation the object is to obtain such fibrous union as shall allow free motion of the

bones of the forearm; and, therefore, passive motion must be commenced early, that is to say,

about the tenth day.

VI. Radioulnar Articulation (Articulatio Radioulnaris).

The articulation of the radius with the ulna is effected by ligaments which

connect both extremities as well as the shafts of these bones. It may, conse-

quently, be subdivided into three articulations: (1) The superior radioulnar,

which is a portion of the elbow-joint; (2) the middle radioulnar; and (3) the

inferior radioulnar articulations.

1, Superior Articulation (Articulatio Radioulnaris Proximalis).

This articulation is a trochoid or pivot-joint. 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. Its only ligament is the annular

or orbicular.

The orbicular or annular ligament (ligamentum annulare radii) (Figs. 248, 249,

and 252) 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 four-fifths of an osseofibrous ring, attached by each end to

the extremities of the lesser sigmoid cavity, and is smaller at the lower part of its
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ORBICULAR LIGAMENT
OF RADIUS

TCNOON OP
BICEPS MUSCLE

(cut through)
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circumference than above, by which means the head of the radius is more securely

held in its position. Its outer surface is strengthened by the external lateral

ligament of the elbow, and affords

origin to part of the Supinator [brevis]

muscle. Its inner surface is smooth,

and lined with synovial membrane.
The synovial mem brane is continuous

with that which lines the elbow-joint.

Movements.—The movement which take.s

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 ; the axis of rotation passes through

the centre of the capitellum of the humerus.
Rotation forward is called pronation; rota-

tion backward, supination. Supination is

performed by the Biceps and Supinator
[bre\-is]. assisted to a slight extent by the Ex-
tensor muscles of the thumb and, in certain

positions, by the Brachioradialis. Pronation
is effected by the Pronator teres and Pronator
quadratus, assisted, in some positions, by the
Brachioradialis.

Surface Form.—The position of the su-

perior radioulnar joint is marked on the
surface of the body by the little dimple on
the back of the elbow, which indicates the
position of the head of the radius.

Applied An&tomj.—Dislocation of the
head of the radius alone is not an uncommon
accident, and occurs most frequently in young
persons from falls on the hand wheii the fore-

arm is extended and supinated, the head of
the lx)ne being displaced forward. It is at-

tended by rupture of the orbicular ligament.
Occasionally a peculiar injurt-, which is sup-
posed to be a subluxation, occurs in young
children in lifting them from the ground by
the hand or forearm. It is believed that the
head of the radius is displaced downward or
the orbicular ligament upward, and the upper
border of the ligament becomes folded over
the head of the radius, between it and the
capitellum of the humerus.

interosseous^
membrane"

2. Middle Radioulnar Ligaments.

wM The inten-al between the shafts of
Hkihe radius and ulna is occupied by two
^Bigaments.

Oblique,

Interosseous.

STYLOID
.PROCESS
>F ULNA

(TRIANGULAR
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DISK

^LOID PROCESS
OF RADIUS

Fig. 252. —Bones of the right forearm, with their Uga-
ments; volar aspect. (Spalteholz.)

The oblique ligament (chorda ohli-

qua) (Figs. 248 and 252) is a small, flat-

tened fibrous band which extends obliquelv downward and outward 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
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interosseous ligament, and it appears to be placed as a substitute for it in the

upper part of the interosseous interval. This ligament is sometimes wanting.

The interosseous membrane {membrana interossea antehrachii) (Fig. 252) is a

broad and thin plane of fibrous tissue descending obliquely downward and inward,

from the interosseous ridge on the radius to that on the ulna. It is deficient

above, commencing about an inch beneath 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 deep muscles. Between its upper border

and the oblique ligament an interval exists through which the posterior inter-

osseous vessels pass to the dorsum of the forearm. Two or three fibrous bands

are occasionally found on the dorsal surface of this membrane which descend

obliquely from the ulna toward the radius, and which have consequently a direc-

tion 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

Flexor profundus digitorum on the inner, lying upon the interval between which

are the anterior interosseous vessels and nerve; by its lower fourth, with the Pro-

nator quadratus; behind, with the Supinator [brevis], Extensor ossis metacarpi

pollicis, Extensor brevis poUicis, Extensor longus pollicis, Extensor indicis; and,

near the wrist, with the anterior interosseous artery and posterior interosseous

nerve.

3. Inferior Articulation (Articulatio Radioulnaris Distalis).

This is a pivot-joint, formed by the sigmoid cavity at the inner side of the lower

end of the radius receiving the head of the ulna. The articular surfaces are

covered by a thin layer of hyaline cartilage, and connected by a capsule, portions

of which are usually described as distinct ligaments. The ligaments of the

articulation are:

Anterior Radioulnar. Posterior Radioulnar.

Triangular Articular Disk.

The anterior radioulnar ligament (Fig. 253) is a narrow band of fibres

extending from the anterior margin of the sigmoid cavity of the radius to the

anterior surface of the head of the ulna.

The posterior radioulnar ligament (Fig. 254) extends between similar points

on the posterior surface of the articulation.

The triangular articular disk (discus articularis) (Figs. 252 and 256) is triangular

in shape, and is placed transversely beneath the head of the ulna, binding the lower

end of this bone and the radius firmly together. Its periphery is thicker than its

centre, which is thin and occasionally perforated. 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 carpal articulating surface. Its

margins are united to the ligaments of the wrist-joint. Its upper surface, smooth

and concave, articulates with the head of the ulna, forming an arthrodial joint;

its under surface, also concave and smooth, forms part of the wrist-joint and articu-

lates with the cuneiform and inner part of the semilunar bone. Both surfaces

are covered by a synovial membrane—the upper surface by one peculiar to the

radioulnar articulation; the under surface, by the synovial membrane of the

wrist.
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Ssmovial Membrane.—The synovial membrane (Fig. 256) of this articulation has been called,

from its extreme looseness, the membrana saccifonnis. It projects horizontally inward between

the head of the ulna and the articular disk, and upward between the radius and the ulna, forming

a verv loose cul-de-sac (recessus sacciformis). The quantity of synovia which it contains is usually

considerable. The inferior radioulnar joint does not communicate with the wrist-joint.

Inferior radioulnar

articulation.

Carpal articulations.

Carpometacarpal
rticulations.

Fig. 253.—Ligaments ot wrist and band. Anterior view.

^«*^ R frtf I u s.

Inferior radioulnar ^ -

articulation. J^
i ^*??J^o-

Wrist-joint

Carpal articulations.

Carpometaea rpal
articulations.

Fig. 254.—Ligaments of wrist and band. Poeterior view.

Movements.—These consist of a movement of rotation through about 1 60 degrees of the lower

end of the radius around an axis which corresponds to the centre of the head of the ulna. When
the radius rotates forward, pronation of the forearm and hand is the result; and when backward,

supination. It will thus be seen that in pronation and supination of the forearm and hand
the radius describes a segment of a cone, the axis of which extends from the centre of the head
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of the radius to the middle of the head of the ulna. In this movement, however, the ulna is

not quite stationary, but rotates a little in the opposite direction. So that it also describes the
segment of a cone, though of smaller size than that described by the radius. The movement
which causes this alteration in the position of the head of the ulna takes place principally at the

shoulder-joint by the rotation of the humerus, but possibly also to a slight extent at the elbow-
joint.^

Surface Form.—The position of the inferior radio-ulnar joint may be ascertained by feeling

for a slight groove at the back of the A\Tist, between the prominent head of the ulna and the

lower end of the radius, when the forearm is in a state of almost complete pronation.

Vn. Radiocarpal or Wrist-joint (Articulatio Radiocarpea) (Figs. 253, 254).

The wrist is a condyloid articulation. The parts entering into its formation

are the lower end of the radius and under surface of the articular disk, which
form together the receiving cavity, and the scaphoid, semilunar, and the cunei-

form bones, which form the condyle. The articular surface of the radius and the

under surface of the articular disk are the receiving cavity, forming together a

transversely elliptical concave surface. The articular surfaces of the scaphoid,

semilunar, and cuneiform bones form together a smooth, convex surface, the con-

dyle, which is received into the concavity above mentioned. All the bony surfaces

of the articulation are covered by hyaline cartilage, and are connected by a capsule,

which is divided into the following ligaments:

External Lateral. Anterior.

Internal Lateral. Posterior.

The external lateral ligament (ligamentum collaterale carpi radiale) (Fig. 25.3)

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 {ligamentum collaterale carpi ulnare) (Fig. 253)
is a rounded cord, attached, above, to the extremity of the styloid process of the

ulna, and dividing, below, into two fasciculi, which are attached, one to the inner

side of the cuneiform bone, the other to the pisiform bone and annular ligament.

The anterior or volar ligament {ligamentum radiocarpeum volare) (Fig. 253)
is a broad, membranous band, attached, above, to the anterior margin of the

lower end of the radius, to its styloid process, and to the ulna ; its fibres pass down-
ward and inward to be inserted into the palmar surface of the scaphoid, semilunar,

and cuneiform bones. Some of the fibres are continued to the os magnum. In

addition to this broad membrane there is a distinct rounded fasciculus, superficial

to the rest, which passes from the base of the styloid process of the ulna to the semi-

lunar and cuneiform bones. This ligament is perforated by numerous apertures

for the passage of vessels, and is in relation, in front, with the tendons of the

Flexor profundus digitorum and of the Flexor longus pollicis.

The posterior or dorsal ligament {ligamentum radiocarpeum dorsale) (Fig. 254),
thinner and weaker than the anterior, is attached, above, to the posterioV border
of the lower end of the radius; its fibres pass obliquely downward and inward, to

be attached to the dorsal surface of the scaphoid, semilunar, and cuneiform 'bones,

and are continuous with those of the dorsal carpal ligaments. This ligament
is in relation, behind, with the Extensor tendons of the fingers.

Synovial Membrane.—The synovial membrane (Fig. 255) lines the inner surface of the
ligaments above described, extending from the lower end of the radius and articular disk above

' See Hultkrantz, Das Ellenbogen Gelenk und seine Mechanik, Jena, 1897.

1
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to the articular surfaces of the carpal bones below. It i* loose and lax, and presents numerous
folds, especially l>ehind.

The arteries supplying the joint are the anterior and posterior carf>al branches of the radial

and ulnar, the anterior and posterior interosseous, and some ascending branches from the deep
palmar arch.

The nerves are derived from the ukiar and posterior interosseous.

Movements.—The movements f)ermitted in this joint are volar flexion, dorsi-flexion,

abduction, addudion, and circumduction. Its actions will be further studied with those of the
carpus, with which they are combined.

Surface Form.—The line of the radiocarpal joint is on a level with the apex of the styloid

proc-ess of the ulna.

Applied Anatomy.—The wrist-joint is rarely dislocated, its strength depending mainly upon
the numerous strong tendons which surround the articulation. Its security is fiulher pro-

vided for by the number of small bones of which the carpus is made up, and which are imited

bv ver}- strong ligaments. The slight movement which takes place between the several bones

ser\"es to break the jars that result from falls or blows on the hand. Dislocation backward,

which is the more common dislocation, simulates to a considerable extent Colles' fracture of the

radius, and is apt to be mistaken for it. The diagnosis can be easily made out by observing

the relative position of the styloid processes of the radius and ulna. In the natm^l condition

the styloid process of the radius is on a lower level

—

i. e., nearer the ground—when the arm hangs

bv the side, than that of the ulna, and the same would be the case in dislocation. In Colles'

fracture, on the other hand, the styloid process of the radius is on the same or even a higher

level than that of the ulna.

The wTist-joint is occasionally the seat of acute synovitis, the result of traumatism or con-

sequent upon rheumatic or pyemic conditions. ^Vhen the s^•novial sac is distended with fluid,

the swelling is greatest on the dorsal aspect of the wrist, and shows a general fulness, with some
bulging between the tendons. The inflammation is prone to extend to the intercarpal joints and
to attack also the sheathssjf the tendons in the neighborhood. Chronic inflammation of the wrist

is generally tuberculous, and often leads to similar disease in the s^•no\^al sheaths of adjacent

tendons and of the intercarpal joints. The disease, therefore, when progressive, frequently

leads to necrosis of the carpal bones, and the result is often unsatisfactory.

Vm. Articulations of the Carpus (Articulatio Intercarpea) (Figs. 253, 254).

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, .

1. Articulatioxs of the First Row of Carpal Boxe.s

These are arthrodial joints. The ligaments connecting the scaphoid,, semi-

lunar, and cuneiform bones are:

Dorsal. Palmar.

Two Interosseous.

The dorsal ligaments {Ugamenia intercarpea dorsalia) are placed transversely

behind the bones of the first row; they connect the scaphoid and semilunar and
the semikinar and cuneiform.

The palmar or volar ligaments (Ugamenta intercarpea volaria) connect the

scaphoid and semilunar and the semilunar and cuneiform bones; thev are weaker
than the dorsal, and placed very deeply below the anterior ligament of the wrist.

The interosseous ligaments {Ugamenta intercarpea interossea) (Fig. 255) are two
narrow bundles of fibrous tissue connecting the semilunar bone on one side with
the scaphoid, and on the other with the cuneiform. They are on a level with
tlie superior surfaces of these bones, and close the upper part of the spaces
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between them. Their upper surfaces are smooth, and form with the bones the

convex articular surfaces of the wrist-joint.

The ligaments connecting the pisiform bone are:

Capsular. Two Palmar Ligaments.

The capsular ligament is a thin membrane which connects the pisiform bone

to the cuneiform. It is lined by a separate synovial membrane.
The two palmar ligaments are two strong fibrous bands which connect the

pisiform to the unciform (ligamenttim pisohamatum) , and to the base of the fifth

metacarpal bone (ligamentum pisometacarpeum)

.

2. Articulations of the Second Row of Carpal Bones.

These are also arthrodial joints. The articular surfaces are covered with

hyaline cartilage, and connected by the following ligaments:

Dorsal. Palmar.

Three Interosseous.

The dorsal ligaments {ligamenta intercarpea dorsalid) extend transversely from

one bone to another on the dorsal surface, connecting the trapezium with the trape-

zoid, the trapezoid with the os magnum, and the os magnum with the unciform.

The palmar ligaments {ligamenta intercarpea volaria) have a similar arrange-

ment on the palmar surface.

The three interosseous ligaments (ligamenta intercarpea interossea) (Fig. 255),

much thicker than those of the first row, are placed one between the os magnum
and the unciform, a second between the os magnum and the trapezoid, and a

third between the trapezium and trapezoid. The first of these is much the

strongest, and the third is sometimes wanting.

3. Articulations of the Two Rows of Carpal Bones with Each Other
(Figs. 253, 254).

The joint between the scaphoid, semilunar, and cuneiform, and the second

row of the carpus, or the midcarpal joint, is made up of three distinct portions;

in the centre the head of the os magnum and the superior surface of the unciform

articulate with the deep, cup-shaped cavity formed by the scaphoid and semilunar

bones, and constitute a sort of ball-and-socket joint. On the outer side the trape-

zium and trapezoid articulate with the scaphoid, and on the inner side the unci-

form articulates with the cuneiform, forming gliding joints.

Sometimes a small ligament joins the navicular to the neck of the os magnum
and is representative of the os centrale (p. 206) (Sutton).

The ligaments are:

Anterior. External Lateral.

Posterior. Internal Lateral.

The anterior or palmar ligaments (ligamenta intercarpea volaria) consist of

short fibres, which pass, for the most part, from the palmar surface of the bones

of the first row to the front of the os magnum.
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Tlie posterior or dorsal ligaments {ligamenta interearpea dorsalis) consist of

short, irregular bundles of fibres passing Ijetween the bones of the first and second

row 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, the latier the cuneiform and unciform;

they are continuous with the lateral ligaments of the wrist-joint. In addition to

these ligaments, a slender interosseous band sometimes connects the os magnum
and the scaphoid.

Synovial Membrane (Fig. 255).—The synovial membrane of the carpus is very extensive;

it passes from under the surface of the scaphoid, semilunar, and cuneiform bones to the upper
surface of the bones of the second row, sending upward two prolongations—between the scaphoid

and semilunar and the semilunar and cuneiform; sending downward three prolongations between

the four bones of the second row, which are further continued onward into the carpometacarpal

joints of the four inner metacarpal bones, and also for a short distance between the metacarpal

bones. There is a separate s^'novial membrane between the pisiform and the cuneiform bones.

Movements.—The articulation of the hand and wTist, considered as a whole, is divided into

three parts: (1) The radius and the articular disk, (2) the meniscus,^ formed by the scaphoid,

semilunar, and cuneiform, the pisiform bone ha^-ing no essential part in the movements of the

hand; (3) the hand proper, the metacarpal bones with the four carpal bones on which they are

supported—viz., the trapezium, trapezoid, os magnum, and unciform. These three elements

form two joints: (1) The superior, wrist-joint proper, between the meniscus and bones of the

forearm; (2) the inferior, transverse or midcarpal joint, between the hand and meniscus.

1. The articulation between the forearm and carpus is a true condyloid articulation, and
therefore all movements but rotation are {>ermitted. Flexion and extension are the most exten-

sive, and of these a greater amount of extension than flexion is p>ermitted on account of the

aniculating surfaces extending farther on the dorsal than on the palmar aspect of the carpal

bones. In this movement the carpal bones rotate on a transverse axis drawn between the tips

of the styloid processes of the radius and ulna. A certain amount of adduction (or ulnar flexion)

and abduction (or radial flexion) is also permitted. Of these movements, the former is consider-

ably greater in extent than the latter. In these movements the carpus revolves upon an antero-

posterior axis drawn through the centre of the wTist. Finally, circumduction is permitted by
the consec-utive movements of adduction, extension, abduction, and flexion, with intermediate

movements between them. There is no rotation, but this is pro\ided for by the supination and
pronation of the radius on the ulna. The movement of volar flexion is performed by the

Flexor carpi radialis, the Flexor carpi ulnaris, and by the Palmaris longus; dorsi-flexion, by
the Extensor carpi radialis longior et brevior and the Extensor carpi ulnaris; adduction (ulnar

flexion), by the Flexor carpi ulnaris and the Extensor carpi ulnaris; and abduction (radial

flexion), by the Extensors of the thumb and the Extensores carpi radialis longior et brevior

and the Flexor carpi radialis.

2. The chief movements permitted in the transverse or midcarpal joint are flexion, extension,

and a slight amount of rotation. In flexion and extension, which are the movements most freely

enjoyed, the trapezium and trapezoid on the radial side and the unciform on the ulnar side

glide forward and backward on the scaphoid and cuneiform respectively, while the head of the

OS magnum and the superior surface of the unciform rotate in the cup-shaped cavity of the

scaphoid and semilunar. Flexion at this joint is of greater range than extension. A verA- trifling

amount of rotation Ls also permitted, the head of the os magnum rotating around a vertical axis

I drawn through its own centre, while at the same time a slight gliding movement takes place in

[the lateral portions of the joint.

IX. Carpometacarpal Articulations (Articulationes Carpometacarpeae) (Fig. 254).

1. Articul.\tiox of the Met.\carpal Bone of the Thumb with the
Trapezium (Articulatio Carpometacarpea Pollicis).

This is a joint of reciprocal reception, and enjoys great freedom of movement,
on account of the configuration of its articular surfaces, which are saddle-shaped,

' Called meiiiacus because the liones composing it ser\-e the essential purposes of an articular disk.
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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. The joint is surrounded by a

capsular Hgament.

The capsular ligament is thick and fibrous, but loose, and passes from the cir-

cumference of the upper extremity of the metacarpal bones to the rough edge

bounding the articular surface of the trapezium ; it is thickest externally and behind,

and lined with a separate synovial membrane.

Movements.—In the articulation of the metacarpal bone of the thumb with the trapezium,

the movements permitted are flexion, extension, adduction, abduction, and circumduction. When
the joint is flexed the metacarpal bone is brought in front of the palm and the thumb is gradu-

ally turned to the fingers. It is by this peculiar movement that the tip of the thumb is opposed

to the other digits; for by slightly flexing the fingers the palmar surface of the thumb can be

brought in contact with their palmar surfaces.

2. Articulations of the Metacarpal Boxes of the Four Inner Fingers
WITH THE Carpus (Articulationes Carpometacarpeae). :

i

The joints formed between the carpus and four inner metacarpal bones are |

arthrodial joints. The ligaments are: i

Dorsal. Palmar.

Interosseous.

The dorsal ligaments (ligamenta carpometacarpea dorsalis), the strongest and
most distinct, connect the carpal and metacarpal bones on their dorsal surface.

The second metacarpal bone receives two fasciculi—one from the trapezium,

the other from the trapezoid; the third metacarpal receives two—one from the

trapezoid and one from the os magnum; the fourth, two—one from the os magnum
and one from the unciform; the fifth receives a single fasciculus from the unciform

bone, which is continuous with a similar ligament on the palmar surface, thus

forming an incomplete capsule. J
The palmar ligaments (ligamenta carpometacarpea volaria) have a somewhat "

similar arrangement on the palmar surface, with the exception of the third meta-

carpal, 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 interosseous ligaments consist of short, thick fibres, which are limited to

one part of the carpometacarpal articulation ; they connect the contiguous inferior

angles of the os magnum and unciform with the adjacent surfaces of the third

and fourth metacarpal bones.

Synovial Membrane.—The synovial membrane is a continuation of that between the two

rows of carpal 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 and carpus (Fig. 255) are thus seen to be five in number.

The first, the membrana sacciformis of the inferior radioulnar articulation, passes from the

lower end of the ulna to the sigmoid cavity of the radius, and lines the upper surface of the

articular disk. The second passes from the lower end of the radius and articular disk above

to the bones of the first row below. The third, the most extensive, passes between the contig-

uous margins of the two rows of carpal bones—between the bones of the second row to the

carpal extremities of the four inner metacarpal bones. The /owr//t passes from the margin of

the trapezium to the metacarpal bone of the thumb. The fifth passes between the adjacent

margins of the cuneiform and pisiform bones.
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Movements.—The movement permitted in the carpometacarpal articulations of the four

inner fingers Ls 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

little finger is most movable, then that of the ring finger. The metacarpal bones of the index

and middle fingers are almost immovable.
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Fig. 255.—Joints of the right hand, from the back of the hand. (^)altehoU.)

Articul.\tions of the Metacarpal Bones with Each Other (Articu-

LATioNES Intermetacarpeae (Figs. 254, 255)

The carpal extremities of the four inner metacarpal bones articulate with one

another at each side by small surfaces covered with cartilages, and connected

by dorsal, palmar, and interosseous ligaments.

The dorsal ligaments {Ugamenta hasium oss. metacarp. dorscUia) and palmar

ligaments (Jigamenta basium oss. metacarp. volaria) pass transversely from one

bone to another on the dorsal and palmar surfaces.

The interosseous ligaments {Ugamenta hasium, oss. metacarp. inierossea) pass

between their contiguous surfaces, just beneath their lateral articular facets.
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Synovial Membrane (Fig. 255).—The .synovial membrane between the lateral facets is a

reflection from that between the two rows of carpal bones.
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Fig. 256.—Metacarpal bones and first phalanges of the second to the fifth finger of the right hand, with
ligaments, from the \olar surface. (Spalteholz.)

The transverse metacarpal ligament (ligamentum capitulorum oss. metacar-
palium transversum) (Fig. 256) is a narrow, fibrous band which passes trans-

versely across the anterior surfaces of the digital extremities of the four inner

metacarpal bones, connecting them. It is blended anteriorly with the palmar
ligaments of the metacarpophalangeal articulations. To its posterior border is

connected the fascia which covers the Interossei muscles. Its anterior surface is

concave where the Flexor tendons pass over it. Behind it the tendons of the

Interossei muscles pass to their insertion.

X. Metacarpophalangeal Articulations (Articulationes Metacarpophalangeae)
(Figs. 25.6, 257).

These articulations are of the condyloid variety, formed by the reception of

the rounded head of the metacarpal bone into a shallow cavity in the extremity

of the first phalanx. The expansion of the Extensor communis digitorum tendon
acts as a dorsal ligament. There is a capsular ligament which at certain points

has strengthening ligaments. The ligaments are:

Anterior. Two Lateral.
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->« "'^

The palmar or vaginal ligament iUgamentum raginale, glenoid ligament of Cni-

veilhierj is a thick, dense, fibrous structure, placed on the palmar surface of the

joint in the interval between the lateral liga-

ments, to which it is connected; it is loosely

united to the metacarpal bone, but very firmly

to the base of the first phalanx. Its palmar
surface is intimately blended with the transverse

metacarpal ligament, and presents a groove for

the passage of the Flexor tendons, the sheath

-urrounding which is connected to each side of

the groove. By its deep surface it forms part of

the articular surface for the head of the meta-

carpal bone, and is lined by a synovial mem-
brane.

The lateral ligaments (ligamenia coUateralid)

are strong, rounded cords placed one on each side

of the joint, each being attached by one extremity

to the posterior tubercle on the side of the head
of the metacarpal bone, and by the other to the

contiguous extremity of the phalanx.

Movements.—The movements which occur in these

joints are flexion, extension, adduction, abduction, and
circumduction; the lateral movements are very extensive.

Surface Form.—The prominences of the knuckles do
not correspond to the position of the joints either of the

metacarpophalangeal or interphalangeal articulations.

These prominences are invariably formed by the distal

ends of the proximal bone of each joint, and the line

indicating the position of the joint must be sought con-

siderably in front of the middle of the knuckle.

articular
capsule'

XI. Articulations of the Phalanges (Articu-

lationes Digitomm Manusj (Fig. 257)

ARTICULAR.
LATERAL
'ligament

These are ginglymus joints. Each joint has a
capsule, and certain accentuated portions are re-

garded as definite ligaments. These ligaments

are:
articular
capsule'

LATERAL
"LIGAMEH

Anterior or Palmar.

Two Lateral (ligamenta coUateralia).

The arrangement of these ligaments is similar

to those in the metacarpophalangeal articida-

tions; the Extensor tendon supphes the place

of a dorsal ligament.

Fig. 257.—Metacarpal bones and first

phalanges of the third finger of the right
hand, with ligaments, from the radial side.
(Spalteholz.)

Movements.—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 thn-d. The movement of flexion is very considerable, but extension
is limited by the anterior and lateral ligaments.

21
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ARTICULATIONS OF THE LOWER EXTREMITY.

The articulations of the lower extremity comprise the following groups:

I. The Hip-joint. I VI. The Tarsometatarsal Articulations,

II. The Knee-joint. VII. Articulations of the Metatarsal

III. The Articulations between the Bones with each other.

Tibia and Fibula.

IV. The Ankle-joint.

V. The Articulations of the Tarsus.

VIII. The Metatarsophalangeal Articu-

lations.

IX. The Articulations of the Phalanges.

I. The Hip-joint (Articulatio Coxae) (Figs. 258, 259).

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 by hyaline 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 for the

attachment of the ligamentum teres; that covering the acetabulum is much thinner

at the centre than at the circumference. This cartilage forms an incomplete

ring of a horseshoe shape, being deficient below, where there is a circular depres-

sion, which in the recent state is occupied by a mass of fat covered by synovial

membrane. The ligaments of the joints are the

Capsular. Teres.

Iliofemoral. Cotyloid.

Transverse.

The capsular ligament (capstda articularis) (Figs. 258 and 259) is a strong, dense,

ligamentous capsule, embracing the margin of the acetabulum above and surround-

ing the neck of the femur below. Its upper circumference is attached to the acetab-

ulum a short distance above and behind the cotyloid ligament, but in front it is

attached to the outer margin of the ligament, and opposite to the notch, where

the margin of this cavity is deficient, it is connected to the transverse ligament,

and by a few fibres to the edge of the obturator foramen. Its lower circumference

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 neck of the

bone, about half an inch above the posterior intertrochanteric line. P>om this

insertion the fibres are reflected upward over the neck of the femur, forming a

sort of tubular sheath, the cervical reflection, which blends with the periosteum

and can be traced as far as the cartilage which covers the head of the femur.

On the surface of the neck of the femur some of these reflected fibres are raised

into longitudinal folds, termed retinacula. It is much thicker at the upper and

fore part of the joint, where the greatest amount of resistance is required, than

below and internally, where it is thin, loose, and longer than in' any other part.

It consists of two sets of fibres, circular and longitudinal. The circular fibres,

zona orbicularis (Fig. 261), are most abundant at the lower and back part of the

capsule, and form a sling or collar around the neck of the femur. Anteriorly

they blend with the deep surface of the iliofemoral ligament, and through this

medium reach the anterior inferior spine of the ilium. The longitudinal fibres

are greatest in amount at the upper and front part of the capsule, where
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thev form distinct bands or accessorv ligaments, of which the most important

is the iliofemoral. Other accessorv bands are known as the pubofemoral i^iga-

meutum pubocapsulare), passing from the outer portion of the horizontal pubic

ramus, the iliopectineal eminence, the obturator crest and the obturator mem-

V .„

Fig. 258.—Right hip-joint, from in front. (Spalteholz.')

brane, to the front of the capsule; and the ischiocapsular ligament or ligament

of Bertin (ligamenfum isch iocapsulare), which passes from the ischium, just below

the acetabulum, to blend with the circular fibres at the lower part of the joint.

The external surface is rough, covered by numerous muscles, and separated in

front from the Psoas and Iliacus muscles by a synovial bursa, which not infre-

quently communicates, by a circular aperture, with the cavity of the joint. It

differs from the capsular ligament of the shoulder in being much less loose and
lax, and in not being perforated for the passage of a tendon.

The iliofemoral (ligamentum iliofemorale) (Figs. 261 and 262) is an accessory

band of fibres extending obliquely across the front of the joint; it is intimately

connected with the capsular ligament, and serves to strengthen it in this situa-
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tion. It is attached, above, to the lower part of the anterior inferior spine of the
iHum and the adjacent rim of the acetabulum; and, diverging below, forms two
bands, of which one passes downward to be inserted into the lower-part of the
anterior intertrochanteric line; the other passes downward and outward to be
inserted into the upper part of the same line and the adjacent part of the neck
of the femur. Between the two bands is a thinner part of the capsule. Some-
times there is no division, but the ligament spreads out into a flat, triangular

A

Fig. 259.—Right hip-joint, from behind. (The joint capsule, except for the strengthening ligaments, has been
removed). (Spalteholz.)

band, which is attached below into the whole length of the anterior intertrochan-

teric line. This ligament is frequently called the Y-shaped ligament of Bigelow;

and the outer or upper of the two bands is sometimes described as a separate

ligament, under the name of the iliotrochanteric ligament.

The ligamentum teres (Jigamentvm teres femoris) (Figs. 261 and 262) is a tri-

angular band implanted by its apex into the depression a little behind and below
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the centre of the head of the femur, and by its broad base into the margins of the

cotyloid notch, where it blends with the transverse ligament. It is formed of

white fibrous connective tissue, surrounded by a tubular sheath of synovial mem-
brane. Sometimes only the synovial fold exists. Very rarely it is absent. The
ligament is made tense when the hip is semiflexed, and the limb adducted and
rotated outward; it is, on the other hand, relaxed when the limb is abducted.

It has, however, but litUe influence as a ligament, and though it may to a certain

extent limit movement, it would appear to be merely a "vestigial and practically

useless ligament."^

ANTERrOR
INFERIOR^

SPINE OF ILIUM

SPINE OF
ISCHIUM

TRANSVERSE
LIGAMENT or >^^^l^<.t>i

ACETABULUM " "

TUBEROSITY
, OF ISCHIUM

Fig. 260.- -Right hip-joint from the mesal side. (The bottom of the acetabulum has been chiselled away
sufficiently to make the head of the femur visible.) (Spalteholz.)

The cotyloid ligament {lahrum glenoidale (Fig. 263) is a fibrocartilaginous 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 sur-

face. It bridges over the notch as the transverse ligament of the acetabulum, and
'thus forms a complete circle, which closely surrounds the head of the femur,

and assists in holding it in its place. It is prismoid on section, its base being

attached to the margin of the acetabulum and its opposite edge being free and
sharp. Its two surfaces are invested by synovial membrane, the external one being

in contact with the capsular ligament, the internal one being inclined inward, 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

' J. Bland Sutton, Ligaments: Their Nature and Morphologj-, 1887.
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circumference of the acetabulum and interlace with each other at very acute

angles.

The transverse ligament of the acetabulum (ligamenhmi transversnm acetahuli)

(Figs. 260 and 263) is in reality a portion of the cotyloid ligament, though differing

from it in having no cartilage cells among its fibres. It consists of st^'ong,

flattened fibres, which cross the notch at the lower part of the acetabulum and
convert it into a foramen. Thus an interval is left beneath the ligament for the

passage of nutrient vessels to the joint.
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TROCHANTER NECK OF FEMUR

Fig. 261.—The right hip-joint, seen from before. (Toldt.)

The synovial membrane (Figs. 261 and 262) is very extensive. Commencing at the margin
of the cartilaginous surface of the head of the femur, it covers all that portion of the neck which
is contained within the joint; from the neck it is reflected on the internal surface of the capsular

ligament; it covers both surfaces of the cotyloid ligament and the mass of fat contained in the

depression at the bottom of the acetabulum, and it is prolonged as far as the head of the femur
in the form of a tubular sheath around the ligaraentum teres. It .sometimes communicates
through an aperture in the capsular ligament between the inner band of the Y-shaped ligament

and the pubofemoral ligament with a bursa situated on the under surface of the Iliopsoas

muscle.

The muscles in relation with the joint (Fig. 263) are, in frojJ, the Psoas and Iliacus, sepa-

rated from the capsular ligament by a synovial bur.sa; above, the reflected head of the Rectus

femoris and Gluteus minimus, the latter being closely adherent to the capsule; internally, the
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Obturator externus and Peotineus; behind, the P\Tiformis, Genaellus superior. Obturator

internus. Gemellus inferior, Obturator externus, and Quadratus femoris.

The arteries supplying the joint are derived from the obturator, sciatic, internal circumflex,

and gluteal.

The nerves are articular branches from the sacral plexus, great sciatic, ^obturator, accessory

obturator, and a filament from the branch of the femoral (anterior crural) supplying the

Rertus femoris.

Bursse.—Numerous bursse exist in the neighborhood of the hip-joint. Some anatomists have

counted twenrv-one (Syimestredt). The chief ones are: (1) The iliopectineal bursa (&ur«a t/iio-

pecfinea) (Fig. 264), between the Iliopsoas tendon and the capsule of the joint. This bursa

often communicates with the hip-joint. (2) The subtendinous iliac bursa {bursa iliaca sub-

iendiiifa), between the tendon of the Psoas and Iliacus and the lesser trochanter. (3) The ischio-
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Fig. 262.—Right hip-joint. Frontal section. Posterior half, \-iewed from in front. The joint surfaces
have been somewhat pulled apart. (Spalteholz.)

gluteal bursa (bursa ischiadica m. glutaei vmximi), between the Gluteus maximus muscle and
the tuberosity of the ischium (not constant). (4) The bursa of the greater trochanter (bursa

trochanterica m. gJiitaei majrimi), between the greater trochanter and the Gluteus maximus mascle
near the muscular insertion. (5) Two or three gluteofemoral bursa (bursae glutaeofemorales)

below. (6) The obturator bursa (bursa m. obturatorii inieriu), between the margin of the great

sacrosciatic notch and the tendon of the Obturator internus muscle. (7) The subcutaneous
trochanteric bursa (bursa trochanterica subcutanea'). between the cutaneous surface and the great
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trochanter. Besides these there is a bursa between the greater trochanter and the anterior part
of the Gluteus medius; between the greater trochanter and the posterior part of the Gluteus
medius; between the greater trochanter and the Gluteus minimus; beneath the Pyriformis
muscle; between the lesser trochanter and the Quadratus feraoris muscle; and there are burste
beneath the Biceps femoris muscle.

Movements.—The movements of the hip are very extensive, and consist of flexion, exten-
sion, adduction, abduction, circumduction, and rotation.

The hip-joint presents a very striking contrast to the shoulder-joint in the much more com-
plete mechanical arrangements for its security and for the limitation of its movements. In the
shoulder, as we have seen, the head of the humerus is not adapted at all in size 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 cotyloid ligament, so that the head of the femur is held in its place by
that ligament even when the fibres of the capsule have been quite divided (Humphry). The
anterior portion of the capsule, described as the iliofemoral 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 main-
taining the erect position without muscular fatigue; for a vertical line passing through the

Fig. 263.—Relation of muscles to the capsule of the hip-joint. (From a drawing by Mr. F. A. Barton.)

centre of gravity of the trunk falls behind the centres of rotation in the hip-joint, and therefore

the pelvis tends to fall backward, but is prevented by the tension of the iliofemoral and capsular
ligaments. The security of the joint may be also provided for by the two bones being directly

united through the ligamentum teres; but it is doubtful whether this so-called ligament can have
much influence upon the mechanism of the joint. Flexion of the hip-joint is arrested by the

soft parts of the thigh and abdomen being brought into contact when the leg is flexed on the
thigh; and by the action of the Hamstring muscles when the leg is extended.' Extension is

arrested by the tension of the iliofemoral ligament and the front of the capsule; adduction,

by the thighs coming into contact; adduction with flexion, by the outer })and of the iliofemoral

ligament, and the outer part of the capsular ligament; abduction, by the inner band of the ilio-

« The hip-joint cannot be completely flexed, in most persons, without at the same time flexing the knee, on
mccount of the shortness of the Hamstring muscles.—Cleland. Jour, of Anat. and Physiol, No. 1, Old Series, p. 87.
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I

femoral ligament and the pubofemoral band; rotation outward, by the outer band of the iliofemoral

ligament; and rotation inward, by the ischiocapsular ligament and the hinder part of the cap-

sule. The muscles which flex the femur on the peh-is are the Psoas, Iliacus, Rectus femoris,

Sartorius, Pectineus. Adductor longus and brevis, and the anterior fibres of the Gluteus medius

and minimus. Extension is mainly performed by the Gluteus maximus, assisted by the Ham-
string muscles. The thigh is adduded by the Adductores magnus, longus, and brevis, the

Pectineus, the Gracilis, and the lower part of the Gluteus maximus, and abducted by the Gluteus

medius and minimus and the upper part of the Gluteus maximus. The muscles which rataie

the thigh inward are the anterior fibres of the Gluteus medius, the Gluteus minimus, and

the Tensor fasciae femoris; while those which rotate it outward are the posterior fibres of the

Gluteus medius, the P_\Tiformis, Obturator externus and internus, Gemellus superior and inferior,

Quadratus femoris, Iliacus, Gluteus maximus, the three Adductors, the Pectineus, and the

Sartorius.

Surface Form.—A line drawn from the anterior superior spinous process of the ilium to

the most prominent part of the tuberosity of the ischiimi (Nelaion's line) runs through the

centre of the acetabulum, and would, therefore, indicate the level of the hip-joint; or, in other

words, the upper border of the great trochanter, which lies on Nekton's line, is on a level with

the centre of the hip-joint.

Applied Anatomy.—Inflammation of burscp about the hip-joint gives rise to confusing

symptoms, and is not uncommonly mistaken for hip-joint disease.

Great saan
ligament.

Small sacrosciatic

ligament.

Anterior xnperior

spine

Cireat trochanter

of femur.

Tuberosity of isehium.

Fig. 264.—Niton's line and Bryant's trian^e.

In dislocation of the hip "the head of the thigh bone may rest at any point around its socket"

(Bryant); but whatever position the head ultimately assumes, the primary displacement is

generally downward and inward, the capsule gi\nng way at its weakest—that is, its lower and
inner—part. The situation that the head of the bone subsequently assumes is determined

by the degree of flexion or extension, and of outward or inward rotation of the thigh at the

moment of luxation, influenced, no doubt, by the iliofemoral ligament, which is not easily rup-

tured. When, for instance, the head is forced backward, this ligament forms a fixed axis, around
which the head of the bone rotates, and the head is thus driven on to the dorsum of the ilium.

The iliofemoral ligament also influences the position of the thigh in the various dislocations:

in the dislocations backward it is tense, and produces inversion of the limb; in the dislocation

on to the pubes it is relaxed, and therefore allows the External rotators to evert the thigh; while

in the thjToid dislocation it is tense and produces flexion.
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The iliofemoral ligament is rarely torn in dislocations of the hip, and this fact is taken advan^
tage of by the surgeon in reducing these dislocations by manipulation. It is made to act as

a fulcrum to a lever of which the long arm is the shaft of the femur, and the short arm the

neck of the bone.

The hip-joint is rarely the seat of acute synovitis from injury, on account of its deep position

and its thick covering of soft' parts. Acute inflammation may, and does, frecjuentlv occur as

the result of constitutional conditions, as rheumatism, pyemia, etc. When, in these cases,

effusion takes place, and the joint becomes distended with fluid, the swelling is not very easy

to detect on account of the thickness of the capsule and the depth of the articulation. It is

principally to be found on the front of the joint, just internal to the iliofemoral ligament; or

behind, at the lower and back part. In these two places the capsule is thinner than elsewhere.

Disease of the hip-joint is much more frequently of a chronic character and is usually, of tuber-

culous origin. It begins either in the bones or in the synovial membrane, more frequentiv in the

former, and probably, in most cases, in the growing, highly vascular tissue in the neighborhood
of the epiphyseal cartilage. In this respect it differs very materially from the tuberculous arthritis

of the knee, where the disease often commences in the synovial membrane.

In chronic hip disease the affected limb assumes an altered position, the cause of which it

is important to understand. In the early stage of a typical case the limb is flexed, abducted,

and rotated outward. In this position all the ligaments of the joint are relaxed—the front of

the capsule by flexion; the outer band of the iliofemoral ligament by abduction; and the inner

band of this ligament and the back of the capsule by rotation outward. It is, therefore, the

position of the greatest ease. The condition is not quite obvious at first upon examining a

patient. If the patient is laid in the supine position, the affected limb will be found to be ex-

tended and parallel with the other. But it will be found that the pelvis is tilted downward on

the diseased side and the limb apparently longer than its fellow, and that the lumbar portion of

the vertebral column is arched forward (lordosis). If now the thigh is abducted and flexed, the tilt-

ing downward and the arching forward of the pelvis disappears. The condition is thus explained.

A limb which is flexed and abducted is obviously useless for progression, and, to overcome the

difficulty, the patient depresses the affected side of his pelvis in order to produce parallelism

of his limbs, and at the same time rotates his pelvis on its transverse horizontal axis, so as to

direct the limb downward instead of forward. In the latter stages of the disease the limb becomes

flexed, adducted, and inverted. The position probably depends upon the muscular action,

at all events as regards the adduction. The Adductor muscles are supplied by the obturator

nerve, which also largely supplies the joint. These muscles are therefore thrown into reflex

action by the irritation of the peripheral terminations of this nerve in the inflamed articulation.

Osteoarthritis is not uncommon in the hip-joint, and it is said to be more common in the male

than in the female, in whom the knee-joint is more frequently affected. It is a disease of middle

age or more advanced period of life.

Congenital dislocation is more commonly met with in the hip-joint than in any other articula-

tion. The displacement usually takes place on to the dorsum ilii. It gives rise to extreme

lordosis, and a waddling gait is noticed as soon as the child commences to walk.

Excision of the hip may be required for disease or for injury, especially for gunshot wound.

It may be performed either by an anterior or an external incision. The former one entails

less interference with important structures, especially muscles, than the posterior one, but

permits of less efficient drainage. In the o])eration in front the surgeon makes an incision

three or four inches in length, starting immediately below and external to the anterior superior

spinous process of the ilium, downward and inward between the Sartorius and Tensor fascise

feraoris, to the neck of the bone, dividing the capsule at its upper part. A narrow-bladed saw

now divides the neck of the femur, and the head of the bone is extracted with sequestrum forceps.

All diseased tissue is carefully removed with a sharp spoon or scissors, and the cavity thoroughly

flushed with a hot aseptic fluid.

The external method consists in making an incision three or four inches long, commencing
midway between the top of the great trochanter and the anterior superior spine, and ending

over the shaft, just below the trochanter. The muscles are detached from the great trochanter,

and the capsule opened freely. The head and neck are freed from the soft parts and the bone

sawed through just below the top of the trochanter with a narrow saw. The head of the bone is

then levered out of the acetabulum. In both operations, if the acetabulum is eroded, it must be

freely gouged.
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n. The Knee-joint rArticulatio Genu).

The knee-joint was formerly described as a ginglymus or hinge-joint, but is

really of a much more complicated character. It must be regarded as consist-

ing of three articulations in one—one between each condyle of the femur and the

corresponding tul^erosity of the tibia, which are condyloid joints, and one between

the patella and the femur, which is partly arthroidal, but not completely so, since

the articular surfaces are not mutually adapted to each other, so that the movement
is not a simple gliding one. This view of the construction of the knee-joint

receives confirmation from the study of the articulation in some of the lower

mammals, where three synovial membranes are sometimes found, corresponding

to these three subdivisions, either entirely distinct or only connected by small

communications. This view is further rendered probable by the existence of

the two crucial ligaments within the joint, which must be regarded as the external

and internal lateral ligaments of the inner and outer joints respectively. The
existence of the ligamentum mucosum would further indicate a tendency to sepa-

ration of the synovial cavity into two minor sacs, one corresponding to each joint.

The bones entering into the formation of the knee-joint are the condyles of the

femur above, the head of the tibia below, and the patella in front. The bones are

connected by ligaments, some of which are placed on the exterior of the joint,

while others occupy its interior.

External Ligaments. Interior Ligaments.

Capsular. Anterior, or External Crucial.

Anterior, or Ligamentum Patellae. Posterior, or Internal Crucial.

Posterior. Two Semilunar Fibrocartilages.

Internal Lateral. Transverse.

Two External lateral. Coronary.

The capsular ligament {capsula articiJaris) (Fig. 265) consists of an exceedingly

thin, but strong, fibrous membrane, which is strengthened in almost its entire

extent by heavy bands which are inseparably connected with it. In front it blends

with and forms part of the lateral patellar ligaments and fills in the intenal

between the anterior and lateral ligaments of the joints, with which latter structures

it is closely connected. It is deficient above the joint and beneath the tendon of

the Quadriceps extensor. Behind, it is formed chiefly of vertical fibres, which
arise above from the condyles and intercondyloid notch of the femur, and is con-

nected below with the back part of the head of the tibia, being closely united

with the origins of the Gastrocnemius, Plantaris, and Popliteus muscles. It

passes in front of, but is inseparably connected with, the posterior ligament.

The anterior ligament, or ligamentum patellae (Figs. 265, 269. and 270), is the

central 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

nn anterior ligament. It is a strong, flat, ligamentous band about three inches in

length, attached, above, to the apex of the patella and to the rough depression on
its posterior surface; below, to the lower part of the tubercle of the tibia, its super-

ficial fibres iDeing continuous over the front of the patella with those of the tendon
of the Quadriceps extensor. The lateral portions of the tendon of the Extensor
muscles in conjunction with the fascia lata pass down on either side of the patella,

and are attached to the tibia on either side of the tubercle; these are termed
lateral patellar ligaments {retinaculum patellae mediale et laterale), and merge
into the capsule. The posterior surface of the ligamentum patellae is separated.
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above, from the synovial membrane by a fold of fat; below, it is separated from
the head of the tibia by a synovial bursa.

The posterior ligament (ligamentum popliteum obliquum) (Fig. 266) is a broad,

flat, fibrous band, formed of fasciculi separated from one another by apertures

for the passage of vessels and nerves. It is attached, above, to the upper margin
of the intercondyloid notch of the femur, and, below, to the posterior margin of

the head of the tibia. Superficial to the main part of the ligament and forming
a portion of it is a strong fasciculus derived from the tendon of the Semimembra-
nosus; it passes from the back part of the inner tuberosity of the tibia obliquely

upward and outward to the back part of the outer condyle of the femur and blends
with the posterior ligament. This expansion from the tendon of the Semimem-

FiQ. 265.—Right knee-joint. Anterior view. Fig. 266.—Right knee-joint. Posterior view.

branosus muscle is called the posterior ligament of Winslow. The posterior liga-

ment forms part of the floor of the popliteal space, and the popliteal artery rests

upon it.

The internal lateral ligament {ligamentum collaterale tibiale) (Figs. 265 and

266) is a broad, flat, membranous band, thicker behind than in front, and situated

nearer to the back than the front of the joint. It is attached, above, to the inner

tuberosity of the femur; below, to the inner tuberosity and inner surface of the

shaft of the tibia to the extent of about two inches. It is crossed, at its lower
part, by the tendons of the Sartorius, Gracilis, and 'Semitendinosus muscles, a

synovial bursa being interposed. Its deep surface covers the anterior portion of

the tendon of the Semimembranosus, with which it is connected by a few fibres,

and the inferior internal articular vessels and nerve; it is intimately adherent
to the internal semilunar fibrocartiiage.
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Femur.

The external lateral or long external lateral ligament {Ugamentum collaterale

fihidare) (Figs. 266 and 270) is a strong, rounded, fibrous cord situated nearer

to the back than the front of the joint. It is attached, above, to the back part

of the outer tuberosity of the femur; below,

to the outer part of the head of the fibula.

Its outer surface is covered by the tendon

of the Biceps femoris, which divides at its

insertion into two parts, separated by the

ligament. The ligament has, passing be-

neath it, the tendon of the Popliteus muscle

and the inferior external articular vessels

and nerve.

The short external lateral ligament

(Jigamentum laterale externum breve sen

posticiim) (Fig. 266) is not a constant

structure. It is an accessory bundle of

fibres placed behind and parallel with the

preceding, attached, above, to the lower

and back part of the outer tuberosity of the

femur; beloic, to the summit of the styloid

process of the fibula. This ligament is in-

timately connected with the capsular liga-

ment, and has, passing beneath it, the

tendon of the Popliteus muscle and the

inferior external articular vessels and nerve.

The crucial ligaments (Jigamenta cru-

ciata genu) (Figs. 267 and 268) are two

interosseous ligaments 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 crucial and posterior crucial, from

the position of their attachment to the tibia.

The anterior or external crucial ligament {ligavientum cruciatum anterius) (Fig.

267) is attached to the depression in front of the spine of the tibia, being blended

with the anteMor extremity

of the external semilunar

fibrocartilage, and, passing

obliquely upward, backward,

and outward, is inserted into

the inner and back part of

the outer condyle of the

femur.

The posterior or internal

crucial ligament {Ugamen-

tum cruciatum posterius) is

stronger, but shorter and

less oblique in its direction

than the anterior. It is at-

tached 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 fibrocartilage; and passes upward, forward, and inward, to

Fig. 267. -Right knee-joint,
ligaments.

Showing interior

Fig. 268.—Head of tibia, with semilunar cartilages, etc. Seen from
above. Right side.
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be inserted into the outer and fore part of the inner condyle of the femur. It is

in relation, in front, with the anterior crucial ligament; behind, with the capsular

ligament.

The semilunar fibrocartilages {menisci) (Figs. 267 and 268) are two crescentic

lamellae which serve to deepen the surface of the head of the tibia, for articula-

tion M^ith the condyles of the femur. The circumference of each cartilage is thick,

convex, and attached to the inside of the capsule of the knee; the inner border

SUPRAPATELLAR
BURSA

EXTERNAL
SEMILUNAR

FIBROCARTILAGE

ARTICULAR
CAVITY

LIGAMENTA
ALARIA

AMENTUM
TELLAE

DEEP INFRA-
PATELLAR BURSA

EPIPHYSEAL
JUNCTION

Fig. 269.—Right knee-joint Sagittal section through the exU-r„;ti tuiidyle of the femur. Mesal half ol
section, from the lateral side. The knee is slightly flexed; the joint surfaces have been pulled a little apart,
(opalteholz.)

IS thin, concave, and free. 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 fibrocartilage (^meniscus medialis) is nearly semicir-

cular in form, a little elongated from before backward, and broader behind than
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in front; its anterior extremity, thin and pointed, is attached to a depression on the

anterior margin of the head of the tibia, in front of the anterior crucial ligament;

its posterior extremity is attached to the depression behind the spine, between

the attachments of the external cartilage and the posterior crucial ligaments.

The external semilunax fibrocartilage {meniscus lateralis) forms nearly an entire

circle, covering a larger portion of the articular surface than the internal one.

TENDON OF QUAD-
RICEPS EXTENSOR
FEMORIS

SUPRAPATELLAR
BURSA

ARTICULAR
CAVITY

LOMQ EXTERNAL
LATERAL

LIGAMENT

TENDON OF
POPLITEUS

MUSCLE

POPLITEAL
EURSA

PREPATELLAR
BURSA

XTERNAL SEMI'
LUNAR FIBRO-
CARTILAGE

LIGAMENTUM
PATELLAE

DEEP INFRAPATEL-
LAR BURSA

TUBERCLE
OFTIBIA

Fig. 270.—Right knee-joint, from the lateral surface. The joint ca^ity and several bursa have been injectefl
with a stiffening medium and then dissected out. (Spalteholz.)

It is grooved on its outer side for the tendon of the Popliteus muscle. Its ex-

tremities, at their insertion, are interposed between the two extremities of the

internal cartilage; the anterior extremity is attached in front of the spine of the

tibia to the outer side of, and behind, the anterior crucial ligament, with which
It blends; the posterior extremity is attached behind the spine of the tibia, in

front of the posterior extremity of the internal cartilage. Just before its insertion



336 THE ARTICULATIONS, OB JOINTS

posteriorly it gives off a strong fasciculus, the ligament of Wrisberg, which passes

obliquely upward and outward, to be inserted into the inner condyle of the femur,

close to the attachment of the posterior crucial ligament. Occasionally a small

fasciculus is given off which passes forward to be inserted into the back part

of the anterior crucial ligament. The external cartilage gives off from its anterior

convex margin a fasciculus which forms the transverse ligament.

The transverse ligament (ligamentum trausversum genu) (Fig. 268) is a

band of fibres which passes transversely from the anterior convex margin of the

external cartilage to the anterior convex margin of the internal cartilage; its

thickness varies considerably in different subjects, and it is sometimes absent

altogether.

The coronary ligaments are merely portions of the capsular ligament, which

connect the circumference of each of the semilunar fibrocartilages with the margin

of the head of the tibia.

Synovial Membrane (Figs. 269 and 270).—The synovial membrane encloses the articular

cavity (cavum articulare) of the knee-joint. It is the largest and most extensive synovial mem-
brane in the body. Commencing above the upper border of the patella, it forms, on the lower

part of the front of the shaft of the femur, a short cul-de-sac beneath the Quadriceps extensor

tendon of the thigh; this communicates, by an orifice of variable size, with a synovial bursa inter-

posed between the tendon and the front of the femur {bursa suprapatellaris) . 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. Below the patella it is separated from the anterior

ligament by the anterior part of the capsule and a considerable quantity of adipose tissue, known
as the infrapatellar pad (Fig. 269), In this situation the synovial membrane sends off a tri-

angular prolongation, containing a few ligamentous fibres, which extends from the anterior

part of the joint below the patella to the front of the intercondyloid notch. This fold has been

termed the ligamentum mucosvrai (plica sy?iovialis patellaris). It also sends off two fringe-

like folds, called the ligamenta alaria {plicae alares) (Fig. 269). which extend from the sides of

the ligamentum mucosum, upward and laterally between the patella and femur. On either

side of the joint it passes downward from the femur, lining the capsule to its point of attach-

ment to the semilunar cartilages; it may then be traced over the upper surfaces of these

cartilages to their free borders, and from thence along their under surfaces to the tibia.

At the back part of the external one it forms a cul-de-sac between the groove on its surface

and the tendon of the Popliteus; it surrounds the crucial ligaments and lines the inner surface

of the ligaments which enclose the joint. The pouch of synovial membrane between the Quad-

riceps extensor tendon and the front of the femur is supported, during the movements of the

knee, by a small muscle, the Subcrureus, which is inserted into the upper part of the capsular

ligament.

The folds of synovial membrane and the fatty processes contained in them act, as it seems,

mainly as a padding to fill up interspaces and obviate concussions. Sometimes the bursa beneath

the Quadriceps extensor is completely shut off from the rest of the synovial cavity, thus forming

a closed sac between the Quadriceps and the lower part of the front of the femur; sometimes it

communicates with the synovial cavity by a minute aperture; usually the two cavities are incom-

pletely separated by a synovial fold.

Bursse.—The bursse about the knee-joint are the following: In front there arefour bursje; one

is interposed between the patella and the skin. It is known as the prepatellar bursa {bursa

praepaiellaris subcutanea) ; another, of small size, between the upper part of the tuberosity of

the tibia and the ligamentum patellae is called the deep infrapatellar bursa {bursa infrapatellaris

profunda); and a third between the lower part of the tuberosity of the tibia and the skin, the

subcutaneous tibial bursa {bursa subcuianea tuberositafis tibiae). A fourth bursa exists in front,

the suprapatellar bursa {bursa suprapatellaris). It lies between the anterior surface of the

lower end of the femur and the posterior surface of the Quadriceps femoris. Spalteholz savs that

the su'prapatellar bursa is closely connected with the Quadriceps tendon and is usually incom-

pletely shut off from the cavity of the joint.* Occasionally there is a bursa between the ex-

pansion of the fascia lata and the Quadriceps and the patella (bursa jyraepatellaris subfasdalis),

and sometimes one between the tendon of the Quadriceps and the anterior surface of the patella

(bursa praepatellaris subtendinea). On the outer side there axefour bursse: (1) One (which some-

times communicates with the joint) beneath the outer head of the Gastrocnemius; (2) one above

the external lateral ligament between it and the tendon of the Biceps femoris; (3) one beneath the

1 Spalteholz's Hand Atlas of Human Anatomy. Translated by Lewellys F. Barker.
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Î0 external lateral ligament between it and the tendon of the Popliteus (this is sometimes only an
W!^ expansion from the next bursa); (4) one beneath the tendon of the Popliteus (bursa musculiK poplitei) between it and the condyle of the femur, which is almost always an extension from theH synovial membrane of the joint. On the inner side there are five bursse: (1) One beneath the^ iimer head of the Gastrocnemius, which sends a prolongation between the tendons of the Gastroc-

nemius and Semimembranosus; this bursa often communicates with the joint; (2) one above
the internal lateral ligament between it and the tendons of the Sartorius, Gracilis, and Semi-
tendinosus; (3) one beneath the internal lateral ligament between it and the tendon of the
Semimembranosus; this is sometimes only an expansion from the next bursa; (4) one beneath
the tendon of the Semimembranosus, between it and the head of the tibia; (5) sometimes there

is a bursa between the tendons of the Semimembranosus and of the Semitendinosus.
Structures around the Joint.—In front and at the sides, the Quadriceps extensor; on the

outer side, the tendons of the Biceps femoris and the Popliteus and the external popliteal nerve;

on the inner side, the Sartorius, Gracilis, Semitendinosus, and Semimembranosus; behind, an
expansion from the tendon of the Semimembranosus, the popliteal vessels, and the internal

popliteal nerve, the Popliteus, the Plantaris, and the inner and outer heads of the Gastrocnemius,
some lymph nodes, and fat.

The arteries supplying the joint are derived from the anastomotica magna branch of the
femoral, articular branches of the popliteal, anterior and posterior recurrent branches of the

anterior tibial, and a descending branch from the external circumflex of the profunda.

The nerves are derived from the obturator, femoral, and external and internal popliteal.

MovementS.^The knee-joint permits of movements olflexion and extension, and, in certain

positions, of slight rotation inward and outward. The movement of flexion and extension does

not, however, take place in a simple, finger-like manner, as in other joints, but is a complicated

movement, consisting of a certain amount of gliding and rotation; so that the same part of one
articular surface is not always applied to the same part of the other articular siu^ace, and the

axis of motion is not a fixed one. If the joint is examined while in a condition of extreme flexion,

the posterior part of the articular surfaces of the tibia will be found to be in contact with the

posterior rounded extremities of the condyles of the femur; and if a simple hinge-like movement
were to take place, the axis, around which the revolving movement of the tibia occurs, would be
in the back part of the condyle. If the leg is now brought forward into a position of semiflexion,

the upper surface of the tibia will be seen to glide over the condyles of the femur, so that the

middle part of the articular facets are in contact, and the axis of

rotation must therefore have shifted forward to nearer the centre

of the condyles. If the leg is now brought into the extended posi-

tion, a still further gliding takes place and a further shifting for-

ward of the axis of rotation. This is not, however, a simple

movement, but is accompanied by a certain amount of rotation

outward around a vertical axis drawn through the centre of the

head of the tibia. This rotation is due to the greater length of

the internal condyle, and to the fact that the anterior portion

of its articular surface is inclined obliquely outward. In conse-

quence of this it will be seen that toward the close of the move-
ment of extension—that is to say, just before complete extension

is effected—the tibia glides obliquely upward and outward over

this oblique surface on the inner condyle, and the leg is therefore

necessarily rotated outward. In flexion of the joint the converse

of these movements takes place; the tibia glides backward aroimd
the end of the femur, and at the commencement of the move-
ment the tibia is directed downward and inward along the oblique curve of the inner condyle,
thus causing an inward rotation to the leg.

During flexion and extension the patella moves on the lower end of the femur, but this

movement is not a t,imple gliding one; for if the articular surface of this bone is examined, it

will be found to present on each side of the central vertical ridge two less marked transverse
ridges, which divide the surface, except a small portion along the inner border, which is cut off

by a slight vertical ridge into six facets (Fig. 271), and therefore does not present a uniform
curved surface as would be the case if a simple gliding movement took place. These six facets

—

.

three on each side of the median vertical ridge—correspond to and denote the parts of the bone,
respectively, in contact with the condvles of the femur during flexion, semiflexion, and" extension,

flexion only the upper facets on the patella are in contact with the trochlea of the femur; the
lower two-thirds of the bone rests upon the infrapatellar pad which occupies the space between
the femur and tibia. In the semiflexed position of the joint the middle facets on the patella rest
upon the most prominent portion of the trochlea, and thus afford greater leverage to the Quad-
riceps by increasing its distance from the centre of motion. In complete extension the patella
is drawn up, so that only the lower facets are in contact with the trochlea. The narrow strip

22

Fig. 271.—View of the poste-
rior surface of the right patella,
showing diagrammatically the
areas of contact with the femur
in different positions of the
knee.
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along the inner border is in contact with the outer aspect of the internal condyle when the leg

is fully flexed at the knee-joint. As in the elbow, so it is in the knee—the axis of rotation in

flexion and extension is not precisely at right angles to the axis of the bone, but during flexion

there is a certain amount of alteration of plane; so that, whereas in flexion the femur and til)ia

are in the same plane, in extension the one bone forms an angle of about 10 degrees with the

other. There is, however, this difference between the two extremities: that in the upper, during

extension, the humeri are parallel and the bones of the forearm diverge; in the lower, the femora

converge below and the tibise are parallel.

In addition to the slight rotation during flexion and extension, the tibia enjoys an independent

rotation on the condyles of the femur in certain positions of the joint. This movement takes

place between the articular menisci and the tibia, whereas the movement of flexion and extension

takes place between the articular menisci and the femur. So that the knee may be said to consist

of two joints, separated by the menisci—an upper, meniscofemoral, in which flexion and extension

take place; and a lower, meniscotibial, allowing of a certain amount of rotation. This latter

movement can only take place in the semiflexed position of the limb, when all the ligaments are

relaxed.

During flexion the ligamentum patellae is put upon the stretch, as is also the posterior crucial

ligament in extreme flexion. The other ligaments are all relaxed by flexion of the joint, though

the relaxation of the anterior crucial ligament is very trifling. During life flexion is checked

by the contact of the leg with the thigh. In the act of extending the leg upon the thigh the liga-

mentum patellae is tightened by the Quadriceps extensor; but when the leg is fully extended, as

in the erect posture, the ligament becomes relaxed, so as to allow free lateral movement to the

patella, which then rests on the front of the lower end of the femur. The other ligaments, with

the exception of the posterior crucial, which is partly relaxed, are all on the stretch. When the

limb has been brought into a straight line, extension is checked mainly by the tension of all the

ligaments except the posterior crucial and the ligamentum patellae. The movements of rotation

of which the knee is capable are permitted in the semiflexed condition by the partial relaxation

of both crucial ligaments, as well as of the lateral ligaments. Rotation inward appears to be

limited by the tension of the anterior crucial ligament, and by the interlocking of the two liga-

ments; but rotation outward does not appear to be checked by either crucial ligament, since

they uncross during the execution of this movement, but it is checked by the lateral ligaments,

especially the internal. The main function of the crucial ligaments is to act as a direct bond

of union between the tibia and femur, preventing the former bone from being carried too far back-

ward or forward. Thus, the anterior crucial ligament prevents the tibia being carried too far

forward by the Extensor tendons, and the posterior crucial checks too great movement back-

ward by the Flexors. They also assist the lateral ligaments in resisting any lateral bending of the

joint. The semilunar cartilages are intended, evidently, to adapt to a certain extent the surface

of the tibia to the shape of the femur, in order to fill intervals which would otherwise occur in the

changing of joint position and to interrupt jars which otherwise would be so frequently trans-

mitted up the limb through jumping or falling on the feet. These cartilages also contribute to

the varieties of motion—flexion, extension, and rotation—as explained above. The patella is a

great defence to the knee-joint from any injury inflicted in front, and it distributes upon a large

and tolerably even surface during kneeling the pressure which would otherwise fall upon the

prominent ridges of the condyles; it also affords leverage to the Quadriceps extensor muscle when

it acts upon the tibia; and Mr. Ward has pointed out' how this leverage varies in the various

positions of the joint, so that the action of the muscles produces velocity at the expense of force

in the commencement of extension, and, on the contrary, at the close of extension tends to

diminish velocity, and therefore the shock to the ligaments at the moment tension of the struc-

tures takes place.

Extension of the leg on the thigh is performed by the Quadriceps extensor
;
/p.r?wi by the Ham-

string muscles, assisted by the GraciHs and Sartorius, and, indirectly, by the Gastrocnemius,

Popliteus, and Plantaris; rotation outward, by the Biceps femoris; and rotation imcard by the

Popliteus, Semitendinosus, and, to a slight extent, the Semimembranosus, the Sartorius, and the

Gracilis.

Surface Form.—The interval between the two bones entering into the formation of the knee-

joint can always easily be felt. If the limb is extended, it is situated on a slightly higher level

than the apex of the patella; but if the limb is slightly flexed, a knife carried horizontally back-

ward immediately below the apex of the patella would pass directly into the joint. When the

knee-joint is distended with fluid, the outline of the synovial membrane at the front of the knee

may be fairly well mapped out.

Applied Anatomy.—The hursw about the knee are frequently the seat of inflammation.

Enlargement of the prepatellar bursa constitutes housemaid's knee. The bursa beneath the

' Human Osteology, p. 40.").

i
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Sitmimemhranosus may enlarge greatly. It communicates with the knee-joint and can frequently

be made to disappear by pressure when the knee is flexed. Treves points out that enlargement

of the bursa between the Biceps tendon and the external lateral ligament causes great pain

because the peroneal nerve crosses the sac.^

From a consideration of the construction of the knee-joint it would at first sight appear to be

one of the least secure of any of the joints in the body. It is formed between the two longest

lx)nes, and therefore the amount of leverage which can be brought to bear upon it is verj- con-

siderable; the articular surfaces are but ill adapted to each other, and the range and variety of

motion which it enjoys is great. All these circimistances tend to render the articulation verj-

insecure; but, nevertheless, on account of the very powerful ligaments which bind the bones

together, the joint is one of the stroi^est in the body, and dinlocation from traumatism is of ver}'

rare occurrence. When, on the other hand, the ligaments have been softened or destroyed

bv disease, partial displacement is very liable to occur, and is frequently brought about by the

mere action of the muscles displacing the articular surfaces from each other. The tibia may
be dislocated in any direction from the femur—forward, backward, inward, or outward; or a

combination of two of these dislocations may occur—that is, the tibia may be dislocated for-

ward and laterally, or backward and laterally, and any of these dislocations may be complete

or incomplete. As a rule, however, the antero-p>osterior dislocations are complete, the lateral

ones incomplete.

One or other of the semilunar cartilages may become displaced and nipped between the femur
and tibia. The accident is produced by a twist of the leg when the knee is fle.xed, and is accom-
panied by a sudden pain and fixation of the knee in a flexed position. The cartilage mav be
displaced either inward or outward; that is to say, either inward toward the tibial spim*, so

that the cartilage becomes lodged in the intercondyloid notch; or outward, so that the cartilage

projects beyond the margin of the articular surface. Acute synovitis, the result of traumatism
or exposure to cold, is verj* common in the knee, on account of its superficial position. When
distended with fluid, the swelling shows itself above and at the sides of the patella, reaching

about an inch or more above the trochlear surface of the femiu-, and extending a little higher

under the Vastus internus than the Vastus externus. Occasionally the swelling may extend
two inches or more. At the sides of the patella the swelling extends lower at the inner side

than it does on the outer side. The lower level of the synoA-ial membrane is just above the level

of the upper part of the head of the fibula. In the middle line it covers the upper third of the
ligamentum patellae, being separated from it, however, by the capsule and a pad of fat. Chronic
ififnovitis principally shows itself in the form of pulpy degeneration of the synovial membrane,
the result of tuberculous arthritis. The reasons why tuberculous disease of the knee so often

commences in the synovial membrane appear to be the complex and extensive nature of this

-ac: the extensive vascular supply to it; and the fact that injuries are generally diffused and
applied to the front of the joint rather than to the ends of the bone. Syphilis not infrequently

attacks the knee-joint. In the hereditary form of the disease the attack is usually SAmmetrical

—

both joints are involved. They become filled with sAnovial effusion and cure is verv difficult.

In acquired syphilis gummatous infiltration of the s\novial membrane may take place. The
knee is one of the joints most commonly affected with osteoarthritis, and is said to be more
frefjuenily the seat of this disease in women than in men. The occurrence of the so-called loose

cartilage is almost confined to the knee, though loose cartilages are occasionally met with in the
elbow, and, rarely, in some other joints. Many of them occur in cases of osteoarthritis, in which
calcareous or cartilaginous material is formed in one of the s\Tiovial fringes and constitutes the
foreign body, and may or may not become detached, in the former case only meriting the usual
term, "loose"' cartilage. In other cases they have their origin in the exudation of inflammatorv
lymph, and possibly, in some rare instances, a portion of the articular cartilage or one of the
semilunar cartilages becomes detached and constitutes the foreign body.
Genu valgum, or knock-knee, is a common deformity of childhood, in which, owing to changes

in and about the joint, the angle between the outer border of the tibia and femur is diminished,
so that as the patient stands the two internal condyles of the femora are in contact, but the two
internal malleoli of the tibiae are more or less widely separated from each other. When, however,
the knees are flexed to a right angle, the two legs are practically parallel with each other. At
the commencement of the disease there is a yielding of the internal lateral ligament and other
fibrous structures on the inner side of the joint; as a result of this there is a constant undue
pressure of the outer tuberosity of the tibia against the outer condyle of the femur. This extra
pressure causes arrest of growth, and, possibly, wasting of the outer condyle, and a consequent
tendency for the tibia to become separated from the internal condyle. To prevent this the
internal condyle becomes depressed; probably, as was first pointed out by Mikulicz, bv an
increased growth of the lower end of the diaphysis on its inner side, so that the line of the
epiphysis becomes oblique instead of transverse to the axis of the bone, with a direction down>

• Applied Anatomy.
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ward and inward. It is often said that the deformity is produced by undue length of the inner

condyle, but in reality the condyle grows as the deformity progresses.

Excision of the knee-joint is most frequently required for tuberculous disease of this articulation,

but is also practised in cases of disorganization of the knee after rheumatic fever, pyemia, etc.,

in osteoarthritis, and in ankylosis. It is also occasionally called for in cases of injury, gun-

shot or otherwise. The operation is best performed either by a horseshoe incision, starting from

one condyle, descending as low as the tubercle of the tibia, where it crosses the leg, and is then

carried upward to the other condyle; or by

a transverse incision across the patella.

In this latter incision the patella is either

remo^•ed or sawed across, and the halves

subsequently sutured together. The bones

having been cleared, and in those cases

where the operation is performed for

tuberculous disease all pulpy tissue hav-

ing been carefully removed, the section

of the femur is first made. This should

never include, in children, more than, at

the most, two-thirds of the articular sur-

face, otherwise the epiphyseal cartilage

will be involved, with disastrous results

as regards the growth of the limb. After-

ward a thin slice should be removed from
the upper end of the tibia, not more than

half an inch. If any diseased tissue still

appears to be left in the bones, it should

be removed with the gouge rather than

by making a further section of the bones.

Ill, The Tibiofibular Articulation

(Articulatio Tibiofibularis)

.

The articulations between the

tibia and fibula are effected bv

ligaments which connect both ex-

tremities, as well as the shafts of

the bones. It may, consequently, be

subdivided into three articulations:

(1) The superior tibiofibular articu-

lation. (2) The middle tibiofibular

ligament or interosseous membrane.

(3) The inferior tibiofibular articu-

lation.

1. The Superior Tibiofibular

Articulation (Articulatio

Tibiofibularis).

This articulation is an arthrodial

joint. The contiguous surfaces of

the bones present two flat, oval

facets covered with cartilage, and

are interconnected by the following

ligaments :

INTCROSSEOUS
MEMBRANE

OUTtR
MALLEOLUS

INNER
MALLEOLUS

lRIOR INFERIOR
TIBIOFIBULAR
LIGAMENT

Fig. 272. -Ligaments of the right ieg, from in front.
(Spaltebolz.)

Capsular.

Anterior Superior Tibiofibular.

Posterior Superior Tibiofibular.r.

i
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The capsular ligament (capsula ariicuhris) consists of a membranous bag
uhich surrounds the articulation, being attached around the margins of the

articular facets on the tibia and fibula, and is much thicker in front than behind.
The anterior superior ligament (Fig. 272) consists of two or three broad and

flat bands which pass obliquely upward and inward from the front of the head
of the fibula to the front of the outer tuberosity of the tibia.

The posterior superior ligament (Fig. 265) is a single thick and broad band
which passes upward and inward 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.

Synovial Membrane.—A s\-novial membrane lines this articulation, which at its upper and
back part is occasionally continuous with that of the knee-joint.

2. The Middle Tibiofibixar Ligament or Interosseous Membrane
(Membrana Interossea Cruris) (Fig. 272).

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 for the most part pass downward and outward between the interosseous

ridges on the two bones; some few fibres, however, pass in the opposite direction,

downward and inward. It is broader above than below. Its upper margin
does not quite reach the superior tibiofibular joint, but presents a free concave
border, above which is a large, oval aperture for the passage of the anterior tibial

vessels forward to the anterior aspect of the leg. At its lower part is an opening
for the passage of the anterior peroneal vessels. It is continuous below with

the inferior interosseous ligament, and is perforated in numerous places for the

passage of small vessels. It is in relation, in front, with the Tibialis anticus.

Extensor longus digitorum. Extensor proprius hallucis, Peroneus tertius, and
the anterior tibial vessels and ner\e; behind, with the Tibialis posticus and
Flexor longus hallucis.

!. The Inferior Tibiofibular Articulation (Syndesmosis Tibiofibu'laris)

(Figs. 274, 275).

This articulation is formed by the rough, convex surface of the inner side of

the lower end of the fibula, connected with a concave rough surface on the outer
side of the tibia. Below, to the extent of about one-sixth of an inch, these sur-

faces are smooth, and covered with cartilage, which is continuous with that of

the ankle-joint. The ligaments of this joint are:

Anterior Inferior Tibiofibular. Transverse or Inferior.

Posterior Inferior Tibiofibular. Inferior Interosseous.

The anterior inferior ligament {ligamenhim malleoli lateralis anterius) (Figs.

272 and 276) is a flat, triangular band of fibres, broader below than above, which
extends obliquely downward and outward, between the adjacent margins of the
tibia and fibula, on the front aspect of the articulation. It is in relation, \n 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.
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The posterior inferior ligament (Ugamentum viaUeoU lateralis posterivs) (Fig.

276), smaller than the preceding, is disposed in a similar manner on the posterior

surface of the articulation.

The inferior transverse ligament lies under cover of the posterior ligament,

and is a strong, thick band of yellowish fibres which passes transversely across

the back of the joint, from the external malleolus to the posterior border of

the articular surface of the tibia, almost as far as its malleolar process. This

ligament projects below the margin of the bones, and forms part of the articulating

surface for the astragalus.

The inferior interosseous ligament (Fig. 274) 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 continuous above with the interosseous membrane.

Synovial Membrane.—The synovial membrane lining the articular surface is derived from

that of the ankle-joint (Fig. 274).

Movements.—The movement permitted in these articulations is limited to a very slight

gliding of the articular surfaces one upon another.

IV. The Tibiotarsal Articulation, or Ankle-joint (Articulatio Talocruralis)

(Figs. 273, 274).

The ankle 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, which forms a mortise (Fig, 272) to receive the upper convex surface

Tarsometatarsal
articulations. \

Tarsal artictdations.

Fig. 273.—Ankle-joint: tarsal and tarsometatarsal articulations. Internal view. Right side.

of the astragalus and its two lateral facets. The bony surfaces are covered byj

hyaline cartilage and interconnected by a capsule (capsula articularis), w'hich ii

places forms thickened bands constituting the following ligaments:

Anterior.

Posterior.

Internal I^ateral.

External Lateral.
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The anterior tibiotarsal ligament [licfamenium taloiibiale anterius) is a broad,

thin, memljranous layer, attached, above, to the anterior margin of the lower
extremity of the tibia ; below, to the margin of the astragalus, in front of its

articular surface. It is ih relation, in fronl, with the Extensor tendons of the

toes, with the tendons of the Tibialis anticus and Peroneus tertius, and the

anterior tibial vessels and ner\-e; behind, it lies in contact with the synovial

membrane.
Tlie posterior tibiotarsal ligament (Ugamentum talotibiale posterius) is very

thin, and consists principally of transverse fibres. It is attached, above, to the

margin of the articular surface of the tibia, blending with the inferior transverse

tibiofibular ligament; below, to the astragalus, behind its trochlear surface,

externaUii, where it blends with the inferior transverse tibiofibular ligament, it is

thickest.

The internal lateral or deltoid ligament (Ugamentum deltoideum) (Figs. 274

and 275) consists of a superficial and a deep set of fibres; the superficial set consti-

Aoipose PAD

PCRONEUS
BREVtS MUSCLE

PERONCU
LONGUS MUSCLE

INTCRNUL LATERAL
LIGAMENT
TIBIALIS POSTICUS

NTEROSSEOUS GAL-
.CANEO-ASTRAGALOIO
LIGAMENT
FLEXOR LONGUS

;;>"i>,;;.'-;/iY;;';~*7<_»^%*/'^'.^ DIGITORUM

i'i';'V'*!i'>'»-''--'f*.^^^ '^ FLEXOR LON
"^ ^tll:QV'<h''Ma^y HALLUCIS

Fig.

POSTERIOR
TIBIAL VESSELS

'4.—Coronal section through the ankle-joint and the calcaneo-astragaloid articulation. (Poiner and
Charpy.)

tute a strong, flat, triangular band, which is attached, above, to the apex and to

the anterior and posterior borders of the inner malleolus. The most anterior

fibres pass forward to be inserted into the scaphoid bone {lig. calcaneotibiale) and
the inferior calcaneoscaphoid ligament (lig. tibionavicidare) , the middle descend

almost perpendicularly to be inserted into the sustentaculum tah of the calcaneus

(lig. calcaneotibiale); and the posterior Qbres pass backward and outward to be

attached to the inner side of the astragalus (lig. talotibiale posterins). The deep

set is attached, above, to the notch of the inner malleolus, and, below, to the

inner side of the astragalus. This ligament is covered by the tendons of the

Tibialis posticus and Flexor longus digitorum muscles.

The external lateral ligament (Figs. 275 and 276) consist of three distinctly

specialized fasciculi of the capsule, taking different directions and separated

by distinct internals; for which reason it is divided by some anatomists into

three distinct ligaments, and so described.'

' Humphn,-, On the Skeleton, p. 559.
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The anterior fasciculus {ligameiiium talofibulare anterius), the shortest of the

three, passes from the anterior margin of the external malleolus forward and
inward to the astragalus, in front of its external articular facet.

INTERNAL
INTEROSSEOUS

LIGAMENT

TARSO-
METATARSAL

ARTICULATIONS
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LIGAMENT
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ARTICULATION

DELTOID
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INTEROSSEOUS
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ASTRAGALOCALCANEAl
ARTICULATION

ANKLE-JOINT

MIDDLE FASCICULUS
OF THE EXTERNAL
LATERAL LIGAMENT

INFERIOR TIBIO-
FIBULAR ARTICULATION

Fig. 275.—Joints of the right foot, from the back of the foot. (Spalteholz.)

The posterior fasciculus (ligamentum talofibulare posterius), the most deeply
seated, passes inward from the depression at the inner and back part of the
external malleolus to the prominent external tubercle on the posterior surface of

the astragalus. Its fibres are almost horizontal in direction.

The middle fasciculus (ligamentum calcaneofihulare) (Figs. 275 and 276), the
longest of the three, is a narrow, rounded cord passing from the apex of the
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external malleolus do\Miward and slightly backward to the peroneal spine on the

outer surface of the calcaneus. It is covered by the tendons of the Peroneus
longus and bre^'is.

Synovial Membrane.—The synovial membrane (Fig. 272) invests the inner surface of the
ligaments, and sends a duplicatm-e upward between the lower extremities of the tibia and fibula

for a short distance.

Relations.—The tendons, vessels, and nen-es in connection with the joint are, in front, from
within outward, the Tibialis anticus, Extensor proprius hallucis, anterior tibial vessels and
nerve, Extensor longus dlgitorum, and Peroneus tertius; behind, from within outward, the
Tibialis posticus. Flexor longus digitorum, posterior tibial vessels and nerve. Flexor longus
hallucis; and in the groove behind the external malleolus, the tendons of the Peroneus longus
and brevis.

The arteries supplying the joint are derived from the malleolar branches of the anterior

tibial and the peroneal. '

The nerves are derived from the anterior and posterior tibial.

Fig.

Inferior tibiofibxdar articulation.

Tarsal articulations.

Tarsomeiatarsal

irtictdations.

Ankle-joint: tarsal and tarsometatarsal articulations. External ^new. Right side.

Movements.—The movements of the joint are those of flexion and extension. Flexion con-
sists in the approximation of the dorsum of the foot to the front of the leg, while in extension
the heel is drawn up and the toes pointed downward. The malleoli tightly embrace the astragalus

in all positions of the joint, so that any slight d^jee of lateral movement which mav exist is

simply due to stretching of the inferior tibiofibular ligaments and slight bending of the shaft of

the fibula. Of the ligaments, the internal is of veri* great strength—so much so that it usually

resists a force which fractures the process of bone to which it is attached. Its middle portion,

together with the middle fasciculus of the external lateral ligament, binds the bones of the leg

firmly to the foot and 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

displacement of the foot backward, and deepens the cavity for the reception of the astragalus. The
anterior fasciculus is a security against the displacement of the foot forward, and limits extension

of the joint. The movements of inversion and eversion of the foot, together with the minute
changes in form by which it is applied to the ground or takes hold of an object in climbing, etc.,

are mainly effected in the tarsal joints, the one which enjoys the greatest amoimt of motion
being that between the astragalus and calcaneus behind and the scaphoid and cuboid in front.

This is often called the transverse or mediotarsal joint, and it can, with the subordinate joints

of the tarsus, replace the ankle-joint in a gr3at measiu^ when the latter has become anky-
losed.
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Extension of the tarsal bones upon the tibia and fibula is produced by the Gast) >?nemius

Soleus, Plantaris, Tibialis posticus, Peroneus longus and brevis, Flexor longus digitorum, and
Flexor longus hallucis; flexion, by the Tibialis anticus, Peroneus tertius. Extensor longus

digitorum, and Extensor proprius hallucis' (Fig. 268); inversion, in the extended position, is

produced by the Tibialis anticus and posticus; dnd eversion by the Peronei.

Surface Form.—The line of the ankle-joint may be indicated by a transverse Kne drawn

across the front of the lower part of the leg, about half an inch above the level of the tip of the

internal malleolus.

Applied Anatomy.—Displcwement of the trochlear surface of the astragalus from the tibio-

fibular mortise is not of common occurrence, as the ankle-joint is a very strong and powerful

articulation, and great force is required to produce dislocation. Nevertheless, dislocation does

occasionally occur, both in antero-posterior and a lateral direction. In the latter, which is the

most common, fracture is a necessary accompaniment of the injury. The dislocation in these

cases is somewhat peculiar, and is not a displacement in a horizontally lateral direction, such as

usually occurs in lateral dislocations of ginglymoid joints, but the astragalus undergoes a partial

rotation around an antero-posterior axis drawn through its own centre, so that the superior

surface, instead of being directed upward, is inclined more or less inward or outward accorfliny

to the variety of the displacement.

FiGj 277.—Section of the right foot near its inner border, dividing the tibia, astragalus, calcaneus, scaphoid
internal cuneiform, and first metatarsal bone, and the first phalanx of the great toe. (After Braune.)

The ankle-joint is more frequently sprained than any other joint in the body, and this may
lead to acute synovitis. In these cases, when the syno.vial sac is distended with fluid, the bulging

appears principally in the front of the joint, beneath the anterior tendons, and on either side,

between the Tibialis anticus and the internal lateral ligament on the inner side, and between the

Peroneus tertius and the external lateral ligament on the outer side. In addition to this, bulging

frequently occurs posteriorly, and a fluctuating swelling may be detected on either side of the

tendo Achillis.

Chronic synovitis may result from frequent sprains, and when once this joint has been sprained

it is more liable to a recurrence of the injury than it was before; chronic synovitis may be tuber-

culous in its origin, the disease usually commencing in the astragalus and extending to the joint,

though it may commence as a synovitis, the result probably of some slight strain in a tuber-

culous subject.

Excision of the ankle-joint is not often performed for two reasons. In the first place, disease

of the articulation, for which this operation is indicated, is frequently associated with disease of

the tarsal bones, which prevents its performance; and, secondly, the foot after excision is fre-

quently of very little use; far less, in fact, than after a Syme's amputation, which is often, there-

fore, a preferable operation in these cases.

'The student must bear in mind that the Extensor '.:ngus digitorum and Extensor proprius hallucis are
extensors of the toes, but flexors of the ankle, and that tne Flexor longus digitorum and Flexor longuii hallucia
Are flexors of the toes, but extensors of the ankle.
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V. The Articulations of the Tarsus (Articulationes Intertarseae)

(Figs. 275, 276).

1. The Articulation of the CALCAXErs and Astragalus (Articulatio

Talocalcanea) (Fig. 275).

The articulations between the calcaneus and astragalus are two in number

—

anterior and posterior. They are arthrodial joints. The bones are connected

b\ a capsule {capsula articularis) , which is at certain points accentuated into

definite ligaments. There are five ligaments in this articulation:

External Calcaneo-astragaloid. Anterior Calcaneo-astragaloid.

Internal Calcaneo-astragaloid. Posterior Calcaneo-astragaloid.

Interosseous.

The external calcaneo-astragaloid ligament (ligamentum lalocalcaneum laterale)

(Fig. 276) is a short, strong, fasciculus passing from the outer surface of the

astragalus, immediately beneath its external malleolar facet, to the outer surface

of the calcaneus. It is placed in front of the middle fasciculus of the external

lateral ligament of the ankle-joint, with the fibres of which it is parallel.

The internal calcaneo-astragaloid ligament (ligamentum talocalcanevm viediale)

is a band of fibres connecting the internal tubercle of the back of the astragalus

w ith the back of the sustentaculum tali. Its fibres blend with those of the inferior

calcaneoscaphoid ligament.

The anterior calcaneo-astragaloid ligament (ligamenttim talocalcaneum an-

ierius) passes from the front and outer surface of the neck of the astragalus to

the superior surface of the calcaneus.

The posterior calcaneo-astragaloid ligament (ligamentum talocalcaneum pos-

terius) connects the external tubercle of the astragalus with the upper and inner

part of the calcaneus; it is a short band, the fibres of which radiate from their

narrow attachment to the astragalus.

The interosseus ligament {ligamentum talocalcaneum interosseum) (Fig. 279)

forms the chief bond of union between the bones. It consists of numerous
vertical and oblique fibres attached by one extremity to the groove between

the articulating facets on the under surface of the astragalus; by the other to

a corresponding depression on the upper surface of the calcaneus. It is very

thick and strong, being at least an inch in breadth from side to side, and ser\^es

to unite the calcaneus and astragalus solidly together.

Synovial Membrane.—The sj-novial membranes (Fig. 279) are tvx) in number, one for the

pjosterior calcaneo-astragaloid articulation, a second for the anterior calcaneo-astragaloid joint.

The latter sj-noxnal membrane is continued forward between the contiguous surfaces of the

astragalus and scaphoid bones.

Movements.—^The movements permitted between the astragalus and calcaneus are limited to

a gliding of the one bone on the other in a direction from before backward, and from side to side.

2. The Articulation of the Calcaneus with the Cu'eoid (Articulatio

Calcaneocuboidea) (Fig. 275).

In this joint the articular capsule (capsula articularis) is strengthened at certain

points by definite ligaments.

The ligaments connecting the calcaneus with the cuboid are foiu* in number:

Superior Calcaneocuboid.

The Internal Calcaneocuboid.
rr« T>i X f Long Calcaneocuboid.
Iwo rlantar< ou ^ /^ i u -j

( bhort C alcaneocuboid.
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The superior calcaneocuboid ligament {llgamcntum cakaneocuboideum dorsalc)

(Fig. 276) is a broad portion of the capsule which passes between the contiguous

surfaces of the calcaneus and cuboid on the dorsal surface of the joint.

The internal calcaneocuboid or the interosseous ligament (pars calcaneo-

cuboidea ligamenti bifurcati) is a short but thick and strong band of fibres arising

from the calcaneus, in the deep hollow which intervenes between it and the astrag-

,
alus, and closely blended, at its origin, with the superior calcaneoscaphoid liga-

ment. These two ligaments are often regarded as a single bifurcated ligament

{ligamentum bijiircatum). The internal calcaneocuboid ligament is inserted into

the inner side of the cuboid bone. This Hgament forms one of the chief bonds
of union between the first and second rows of the tarsus.

The long calcaneocuboid or long plantar or superficial long plantar ligament

{ligamentum plantare longum) (Fig. 278), 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 calcaneus, from near the tuberosities, as far forward as the

anterior tubercle ; its fibres pass forward to be attached to the ridge on the under
surface of the cuboid bone, the more superficial fibres being continued onward
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 Peroneus longus.

The short calcaneocuboid or short plantar ligament {ligamentum cakaneo-

cuboideum plantare) (Fig. 278) lies nearer the bones than the preceding, from which
it is separated by a little areolar tissue. It is exceedingly broad, about an inch

in length, and extends from the tubercle and the depression in front of it, on the

fore part of the under surface of the calcaneus, to the inferior surface of the cuboid

bone behind the peroneal groove.

Synovial Membrane (Fig. 279).—The synovial membrane in this joint is distinct. It lines

the inner surface of the Hgaments.

Movements.—^The movements permitted between the calcaneus and cuboid are limited to a

slight gliding upon each other.

3. The Ligaments Connecting the Calcaneus and Scaphoid.

Though these two bones do not, as a rule, directly articulate, they are con-

nected by tw^o ligaments:

Superior or External Calcaneoscaphoid.

Inferior or Internal Calcaneoscaphoid.

The superior or external calcaneoscaphoid ligament {pars cakaneonamcularis

ligamenti bifurcati) arises, as already mentioned, with the internal calcaneocuboid

in the deep hollow between the astragalus and calcaneus, constituting a part of

the ligamentum bifurcatum; it passes forward from the upper surface of the ante-

rior extremity of the calcaneus to the outer side of the scaphoid bone. These

two ligaments resemble the letter Y, being blended together behind, but separated

in front.

The inferior or internal calcaneoscaphoid ligament {ligamentum cakaneonamcu-

lare plantare) (Fig. 278) is by far the larger and stronger of the two ligaments be-

tween these bones; it is a broad and thick band of fibres, which passes forward

and inward from the anterior margin of the sustentaculum tali of the calcaneus

to the under surface of the scaphoid bone. This ligament not only serves to

connect the calcaneus and scaphoid, but supports the head of the astragalus,

forming part of the articular cavity in which it is received. The upper surface
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presents a fibrocartilaginous facet, lined with the synovial membrane continued
from the anterior calcaneo-astragaloid articulation, upon which a portion of the

head of the astragalus rests. Its under surface is in contact \\ith the tendon of the

Tibialis posticus muscle, its inner border is blended with the fore part of the deltoid

ligament, thus completing the socket for the head of the astragalus.

Applied Anatomy.—The inferior calcaneoscaphoid ligament, by supjxjrting the head of the
astragalus, is principally concerned in maintaining the arch of the foot, and when it jnelds the
head of the astragalus is pressed downward, inward, and forward by the weight of the body, and
the foot become flattened, expanded, and turned

outward, constituting the condition known as Jiat-

foot. This ligament contains a considerable amount
of elastic tissue, so as to give elasticity to the arch

and spring to the foot; hence, it is sometimes called

the "spring" ligament. It is supported, on its under

surface, bv the tendon of the Tibialis posticus, which
spreads out at its insertion into a number of fascic-

uli which are attached to most of the tarsal and
metatarsal bones; this prevents undue stretching of

the ligament, and is a protection against the occur-

rence of flat-foot.

I

4. The Articulation' of the Astragalus
WITH THE Scaphoid Bone (Articulatio

Talonavicularis) (Fig. 275).

This is an arthrodial joint, the rounded
head of the astragalus being received into

the concavity formed by the posterior sur-

face of the scaphoid, the anterior artictdating

surface of the calcaneus, and the upper sur-

face of the inferior calcaneoscaphoid liga-

ment, which fills up the triangular interval

l)etween these bones. The only ligament of

this joint is the superior astragaloscaphoid

Pig. 273). It is a broad band, which passes

obliquely forward 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 ten-

dons. The inferior calcaneoscaphoid liga-

ment supplies the place of an inferior

astragaloscaphoid ligament.

Synovial Membrane (Fig. 279).—The synovial membrane which lines the joint is continued
forward from the anterior calcaneo-astragaloid articulation.

Movements.—This articulation permits of considerable mobility, but its feebleness is such
as to allow occasionally of dislocation of the other bones of the tarsus from the astragalus.

The transverse tarsal or mediotarsal joint (articulatio tarsi tran^ersa [Choparii]) (Figs. 275
id 280) is formed by the articulation of the os calcis with the cuboid, and by the articulation

of the astragalus with the scaphoid. The movement which takes place in this joint is more
extensive than that in the other tarsal joints, and consists of a sort of rotation by means of

which the sole of the foot may be slightly flexed and extended or carried inward (inverted) and
outward (everted).

Fig. 278. -Ligaments of the plantar surface
of the foot.

5. The Articulation of the Scaphoid with the Cuneiform Bonfjs

(Articulatio Cuneonavicularis) (Fig. 275).

The scaphoid is connected to the three cuneiform bones by

Dorsal and Plantar Ligaments.
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The dorsal ligaments (Jigamenta nqvicularmmeiformia dorsalia) (Figs. 273 and
275) are small, longitudinal bands of fibrous tissue arranged as three bundles,

one to each of the cuneiform bones. That bundle of fibres which connects the

scaphoid with the internal cuneiform is continued around the inner side of the

articulation to be continuous with the plantar ligament which connects these

two bones.

The plantar ligaments (ligamenta navicularicuneiformia plantaria) (Fig. 278)

have a similar arrangement to those on the dorsum. They are strengthened by
processes given off from the tendon of the Tibialis posticus.

S3movial Membrane (Fig. 279).—The synovial membrane of these joints is part of the

great tarsal synovial membrane.
Movements.—The movements permitted between the scaphoid and cuneiform bones are

limited to a slight gliding upon each other.

6. The Articulation of the Scaphoid with the Cuboid (Articulatio
cuboideonavicularis)

.

The scaphoid bone is connected with the cuboid by

Dorsal, Plantar, and Interosseous Ligaments.

The dorsal ligament (ligamentum cuhoideonavicnlare dorsale) (Fig. 276) con-

sists of a band of fibrous tissue which passes obliquely forward and outward
from the scaphoid to the cuboid bone.

The plantar ligament {ligamentum cuboideonaviculare plantare) consists of a

band of fibrous tissue w^hich passes nearly transversely betw^een these two bones.

The interosseous ligament (Figs. 275 and 279) consists of strong transverse

fibres which pass between the rough nonarticular portions of the lateral sur-

faces of these two bones.

Sjmovial Membrane (Fig. 279) .—The synovial membrane of this joint is part of the great

tarsal synovial membrane.
Movements.—The movements permitted between the scaphoid and cuboid bones are

limited to a slight gliding upon each other.

7. The Articulations of the Cuneiform Bones with Each Other or
THE Intercuneiform Articulations (Fig. 275).

These bones are connected by

Dorsal, Plantar, and Interosseous Ligaments.

The dorsal ligaments (ligamenta intercuneiformia dorsalia) consist of two bands

of fibrous tissue which pass transversely, one connecting the internal with the

middle cuneiform, and the other connecting the middle with the external cunei-

form.

The plantar ligaments (ligamenta intercuneiformia plantaria) have a similar

arrangement to those on the dorsum. They are strengthened by the processes

given off from the tendon of the Tibialis posticus.

The interosseous ligaments (ligamenta intercuneiformia interossea) consist of

strong transverse fibres which pass between the rough nonarticular portions of

the lateral surfaces of the first and second and the second and third cuneiform

bones. The outer portion of the third cuneiform is attached to the cuboid b^

the ligamentum cuneocuboideum interosseum (page 351).

i
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Synovial Membrane (Fig. 279).—The synovial membrane of these joints is part of the great

tarsid synovial membrane.
Movements.—The movements pennitted between thecimeiform bones are limited to a slight

gliding upon each other.

S. The Articulation of the Exterx.vl Cuneiform Bone with the
Cuboid (Fig. 275).

These bones are connected by

Dorsal, Plantar, and Interosseous Ligaments.

The dorsal ligament (Jigamentum cuneocuboideum dorsale) (Fig. 276) consists

of a band of fibrous tissue which passes transversely between these two bones.

The plantar ligament {ligamenluvi cuneocuboideum plariiare) has a similar

arrangement. It is strengthened by a process given off from the tendon of the

Tibialis posticus.

The interosseous ligament {Ugamentum cuneocuboideum interosseum) (Fig.

275) consists of strong transverse fibres which pass between the rough non-

articular portions of the lateral surfaces of the adjacent sides of these two bones.

Synovial Membrane (Fig. 279).—The synovial membrane of this joint is part of the great

tarsal synovial membrane.
Movements.-j-The movements permitted between the external cuneiform and cuboid are

limited to a slight gliding upon each other.

Nerve Supply.—All the joints of the tarsus are supphed by the anterior tibial nerve.

Applied Anatomy.—In spite of the great strength of the ligaments which hold the tarsal

bones together, dij*location at some of the tarsal joints occasionally occurs; these bones, on accoimt

of their spong^• character, are, as the result of direct \-iolence, more frequently broken than dis-

located. When dislocation does occiu-, it is most commonly in connection with the astragalus;

for not only may this bone be dislocated from the tibia and fibula at the ankle-joint, but the

other bones may be dislocated from it, the trochlear surface of the bone remaining in situ in the

tibiofibular mortise. This constitutes what is known as the siibastragaloid dislocation. Or,

acain, the astragalus may be dislocated from all its connections—from the tibia and fibula

above, the os calcis below, and the scaphoid in front—and may even imdergo a rotation, either

on a vertical or horizontal axis. In the former case the long axis of the bone becoming directed

across the joint, so that the head faces the articular siuface on one or other malleolus; or, in the

latter, the lateral surfaces becoming directed upward and downward, so that the trochlear sur-

face faces to one or the other side. Finally, dislocation may occur at the mediotarsal joint, the

anterior tarsal bones being luxated from the astragalus and calcaneum. The other tarsal bones

are also, occasionally, though rarely, dislocated from their connections.

Pes planus ot flat-foot is a condition in which there is abduction, eversion, and loss of both

the longitudinal and the transverse arch. The head of the astragalus passes downward and

inward: the anterior portion of the foot is turned outward and the inner side of the foot is

lengthened and broadened. Deformity is increased when standing. In severe cases the

patient walks on the inner side of the foot. The condition is due to weakness of the Tibialis

posticus muscle, with a consequent yielding of the tarsal ligaments. Abduction is permitted

by yielding of the internal lateral and calcaneo-astragaloid ligaments. Yielding of the inferior

ralcaneo-scaphoid ligament permits the head of the astragalus to pass downward and forward,

and the entire arch falls.

VI. The Tarsometatarsal Articulations (Articulationes Tarsometatarseae)

(Figs. 275, 276).

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 xsith 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, rests against

the middle cuneiform, and is the most strongly articulated of all the metatarsal
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bones; the third metatarsal articulates with the extremity of-the external cunei-

form; the fourth, with the cuboid and external cuneiform; and the fifth, with

the cuboid. The articular surfaces are covered by hyaline cartilage, lined with

synovial membrane, and interconnected by capsules and by the following liga-

ments :

Dorsal. Plantar. Interosseous.

The dorsal ligaments (ligamenta tarsometatarsea dorsalid) 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; the fourth has two, one

from the external cuneiform and one from the cuboid; and the fifth, one from

the cuboid.

The plantar ligaments (ligamenta tarsometatarsea plantaria) consist of longi-

tudinal and oblique fibrous bands connecting the tarsal and metatarsal bones,

but disposed with less regularity than on the dorsal surface. Those for the first

and second metatarsal are the most strongly marked; the second and third

metatarsal receive strong fibrous bands which pass obliquely across from the

internal cuneiform; the plantar ligaments of the fourth and fifth metatarsal

consist of a few scanty fibres derived from the cuboid.

The interosseous ligaments (ligamenta cuneometatarsea intero^sed) are three

in number— internal, middle, and external. The internal one is the strongest

of the three, and 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.

Synovial Membrane (Fig. 279) .—The synovial membrane between the internal cuneiform

bone and the first metatarsal bone is a distinct sac. The synovial membrane between the middle

and external cuneiform behind, and the second and third metatarsal bones in front, is part of tlu

great tarsal synovial membrane. Two prolongations are sent forward from it—one between

the adjacent sides of the second and third metatarsal bones, and one between the third and
fourth metatarsal bones. The synovial membrane between the cuboid and the fourth and
fifth metatarsal bones is a distinct sac. From it a prolongation is sent forward between the fourth

and fifth metatarsal bones.

Movements.—The movements permitted between the tarsal and metatarsal bones are

limited to a slight gliding upon each other.

VII. The Articulations of the Metatarsal Bones with Each Other
(Articulationes Intermetatarseae) (Figs. 275, 276).

The base of the first metatarsal bone is not connected with the second meta-

tarsal bone by any ligaments; in this respect it resembles the thumb.
The bases of the four outer metatarsal bones are connected by dorsal, plantar,

and interosseous ligaments.

The dorsal UgamentS (ligamenta basitim [oss. metatars.] dorsal ia) consist of

bands of fibrous tissue which pass transversely between the adjacent metatarsal

bones.

The plantar ligaments (ligamenta basium [oss. metatars.] plantaria) have a

similar arrangement to those on the dorsum.

The interosseous ligaments (ligamenta basiimi [oss. metatars.] iriterossea) con-

sist of strong transverse fibres which pass between the rough nonarticular portions

of the lateral surfaces.
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Synovial Membrane.—The synovial membrane between the second and third and the third

and fourth metatarsal bones is part of the great tarsal synovial membrane. The synovial mem-
brane between the fourth and fifth metatarsal bones is a prolongation of the sjTiovial membrane
of the cubometatarsal joint (Fig. 279).

Movements.—The movement permitted in the tarsal ends of the metatarsal bones is limited

to a slight gliding of the anicular siurfaces upon one another.

The Synovial Membranes in the Tarsal and Metatarsal Joints.—The synovial mem-
branes (Fig. 279) found in the articulations of the tarsus and metatarsus are six in niunber

—

one for the posterior calcaneo-astragaloid articulation; a if6'co«<f for the anterior calcaneo-astrag-

aloid and astragaloscaphoid articulations; a third for the calcaneocuboid articulation; and a

fourth for the articulations of the scaphoid with the three cimeiform, the three cuneiform
with each other, the external cimeiform with the cuboid, and the middle and external cunei-

form with the bases of the second and third metatarsal bones, and the lateral surfaces of the

second, third, and fourth metatarsal bones with each other. The fifth synovial membrane is

found in the articulation of the internal cuneiform with the metatarsal bone of the great toe; and
there is a sixth for the articulation of the cuboid with the fourth and fifth metatarsal bones. A
small synovial membrane is sometimes found between the contiguous surfaces of the scaphoid
and cuboid bones.

Nerve Supply.—The nerves supplying the tarsometatarsal joints are derived from the

anterior tibial.

Fig. 279.—Oblique section of the articulations of tarsus and metatarsus. Showing the six sj-novial membranes.

The digital extremities of all the metatarsal bones are connected by the transverse

metatarsal ligament.

The transverse metatarsal ligament is a narrow fibrous band which passes

transversely across the anterior extremities of all the metatarsal bones, con-

necting them. It is blended anteriorly with the plantar (glenoid) ligament of

each metatarsophalangeal articulation. To its posterior border is connected

the fascia covering the Interossei muscles. Its inferior surface is concave where
the Flexor tendons pass over it. Aboi^e it the tendons of the Interossei muscles

pass to their insertion. It differs from the transverse metacarpal ligament in

that it connects the metatarsal bone of the great toe with the rest of the meta-

tarsal bones.

Vm. The Metatarsophalangeal Articulations (Articulationes Metatarso-

phalangeae).

The metatarsophalangeal articulations are of the condyloid variety, formed by
the reception of the rounded heads of the metatarsal bones into shallow cavities

in the extremities of the first phalanges. Each joint has a capsule and certain

other ligaments. These ligaments are:

Plantar. Two Lateral.

23
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The plantar ligaments Qigamenta accessoria plantaria) are thick, dense, fibrous

structures. Each is placed on the plantar surface of the joint in the interval

between the lateral ligaments, to which it is connected. The plantar ligaments

are loosely united to the metatarsal bones, but very firmly to the bases of the

first phalanges. The plantar surface of each is intimately blended with the

transverse metatarsal ligament, and, except in the great toe, presents a groove

for the passage of the Flexor tendons, the sheath surrounding which is connected

to each side of the groove. The plantar ligament of the great toe contains two
large sesamoid bones. By their deep surface they form part of the articular sur-

face for the head of the metatarsal bone, and are lined with synovial membrane.
The lateral ligaments (ligamenta collateralia) are strong, rounded cords, placed

one on each side of the joint, each being attached, by one extremity, to the posterior

tubercle on the side of the head of the metatarsal bone; and, by the other, to

the contiguous extremity of the phalanx.

The place of a dorsal ligament is supplied by the Extensor tendon over the

back of the joint.

Movements.—The movements permitted in the metatarsophalangeal articulations axeflexion,
extension, abduction, and adduction.

IX. The Articulations of the Phalanges (Articulationes Digitorum Pedis).

The articulations of the phalanges are ginglymoid joints. Besides the cap-

sular the ligaments are:

Plantar. Two I-ateral (ligamenta collateralia).

The arrangement of these ligaments is similar to those in the metatarsophalan-

geal articulations; the Extensor tendon supplies the place of a dorsal ligament.

Movements.—The only movements permitted in the phalangeal joints are flexion and exten-

sion; these movements are more extensive between the first and second phalanges than between
the second and third. The movement of flexion is very considerable, but extension is limited

by the plantar and lateral ligaments.

Surface Form.—The principal joints which it is necessary to distinguish, with regard to the
surgery of the foot, are the intertarsal and the tarsometatarsal. The joint between the astragalus
and the scaphoid is best found by means of the tubercle of the scaphoid, for the line of the joint

is immediately behind this process. If the foot is grasped and forcibly extended, a rounded
prominence, the head of the astragalus, will appear on the inner side of the dorsum in front

of the ankle-joint, and if a knife is carried downward, just in front of this prominence and behind
the line of the scaphoid tubercle, it will enter the astragaloscaphoid joint. The calcaneocuboid

joint is situated midway between the external malleolus and the prominent end of the fifth

metatarsal bone. The plane of the joint is in the same line as that of the astragaloscaphoid.

The position of the joint between the fifth metatarsal bone and the cuboid is easily found by
the projection of the fifth metatarsal bone, which is the guide to it. The direction of the line

of the joint is very oblique, so that, if continued onward, it would pass through the head of the

first metatarsal bone. The joint between the fourth metatarsal bone and the cuboid and external

cuneiform is the direct continuation inward of the previous joint, but its plane is less oblique; it

would be represented by a line drawn from the outer side of the articulation to the middle of the

first metatarsal bone. The plane of the joint between the third metatarsal bone and the external

cuneiform is almost transverse. It would be represented by a line drawn from the outer side

of the joint to the base of the first metatarsal bone. The tarsometatarsal articulation of the great

toe corresponds to a groove which can be felt by making firm pressure on the inner side of the

foot one inch in front of the tubercle on the scaphoid bone; and the joint between the second
metatarsal bone and the middle cuneiform is to be found on the dorsum of the foot, half

an inch behind the level of the tarsometatarsal joint of the great toe. The line of the joints

between the metatarsal bones and the first phalanges is about an inch behind the webs of the

corresponding toes.

Applied Anatomy.—This is considered on p. 256.



THE MUSCLES AND FASCLl.'

MYOLOGY is the branch of anatomy which treats of the muscles. The
muscles are formed of bundles of reddish fibres, endowed notably with the

property of contractility in the direction of the long axes of the muscle cells.

Contractions of muscle fibres induce motion. The two principal kinds of muscle

tissue found in the body are the more highly differentiated, or voluntary, and

the less highly differentiated, or involuntary. The former of these, from the char-

acteristic appearances which its fibres exhibit under the microscope, is known as

striated, or striped muscle. As most striped muscles are capable of being put into

action and controlled by the will, they are generally called "voluntary" muscles.

The fibres of involuntary muscle do not present any cross-striped appearance, and

are not under the control of the will; such muscles are known as unstriated, un-

striped or vegetative. The muscle fibres of the heart differ in certain particulars

from both these groups, and they are therefore separately described as cardiac

muscle fibres.

Thus, it will be seen that there are three varieties of muscle tissue: (1) Trans-

versely striated fibres, which are for the most part voluntary and under the control

of the will. This variety of muscle is also called skeletal. (2) Transversely

striated muscle fibres, which are not under the control of the will

—

i. e., the

cardiac muscles. The cardiac muscle occupies a mid-position in the scale be-

tween the cells of involuntary and the striated fibres of voluntary muscle. (3)

Plain or unstriped muscle fibres, which are involuntary, and are controlled by

a different part of the nerve system from that which controls the activity of the

voluntary muscles. Such are the muscular walls of the stomach and intestine,

of the uterus and bladder, of the bloodvessels, of certain canals and ducts, etc.

The statement that striated muscle is always voluntary, and that nonstriated

muscle is always involuntary, cannot be accepted as invariably and inevitably

true. There are animals in which some voluntary muscle is free from distinct

striation, while the Diaphragm, made up of striated muscle fibres, is not wholly

under the control of the will.

Although the voluntary striated muscle tissue alone is concerned in the skeletal

musculature, all three varieties of muscle tissue will be described here. The
skeletal muscles act upon the bones, and thus produce movement. The primitive

contractile elements of a muscle are the fibres. Fibres are gathered into groups

known as primary bundles or fasciculi, and the fasciculi are aggregated into masses

called secondary bundles. In coarse muscles the fasciculi are of considerable

size; in fine muscles they are of trivial size. Fasciculi may be long or short,

and the length does not depend on the length of the muscle.

Structure of Striated Muscle.—Each muscle is surrounded bv a sheath of fibrous tissue

called the epimysium; this sends in septa which surround the secondary bundles; these in

turn send in the perimysium which surrounds each muscle fasciculus. The fibres of each

' The Muscles ana Fascia are described conjointly, in order that the student may consider the arrangement
of the latter in hi.s dissection of the former. It is rare for the student of anatomy in this country to dissect
the fasciae separately; and it is for this reason, as well as from the close connection that exists between the
muscles and their investing sheaths, that they are considered together. Some general observations are first
made on the histology and anatomy of the muscles and fasciae', the special description being given in connection
with the different regions.

(355)
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fasciculus are separated by a delicate meshwork of fibroelastic tissue, the endomysiuin, which
supports the small vessels and nerves.

Structure of the Muscle Fibre.—A muscle fibre is a long cylindrical cell varying from
less than one to five inches (2.5 to 12.5 cm.) in length. It is surrounded by a delicate sheath
called the sarcolemma, within which lie the nuclei and muscle substance. The muscle sub-
stance consists of two elements—the fibrillae, or contractile portion of the fibre, and the sarco-
plasm, or undifferentiated portion. The fibrillae are arranged parallel to one another and are
separated by the sarcoplasm ; and as the former respond well to the protoplasmic stains, and the
latter practically not at all, the alternation of such stained and unstained stripes produces the

Nucleus
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Fig. 280.—Two human muscle fibres.

X 350. In the one the bundle of fibrillse

(6) is torn, and the sarcolemma (a) is

seen as an empty tube.

Fig. 281 —A bit of a cross-striated muscle of a frog, show-
ing the nucleus and the ease of its division both transversely
and longitudinally. X 650. (Szymonowicz and MacCallum.)

longitudinal striations so typical of the appearance of a longitudinal section of muscle under
the microscope. In a cross-section the fibrillse are arranged more or less in groups called

Cohnheim's fields.

The fibrillse, or sarcostyle, are not unbroken threads, but all are interrupted at intervals into

short segments called sarcous elements. As a result of this segmentation a fibre exhibits alter-

nating transverse dark and light bands (cross-striations). If a muscle fibre be examined under
high magnification, a light line is seen traversing each
dark band (anisotropic) ; this is the membrane of Hensen.
The light band (isotropic) is traversed by a dark line,

Dobie's line, or the membrane of Krause, that divides

the band into two parts, the lateral disks. A sarcomere

is that part of a fibril between two membranes of

Krause, and consists of a sarcous element and a lateral

disk at each end of the sarcous element.

The nuclei are numerous and are situated peripherally,

i. e., just beneath the sarcolemma. They are narrow

and elongated in form, and respond readily to the usual

stains. Branched fibres are occasionally seen in the

tongue. There are two kinds of fibres, red and white;

the former are rich in sarcoplasm and the nuclei are

deeply placed and are intermediate in development be-

The white fibres are poor in sarcoplasm and predominate

in human muscles. The Trapezius muscle contains both red and white fibres.

The arteries of voluntary muscles are numerous. They pierce the epimysium, pass along

the septa from the epimysium, and divide into small branches, which enter between the

Fio. 282.—Section of a muscle fibre,

showing areas of Gohnheim. Three nuclei
are seen lying close to the sarcolemma.
(Schafer.)

tween myoplasm and the white fibres.
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fasciculi. These small branches pass into capillaries which run parallel to the fibres. At
intervals dilatable connections {ampulla:) are established between the capillaries, and it is into

these that during contractions of the muscle the blood passes to relieve the tension in the longi-

tudinal capillaries.

Veins accompany the arteries, and even the smaller ones possess valves (Spalteholz).

The nerve endings in voluntary muscle comprise both motor and sensor varieties. A motor
nerve pierces the epimysium and breaks up into numerous branches to form an interfascicular

plexus in the perimysium. From this plexus nerve fibrils arise, and usually one nerve fibril passes

to each muscle fibre. The nerve fibril pierces the sarcolemma, the neurilemma, and mvelinic

sheath disappearing before the nen-e fibril reaches the muscle fibre, and probably being lost

by fusing with the sarcolemma. The naked axone beneath

the sarcolemma of a fibre continues to the surface of the

muscle fibre and undergoes arborization to form an end organ.

Around the end organ is a quantity of graniJar sarcoplasm,

which, with the nerve and organ, constitutes a sole plate.

A sensor nerve takes origin from a muscle spindle, which
consists of a bundle of encapsulated muscle fibres about sensor

nerve rwigs.

Involuntary striated or cardiac muscle is foimd La the

heart and is not under the control of the will. Each fibre is

a short cylinder varying from 100/i to 200// in length and
of about 25 ,u to 40 // in diameter. The striations are both
longitudinal and transverse, but the latter are usually not
distinct. Each fibre is surrounded by a delicate membrane.
The cells give off narrow processes of branches which con-
nect with each other, thus forming "a reticulum of muscle
fibres. The meshes of this reticidum are occupied by areolar

tissue in which the vascular and nerve supply of the tissue

is situated."

Usually a single, large, oval nucleus occupies the centre of

the cell and is surrounded by an area of clear and undiffer-

entiated protoplasm in which fibrillae do not exist. Pigment
granules are seen in this undifferentiated protoplasm.

Purkinje fibres are peculiar muscle fibres found in the
heart, and will be described with that organ.
The nerves are both sympathetic and cerebrospinal.
Involuntary non-striated or smooth muscle is not imder the control of the will. It is found

in the alimentary tract from the middle third of the oesophagus down, in gland ducts, trachea,
bronchi, bronchial tubes, in the urinogenital system, bloodvessels and lymph vessels, etc. It is

found arranged in layers that encircle the oi^ns longitudinally, transversely, and sometimes
in an interlaced manner.

Fig. 283.-— Anastomosing muscle
fibres of the heart, seen in a longitu-
dinal section. On the right the limits
of the separate cells with their nuclei
are exhibited somewhat diagrammat-
ically.

NucUus-

InterceUular

bridges'

Fig. 284.—Longitudinal section in the smooth muscle of a dog's large intestine, to show especially intercellular
bridges. X 530. (Szymonowicr and MacCallum.)

Each fibre is short and spindle-shaped, varying from 25 fi to 200 fi in length and from 5 ft

to 7 u in diameter. In the gravid uterus they are much larger in both dimensions. Occa-
sionally, longitudinal striations are seen, and then the fibrillse so formed are coarse and periph-
erally located. Each fibre contains a single slender nucleus which is centrally located. Branched
fibres are occasionally seen in the aorta and in the bladder.
The bloodvessels form a raeshwork between the fibres.

The nerves are from the sympathetic system, though Kuntz has recently shown that in some
organs, at least, the nerves are originally derived from the vagus.

Form and Attachment of Muscles.—The muscles are connected with the bones,
cartilages, ligaments, and skin, either directly or through the intenention of
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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 carti-

laginous tissue. Where muscles are connected with the skin, they either lie as

a flattened layer beneath it, or are connected with its areolar tissue by larger or

smaller bundles of fibres, as in the muscles of the face. The origin of a muscle

is its head (caput), while the intermediate portion is called the belly, or venter.

The muscles vary extremely in their form. In the limbs they are of consider-

able 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 loiig, broad,

short, etc., used in the description of a muscle.

There is a considerable variation in the arrangement of the fibres of certain

muscles with reference to the tendons to which they are attached. In some, the

fibres are parallel and run directly from their origin to their insertion; these are

quadrilateral muscles, such as the Thyrohyoid. A modification of these is found
in the fusiform muscles in which the muscle tapers at each end ; in their action,

however, they resemble the quadrilateral muscles.

Secondly, in other muscles the fibres are con-

vergent; arising by a broad origin, they converge

to a narrow or pointed insertion. This arrange-

ment of fibres is found in the triangular muscles

—

e. g., the Temporal. In some muscles, which
otherwise would belong to the quadrilateral or

triangular type, the origin and insertion are not in

the same plane, but the plane of the line of origin

intersects that of their insertion ; such is the case

in the Pectineus muscle. Thirdly, in some muscles

the fibres are oblique and converge, like the

plumes of a pen, to one side of a tendon, which
runs the entire length of the muscle. Such a
muscle is penniform (w. unipennatus), as the

Peronei. A modification of these muscles is found
in those cases where oblique fibres converge to both

sides of a central tendon which runs down the

middle of the muscle; these are called bipenniform (m. bipemiatus), and an example is

afforded in the Rectus femoris. Multipennate muscles are those in which the muscle
fibres alternate with a series of tendinous bands, as in the Deltoid. Biventral

muscles occur, such as the Digastric, while the Rectus abdominis shows subdivision

into four or more sections by intervening inscriptiones tendineae. Certain muscles
do not act in a direct manner, for they or their tendons pass around a bony pro-
jection or through a septal pulley (trochlea). Finally, we have muscles in which
the fibres are arranged in curved bundles in one or more planes, as in an orbicular

muscle and in that variety of orbicular muscle called a sphincter muscle. The
arrangement of the muscle fibres is of considerable importance in respect to their

relative strength and range of movement. Those muscles in which the fibres are
long and few in number have great range, but diminished strength; where, on
the other hand, the fibres are short and more numerous, there is great power,
but lessened range.

Muscles differ much in size; the Gastrocnemius forms the chief bulk of the

back of the leg; the Sartorius is very long; the Stapedius, a small muscle of the

internal ear, weighs about a grain, and its fibres are not more than 4 mm. in

length.

E. A. S.

Humerus.

Fig. 285- Diagram of the Deltoid, an
example of a multipennate muscle.
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The names applied to the various muscles have been derived (1) from their

situation, as the Tibialis, Radialis, Ulnaris, Peroneus; (2) from their direction, as

the Rectus abdominis, Obliquus capitis, Transversalis; (3) from their uses, as

Flexors, Extensors, Abductors, Levators, Compressors, etc.
; (4) from their shape,

as the Deltoid, Trapezius, Rhomboideus, Digastric; (5) from the number of their

divisions, as the Biceps, the Triceps; (6) from their points of attachment, as the

Sternomastoid, Sternohyoid, Sternothyroid.

In the description of a muscle the term origin is meant to imply its more fixed

or central attachment, and the term insertion, the movable point to which the

force of the muscle is directed; but the origin is absolutely fixed in only a very

small number of muscles, such as those of the face, which are attached by one

extremity to the bone and by the movable integument; the greater number of

muscles can be made to act from either extremity.

In the dissection of the muscles, the student should pay especial attention to

the exact origin, insertion, and actions of each, and its more important relations

with surrounding parts, ^^^^ile accurate knowledge of the points of attachment of

the muscles is of great importance in the determination of their actions, it is not to

be regarded as conclusive. The action of a muscle deduced from its attachments,

or even by pulling on it in the dead subject is not necessarily its action in the

living. By pulling, for example, on the Brachioradialis in the cadaver the hand
may be slightly supinated^ when in the prone position and slightly pronated when
in the supine position, but there is no evidence that these actions are performed

by the muscle during life. It is impossible for an individual to throw into action

any one muscle; in other words, movements, not muscles, are represented in the

central nerse system. To carry out a movement a definite combination of muscles

is called into play, and the individual has no power either to leave out a muscle

from this combination, or to add one to it. One muscle (or more) of the combina-

tion is the chief moving force: when this muscle passes over more than one joint

other muscles (synergic muscles) come into play to inhibit the movements not

required; a third set of muscles (fixation muscles) fix the limb

—

i. e., in the case

of the Ifmb movements—and also prevent disturbances of the equilibrium of

the body generally. As an example, the movement of the closing of the fist

may be considered: (1) The prime movers are the Flexores digitorum. Flexor

longus poUicis, and the small muscles of the thumb; (2) the synergic muscles are

the Extensores carpi, which prevent flexion of the wrist; while (3) the fixation

muscles are the Biceps and Triceps, which steady the elbow and shoulder. A
further point which must be borne in mind in considering the actions of muscles

is that in certain positions a movement can be effected by gravity, and in such a

case the muscles acting are the antagonists of those which might be supposed

to be in action. Thus, in flexing the trunk when no resistance is interposed the

Erectores spinae contract to regulate the action of gravity, and the Recti abdominis

are relaxed.^

Applied Anatomy.—By a consideration of the action of the muscles the surgeon is able to

explain the causes of displacement in various forms of fracture, and the causes which produce
distortion in various deformities, and. consequently, to adopt appropriate treatment in each

case. The relations, also, of some of the muscles, especially those in immediate apposition

with the larger bloodvessels, and the surface-markings they produce, should be carefully remem-
bered, as they form useful guides in the application of ligatures to those vessels.

Degeneration of muscle tissue is important clinically, and is met with in two main conditions.

In one, the degeneration is myopathic, or primary in the muscles themselves; in the other it

is neuropathic, or secondarj' to some lesion of the nerve system—a hemorrhage into the brain,

' Hence the old name Supinator longus, now supplanted by Brachioradialis.
- Consult in this connection the Croonian Lectures ( 1903) on " Muscular Movements and Their Representation in

the Central Nervous System," by Charles E. Beevor, M.D.

L
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for example, or injury or inflammation of some part of the spinal cord or peripheral nerves.

In either case more or less paralysis and atrophy of the affected muscles result. When the

degeneration begins primarily in the muscles, however, it often happens that though the muscle
fibres waste away, their place is taken by fibrous and fatty tissue to such an extent that the

affected muscles increase in volume, and actually appear to hypertrophy.

Ossification of muscle tissue as a result of repeated strain or injury is not infrequent. It is

oftenest found about the tendon of the Adductor longus and Vastus internus in horsemen, or in

the Pectoralis major and Deltoid of soldiers. It may take the form of exostoses firmly fixed to

the bone

—

e. g., "rider's hones" on the femur (pages 229 and 515)—or of layers or spicules of

bone lying in the muscles of their fasciae and tendons. Busse states that these bony deposits

are preceded by a hemorrhagic myositis due to injury, the effused blood organizing and being
finally converted into bone. In the rarer disease, progressive myositis ossificans, there is an
unexplained tendency for practically any of the voluntary muscles to become converted into

solid and brittle bony masses which are completely rigid.

Tendons are white, glistening, fibrous cords, varying in length and thickness,

sometimes round, sometimes flattened, of considerable strength, and devoid of

elasticity. They consist almost entirely of dense, white fibrous tissue, the fibrils

of which run in an undulating parallel course and are firmly united together.

They are very sparingly supplied with bloodvessels, the smaller tendons present-

ing not a trace of them in their interior. Nerves supplying tendons have special

modifications of their terminals, termed neurotendinous spindles or organs of

Golgi (p. 817).

Aponeuroses are flattened or ribbon-shaped tendons, of a pearly-white color,

iridescent, glistening, and similar in structure to the tendons; the thicker ones are

only sparingly supplied with bloodvessels.

The tendons and aponeuroses are connected, on the one hand, with the muscles,

and, on the other hand, with movable structures, as the bones, cartilages, liga-

ments, fibrous membranes (for instance, the sclera). Where the muscle fibres

are in a direct line with those of the tendon or aponeurosis, the two are directly

continuous, the muscle fibre being distinguishable from that of the tendon only

by its striation and increase of muscle nuclei. But where the muscle fibres join

the tendon or aponeurosis at an oblique angle the former terminate, according

to Kolliker, in rounded extremities, which are received into corresponding de-

pressions on the surface of the latter, the connective tissue between the fibres

being continuous with that of the tendon. The latter mode of attachment occurs

in all the penniform and bipenniform muscles, and in those muscles the tendons

of which commence in a membranous form, as the Gastrocnemius and Soleus.

The fasciae are fibroareolar or aponeurotic laminae of variable thickness and
strength, found in all regions of the body, investing the softer and more delicate

organs. The fasciae have been subdivided, from the situation in which they are

found, into two groups, superficial and deep.

The superficial fascia (pauniculus adiposus) is found immediately beneath the

integument over almost the entire surface of the body. It connects the skin

with the deep or aponeurotic fascia, and consists of fibroareolar tissue, containing

in its meshes pellicles of fat, in varying quantity. The superficial fascia varies

in thickness in different parts of the body: in the groin it is so thick as to be

capable of being subdivided into several laminae. Beneath the fatty layer of

the superficial fascia, which is immediately subcutaneous, there is generally

another layer of the same structure, comparatively devoid of adipose tissue,

in which the trunks of the subcutaneous vessels and nerves are found, as the

superficial epigastric vessels in the abdominal region, the radial and ulnar veins

in the forearm, the saphenous veins in the leg and thigh, and the superficial

lymph nodes. Certain cutaneous muscles also are situated in the superficial

fascia, as the Platysma in the neck, and the Orbicularis palpebrarum around
the eyelids. This fascia is most distinct at the lower part of the abdomen, the

scrotum, perineum, and extremities; it is very thin in those regions where mus-
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cle fibres are inserted into the integument, as on the side of the neck, the face,

and around the margin of the anus. It is very dense in the scalp, in the mammae,
the palms of the hands and soles of the feet, forming a fibrofatty layer which
binds the integument firmly to the subjacent structure.

The superficial fascia connects the skin to the subjacent parts, facilitates the

movement of the skin, serves as a soft medium for the passage of vessels and nenes
to the integument, and retains the warmth of the body, since the fat contained in

its areola* is a poor conductor of heat.

The deep or aponeurotic 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 to one

another, and connected by other fibres disposed in a rectilinear manner. It is

usually exposed on the removal of the superficial fascia, forming a strong in-

vestment, which not only binds down collectively the muscles in each region, but

gives a separate sheath to each, as well as to the vessels and nerves. The fasciae

are thick in unprotected situations, as on the outer side of a limb, and thinner on

the inner side. The deep fasciae assist the muscles in their action by the degree

of tension and pressure they make upon their surface; and in certain situations

this is increased and regulated by muscular action; as, for instance, by the Tensor
fasciae femoris and Gluteus maximus in the thigh, by the Biceps in the upper
and lower extremities, and Palmaris longus in the hand. In the limbs the fasciae

not only invest the entire limb, but give off septa which separate the various

muscles, and are deeply attached to the periosteum; these prolongations of fasciae

are usually spoken of as intermuscular septa.

Development of the Skeletal Musculature.—The voluntary muscles are developed from
the myotomes of the mesodermal somites. Portions of the myotomes retain their position along

the body axis in segmental order, such as the short muscles of the vertebral column. Others
migrate into the body wall, where again they may retain their segmental relation (intercostal

muscles), or may fuse with adjacent segments to form flat muscles such as those in the abdom-
inal wall. In the limbs, portions of myotomes wander into the limb buds and there undergo
fusions and alterations in form to produce the limb muscles, thus losing their segmental char-

acter, but retaining the appropriate segmental nerve supplies. Some of the limb muscles expand
and migrate secondarily toward the dorsimesal line (e. g., Trape/jus, Latissimus) or toward
the ventromesal line (e. g., Pectoralis major). Again, muscles may migrate cephalad (e. g.,

the facial muscles derived from the hyoid arch) or caudad (e. g., Serratus magnus). In all

cases the muscles carry with them the segmental nerves of the myotomes from which they were
derived; the most striking example is the Diaphragm which is derived from the third, fourth,

and fifth cervical myotomes, and is supplied by the phrenic nerves, which spring from the

third, fourth, and fifth cervical nen-es. Some of the derivatives of the myotomes d^enerate
and are converted into aponeuroses (e. g., epicranial aponeurosis) or into ligaments (e. g., great

sacrosc-iatic ligament and external lateral ligament of the knee).

Various disturbances of development characterize what are known as variable or anomalous
muscles. Such muscles may be wanting, or excessively developed in the way of accessory

portions or with atypic attachments. The resemblance which such muscles in the human subject

bear to certain muscles in lower animals has been regarded by some anatomists as an expression

of atavistic reversion.'

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 or pectoral limb; and those of the lower extremity or pelvic

limb.

' See, however, Huntington, American Journal of Anatomy, 1902-03, vol. ii, p. 157,
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MUSCLES AND FASOLffi 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.

2. Auricular Region.

3. Palpebral Region.

4. Orbital Region,

o. Nasal Region.

6. Maxillary Region.

7. Mandibular Region.

8. Buccal Region.

9. Temporomandibular Region.

10. Pterygomandibular Region.

The muscles contained in each of these groups are the following:

1. Cranial Region.

Occipitofrontalis.

2. Auricular Region.

Attrahens aurem.

AttoUens aurem.

Retrahens aurem.

3. Palpebral Region.

Orbicularis palpebrarum.

Corrugator supercilii.

Tensor tarsi,

4. Orbital Region.

Levator palpebrae.

Rectus superior.

Rectus inferior.

Rectus internus.

Rectus externus.

Obliquus oculi superior.

Obliquus oculi inferior.

5. Nasal Region.

Pyramidalis nasi.

Levator labii superioris alaeque

nasi.

Dilatator naris posterior.

Dilatator naris anterior.

Compressor nasi.

Compressor narium minor.

Depressor alae nasi.

6. Maxillary Region.

Levator labii superioris.

Levator anguli oris.

Zygomaticus major.

Zygomaticus minor.

7. Mandibular Region.

Levator menti.

Depressor labii inferioris.

Depressor anguli oris.

8. Buccal Region.

Buccinator.

Risorius.

Orbicularis oris.

9. Temporomandibular Region.

Masseter.

Temporal.

10, Pterygomandibular Region.

Pterygoideus externus.

Pterygoideus internus.

1. The Cranial Region.

Occipitofrontalis.

Dissection (Fig. 286).—The head being shaved, and a block placed beneath the back of

the neck, make a vertical incision through the skin, commencing at the root of the nose in front.
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and terminating behind at the occipital protuberance; make a second incision in a horizontal

direction along the forehead and around the side of the head, from the anterior to the posterior

extremity of the jireceding. Raise the skin in front, from the subjacent muscle, from below
upward; this must be done with extreme care, removing the integument from the outer surface

of the vessels and the nerves which lie immediately beneath the skin.

The Skin of the Scalp.—This is thicker than in any other part of the body. It is intimately

adherent to the superficial fascia, which attaches it firmly to the underlying aponeurosis and
muscle. Movements of the muscle move the skin. The hair follicles are very closely set together,

and extend throughout the whole thickness of the skin. It also contains a number of sebaceous
glands.

1. Dissection of scalp.

8, 3, of auricular region,

4, 5, 6, of face.

7, *, of neck.

Fig. 2S6.—Dissection of the head, face, and neck.

. The superficial fascia in the cranial region is a firm, dense, fibrofatty layer,

intimately adherent to the integument, and to the Occipitofrontalis and its tendi-

nous aponeurosis; it is continuous, behind, with the superficial fascia at the back
part of the neck; and, laterally, is continued over the temporal fascia. It contains

between its layers the superficial vessels and nerves and much fat.

The Occipitofrontalis {m. epicranius) (Fig. 287) is a broad musculofibrous

layer, which covers the whole of one side of the vertex of the skull, from the occiput

to the eyebrow. It consists of two muscle slips, separated by an intervening

tendinous aponeurosis. The occipital portion {m. occipitalis) is thin, quadri-

lateral in form, and about an inch and a half in length; it arisen from the outer

two-thirds of the superior curved line of the occipital bone, and from the mastoid
portion of the temporal bone. Its fibres of origin are tendinous, but they are

soon succeeded by muscle fibres, and ascend in a parallel direction to terminate

in a tendinous aponeurosis. The frontal portion {m. frontalis) is thin, of a quadri-

lateral form, and intimately adherent to the superficial fascia. It is broader,

its fibres are longer, and their structures paler than the occipital portion. It has

no bony attachments. Its medial fibres are continuous with those of the

Pyramidalis nasi. Its middle fibres become blended with the Corrugator super-

cilii and Orbicularis palpebrarum) and the outer fibres are also blended with the

latter muscle over the external angular process. From these attachments the

fibres are directed upward, and join the aponeurosis in front of the coronal suture.

The inner margins of the frontal portions of the two muscles are joined together

for some distance above the root of the nose; but between the occipital portions

there is a considerable, though variable, interval, which is occupied by the apon-
eurosis.

The epicranial aponeurosis {galea aponeurotica) covers the upper part of the vertex

of the skull, being continuous across the middle line with the aponeurosis of the
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opposite muscle. Behind, it is attached, in the interval between the occipital

origins, to the occipital protuberance and highest curved lines of the occipital

bone; in front, it forms a short and narrow prolongation between the frontal por-

tions; and on each side it gives origin to the Attollens and Attrahens aurem muscles.

This aponeurosis is closely connected to the integument by the firm, dense,

fibrofatty layer which forms the superficial fascia; it is connected with the peri-

CORRUQATOH SUPEROltll'

DILATATOR N4RI8 ANTERIOR.
DILATATOR NARI8 POSTERIOR.
COMPRESSOR NARIUM MINOR

DEPRESSOR ALAE NASI,

LEVATOR MENTI.

Fig. 287.—Muscles of the head, face, and neck.

cranium (cranial periosteum) by loose cellular tissue, which allows of a consider-
able degree of movement of the integument. It is continuous with the temporal
fascia below the temporal ridge, and it is in reality the representative of the deep
fascia.

Nerves.—The frontal portion of the Occipitofrontalis is suppHed by the temporal branches
of the facial nerve; its occipital portion by the posterior auricular branch of the faciaF.
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Actions.—The frontal portion of the muscle raises the evebrows and the skin over the root of

the nose, and at the same time draws the scalp fon\ard, throwing the integument of the forehead

into transverse wrinkles. The posterior portion draws the scalp backward. By bringing alter-

nately into action the frontal and occipital portions the entire scalp may be moved forward and
backward. In the ordinary action of the muscles, the eyebrows are elevated, and at the same
time the aponeurosis is fixed by the posterior portion, thus giving to the face the expression of

surprise; if the action is more exaggerated, the eyebrows are still further raised, and the skin

of the forehead thrown into transverse wrinkles, as in the expression of fright or horror.

Applied Anatomy.—The skull is covered by the scalp (Fig. 288). This consists, from without

inward, of five layers: (1) Skin; (2) subcutaneous fat; (3) the Occipitofrontalis muscle and apo-

neurosis; (4) a layer of connective tissue beneath the Occipitofrontalis aponeurosis (subajwneu-

rotic tissue)
; (5) the pericranium. The subcutaneous tissue is composed of bands of fibrous

tissue enclosing spaces filled with fat. The fibrous character of this tissue greatly limits discolor-

ation and swelling when inflammation occurs. The edges of a wound which does not involve the

ajx)neurosis or muscle do not retract, hence the wound does not gape. The bloodvessels run prac-

1

tically in the skin, and as they lie in very dense tissue and are adherent to it, wounds bleed profusely,

the arteries being unable freely to contract and retract. It is very difficult or impossible to pick '

up with forceps a vessel in the skin of the scalp, and bleeding must be arrested by suture liga-

tures or by the stitches which close the wound. Sebaceous glands in the skin of the scalp may
develop into sebaceous cysts (wens). If a wound involves the muscle or aponeurosis, it gapes
widely, the greatest amount of gaping being observed in transverse wounds. The subaponeu-

SUBCUTANEOUS AOI-
'OSE TISSUE

EPICRANIAL
APONEUROSIS

CCCIPITOFRONTAL!
MUSCLE

SUBAPONEUROTIC
TISSUE

RICRANIUK

OCCIPITOFRONTALIS
sMUSCLE

Fig. 288,—The scalp. Sagittal section. (Schematic.) (Poirier and Charpy.)

rotic tissue space between*the aponeurosis and the pericranium is called by Treves the danger-
ous area of the scalp. It contains a layer of connective tissue, and suppuration in this tissue
spreads widely. I An abscess in the dangerous area should be opened above the superior curved
Une of the occipital bone, above the eyebrow or above the zygoma. ) In a wound or contusion I

superficial to the aponeurosis but little blood can be effused in the tissue because its fibrous
|

structure prevents it, and abscesses do not tend to spread widely. Between the aponeurosis
and the pericranium a great amount of blood can be effused. An effusion of blood beneath
the pericranium is called a cephalhematoma. Such a condition may occur from pressure during
birth. An extravasation beneath the pericranium is limited to the surface of one bone. The
pericranium is (tightly attached to the sutures, but adheres lightly to the surface of the bone^
and^bscess beneath the pericranium is' restricted to the surface of one bone, j

2. The Auricular Region (Fig. 287).

Attrahens aurem.

Retrahens aurem.
AttoUens aurem.

These three small muscles are placed immediately beneath the skin, around the
external ear. In man, in whom the external ear is almost immovable, they are
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rudimentary. They are the horaologues of large and important muscles in some
of the mammalia.

Dissection.—This requires considerable care, and should be performed in the following

manner: To expose the Attollens aurem, draw the pinna, or broad part of the ear, downward
when a tense band will be felt beneath the slrin, passing from the side of the head to the upper

part of the concha; by dividing the skin over this band in a direction from below upward, and

then reflecting it on each side, the muscle is exposed. To bring into view the Attrahens aurem,

draw the helix backward by means of a hook, when the muscle will be made tense, and may be

exposed in a similar manner to the preceding. To expose the Retrahens aurem, draw the pinna

forward, when the muscle, being made tense, may be felt beneath the skin at its insertion into

the back part of the concha, and may be exposed in the same manner as the other muscles.

The Attrahens aurem (m. auricularis anterior), the smallest of the three,

is thin, fan-shaped, and its fibres pale and indistinct; they arise from the lateral

edge of the aponeurosis of the Occipitofrontalis, and converge to be inserted

into a projection of the front of the helix.

The Attollens aurem (m. auricularis superior), the largest of the three, is

thin and fan-shaped; its fibres arise from the aponeurosis of the Occipitofrontalis

and converge to be inserted by a thin, flattened tendon into the upper part of the

cranial surface of the pinna.

The Retrahens aurem (m. auricularis posterior) consists of two or three

fleshy fasciculi, 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.

Nerves.—The Attrahens and Attollens aurem are supplied by the temporal branch of the

facial ; the Retrahens aurem is supplied by the posterior auricular branch of the same nerve.

Actions.—In man, these muscles possess very little action: the Attrahens aurem draws the

pinna forward and upward; the Attolens aurem slightly raises it; and the Retrahens aurem
draws it backw'ard.

3. The Palpebral Region (Fig. 287).

Orbicularis palpebrarum. Levator palpebrae.

Corrugator supercilii. Tensor tarsi.

Dissection (Fig. 286).—In order to expose the muscles of the face, continue the longitudinal

incision made in the dissection of the Occipitofrontalis down the median line of the face to the

tip of the nose, and from this point onward to the upper lip; and carry another incision along the

margin of the lip to the angle of the mouth, and transversely across the face to the angle of the

mandible. Then make an incision in front of the external ear, from the angle of the mandible

upward; to join the transverse incision made in exposing the Occipitofrontalis. These incisions

include a square-shaped flap, which should be removed in the direction marked in the figure,

with care, as the muscles at some points are intimately adherent to the integument.

The Orbicularis palpebrarum (m. orbicularis oculi) is a sphincter muscle, which

surrounds the circumference of the orbit and eyelids. It arises from the internal

angular process of the frontal bone, from the frontal process of the maxilla in

front of the lacrimal groove for the nasal duct, and from the anterior surface

and borders of a short tendon, the tendo oculi, or internal tarsal ligament, placed

at the inner angle of the orbit. From this origin the fibres are directed outward,

forming a broad, thin, and flat layer, which covers the eyelids, surrounds the

circumference of the orbit, and spreads out over the temple and downward on the

cheek. The internal or palpebral portion (pars palpehralis) of the Orbicularis is

thin and pale; it arises from the bifurcation of the tendo oculi, and forms a series

of concentric curves, which are on the outer side of the eyelids inserted into

the external tarsal ligament. The external or orbital portion (pars orhitalis) is

thicker and of a reddish color; its fibres are well developed, and form complete
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ellipses. The upper fibres of this portion blend with the Occipitofrontalis and
Corrugator supercilii.

Relations.—By its superficial surface, with the int^ument. By its deep surface, above, with
the OccipitofrontaHs and Corrugator suf)ercihi, with which it is intimately blended, and with
the supraorbital vessels and nerve; below, it coverslhe lacrimal sac, and the origin of the Levator
labii suf)erioris alaeque nasi, the Levator labii superioris, and the Zygomaticus minor muscles.
Internally, it is occasionally blended with the Pyramidalis nasi. Externally, it lies on the tem-
poral fascia. On the eyelids it is separated from the conjunctiva by the Levator palpebrae.
the tarsal ligaments, the tarsal plates, and the Meibomian glands.

The tendo oculi or internal tarsal ligament (ligamentum pqlpebrale mediale) is a
>hort tendon, about one-sixth of an inch in length and half as much in breadth,
attached to the frontal process of the maxilla in front of the lacrimal groove.

Crossing the lacrimal sac, it divides into two parts, each division being attached
to the inner extremity of the corresponding tarsal plate. As the tendon crosses

the lacrimal sac, a strong aponeurotic lamina is given off from the posterior surface,

which expands over the sac, and is attached to the ridge on the lacrimal bone.
This is the reflected aponeurosis of the tendo oculi.

The external tarsal ligament (raphe palpebralis lateralis) is a much weaker struc-

ture than the tendo oculi. It is attached to the margin of the frontal process of
the malar bone, and passes inward to the outer commissure of the eyelid, where
it divides into two slips, which are attached to the margins of the two tarsal plates.

Use of Texdo Oculi.—Besides giving attachment to part of the Orbicularis
palpebrarum and to the tarsal plates, it senes to suck the tears into the lacrimal
sac, by its attachment to the sac. Thus, each time the eyelids are closed, the
tendo oculi becomes tightened, through the action of the Orbicularis, and draws
the wall of the lacrimal sac outward and forward, so that the tears are sucked along
the lacrimal canals into it.

The Corrugator supercilii (Figs. 287 and 289) is a small, narrow, pyramidal
muscle, placed at the inner extremity of the eyebrow, beneath the Occipito-
frontalis and Orbicularis palpebrarum muscles. It arises from the inner extrem-
ity of the superciliary ridge, from whence its fibres pass upward and outward
between the palpebral and orbital portions of the Orbicularis palpebrarum,
and are inserted into the deep surface of the skin, opposite the middle of the
orbital arch.

Relations.—By its superficial surface with the Occipitofrontalis and Orbicularis palpebrarum
muscles; by its deep surface, with the frontal bone and supratrochlear nen-e.

The Tensor tarsi or Homer's muscle (pars lacrimalis m. orbicularis oculi)

(Fig. 289) is a small thin muscle about a quarter of an inch in breadth and
half an inch in length, situated at the inner side of the orbit, behind the tendo
oculi and lacrimal sac. It arises from the crest and adjacent part of the orbital
surface of the lacrimal bone, and, passing across the lacrimal sac, divides into two
slips, which cover the lacrimal canals and are inserted into the tarsal plates internal
to the puncta lacrimalia. Its fibres appear to be continuous with those of the
palpebral portion of the Orbicularis palpebrarum; it is occasionally xery indis-
tinct.

Nerves.—The Orbicularis palpebrarum, Corrugator superciUi, and Tensor tarsi are supplied
by the facial nerve.

Actions.—The Orbicularis palpebrarum is the sphincter muscle of the eyelids. The palpebral
ponion acts involuntarily, closing the lids gently, as in sleep, or in bUnking; the orbicular por-
tion is subject to the will. \Mien the entire muscle is brought into action, the skin of the fore-
head, temple, and cheek is drawn inward toward the inner angle of the orbit, and the eyeUds
are firmly closed as in photophobia. \Mien the skin of the forehead, temple,, and cheek is thus
drawn mward by the action of the muscle it is thrown into folds, especially radiating from the
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outer angle of the eyelids, which give rise in old age to the so-called "crow's feet." The Levator

palpebrae is the direct antagonist of this muscle; it raises the upper eyelid and exposes the globe

of the eye. The Corrugator supercilii draws the eyebrow downward and inward, producing the

vertical wrinkles of the forehead. It is the "frowning" muscle, and may be regarded as the

principal agent in the expression of suffei-ing. The Tensor tarsi draws the eyelids inward and
compresses the eyelids and the extremities of the lacrimal canals against the surface of the globe

of the eye; thus placing the canals in the most favorable situation for receiving the tears. It

serves, also, to compress the lacrimal sac.

FRONTAL SINUS

CORRUGATOR
SUPCRCILII

PALPEBRAL PORTION
Ol^ ORBICULARIS
PALPEBRARUM

PUNCTA
LACRIMALIA

ORBITAL PORTION OF
ORBICULARIS PALPEBRARUM

ANTRUM OF
HIGHMORE

Fig. 289.

—

The three portions of the Orbicularis palpebrarum muscle, and the relation of this muscle to the
Corrugator supercilii muscle, seen from behind. (Left side.) (Toldt.)

4. The Orbital Region (Fig. 291).

Levator palpebrae superioris. Rectus internus.

Rectus superior. Rectus externus.

Rectus inferior. Obliquus oculi superior.

Obliquus oculi inferior.

Dissection.—To open the cavity of the orbit, remove the skullcap and brain; then saw through
the frontal bone at the inner extremity of the supraorbital ridge, and externally at its junction

with the malar. Break in pieces the thin roof of the orbit by a few slight blows of the halnmer,

and take it away; drive forward the superciliary portion of the frontal bone 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

onward into the globe; insert the point of a blowpipe through this aperture, and force a little

air into the cavity of the eyeball; then apply a ligature around the nerve so as to prevent the air

escaping. The globe being now drawn forward, the muscles will be put upon the stretch.

Orbital Septum.—Subjacent to the Orbicularis palpebrarum a dense fascial

sheet supports the tarsal plates and serves as a septum {septum orbitale), which

is attached to the orbital margin. It is perforated by the small vessels and
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nenes which supply the integument of the eyelids. The tarsal ligaments pre-

viously descril)ed are reenforcing bands of this fascial septum.

The Levator palpebrae superioris is thin, flat, and triangular in shape. It

arises from the under surface of the lesser wing of the sphenoid, above and in

front of the optic foramen, from which it is separated by the origin of the Superior

Tendon of Obliguut superior

Orbilalplate (^frontal bone
Letalor palpebrae luperiorit

Jiettus superior

OrbictdarUpaIpebrarum

Superior tarsal plate

Upper eyelid

Optic nerve

Rectus inferior

Boof of anfrum of Highmo're

Obliquus inferior

Lower eyelid

'Inferior tarsal plate

Orbicularispalpebrarum

Fio. 290.—Sagittal section of left orbital cavity.

rectus (Fig. 292). At its origin it is narrow and tendinous, but soon becomes
broad and fleshy, and terminates anteriorly in a wide aponeurosis, which splits
into three lamella-. The superficial lamella blends with the superior palpebral
ligament, and is prolonged forward above the superior tarsal plate to the palpebral
part of the Orbicularis palpebrarum and to the deep surface of the skin of the

I

Fig. 291.—Muscles of the right orbit.

upper eyelid. The middle larru'lla, largely made up of unstriped muscle fibres
(superior tarsal muscle), is inserted into the upper margin of the superior tarsal
plate, while the deepest lamella blends with an expansion from the sheath of
the Superior rectus muscle and with it is attached to the superior fornix of the
conjunctiva (Fig. 290).

24
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Relations.—By its orbital surface, with the frontal nerve and supraorbital artery, the peri-

osteum of the orbit and lacrimal gland; and, in the lid, with the inner surface of the tarsal liga-

ment; by its ocular surface, with the Superior rectus, and, in the lid, with the conjunctiva. A
small branch of the oculomotor nerve enters its under surface.

The four Recti (Fig. 292) arise from a fibrous ring (annulus tendineus communis)

[Zinn] which surrounds the upper, inner, and lower margins of the optic foramen

and encircles the optic nerve. Two speciaHzed parts of this ring may be made out

:

(1) A loicer, ligament of Zinn, which gives origin to the Inferior rectus, part of the

Internal rectus, and the lower head of the External rectus; and (2) an upjwr,

the tendon of Lockwood, which gives origin to the Superior rectus, the rest of the

Internal rectus, and the upper head of the External rectus.

Each of the four Recti passes forward in the position implied by its name, to

be inserted by a tendinous expansion into the sclera, about a quarter of an inch

from the margin of the cornea. Between the two heads of the External rectus

is a narrow interval, through which pass the

two divisions of the oculomotor nerve, the nasal
Rectus^superior

branch of the ophthalmic division of the tri-

paipebme^superiorJ f^ gcmiual ucrve, the abducent nerve, and the

superior oUique\ ^"!2^^^*=^ Ophthalmic Vein. Of the four Recti, the

''i^^sWr^"*^' .^^ Internal rectus is the broadest, the External

the longest, and the Superior the thinnest and

narrowest. Beyond the insertion of the Inferior

rectus a thin layer of non-striated muscle

^is upper head, fibres {inferior tarsal muscle) continues into

„ , . , . .. -Lower head. the lower cvelid to be inserted into the inferior
Rectus inferior. V •/

tarsal plate.
Fig. 292.—The relative position and attach- rr-ii c,,,^„«,'«« «,Ui;«-i,«, / 7 7' 7*

ment of the muscles of the left eyeball. 1 he SUperiOr ODiiqUe (m. obltqUUS OCULl

superior) is a fusiform muscle placed at the

upper and inner side of the orbit, internal to the Levator palpebrae. It arises a

little above the inner margin of the optic foramen (Fig. 292), and, passing forward

to the inner angle of the orbit, terminates in a rounded tendon, which plays in a

fibrocartilaginous ring or pulley, the trochlea, attached to the trochlear fossa near

the internal angular process of the frontal bone. The contiguous surfaces of the

tendon and ring are covered with a delicate synovial membrane and are enclosed

in a thin fibrous investment. The tendon is reflected backward, outward, and
downward beneath the Superior rectus to the outer part of the globe of the eye,

and is inserted into the sclera, behind the equator of the eyeball, the insertion of

the muscle lying between the Superior and External recti.

Relations.—By its orbital surface, with the periosteum covering the roof of the orbit and the
trochlear nerve; the tendon, where it lies on the globe of the eye, is covered by the Superior
rectus; by its oculOr surface, with the nasal nerve, ethmoidal arteries, and the upper border of the
Internal rectus.

The Inferior oblique (m. ohliquus oculi inferior) is a thin, narrow muscle placed
near the anterior margin of the orbit. It arises from a depression on the orbital

plate of the maxilla, external to the lacrimal groove (Fig. 291). Passing outward,
backward, and upward between the Inferior rectus and the floor of the orbit,

and then between the eyeball and the External rectus, it is inserted into the outer

part of the sclera between the Inferior and External recti, near to, but somewhat
behind, the tendon of insertion of the Superior oblique.

Relations.—By its ocular surface, with the globe of the eye and with the Inferior rectus; by
its orbital surface, with the periosteum covering the floor of the orbit, and with the External
rectus. Its borders look forward and backward; the posterior one receives a branch of the
oculomotor nerve.
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The orbital muscle, or Miiller's muscle {musculus orhiiale), which spans the

sphenomaxillary fissure and infraorbital groove, is composed of nonstriated

fibres, and is a rudimentary structure continuous with the periosteum of the

orbit. ^

Nerves.—The Levator palpebrae, Inferior oblique, and all the Recti excepting the External

are supplied by the oculomotor nerve; the Superior oblique, by the trochlear; the External

rectus, by the abducent.

Actions.—The Levator palpebrae 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 its corneal surface either upward, dowTiward, inward,

or outward, as expressed by their names. The movement produced by the Superior or Inferior

rectus is not quite a simple one, for, inasmuch as they pass obliquely outward and forward to the

eyeball, the elevation or depression of the cornea must be accompanied by a certain deviation

inward, with a slight amount of rotation. These latter movements are corrected by the Oblique

muscles, the Inferior oblique correcting the deviation inward of the Superior rectus, and the

Superior oblique that of the Inferior rectus. The contraction of the External and Internal

recti, on the other hand, produces a purely horizontal movement. If any two contiguous Recti

of one eye act together, they carry the globe of the eye in the diagonal of these directions

—

viz., upward and inward, upward and outward, downward and inward, or downward and out-

ward. The movement of circumduction, as in looking around a room, is performed oy the alter-

nate action of the four Recti. The Oblique muscles rotate the eyeball on its antero-posterior axis,

this kind of movement being required for the correct viewing of an object when the head is moved
laterally, as from shoulder to shoulder, in order that the picture may fall in all respects on the

same part of the retina of either eye. Sometimes the corresponding Recti and sometimes the

opix)site ones of the two eyes act together; for instance, the two Superior and Inferior recti carry

both eyeballs upward and downward, respectively. In looking toward the right, the right Exter-

nal and left Internal recti act together, the reverse being the case in looking toward the left. In

turning both eyes toward the middle line, as in directing our vision toward an object less than

twenty feet distant, the two Internal recti act together.

Fasciae of the Orbit.—The connective tissue of the orbit is in various places condensed into

thin membranous layers, which may be conveniently described as (1) the orbital fascia; (2) the

sheaths of the muscles; and (3) the fascia of the eyeball.

1

.

The Orbital Fascia.—This forms the periosteum of the orbit. It is loosely connected to

the bones, from which it can be readily separated. Behind, it is connected with the dura, by

processes which pass through the optic foramen and sphenoidal fissure, and with the sheath of

the optic nerve. In front it is connected with the periosteum at the margin of the orbit, and

sends off a process which assists in forming the palpebral fascia or orbital septum. From its

internal surface two processes are given ofi^—one to enclose the lacrimal gland, the other to

hold the pulley of the Superior oblique muscle in pwjsition.

2. The Sheaths of the Muscles.—The sheaths of the muscles give off expansions to the

margins of the orbit which limit the action of the muscles.

3. The Fascia of the Eyeball.— Tenon's capsule—surrounds the posterior two-thirds of the

eyeball; it will be described with the anatomy of the eyeball.
' Applied Anatomy.—The position and exact point of insertion of the tendons of the Inter-

nal and External recti muscles into the globe should be carefully examined from the front of

the eyeball, as the surgeon is often required to divide the one or the other muscle for the cure

of strabismus (squint). In convergent strabismus, which is the more common form of the disease,

the eye is turned inward, requiring the division of the Internal rectus. In the divergent form

which is more rare, the eye is turned outward, the External rectus being especially implicated.

The deformity produced in either case is to be remedied by division of one or the other muscle.

The operation is thus performed: The lids are to be well separated; the eyeball being rotated

outward or inward, the conjunctiva should be raised by a pair of forceps and divided immedi-

ately beneath the lower border of the tendon of the muscle to be divided, a little behind its

insertion into the sclera; the submucous areolar tissue is then divided, and into the small aper-

ture thus made a blunt hook is passed upward between the muscle and the globe, and the

tendon of the muscle and conjunctiva covering it divided by a pair of blunt-pointed scissors.

Or the tendon may be divided by a subconjunctival incision, one blade of the scissors being

passed upward between the tendon and the conjunctiva, and the other between the tendon and
the sclera. Inflammation of the synovial membrane lining the trochlea of the Superior oblique

may lead to the formation of a cyst of considerable size.

• See F. Groyer, in the Vienna Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften, 1903, Band
cxii.
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In performing enucleation of the eyeball the conjunctiva is clipped with scissors near the cornee

and the capsule of Tenon is divided with it. One Rectus muscle after another is caught up
on a blunt hook and divided. The scissors are now pushed well in along the outer orbital wall

and the optic nerve is divided. Finally, the Oblique muscles, the ciliary vessels and nerves, and
fragments of tissue helping to retain the globe are cut and the eyeball is enucleated.

An orbital abscess is evacuated by making an incision close to the border of the orbit, above

or below the eyeball.

Exophthalmos, or abnormal protrusion of the eyeball, is believed to be due to hypersecretion

of the thyroid (as in goitre), which, through the cervicocephalic division of the sympathetic,

stimulates the nonstriated tarsal muscles to sustained contraction. These muscles are arranged

like a cuff, and may be regarded as ha%nng their origin in the orbital septum and their insertion

at the equator of the eyeball. In their action they are antagonists of the Recti, and of the

Levator palpebrae superioris,. and open wide the palpebral fissure and draw the eyeball forward.

(Consult J. Landstrom, Ueber Morbus Basedowii, Thesis, Stockholm, 1 907.)

5. The Nasal Region (Fig. 287).

Pyramidalis nasi. Dilatator naris anterior.

Levator labii superioris alaeque nasi. Compressor nasi.

Dilatator naris posterior. Compressor narium minor.

Depressor alae nasi.

The P3n:aniidalis nasi {m. procerus) is a small pyramidal slip placed over the

nasal bone. Its origin is by tendinous fibres from the fascia covering the lower

part of the nasal bone and upper part of the cartilage, where it blends with the

Compressor nasi, and it is inserted into the skin over the lower part of the forehead

between the two eyebrows, its fibres decussating with those of the Occipitofron-

talis (see page 364).

The Levator labii superioris alaeque nasi is a thin triangular muscle placed

by the side of the nose, and extending between the inner margin of the orbit

and upper lip. It arises by a pointed extremity from the upper part of the nasal

process of the maxilla, and, passing obliquely downward and outward, 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 attached to the under surface of

the skin and blended with the Orbicularis oris and Levator labii superioris

proprius.

The Dilatator naris posterior is a small muscle which is placed partly beneath

the elevator of the nose and lip. It arises from the margin of the nasal notch

of the 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 naris (m. nasalis) is a small, thin, triangular muscle arising

by its apex from the maxilla, above and a little external to the incisive fossa;

its fibres proceed upward and inward, expanding into a thin aponeurosis which

is attached to the fibrocartilage of the nose and is continuous on the bridge of

the nose with that of the muscle of the opposite side and with the aponeurosis of

the Pyramidalis nasi.

The Compressor narium minor is a small muscle attached by one end to the

alar cartilage, and by the other to the integument at the end of the nose.

The Depressor alae nasi (m. depressor septi) is a short radiated muscle arising

from the incisive fossa of the 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.
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Nerves.- -All of the muscles of this group are supplied bv the facial nerve.
Actions.—The P_\Tamidalis nasi draws down the inner angle of the eyebrows and produces

transverse wrinkles over the bridge of the nose. The Levator labii superioris alaeque nasi draws
upward the upper lip and ala of the nose; its most important action is upon the nose, which it

dilates to a considerable extent. The action of this muscle produces a marked influence over
the countenance, and it is the principal agent in the expression of contempt and disdain. The
two Dilatatores nasi enlarge the apertiu^ of the nose. Their action in ordinarv breathing is

to resist the tendency of the nostrils to close from atmospheric pressure, but in difficult breath-
ing they may be noticed to be in violent action, as well as in some emotions, as anger. The
Depressor alae nasi is a direct antagonist of the other muscles of the nose, drawing the ala of the
nose downward, and thereby constricting the apertiu^ of the nares. The Compressor naris
depresses the cartilaginous part of the nose and compresses the alse together.

6. The Maxillary Region (Fig. 287).

Levator labii superioris. Zygomaticus major.
Levator anguli oris. Zygomaticus minor.

In the BXA term musculus qiiadratm labii superioris three muscles are in-

cluded. The caput angulare is called in this book the Levator labii superioris

alaeque nasi. The caput infraorhitale is called the Levator labii superioris. The
caput zycfomaticum is called the Zygomaticus minor.'

The Levator labii superioris 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 maxilla, others to the malar
bone; its fibres converge to be inserted into the muscular substance of the upper
lip.

The Levator anguli oris {m. caninus) arises from the canine fossa immediately
below the infraorbital foramen; its fibres incline downward and a little outward, to

be inserted into the deep surface of the skin and into the subcutaneous tissue

near the angle of the mouth and intermingles with the fibres of the Zygomaticus
major, the Depressor anguli oris, and the Orbicularis oris.

The Zygomaticus major {m. zygomaticus) is a slender fasciculus which
arises from the malar bone, in front of the zygomatic suture, and, descending
obliquely downward and inward, is inserted into the deep surface of the skin and
subcutaneous tissue at the outer portion of the upper lip and into the angle of
the mouth, where it blends with the fibres of the Levator anguli oris, the Orbicu-
laris oris, and the Depressor anguli oris.

The Zygomaticus minor, which is often absent, arises from the malar bone
immediately behind the maxillary suture, and, passing downward and inward,
is inserted internal to the angle of the mouth and is continuous with the Orbicularis
oris at the outer margin of the Levator labii superioris. It lies in front of the
Zygomaticus major.

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 forward. It assists in forming the nasolabial ridge which passes from
the side of the nose to the upper lip and gives to the face an expression of sadness. The Levator
anguli oris raises the angle of the mouth and draws it inward, and assists the Levator labii su-
perioris in producing the nasolabial ridge. The Zygomaticus major draws the angle of the mouth
backward and upward, as in laughing; while the Zygomaticus minor, being inserted into the
outer part of the upper lip and not into the angle of the mouth, draws it backward, upward,
and outward, and thus gives to the face an expression of sadness.

» That this grouping is quite artificial and morphologically unwarranted has been shown by McMurrichAmencan Journal of Anatomy, vol. iii. Proceedings, p. iii.
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7. The Mandibular Region (Fig. 287).

Ivcvator menti. Depressor labii inferioris.

Depressor angiili oris.

Dissection. - -T!ie muscles in this region may be dissected by making a vertical incision through

the integument from the margin of the lower lip to the chin ; a second incision should then be

carried along the margin of the mandible as far as the angle, and the integument carefully

removed in the direction shown in Fig. 286.

The Levator menti (m, mentalis) is a small conical fasciculus placed on the

side of the frenum of the lower lip. It arises from the mandibular incisive fossa,

external to the symphysis of the mandible; its fibres descend to be inserted into

the integument of the chin.

The Depressor labii inferioris, or Quadratus menti (w. quadratus labii

inferioris) (Fig. 294), is a small quadrilateral muscle. It arises from the external

oblique line of the mandible, between the symphysis and mental foramen, and

passes obliquely upward and inward, to be inserted into the integument of the

lower lip, its fibres blending with the Orbicularis oris and with those of its fello^v

of the opposite side. It is continuous with the fibres of the Platysma at its origin.

This muscle contains much fat intermingled with its fibres.

The Depressor anguli oris (m. triangularis) (Fig. 287) is triangular in shape,

arising, by its broad base, from the external oblique line of the mandible, from

whence its fibres pass upward, to be inserted, by a narrow fasciculus, into the

angle of the mouth. It is continuous with the Platysma at its origin and a\ ith

the Orbicularis oris and Risorius at its insertion, and some of its fibres are directly

continuous with those of the Levator anguli oris.^

Nerves.—^This group of muscles is supplied by the facial nerve.

Actions.—The Levator menti raises the lower lip and protrudes it forward, and at the same
time wrinkles the integument of the chin, expressing doubt or disdain. The Depressor labii

inferioris draws the lower lip directly downward and a little outward, as in the expression of

irony. The Depressor anguli oris depresses the angle of the mouth, being the antagonist to the

Levator anguli oris and Zygomaticus major; acting with the Levator anguli oris, it will draw
the angle of the mouth directly inward.

8. The Buccal Region.

Orbicularis oris. Buccinator. Risorius.

Dissection.—The dissection of these muscles may be considerably facilitated by filling the

cavity of the mouth with tow, so as to distend the cheeks and hps; the mouth should then be

closed by a few stitches and the integument carefully removed from the surface.

The Orbicularis oris (Figs. 287 and 293) is not a simple sphincter muscle, like

the Orbicularis palpebrarum, but consists of numerous strata of muscle fibres,

having different directions, which surround the orifice of the mouth. These

fibres are partially derived from the other facial muscles which are inserted into

the lips, and are partly fibres proper to the lips themselves. Of the former,

a considerable number are derived from the Buccinator and form the deeper

stratum of the Orbicularis. Some of the Buccinator fibres—namely, those near

the middle of the muscle—decussate at the angle of the mouth, those arising

from the maxilla passing to the lower lip, and those from the mandible to the

• Muscle fibres connecting the two muscles below the chin are occasionally met with; they constitute th<

iftiaculua transversua menti of His and Waldeyer.
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upper lip. Other fibres of the muscle, situated at its upper and lower part,

pass across the lips from side to side without decussation. Superficial to this

stratum is a second, formed by the Levator and Depressor anguli oris, which cross

each other at the angle of the mouth, those from the Depressor passing to the upper

lip, and those from the I>evator to the lower lip, along which they run to be in-

serted into the skin near the median line. In addition to these there are fibres from

the other muscles inserted into the lips—the Levator labii superioris, the Levator

labii superioris alaeque nasi, the Zygomatici, and the Depressor labii inferioris;

these intermingle with the transverse fibres above described, and have principally

an oblique direction. The proper fibres of the lips are oblique, and pass from the

under surface of the skin to the mucous membrane through the thickness of the

lip. In addition to these are fibres by which the muscle is connected directly

with the maxilla and mandible and with the septum of the nose. In the upper lip

these consist of two bands, an inner and an outer, on each side of the nasal plane;

the outer band {in. incisiims superior) arises from the alveolar border of the maxilla,

opposite the lateral incisor tooth, and, arching outward on each side, is continuous

*•!«"U ORIS

I BUCCINATOR

Fig. 293.—Plan of the 6bres constituting the Orbicularis oris muscle.

at the angle of the mouth with the other muscles inserted into this part. The
inner band (m. nasolabialis) connects the upper lip to the septum of the nose.

The interval between the two inner bands corresponds with the depression called

the philtrum seen on the surface of the skin beneath the septum of the nose. The
additional fibres for the lower lip (w. incisiims inferior) arise from the mandible,

externally to the Levator menti, and arch outward to the angles of the mouth
to join the Buccinator and the other muscles attached to this part.

The Buccinator (Fig. 294) is a broad, thin muscle, quadrilateral in form,

which occupies the intenal between the jaws at the side of the face. It arises

from the outer surface of the alveolar processes of the maxilla and mandible,

corresponding to the three molar teeth, and, behind, from the anterior border of

the pterygomandibular ligament, which separates it from the Superior constrictor

of the pharynx. The fibres converge toward 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 uninterruptedly into the

corresponding segment of the lip, without decussation.
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Relations.^By its superficial surface, behind, with a large mass of fat, the sucking pad (cor-

pus adiposum buccae), which separates it from the ramus of the mandible, the Masseter, and
a small portion of the Temporal muscle. The sucking pad is much more developed, relatively, in

children than in adults. It assists sucking by aiding the cheek to resist atmospheric pressure.
The Buccinator muscle is in relation, anteriorly, with the Zygomatici, Risorius, Levator anguli

Fig. 294.—^Temporal and deep mtiscles about the mouth. (Testut.)

oris, Depressor anguli oris, and the parotid duct, which pierces it opposite the second molar
tooth of the maxilla; the facial artery and vein cross it from below upward; it is also crossed
by the branches of the facial and buccal nerves. By its deep surface it is in relation witji the
buccal glands and mucous membrane of the mouth.

The pterygomandibular ligament (raphe perygomandihularis) is a tendinous
thickening of the buccopharyngeal fascia, attached by one extremity to the apex
of the internal pterygoid plate, and by the other to the posterior extremity (lingula)
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of the internal oblique line of the mandible. Its deep surface corresponds to the

cavity of the mouth, and is lined with mucous membrane. Its superficial surface

is separated from the ramus of the mandible by a quantity of adipose tissue.

Its posterior border gives attachment to the Superior constrictor of the pharynx;

its anterior border, to the fibres of the Buccinator.

The buccopharyngeal fascia (fascia buccopharyngeal is a thin fascia covering

the superficial surface of the Buccinator muscle. It is gradually lost in front of

the angle of the mouth. Posteriorly, it is continued over the superficial surface

of the Constrictor muscles. Its thickened cord-like portion is the stylomandibular

ligament.

The Risorius (m. risorms) (Fig. 287) consists of a narrow bundle of fibres

which arises in the fascia over the Masseter muscle, and, passing horizontally

forward, is inserted with the Depressor anguli oris into the subcutaneous and
muscular tissue at the angle of the mouth. 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 muscles in this group are all supplied by the facial nerve.

Actions.—The Orbicularis oris in its ordinary action produces the direct closure of the lips;

by its deep fibres, assisted by the obhque ones, it closely appUes the lips to the alveolar arch.

The superficial part, consisting principally of the decussating fibres, brings the lips together

and also protrudes them forward. 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. \Mien the cheeks have been previously distended with air, the Buccinator muscles expel

it from between the lips, as in blowing a trumpet. Hence the name (buccina, a triunpet). The
Risorius retracts the angles of the mouth, and produces the unpleasant expression which is

sometimes seen in tetanus, and is known as ri^us sardonicus, the sardonic laugh.

9. The Temporomandibular Re^on.

Masseter. Temporal.

The masseteric fascia (fascia parotideomasseterica) covers the Masseter muscle.

It is firmly connected with this muscle and is derived from the deep cervical

fascia. Above, this fascia is attached to the lower border of the zygoma, and
behind, it invests the parotid gland, constituting the parotid fascia.

The Masseter muscle (/«. masseter) (Fig. 287) is a short, thick muscle,

somewhat quadrilateral in form, consisting of two portions, the superficial and
the deep. The superficial portion, the larger, arises by a thick, tendinous aponeu-
rosis from the malar process of the maxilla, and from the anterior two-thirds of

the lower border of the zygomatic arch; its fibres pass downward and backward,
to be inserted into the angle and lower half of the outer surface of the ramus of

the mandible. The deep portion is much smaller and more muscular in texture;

it arises from the posterior third of the lower border and the whole of the deep
surface of the zygomatic arch; its fibres pass downward and forward, to be inserted

into the upper half of the ramus and outer surface of the coronoid process of the

mandible. 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 continuous at their insertion.

Relations.—By its superficial surface, with the Zygoraatici, the parotid gland (the socia paro-

tidis), the parotid duct, the branches of the facial nerve and the transverse facial vessels, which
cross it; the masseteric fascia; the Risorius, Platj'sma, and the integiunent. By its deep surface

it is in relation with the Temporal muscle at its insertion, the ramus of the mandible, the Buc-
cinator and the long buccal nerve, from which it is separated by a mass of fat (sucking pad).

The masseteric nerve and artery enter in on its deep surface. Its posterior margin is overlapped

by the parotid gland. Its anterior margin, which projects over the Buccinator muscle, is crowed
below bv the facial vein.
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The temporal fascia (j'ascia temporalis) covers the Temporal muscle. It is a

strong, fibrous investment, covered, on its superficial surface, by the Attrahens

and Attollens aurem muscles, the aponeurosis of the Occipitofrontalis, and by

part of the Orbicularis palpebrarum. The temporal vessels and the auriculo-

temporal nerve cross it from below upward. Above, it is a single layer, attached

to the entire extent of the upper 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 artery, and a filament from the orbital, or

temporomalar, branch of the superior maxillary nerve are contained between these

two layers. It affords attachment by its deep surface to the superficial fibres of

the Temporal muscle.

Dissection.—In order to expose the Temporal muscle, remove the temporal fascia, which

may be effected by separating it at its attachment along the upper border of the zygoma and
dissecting it upward 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 downward with the Masseter, which should be detached from its insertion into

the ramus and angle of the mandible. The whole extent of the Temporal muscle is then exposed

Fig. 295.—The Temporal muscle, the zygoma and Masseter having been removed.

The Temporal muscle (m. temporalis) (Figs. 294 and 295) is a broad, radiating

muscle situated at the side of the head and occupying the entire extent of the tem-

poral fossa. It arises from the whole of the temporal fossa except that portion

of it which is formed by the malar bone. Its attachment 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 greater 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 a flat tendon, which is inserted into the inner and outer surfaces,

apex, and anterior border of the coronoid process and the anterior border of the

ramus of the mandible, nearly as far forward as the last molar tooth.

Relations.—By its superficial surface, with the integument, the Attrahens and Attollens aurem

muscles, the temporal vessels and nerves, the aponeurosis of the Occipitofrontalis, the temporal



THE PTERYGOMANDIBULAR REGION 379

fascia, the zj-goma, and Masseter; by its deep surface, with the temporal fossa, the External

pterygoid and part of the Buccinator muscles, the internal maxillary artery and its deep tem-

poral branches, and the deep temporal nerves. Behind the tendon are the masseteric vessels

and nerve, and in front of it the buccal vessels and ner\-e. Its anterior border is separated from

the malar bone by a mass of fat.
- . I

Nerves.—Both the Masseter and Temporal muscles are supplied by branches of the inferior I

maxillary division of the trigeminal nerve.

10. The Pterygomandibular Region (Figs. 296, 297).

External pterygoid. Internal pterygoid.

Dissection.—The Temporal muscle having been examined, saw through the base of the

coronoid process and draw it upward, together with the Temporal muscle, which should be

detached from the surface of the temporal fossa. Divide the ramus of the mandible just below

the condvle, and also, by a transverse incision extending across the middle, just above the dental

foramen; remove the fragment, and the Pterygoid muscles will be exposed.

Fig. 296.—The Pter>'goid muscles, the zygomatic arch, and a portion of the ramus of the mandible
ha\-ing been removed.

The External pterygoid muscle (m. pterygoideus externum) is a short, thick

muscle, somewhat conical in form, which extends almost horizontally between the

zygomatic fossa and the condyle of the mandible. It arises by two heads, sepa-

rated by a slight inter\al ; the Tipper head arises from the inferior surface of the greater

[wing of the .sphenoid and from the pterygoid ridge which separates the zygomatic

'from the temporal fossa ; the lower head arises from the outer surface of the external

pterygoid plate. Its fibres pass horizontally backward and outward, to be inserted

[into a depression in front of the neck of the condyle of the mandible and into the

i front of the articular disk of the temporomandibular articulation.

Relations.—By its superficial surface, with the ramus of the mandible, the internal maxillary

artery, which crosses it,* the tendon of the Temporal muscle, and the Masseter; by its deep

isurface it rests against the upper part of the Internal pterigoid muscle, the internal lateral liga-

[ment, the middle meningeal arterv-, and inferior maxillary nerse; by its upper border it is in

[relation with the temporal and masseteric branches of the inferior maxillary nerve; by its lower

[border it is in relation with the inferior dental and lingual nenes. llirough the intenal

between the two portions of the muscle, the buccal nerse emerges and the internal maxillary

; artery passes, when the trunk of this vessel lies on the muscle (^Fig. 292).

' This is the usual relation, but in many cases the artery will be found belowIhe muscle.
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The Internal pterygoid muscle {vi. yterygoideus internus) is a thick, quadri-

lateral muscle, and resembles the Masseter in form. It arises from the pterygoid
fossa, being attached to the inner surface of the external pterygoid plate and to

the grooved surface of the tuberosity of the palate bone, and by a second slip

from the outer surface of the tuberosities of the palate and maxilla : its fibres pass

downward, outward, and backward, to be inserted, by a strong, tendinous lamina,
into the lower and back part of the inner side of the ramus and angle of the
mandible as high as the dental foramen.

Relations.—By its superficial sttrface, with the ramus of the mandible, from which it is sep-
arated, at its upper part, by the External pterygoid muscle, the internal lateral ligament, the
internal maxillary artery, the dental vessels and nerves, and the lingual nerve, and a process
of the parotid gland. By its deep surface, with the Tensor palati, being separated from the
Superior constrictor of the pharynx by a cellular interval.

Nerves.—These muscles are supplied by branches of the mandibular division of the tri-

geminal uerve.

ActionS.-\The Temporal, Masseter, and Internal pterygoid raise the mandible against the

maxillfe with great force.) The External pterygoids assist in operjjng the mouth, but theii^^iain

action is to drawforward the condyles and articular disks so that the mandible is protruded and the

inferior incisors are projected in front of the upper; in this action they are assisted by the Internal

pterygoidsJ The mandible is retracted by the posterior fibres of the Temporal. If the Internal

and External pterygoids of one side act, the corresponding side of the mandible is drawn for-

ward, while the opposite condyle remains comparatively fixed, and lateral mxrvement, such as

occurs during the trituration of the food, takes place.

Surface Form.—The outline of the muscles of the head and face cannot be traced on the

surface of the body, except in the case of two of the masticatory muscles. Those of the head

are thin, so that the outline of the bone is perceptible beneath them. Those in the face are

small, covered by soft skin, and often by a considerable layer of fat, so that their outline is con-

cealed, but they serve to round off and smooth prominent borders and to fill up what would be
otherwise unsightly angular depressions. Thus, the Orbicularis palpebrarum rounds off the

prominent margin of the orbit, and the Pyramidalis nasi fills in the sharp depression beneath

the glabella, and thus softens and tones down the abrupt depression which is seen on the un-

clothed bone. In like manner, the labial muscles, converging to the lips and assisted by the

superimposed fat, fill in the sunken hollow of the lower part of the face. Although the muscles

of the face are usually described as arising from the bones and inserted into the nose, lips, and
corners of the mouth, they have fibres inserted into the skin of the face along their whole extent,

so that almost every point of the skin of the face has its muscular fibre to move it; hence it is

that when in action the facial muscles produce alterations in the skin-surface, giving rise to the

formation of various folds or wrinkles, or otherwise altering the relative position of the parts,

so as to produce the varied expressions with which the face is endowed; hence these muscles

are termed the muscles of expression} The only two muscles in this region which greatly influence

surface form are the Masseter and the Temporal. The Masseter is a quadrilateral muscle,

which imparts fulness to the hinder part of the cheek. When the muscle is firmly contracted, as

when the teeth are clenched, its outline is plainly visible; the anterior border forms a prominent
vertical ridge, behind which is a considerable fulness, especially marked at the lower part of the

muscle; this fulness is entirely lost when the mouth is opened and the muscle no longer in a

state of contraction. The Temporal muscle is fan-shaped, and fills the temporal fossa, sub-

stituting for it a somewhat convex form, the anterior part of which, on account of the absence

of hair over the temple, is more marked than the posterior, and stands out in strong relief when
the muscle is in a state of contraction.

MUSCLES AND FASGIiE 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 Cervical Region. 5. Pharyngeal Region.

2. Infrahyoid Region. 6. Palatal Region.

3. Suprahyoid Region. 7. Anterior Vertebral Region.

4. Lingual Region. 8. Lateral Vertebral Region.

9. Muscles X)f the Larynx.

' Consult Darwin. The Expression of the Emotions in Man and Animals, and several articles in the Journal of
Anatomy and Physiology, vols, xiii, XiV, and xxxi.
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The muscles contained in each of these groups are the following:

1. Superficial Region.

Platysma.

Sternomastoid.

2. Infrahyoid Region.

Sternohyoid.

Sternothyroid.

ThjTohyoid.'

Omohyoid.

3. Suprahyoid Region.

Digastric.

Stylohyoid.

Mylohyoid.

Geniohyoid.

4. Lingual Region.

^ f Geniohyoglossus.
*5 Hyoglossus.

x \ Chondroglossus.

^^ I
Styloglossus.

^
t Palatoglossus.

t; r Superior Hngual.

'I J Inferior lingual.

'^
I

Transyerse hngual.

^ t Vertical lingual.

5. Muscles of the Pharynx.

Inferior constrictor.

Middle constrictor.

Superior constrictor.

Stylophar\'ngeus.

Palatopharyngeus.

Salpingopharyngeus.

6. Muscles of the Soft Palate.

Levator palati.

Tensor palati.

Azygos uyulae.

Palatoglossus.

PalatopharjTigeus.

Salpingophar\ngeus.

7. Muscles of the Afiterior Vertebral

Region.

Rectus capitis anticus major.

Rectus capitis anticus minor.

Rectus capitis lateralis.

Longus colli.

8. Muscles of the Lateral Vertebral

Region.

Scalenus anticus.

Scalenus medius.

Scalenus posticus.

9. Muscles of the Larynx {Intrinsic).

Included in the description of the
Larynx (page 1172.)

1. The Superficial Cervical Region.

Platvsma. Sternomastoid.

Dissection.—A block ha\-ing been placed at the back of the neck, and the face turned to

the side opposite that to be dissected, so as to place the parts upon the stretch, make two trans-

verse incisions, one from the chin, along the margin of the mandible, to the mastoid process,

and the other along the upper border of the cla\-icle. Connect these by an oblique incision

tmade
in the course of the Sternomastoid muscle, from the mastoid process to the sternum; the

two flaps of integument having been removed in the direction shown in Fig. 286, the superficial

fascia will be exposed.

The superficial cervical fascia is a thin, aponeurotic lamina which is hardly

demonstrable as a separate membrane. It invests the Platysma.

The Platysma (platysma) (Fig. 287) is a broad, thin plane of muscle fibres

situated on the side of the neck. It arises by thin, fibrous bands from the fascia

covering the upper part of the Pectoral and Deltoid muscles; its fibres pass
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over the clavicle and proceed obliquely upward and inward along the side of the
neck. The anterior fibres interlace, below and behind the symphysis menti,

with the fibres of the muscle of the opposite side; the posterior fibres pass over

the mandible, some of them are attached to the bone below the external oblique

line, others pass on to be inserted into the skin and subcutaneous tissue of the

lower part of the face, and many of these fibres blend with the muscles about the

angle and lower part of the mouth. Sometimes fibres can be traced to the Zygo-
matic muscles or to the margin of the Orbicularis oris. Beneath the Platysma
the external jugular vein may be seen descending in a line from the angle of the

mandible to the middle of the clavicle.

Relations.—By its superficial surface, with the integument, to which it is united more closely

below than above; by its deep surface, with the Pectoralis major and Deltoid, and with the

clavicle. In the neck, with the external and anterior jugular veins, the deep cervical fascia, the

superficial branches of the cervical plexus, the Sternomastoid, Sternohyoid, Omohyoid, and
Digastric muscles. Behind the Sternomastoid muscle the Platysma covers in the posterior tri-

angle of the neck; on the face it is in relation with the parotid gland, the facial artery and vein,

and the Masseter and Buccinator muscles.

Nerves.—The lower division of the facial nerve supplies this muscle.
Action.—The Platysma produces a slight wrinkling of the surface of the skin of the neck

in an oblique direction, when the entire muscle is brought into action. Its anterior portion,

the thickest part of the muscle, depresses the mandible; it also serves to draw down the lower
lip and the angle of the mouth on each side, thus being one of the chief agents in the expression

of melancholy. In the pressure upon the bloodvessels of the neck induced by strong inspira-

tory effort, this muscle draws away the skin and fascia, and by so doing greatly' diminishes

the pressure on the veins.

The deep cervical fascia (fascia colli) (Fig. 297) lies under cover of the Platysma

muscle and constitutes a complete investment for the neck. It also forms a

sheath for the carotid vessels, and, in addition, is prolonged deeply in the shape

of certain processes or lamellae, which come into close relation with the structures

situated in front of the vertebral column.

The investing portion of the fascia is attached, behind, to the ligamentum nuchae

and to the spine of the seventh cervical vertebra. It forms a thin investment

for the Trapezius muscle, at the anterior border of which it is continued forward

as a loose areolar layer, which covers the posterior triangle of the neck; thence

it passes to the posterior border of the Sternomastoid, where it begins to assume
the appearance of a fascial membrane. Along the hinder edge of the Sternomastoid

the membrane divides to enclose this muscle, at the anterior edge of which it once

more forms a single lamella, which roofs in the anterior triangle of the neck,

and, reaching forward to the middle line, is continuous with the corresponding

part from the opposite side of the neck. In the middle line of the neck it is

attached to the symphysis menti and to the body of the hyoid bone.

Above, the fascia is attached to the superior curved line of the occiput, to the

mastoid process of the temporal, and to the whole length of the body of the man-
dible. Opposite the angle of the mandible the fascia is very strong, and binds

the anterior edge of the Sternomastoid firmly to that bone. Between the mandible

and the mastoid process it ensheaths the parotid gland—the layer which covers

the gland extending upward (parotid fascia) to be fixed to the zygomatic arch.

The parotid fascia is prolonged forward to cover the Masseter muscle, the masse-

teric fascia. From the layer which passes under the parotid a strong band, the

stylomandibular ligament, reaches from the styloid process to the angle of the

mandible. Three other bands may be defined—the internal lateral ligament of

the temporomandibular articulation (p. 279), the pterygomandibular, and the

pterygospinous ligaments. The pterygospinous ligament stretches across from
the upper half of the posterior free border of the external pterygoid plate to the

spinous process of the sphenoid. It occasionally ossifies, producing an adventi-
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[tious pterygospinous foramen, which transmits the branches of the mandibular

fdi\'ision of the trigeminal nerve to the muscles of mastication.

Below, the cervical fascia is attached to the acromion process, the cla\'icle, and

to the manubrium sterni. Some little distance above the last-named point, how-

ever, it splits into two layers, superficial and deep. The former is attached to

the anterior border of the manubrium, the latter to its posterior border and to

the interclavicular ligament. Between these two layers is a slit-Hke interA'al,

the suprasternal space (spatium suprasternale). It contains a small quantity of

TrocUear process of deep cervical
,

fatcia for Omohyoid tendon.
j

• I

OMOHYOID. I

Thyrvid body. \

Common carotid ariery.

Internal jugular rein..

8TERNOMASTOID. -^

VagusY
nerve. y~-~~

SCALENUS
ANTICUS. )

- AtUerior jugular veim.

STERNOHYOID.

STERNOTHYROID.

Pretracheal fascia.

Trachea^

''Esophagus.

Prevertebral fascia.

LONGUS COLLI.

f>ih cerrieal.

Vert^tral vetidM.

SCALENUS '.

MEDIUS. '

SPLENIUS
COLLI. )

LEVATOR
ANGULI '

SCAPULAE. ) -SEMISPINAUS COLLL

TRAPEZIUS.

Fig. 297

COMPLEXUS.

-SPLENIUS CAPITIS.

-Section of the neck at about the level of the sixth cer\-ical vertebra. Showing the arrangement of the
deep cer>-ical fascia.

areolar tissue, sometimes a lymph node, the lower portions of the anterior jugular

[veins and their transverse connecting branch, and also the sternal heads of the

ISternomastoid muscles.

The fascia which covers the deep aspect of the Sternomastoid gives off certain im-

i

portant processes, viz. : (1) A trochlear process to envelop the tendon of the Omohy-
oid, and bind it down to the sternum and first costal cartilage. (2) A strong sheath,

the carotid sheath, for the large vessels of the neck, enclosed within which are the

I carotid artery, internal jugular vein, the vagus, and descendens hypoglossi nerves.
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(3) The prevertebral fascia (fascia praevertebralis) , which extends inward behind

the carotid vessels, where it assists in forming their sheath, and passes in front

of the prevertebral muscles. It thus forms the posterior limit of a fibrous compart-

ment which contains the larynx and trachea, the thyroid gland, and the pharynx

and oesophagus. The prevertebral fascia is fixed above to the base of the skull,

while below it is continued into the thorax in front of the Longus colli muscles.

Parallel to the carotid vessels and along their inner aspect it gives off a thin

lamina, the buccopharyngeal fascia, which closely invests the Constrictor muscles

of the pharynx, and is continued forward from the Superior constrictor on to the

Buccinator. The prevertebral fascia is attached to the prevertebral layer by
loose connective tissue only, and thus an easily distended space, the retrophar3mgeal

space, is found between them. This space is limited above by the base of the

skull, while below it extends behind the oesophagus into the thorax, where it is

continued into the posterior mediastinum. This fascia is also prolonged downward
and outward behind the carotid vessels and in front of the Scaleni muscles, and
forms a sheath for the brachial plexus of nerves and for the subclavian vessels in the

posterior triangle of the neck, and, continuing under the clavicle as the axillary

sheath, it becomes attached to the deep surface of the costocoracoid membrane.
Immediately above the clavicle an areolar space exists between the investing layer

and the sheath of the subclavian vessels, and in it are found the lower part of the

external jugular vein, the descending clavicular nerves, the suprascapular and
transversalis colli vessels, and the posterior belly of the Omohyoid muscle. This

space extends downward behind the clavicle, and is limited below by the fusion

of the costocoracoid membrane with the anterior wall of the axillary sheath.

(4) The pretracheal fascia, which extends inward in front of the carotid vessels, and
assists in forming the carotid sheath. It is further continued behind the Depressor

muscles of the hyoid bone, and, after enveloping the thyroid body, is prolonged

in front of the trachea to meet the corresponding layer of the opposite side.

Above, it is fixed to the hyoid bone, while below it is carried downward in front of

the trachea and large vessels at the root of the neck, and ultimately blends with the

fibrous pericardium. This layer is fused on either side with the prevertebral

layer, with which it completes the compartment containing the larynx and trachea,

the thyroid gland, the pharynx, and oesophagus.

Applied Anatomy.—The deep cervical fascia is of considerable importance from a surgical

point of view. As will be seen from the foregoing description, it may be divided into three layers

:

(1) A superficial layer; (2) a layer passing in front of the trachea, and forming with the super-

ficial layer a sheath for the Depressors of the hyoid bone; (3) a prevertebral layer passing in

front of the bodies of the cervical vertebrae, and forming with the second layer a space in which
are contained the trachea, oesophagus, etc. The superficial layer forms a complete investment
for the neck. It is attached behind to the ligamentum nuchae and the spine of the seventh cer-

vical vertebra; above, it is attached to the external occipital protuberance, to the superior curved
line of the occiput, to the mastoid process, to the zygoma and the mandible; below, it is attached

to the manubrium sterni, the clavicle, the acromion process, and the spine of the scapula; in

front it blends with the fascia of the opposite side.- This layer opposes the extension of abscesses

or new growths toward the surface, and pus forming beneath it has a tendency to extend laterally.

If pus is in the posterior triangle, it might extend backward under the Trapezius, forward under
the Sternomastoid, or downward under the clavicle for some distance, until stopped by the

junction of the cervical fascia to the costocoracoid membrane.— If the pus is contained in the

anterior triangle, it might find its way into the anterior mediastinum, being situated in front

of the layer of fascia which passes down into the thorax to become continuous with the peri-

cardium; but owing to the lesser density and thickness of the fascia in this situation it more
frequently finds its way through it and points above the sternum. The second layer of fascia

is connected above with the hyoid bone. It passes down beneath the Depressors and in front

of the thyroid body and trachea to become continuous with the fibrous layer of the pericardium.

Laterally it invests the great vessels of the neck and is coimected with the superficial layer beneath

the Sternomastoid. Pus forming beneath this layer would in all probability find its way into

the posterior mediastinum. The third layer (the prevertebral fascia) is connected above to the

base of the skull. Pus forming beneath this layer, in cases, for instance, of caries of the bodies
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of the cer\ncal vertebrae, might extend toward the posterior and lateral part of the neck and
point in this situation, or might {perforate this laver of fascia and the pharjngeal fascia and
point into the pharynx (retropharunqeal abscess).

In cases of cut throat the cervical fascia is of considerable importance. When the v^ound
involves only the superficial layer the injure' is usually trivial, the only special danger being
injury to the external jugular vein, and the only special complication being diffuse cellulitis.

But where the second of the two layers has been opened up, and where important structures mav
have been injured, serious results may ensue.

The Stemomastoid (vi. stemocleidoviastoideus) (Fig. 298) is a large, thick

muscle, which passes obliquely across the side of the neck, being enclosed between
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 l^ehind, which arises from the upper and anterior part of the first

piece of the sternum, and is directed upward, outward, and backward. The
clavicular portion arises from the inner third of the superior border and anterior
surface of the clavicle, being composed of fleshy and aponeurotic fibres; it is

directed almost vertically upward. These two portions are separated from each

Fig. 298.—Muscles of the neck and boundaries of the triangles.

Other, at their origin, by a triangular cellular intenal, but become gradually
blended, Ijelow 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 of the
temporal bone, from its apex to its superior border, and by a thin aponeurosis
into the outer half of the superior cur\-ed line of the occipital bone. The Stemo-
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, the former, may be
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as much as three inches in breadth. When the clavicular origin is broad, it is

occasionally subdivided into numerous slips separated by narrow intervals.

More rarely, the corresponding margins of the Sternomastoid and Trapezius

have been found in contact.

Triangles of the Neck.—The Sternomastoid muscle divides the quadrilateral area of the side

of the neck into two triangles, an anterior and a posterior. The boundaries of the anterior

triangle are, m front, the median Hne of the neck; above, the lower border of the body of the

mandible, and an imaginary line drawn from the angle of the mandible to the mastoid process;

behind, the anterior border of the Sternomastoid muscle. The apex of the triangle is at the

upper border of the sternum. The boundaries of the posterior triangle are, in front, the pos-

terior border of the Sternomastoid; below, the middle third of the clavicle; behind, the anterior

margin of the Trapezius.' The apex corresponds with the meeting of the Sternomastoid and
Trapezius on the occipital bone.

Relations.—By its superficial surface, with the integument and Platysma, from which it is

separated by the external jugular vein, some of the superficial branches of the cervical plexus,

and the superficial layer of the deep cervical fascia. By its deep surface it is in relation with the

Sternoclavicular articulation; a process of the deep cervical fascia; the Sternohyoid, Sterno-

thyroid, Omohyoid, posterior belly of the Digastric, Levator anguli scapulae, Splenius and
Scaleni muscles; common carotid artery, internal jugular vein, commencement of the internal

and external carotid arteries, the occipital, subclavian, transversalis colli, and suprascapular

arteries and veins; the phrenic, vagus, hypoglossal, descendens and communicans hypoglossi

nerves; the spinal accessory nerve, which pierces its upper third; the cervical plexus, parts

of the thyroid and parotid glands, and deep lymph nodes.

Nerves.—The Sternomastoid is supplied -by the spinal accessory nerve and deep branches

of the cervical plexus.

Actions.—When only one Sternomastoid muscle acts, it draws the head toward the shoulder

of the same side, assisted by the Splenius and the Obliquus capitis inferior of the opposite side.

At the same time it rotates the head so as to carry the face toward the opposite side. When
the two muscles act together they flex the head upon the neck. If the head is fixed, the two

muscles assist in elevating the thorax in forced inspiration.

Applied Anatomy.—The applied anatomy of the Sternomastoid muscle is of importance

chiefly in connection with the deformity known as ivry-neck (torticollis). Wry-neck may be

either acquired, congenital, or spasmodic. The acquired may be caused by acute glandular

enlargement, cellulitis of the neck, myositis of the Sternomastoid, or cervical caries. The co7i-

genital variety is due to injury of the Sternomastoid during birth, which probably causes a

subsequent chronic fibrous myositis (Mikulicz). This is best remedied by making an open

horizontal incision over the origin of the muscle and exposing it. A director is then passed

underneath and the muscle clearly divided, making sure that any tense bands of fascia are thor-,

oughly divided. Spasmodic torticollis is a condition of adult life. It is marked by clonic or

tonic spasm, first %f the Sternomastoid, then of many of the other neck muscles. It is thought

to be a disease of the central nerve system.

2. The Infrahyoid Region (Figs. 298, 299).

Depressors of the Hyoid Bone and Larynx.

Sternohyoid. Thyrohyoid.

Sternothyroid. Omohyoid.

Dissection.—The muscles in this region may be exposed by removing the deep fascia from the

front of the neck. In order to see the entire extent of the Omohyoid it is necessary to divide

the Sternomastoid at its centre, and turn its ends aside, and to detach the Trapezius from the

clavicle and scapula. This, however, should not be done until the Trapezius has been dissected.

The Sternohyoid (m. stemohyoideus) is a thin, narrow, ribbon-like muscle,

which arises from the inner extremity of the clavicle, the posterior sternoclavicular

ligament, and the upper and posterior part of the first piece of the sternum;

passing upward and inward, it is inserted, by short, tendinous fibres, into the lower

border of the body of the hyoid bone. This muscle is separated, below, from

> The anatomy of these triangles will be more exactly described with that of the vessels of the neck.



THE jyFRAHYOID REGION 387

its fellow bv a considerable intenal ; but the two muscles come into contact with

each other in the middle of their course, and from this upward lie side bv side.

It sometimes presents, immediately above its origin, a transverse tendinous

intersection, like those in the Rectus abdominis. As a rule, two bursae (hursae

sternohyoidii) lie between the cricothyroid membrane and the Sternohyoid

muscle.

Relations.—By its superficial surface, Mow, with the sternum, the sternal end of the clanele,

and the Sternomastoid ; and above, with the Platysma and deep cervical fascia; by its deep sur-

face, with the Sternoth\Toid, Cricothyroid, and Th\Tohyoid muscles, the thjToid gland, the

superior th\Toid vessels, the thvToid cartilage, the cricoth\Toid and th\Tohyoid membranes.

The Sternothyroid (m. stemothyreoideus) is situated beneath the preceding

muscle, but is shorter and wider than it. It arises from the posterior surface of

the first piece of the sternum, below the origin of the Sternohyoid, and from the

edge of the cartilage of the first rib, occasionally of the second rib also, and is

inserted into the oblique line on the side of the ala of the thyroid cartilage. This

muscle is in close contact with its fellow at the lower part of the neck, and is occa-

Symphysis
of Mandible.

Sternum.

Fig. 299.—Muscles of the neck. Anterior view.

sionally traversed by a transverse or oblique tendinous intersection, like those in
the Rectus abdominis.

Relations.—By its superficial surface, with the SternohyiW, Omohyoid, and Sternomastoid;
by its deep surface, horn below upward, with the trachea',Mnnominate veins, common carotid
(and on the right side the innominate arter}), the thyroid gland and its vessels, and the lower
part of the larynx and pharynx. The inferior thyroid vein lies along its inner border, a relation
which it is important to remember in the operation of tracheotomy. On the left side the deep
surface of the muscle is in relation to the oesophagus.

The Thyrohyoid (m. thyreohyoideus) is a small, quadrilateral muscle appear-
ing like a continuation of the Sternothyroid. It arises from the oblique line on
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the side of the thyroid cartilage, and passes vertically upward to be inserted into
the lower border of the body and greater cornu of the hyoid bone.

Relations.—By its superficial surface, with the Sternohyoid and Omohyoid muscles; by its

deep surface, with the thyroid cartilage, the thyrohyoid membrane, and the superior laryngeal
vessels and nerve.

The Omohyoid (m. omohyoideus) passes across the side of the neck, from the

scapula to the hyoid bone. It consists of two fleshy bellies, united by a central

tendon. It arises from the upper border of the scapula, and occasionally from the

transverse ligament which crosses the suprascapular notch, its extent of attach-

ment to the scapula varying from one-sixth of an inch to an inch. From this

origin the posterior belly (venter inferior) forms a flat, narrow fasciculus, which
inclines forward and slightly upward across the lower part of the neck, behind
the Sternomastoid muscle, where it becomes tendinous; it then changes its direc-

tion, forming an obtuse angle, and terminates in the anterior belly (venter superior),

which passes almost vertically upward, close to the outer l)order of the Sternohyoid,

to be inserted into the lower border of the body of the hyoid bone, just external to

the insertion of the Sternohyoid. The central tendon of this muscle, which varies

much in length and form, is held in position by a process of the deep cervical

fascia, which includes it in a sheath. This process is prolonged down, to be
attached to the clavicle and first rib. It is by this means that the angular form of

the muscle is maintained.

The posterior belly of the Omohyoid divides the posterior triangle of the neck into an upper
or occipital, and a lower or subclavian triangle, while its anterior belly divides the anterior

triangle of the neck into an upper or carotid, and a lower or muscular triangle.

Relations.—By its superficial surface, with the Trapezius, the Sternomastoid, deep cervical

fascia, Platysma, and integument; by its deep surface, with the Scaleni muscles, phrenic nerve,

lower cervical nerves which go to form the brachial plexus, the suprascapular vessels and nerve,

sheath of the common carotid artery and internal jugular vein, the Sternothyroid and Thyro-
hyoid muscles.

Nerves.—The Depressors of the hyoid bone are supplied by branches from the ansa certi-

calis formed by the first three cervical nerves.

Actions.—These muscles depress the larynx and hyoid bone, after they have been drawn

up with the pharynx in the act of deglutition. The Omohyoid muscles not only depress the

hyoid bone, but carry it backward and to one side. This bone is concerned especially in pro-

longed inspiratory efforts; for by rendering the lower part of the cervical fascia tense it lessens

the inward suction of the soft parts, which would otherwise compress the great vessels and the

apices of the lungs. This action is synergistic with that of the Platysma. The Thyrohyoid

may act as an elevator of the thyroid cartilage when the hyoid bone ascends, drawing upward

the" thyroid cartilage, behind this bone. The Sternothyroid acts as a depressor of the thyroid

cartilage.

3. The Suprahyoid Region (Figs. 298, 299).

Elevators of the Hyoid Bone—Depressors of the Mandible,

Digastric. Mylohyoid.

Stylohyoid. Geniohyoid.

Dissection.—To dissect these muscles a block should be placed beneath the back of the

neck, and the head drawn backward and retained in thi^t position. On the removal of the

deep fascia the muscles are at once exposed.

The Digastric (m. digastricus) consists of two fleshy bellies united by an inter-

mediate, rounded tendon. It is a small muscle, situated below the side of the

body of the mandible, and extending, in a curved form, from the side of the

head to the symphysis of the mandible. The posterior belly (venter posterior),

longer than the anterior, arises from the digastric groove on the inner side of the

mastoid process of the temporal bone, and passes downward, forward, and inward.
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The anterior belly {center anterior) arises from a depression on the inner side

of the lower border of the mandible, close to the sjTnphvsis, and passes downward

and backward. The two bellies terminate in the central tendon which per-

forates the Stylohyoid, and is held in connection with the side of the body and

the greater cornu of the hyoid bone by a fibrous loop, lined with a synovial mem-
brane. A broad aponeurotic layer is given off from the tendon of the Digastric

on each side, which is attached to the body and greater cornu of the hyoid bone;

this is termed the suprahyoid aponeurosis. It forms a strong layer of fascia between

the anterior portions of the two muscles, and a firm investment for the other muscles

of the suprahyoid region which lie deeper.

Relations.

—

By its superficial surface, with the mastoid process, the Platysma, Stemomastoid,

pan of the Splenius, Trachelomastoid, and St}lohvoid muscles, and the parotid gland. By
its dfep surface, the anterior belly lies on the Mylohyoid; the posterior belly on the Styloglossus,

StA'lopharyngeus, and Hyoglossus muscles, the external carotid artery and its occipital, lingtial,

facial, and ascending pharyngeal branches, the internal carotid arterj', internal jngidar vein,

and hx'poglossal nerve.

The Stylohyoid (m. stylohyoideus) is a small, slender muscle, lying in front of

and above the posterior l^elly of the Digastric. It arises from the back and outer

surface of the styloid process of the temporal bone, near the base; and, passing

downward and forward, is inserted into the body of the hyoid bone, just at its

junction with the greater cornu, and immediately above the Omohyoid. This

muscle is perforated, near its insertion, by the tendon of the Digastric.

HYOID BONt

Fig. 300.—Mylohyoid muscle. (Poirier and Charpy.)

Relations.—By its superficial surface, above, with the parotid gland and deep cervical fascia;

below, this muscle is superficial, being situated immediately beneath the deep cervical fascia.

By its deep surface, with the posterior belly of the Digastric, the external carotid artery, with
its lingual and facial branches, the Hyc^lossus muscle, and the hypoglossal nerve.

The Stylohyoid Ligament {ligamentum stylohyoideus).—In connection with the

Stylohyoid muscle may l>e described a ligamentous band, the stylohyoid ligament.

It is a fibrous cord, often containing a little cartilage in its centre, which continues

the styloid process down to the hyoid bone, l^eing attached to the tip of the

former and to the lesser cornu of the latter. It is often more or less ossified,

and in many animals forms a distinct bone, the epihyal.

The Mylohyoid (ni. mylohyoideus) (Fig. 300) is a flat, triangular muscle,



390 THE MUSCLES AND FASCIA

situated immediately beneath the anterior belly of the Digastric, and forming,
with its fellow of the opposite side, a muscular floor for the cavity of the mouth.
It arises from the whole length of the mylohyoid ridge of the mandible, extending
from the symphysis in front to the last molar tooth behind. The posterior fibres

pass inward and slightly downward, to be inserted into the body of the hyoid
bone. The middle and anterior fibres are inserted into a median fibrous raphe,

extending from the symphysis of the mandible to the hyoid bone, where they
join at an angle with the fibres of the opposite muscle. The median raphe is

sometimes wanting; the muscle fibres of the two sides are then directly continuous
with one another.

Relations.—By its superficial surface, with the Platysma, the anterior belly of the Digastric,

the suprahyoid aponeurosis, the submaxillary gland, submental vessels, and mylohyoid vessels

and nerve; by its deep surface, with the Geniohyoid, part of the Hyoglossus and Stvloglossus

muscles, the hypoglossal and lingual nerves, the submaxillary ganglion, the sublingual gland,

the deep portion of the submaxillary gland and duct; the sublingual and ranine vessels, and
the buccal mucous membrane.

Fig. 301.—Muscles of the tongue. Left side.'

Dissection.—The Mylohyoid should now be removed, in order to expose the muscles whicB

lie beneath; this is effected by reflecting it from its attachments to the hyoid bone and man-
dible, and separating it by a vertical incision from its fellow of the opposite side.

The Geniohyoid {m. geniohyoideus) (Fig. 301) is a narrow, slender muscle,

situated immediately beneath^ the inner border of the Mylohyoid. It arises from

the inferior genial tubercle on the inner side of the symphysis of the mandible,

and passes downward and backward, to be inserted into the anterior surface of

the body of the hyoid bone. This muscle lies in close contact with its fellow of

the opposite side, and increases slightly in breadth as it descends.

1 The muscles and ligaments attached to the styloid process have been termed the " bouquet of Riolanus."
'This refers to the depth of the muscles from the skin in the order of dissection. In the erect position of the

body the Geniohyoid is above the Mylohyoid.
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Relations.—It is covered by the ^lylohyoid and lies along the lower border of the Genio-

hyoglossus.

Nerves.—The anterior belly of the Digastric is supplied by the mylohyoid branch of the

inferior dental; its posterior belly, by the facial; the Stylohyoid is supplied by the facial; the

M\lohvoid, by the mylohyoid branch of the inferior dental; the Geniohyoid, by a branch from

the ansa cervicalis which accompanies the hypoglossal in a common sheath.

Actions.—This group of muscles performs two very imjX)rtant actions. They raise the hyoid

bone, and with it the base of the tongue, during the act of deglutition; or, when the hyoid bone

is fixed by its Depressors and those of the larynx, they depress the mandible. During the first

act of deglutition, when the mass is being driven from the mouth into the pharynx, the hyoid bone,

and with it the tongue, is carried upward and forward by the anterior belly of the Digastric,

the Mylohyoid, and Geniohyoid muscles. In the second act, when the mass is passing through

the pharynx, the direct elevation of the hyoid bone takes place by the combined action of all

the muscles; and after the food has passed, the hyoid bone is carried upward and backward

by the posterior belly of the Digastric and Stylohyoid muscles, which assist in preventing the

return of the bolife into the mouth.

4. The Lingual Region (Figs. 301, 302).

Geniohvoglossus. Styloglossus.

Hyoglossus. Palatoglossus.^

Chondroglossus.

Dissection.—After completing the dissection of the preceding muscles, saw through the

mandible just external to the symphysis. Then draw the tongue forward, and attach it, by a

stitch, to the nose; when its muscles, which are thus put on a stretch, may be examined.

The Geniohyoglossus (m. genioglossus) has received its name from its triple

attachment to the mandible, hvoid bone, and tongue. It is a flat, triangular

muscle, placed vertically on either side of the middle line, its apex corresponding

with its point of attachment to the mandible, its base with its insertion into the

tongue and hyoid bone. It arises by a short tendon from the superior genial

tuliercle on the inner side of the symphysis of the mandible, immediately above

the Geniohyoid; from this point the muscle spreads out in a fan-like form, a few

of the inferior fibres passing downward, to be attached by a thin aponeurosis

into the upper part of the body of the hyoid bone, a few fibres passing between

the Hyoglossus and Chondroglossus to blend with the Constrictor muscles of

the pharynx; the middle fibres passing backward, and the superior ones upward

and forward, to enter the whole length of the under surface of the tongue, from

the base to the apex. The two muscles lie on either side of the median plane;

behind they are quite distinct from each other, and are separated at their insertion

into the under surface of the tongue by a tendinous raphe, which extends through

the middle of the organ. In front the two muscles are more or less blended;

distinct fasciculi are to be seen passing off from one muscle, crossing the middle

line, and intersecting with bundles of fibres derived from the muscle on the other

side.

Relations.—By its deep surface this muscle is in contact with its fellow of the opposite side;

by its superficial' surface, with the Inferior lingualis, the Hyoglossus, the lingual artery and

hypoglossal nerve, the lingual nerve, and sublingual gland; by its upper border, with the mucous

membrane of the floor of the mouth (fremim linguae); by its lower border with the Geniohyoid.

The Hyoglossus (m. hyoglossus) is a thin, flat, quadrilateral muscle which

arises from the side of the body and whole length of the greater cornu of the

hyoid bone, and passes almost vertically upward to enter the side of the tongue,

' The Palatoglossus, or constrictor isthmi faucium. although one of the muscles of the tongue which serves
to draw the base of that organ upward during the act of deglut'tion, is more nearly associated, both in situation
and function, with the soft palate. It will consequently be described with the group of Palatal muscles.

c
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between the Styloglossus and Lingualis. The fibres of this muscle which arise

from the body are directed upward and backward, overlapping those arising

from the greater cornu, which are directed upward and forward.

Relations.—By its superficial aurface, with the Digastric, the Stylohyoid, Styloglossus, and
Mylohyoid muscles, the submaxillary ganglion, the lingual and hypoglossal nerves, the sub-
maxillary duct, the ranine vein, the sublingual gland, and the deep portion of the submaxillary

fland. By its deep surface, with the Stylohyoid ligament, the Geniohyoglossus, Lingualis, and
liddle constrictor, the lingual vessels, and the glossopharyngeal nerve.

The Chondroglossus (m. chondroglossus) is a distinct muscular slip, though it is

sometimes described as a part of the Hyoglossus, from which, however, it is sepa-

rated by the fibres of the Geniohyoglossus, which pass to the side of the pharynx.
It is about three-quarters to an inch in length; it arises from the inner side and
base of the lesser cornu and contiguous portion of the body of the hyoid bone,

and passes directly upward to blend with the Intrinsic muscle fibres of the tongue,

between the Hyoglossus and Geniohyoglossus.

The Styloglossus (w. styloglossus), the shortest and smallest of the three styloid

muscles, arises from the anterior and outer side of the styloid process, near the
apex, and from the stylomandibular ligament, to which its fibres, in most cases,

are attached by a thin aponeurosis. Passing

&Q.ML V y. ^/uiv downward and forward between the internal

and external carotid arteries, and becoming
nearly horizontal in its direction, this muscle
divides upon the side of the tongue into two
portions—one longitudinal, which enters the

CUT EDGE OF SUPERIOR LINGUALIS.

Fig. 302.—Muscles on the dorsum of
the tongue.

Fig. 303. —Coronal section of tongue. Showing intrinsic
muscles, a. Lingual artery, b. Inferior lingualis, cut through, c.

Fibres of Hyoglossus. d. Oblique fibres of Styloijlossus. e. Inser-
tion of Transverse lingualis. /. Superior lingualis. g. Papillae of
tongue, h. Vertical fibres of Geniohyglossus intersecting Trans-
verse lingualis. i. Septum. (.Altered from Krause.)

side of the tongue near its dorsal surface and blends with the fibres of the
Lingualis in -front of the Hyoglossus; the other oblique, which overlaps the
Hyoglossus muscle and decussates with its fibres.

Relations.—By its superficial surface, from above downward, with the parotid gland, the
Internal pterygoid muscle, the lingual nerve, and the mucous membrane of the mouth; by its

deep surface, with the tonsil, the Superior constrictor, and the Hyoglossus muscle.
Nerves.—The muscles of this group are supplied by the hypoglossal nerve.
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The Muscle Substance of the Tongue (Figs. 302 and 303).—The muscle fibres of the tongue
run in various directions. These filjres are divided into two sets—E.\trinsic and Intrinsic. The
Extrinsic muscles of the tongue are those which have their origin external to, and onlv their

terminal fibres contained within, the substance of the organ. They are: the Styloglossus, the
Hyoglossus, the Palatoglossus, the Geniohyoglossus, and part of the Sujjerior constrictor of the
pharynx (Pharyngoglossus). The Intrinsic miiscles are those which are contained entirely

within the tongue, and which form the greater part of its muscular structure.

The tongue consists of symmetrical halves separated from each other in the middle line by
a fibrous septum (septum linguae). Each half is composed of muscle fibres arranged in various
directions, containing much interposed fat, and supplied by ves.sels and na-ves. Immediately
beneath the mucous membrane is a submucous fibrous layer, into which the mu.scle fibres which
terminate in this stratum of the tongue are inserted. Upon removing this, with the mucous
membrane, the first stratum of muscle fibres is exposed. This belongs to the group of Intrinsic

muscles, and has been named the Superior Unguahs (m. longitudinalis superior). It consists

of a thin layer of oblique and longitudinal fibres which arise from the submucous fibrous layer,

close to the epiglottis, and from the fibrous septum, and which pass forward and outward to the

edges of the tongue. Between its fibres pass some vertical fibres derived from the Geniohyo-
glossus and from the vertical Intrinsic miLscle, which will be described later on.

Beneath this layer is the second stratum of muscle fibres, derived principally from the
Extrinsic muscles. In front this stratum is formed by the fibres derived from the Styloglossus,

which run along the side of the tongue and which in turn send out two sets of fibres. The first

of these two latter sets of fibres extends over the dorsum and runs obliquely forward and inward
to the middle line. The second set of fibres goes on to the under surface of the sides of the anterior

part of the tongue, and runs between the fibres of the Hyoglossus musc-le forward and inward
to the middle line. Behind this layer of fibres, derived from the Styloglossus, are fibres derived

from the Hyoglossus, assisted by some few fibres of the Palatoglossus. The Hyoglossus, enter-

ing the side of the under surface of the tongue, between the Styloglossus and Inferior lingualis,

passes around its margin and spreads out into a layer on the dorsum, which occupies the middle
third of the organ, and runs almost transversely inward to the septum. It is reenforced by
some fil)res from the Palatoglossus; other fibres of this muscle pass more deeply and inter-

mingle with the next layer. The posterior part of the second layer of the muscle fibres of the

tongue is derived from those fibres of the Hyoglossus which arise from the lesser cornu of the

hyoid bone, and are here described as a separate muscle—the Ghondroglossus. The fibres

of this muscle are arranged in a fan-shaped manner, and spread out over the posterior third

of the tongue.

Beneath this layer is the third layer, the great mass of Intrinsic muscles of the tongue, which
is intersected at right angles by the terminal fibres of one of the Extrinsic muscles—the Genio-
hyoglossus. This portion of the tongue is paler in color and softer in texture than that already

described, and is sometimes designated the medullary portion in contradistinction to the firmer

superficial part, which is termed the cortical portion. The medullary portion consists largely

of transverse fibres, the Transverse lingualis, and of vertical fibres, the Vertical lingualis. The
Transverse lingualis (m. transversus linguae) forms the largest portion of the third layer of

muscle fibres of the tongue. The fibres arise from the median septum, and pass outward to be
inserted into the submucous fibrous layer at the sides of the tongue. Intermingled with these trans-

verse intrinsic fibres are transverse extrinsic fibres derived from the Palatoglossus and the Sup>erior

constrictor of the pharynx. These transverse extrinsic fibres, however, run in the opposite

direction, passing inward toward the septum. Intersecting the transverse fibres are a large

number of vertical fibres derived partly from the Geniohyoglossus and partly from intrinsic

fibres, the Vertical lingualis. The fibres derived from the Geniohyoglossus enter the under
surface of the tongue on each side of the median septum from base to apex. They ascend in

a radiating manner to the dorsum, being inserted into the submucous fibrous layer covering

the tongue on each side of the middle line. The Vertical lingualis (m. verticalis linguae) is

found only at the borders of the forepart of the tongue, external to the fibres of the Geniohyo-
glossus. Its fibres extend from the upper to the under surface of the organ, and decussate

with the fibres of the other muscles, and especially with those of the Transverse lingualis.

The fourth layer of muscle fibres of the tongue consists partly of extrinsic fibres derived from
the Styloglossus, and partly of intrinsic fibres, the Inferior lingualis. At the sides of the under
surface of the organ are some fibres derived from the Styloglossus, which, as it runs forward
at the side of the tongue, gives off fibres which, passing forward and inward between the fibres

of the Hyoglossus, form an inferior oblique stratum which joins in front with the anterior fibres

of the Inferior lingualis. The Inferior lingualis (m. longitudinalis inferior) is a longitudinal

band, situated on the under surface of the tongue, and extending from the base to the apex of the

organ. Behind, some of its fibres are connected with the body of the hyoid bone. It lies between
the Hyoglossus and the Geniohyoglossus, and in front of the Hyoglossus it enters into relation

with the Styloglossus, with the fibres of which it blends. It is in relation by its under surface
with the ranine artery.



394 THE 3IUSCLES AND FASCIA

Applied Anatomy.—The fibrous septum which exists between the two halves of the tongue

is ahnost complete, so that the anastomosis between the two lingual arteries is not very free,

a fact often illustrated by injecting one-half of the tongue with colored gelatin, while the other

half is left uninjected or may be injected with gelatine of a different color.

This is a point of considerable importance in connection with removal of one-half of the

tongue for cancer, an oj^eration which is now frequently resorted to when the disease is strictly

confined to one side of the anterior portion of the tongue. If the mucous membrane is divided

longitudinally exactly in the middle line, the tongue can be split into halves along the median
raphe without any appreciable hemorrhage, and the diseased half can then be removed.

Actions.—The movements of the tongue, although numerous and complicated, may be under-

stood by carefully considering the direction of the fibres of its muscles. The Geniohyoglossi

muscles, by means of their posterior fibres, draw the base of the tongue forward, so as to pro-

trude the apex from the mouth. The anterior fibres draw the tongue back into the mouth. The
whole length of these two muscles, acting along the middle line of the tongue, draw it down-
ward, so as to make it concave from side to side, forming a channel along which fluids may
pass toward the pharynx, as in sucking. The Hyoglossi muscles depress the tongue and draw

down its sides, so as to render it convex from side to side. The Styloglossi muscles draw the

tongue upward and backward. The Palatoglossi muscles draw the base of the tongue upward.

With regard to the Intrinsic muscles, both the Superior and Inferior lingualis tend to shorten

the tongue, but the former, in addition, turn the tip and sides upward so as to render the dorsum

concave, while the latter pull the tip downward and cause the dorsum to become convex. The
Transverse lingualis narrows and elongates the tongue, and the Vertical lingualis flattens and

broadens it. The complex arrangement of the muscle fibres of the tongue, and the various

directions in which they run, give to this organ the power of assuming the various forms neces-

sary for the enunciation of the different consonantal pounds.

5. The Pharyngeal Region (Figs. 304, 305).

Inferior constrictor. Superior constrictor.

Middle constrictor. Stylopharyngeus.

Palatopharvngeus. ) ^^^ x ^- \

o 1 • ^ i" r (bee next section.)
balpnigopnaryngeus. )

^ ^Salpingopharyngeus.

Dissection (Fig. 304).— In order to examine the muscles of the pharynx, cut through the

trachea and oesophagus just above the sternum, and draw them upward by dividing the loose

areolar tissue connecting the pharynx with the front of the vertebral column. The parts being

drawn well forward, apply the edge of the saw immediately behind the styloid processes, and

saw the base of the skull through from below upward. The jiharynx and mouth shoul^ then

be stuffed with tow, in order to distend its cavity and render the muscles tense and easier of

dissection.

The Inferior constrictor (m. constrictor pharyngis inferior), the most superficial

and thickest of the three Constrictors, arises from the side of the cricoid cartilages,

in the interval between the Cricothyroid muscle in front and the articular facet

for the thyroid cartilage behind; from the oblique line on the side of the ala of

the thyroid cartilage, the cartilaginous surface behind it, nearly as far as its posterior

border, and from the inferior cornu. From these origins the fibres spread back-

ward and inward, 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 ascend, increasing in obliquity, and overlap

the Middle constrictor.

Relations.—The Inferior Constrictor is covered by a thin membrane which surrounds the

entire pharynx, the buccophaiTngeal fascia (fascia bitccopharyngea). Behind, this fascia is in

relation with the vertebral column and the prevertebral fascia and muscles; laterally, with the

thyroid gland, the common carotid artery, and the Sternothyroid muscle; by its deep surface,

with the Middle constrictor, the Stylopharyngeus, Palatopharyngeus, the fibrous coat and

mucous membrane of the pharynx. The internal laryngeal nerve and the laryngeal branch

of the superior thyroid artery pass near the upper border, and the recurrent laryngeal nerve

and the laryngeal branch of the inferior thyroid artery, beneath the lower border of this muscle,

previous to their entering the larynx.
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The Middle constrictor {in. constrictor pharyngis medius) is a flattened, fan-

shaped muscle, smaller than the preceding. It arises from the whole length ol

the upper border of the greater cornu of the hvoid bone, from the lesser cornu,

and from the stylohyoid ligament. The fibres diverge from their origin, the lower

ones descending beneath the Inferior constrictor, the middle fibres passing trans-

versely, 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 its fellow of the opposite side.

Relations.—Between this muscle and the Superior constrictor are the glossopharyngeal nerve,

the Stylopharyngeus muscle and the stylohyoid ligament; and between it and the Inferior con-

strictor is the superior laryngeal nerve. Behind, the Middle constrictor lies on the vertebral

column, the Longus colli, and the Rectus

capitis anticus major. On each side it is in

relation with the carotid vessels, the pharyn-

geal plexus, and some lymph nodes. Near
its origin it is covered by the Hyoglossus, the

lingual vessels being placed between the two

muscles. It lies upon the Superior constric-

tor, the Stylopharyngeus, the Palatopharyn-

geus, the fibrous coat, and the mucous
membrane of the pharynx.

The Superior constrictor (w. con-

strictor phari/ngis superior) is a quadri-

lateral muscle, thinner and paler than

the other Constrictors, and situated

at the upper part of the pharynx. It

arises from the lower half of the posterior

margin of the internal pterygoid plate

and its hamular process, from the con-

tiguous portion of the palate bone and

the reflected tendon of the Tensor palati

muscle, from the pter\'gomandibular

ligament, from the alveolar process

above the posterior extremity of the

mylohyoid ridge, and by a few fibres

from the side of the tongue. From
these points the fibres curve backward,

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 inters'al between the upper
border of the muscle and the basilar process is deficient in muscle fibres and is

.closed by a portion of the pharyngeal aponeurosis. This interval is know^n as the
[sinus of Morgagni (Fig. 305).

Relations.—By its superficial surface the Superior constrictor is in relation with the prever-
[tebral fascia and muscles, the vertebral column, the internal carotid and ascending pharyngeal
karteries, the internal jugular vein and pharyngeal venous plexus, the glossopharyngeal, vagus,
;^spinal accessory, hypoglossal, lingual, and sympathetic nerves, the Middle constrictor and
'Internal pterygoid muscles, the styloid process, the stylohyoid ligament, and the Stylopharyn-
fgeus. By its deep surface, it is in relation with the Palatopharyngeus, the tonsil, the fibrous,

fcoat, and the mucous membrane of the pharynx.

Fig. 304.—Muscles of the pharynx. External \-iew.

• Accessory bundles of origin sometimes arise from the margins of the middle lacerated foramen and descend
blend with the main muscle Aass.
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The Stylopharjmgeus (m. stylopharyngeus) is a long, slender muscle, cylindrical

above, broad and thin below. It arises from the inner side of the base of the

styloid process of the temporal bone, passes downward along the side of the

pharynx between the Superior and Middle constrictors, and spreads out beneath

the mucous membrane, where some of its fibres are lost in the Constrictor muscles;

and others, joining with the Palatopharyngeus, are uiserted into the posterior

border of the thyroid cartilage. The glossopharyngeal nerve runs on the outer

side of this muscle, and crosses over it in passing forward to the tongue.

ACCESSORY SLIP
FROM PETROUS PORTIO
OFTEMPORAL BONE

STYLOID PROCESS

EXPANSION OF
STYLOPHARYNGEUS

EXPANSION OF
PALATOPHARYNGEUS

Fig. 305.—The muscles of the pharynx. On the right side most of the Inferior constrictor has been removed,
on the left side the Digastric and Stylohyoid have been removed. (Spalteholz.)

Relations.—By its superficial surface, with the Styloglossus muscle, the parotid gland, the

external carotid artery, and the Middle constrictor; by its deep surface, with the internal carotid,

the internal jugular vein, the Superior constrictor, Palatopharyngeus, and pharyngeal mucous
membrane.
Nerves.—The Constrictors are supplied by branches from the pharyngeal plexus formed

by the vagus, glossopharyngeal, and .sympathetic nerves. The Inferior constrictor also receives

an additional branch from the external laryngeal nerve and one from the recurrent laryngeal,

The Stylopharyngeus is supplied by a branch from the glossopharyngeal nerve.



THE PALATAL REGION 397

Actions.—When deglutition is about to be performed, the phan-nx is drawn upward and
dilated in different directions, to receive the bolus propelled into it from the mouth. The Stylo-

pharvngei, which are much farther removed from one another at their origin than at their inser-

tion, draw the sides of the pharynx upward and outward, and so increase its transverse diameter;

its breadth in the antero-posterior direction is increased by the larynx and tongue being carried

forward in their ascent. As soon as the bolus is received in the pharynx, the Elevator muscles

relax, the bag descends, and the Constrictors contract upon the bolus, and convey it gradually

downward into the cesophagus. Besides its action in deglutition, the pharvnx also exerts an
important influence in the modulation of the voice, especially in the production of the higher

tones.

6. The Palatal Re^on (Fig. 306).

Levator palati. Palatoglossus.

Tensor palati. Palatopharvngeus.

Azygos uvulae. Salpingopharjngeus.

Dissection (Fig. 306).—Lay open the pharynx from behind by a vertical incision extending

from its upper to its lower part, and partially divide the occipital attachment by a transverse

incision on each side of the vertical one; the posterior surface of the soft 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 {m. levator veli palatini) 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 lower margin
of the cartilaginous portion of the Eustachian tube; after passing into the pharynx,
above the upper concave margin of the Superior constrictor, it passes obliquely

downward and inward, its fibres spreading out into the soft palate as far as the

middle line, where they blend with those of the opposite side.

Relations.—By its superficial surface, this muscle is in relation with the Tensor palati, the
Superior constrictor, and the Eustachian tube; by its deep surface, v:ith the mucous membrane
of the pharynx; posteriorly, with the posterior fasciculus of the Palatophar\ngeus, the Azygos
uvulae, and the mucous membrane of the soft palate.

The Tensor palati (m. tensor veli palatini) is a broad, thin, ribbon-like muscle,

placed on the outer side of the Levator palati, and consisting of a vertical and a

horizontal portion. The vertical portion arises by a flat lamella from the scaphoid

fossa at the base of the internal pterygoid plate; from the spine of the sphenoid
and from the outer side of the cartilaginous portion of the Eustachian tube;

it descends vertically between the internal pterygoid plate and the inner surface

of the Liternal pterygoid muscle, and terminates in a tendon, which winds around
the hamular process, being retained in this situation by some of the fibres of origin

of the Internal pterygoid muscle. Between the hamular process and the tendon
is a small bursa {bursa m. tensoris irli palati). The tendon or horizontal portion

then passes horizontally inward, and is inserted into a broad aponeurosis, the

palatal aponeurosis, and into the transverse ridge on the horizontal portion of

the palate bone.

Relations.—By its superficial surface, this muscle is in relation with the Internal pterygoid;
by its deep surface, with the Levator palati, from which it is separated by the Eustachian tube
and Superior constrictor, and with the internal pterygoid plate. In the soft palate its tendon
and the palatal aponeurosis are anterior to those of the Levator palati, being covered by the
Palatoglossus and the mucous membrane.

Palatal Aponeurosis.—Attached to the posterior border of the hard palate is

a thin, firm, fibrous lamella which supports the muscles and gives strength to the
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soft palate. It is thicker above than below, where it becomes very thin and
difficult to define. Laterally, it is continuwis with the pharyngeal aponeurosis.

The Azygos uvulae {m. uvulae) is not a single muscle, as would be inferred

from its name, but a pair of narrow cylindrical fleshy fasciculi placed on either

side of the median 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; posteriorly,

with the posterior fasciculus of the Palatopharvngeus and the mucous membrane.
The next two muscles are exposed by removing the mucous membrane from the pillars of

the fauces throughout nearly their whole extent.

" p 7i a ^

Fia. 306.—Muscles of the soft palate, the pharynx being laid open from behind and mucous membrane removed.

The Palatoglossus (m. glossopalatinus) is a small fleshy fasciculus, narrower

in the middle than at either extremity, forming, with the mucous membrane
covering its surface, the anterior pillar of the soft palate. It arises from the ante-

rior surface of the soft palate on each side of the uvula, and, passing downward,

forward, and outward in front of the tonsil, is inserted into the side of the tongue,

some of its fibres spreading over the dorsum, and others passing deeply into the

substance of the organ to intermingle with the Transverse lingualis. In the

soft palate the fibres of this muscle are continuous with those of the muscle of

the opposite side.

The Palatopharyngeus (m. pharyngojpalatinus) is a long, fleshy fasciculus,

narrower in the middle than at either extremity, forming, with the mucous,
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membrane covering its surface, the posterior pillar of the soft palate. It is sepa-

rated from the Palatoglossus by an angular inter\al, in which the tonsil is lodged.

It arises from the soft palate by an expanded fasciculus, which is divided into

two parts by the Levator palati and .\zygos uvulae. The posterior fasciculus

lies in contact with the mucous membrane, and also joins with the corresponding

muscle in the middle line; the anterior fasciculus, the thicker, lies in the soft palate

between the Levator and Tensor, and joins in the middle line the corresponding

part of the opposite muscle. Passing outward and downward behind the tonsil,

the Palatopharvngeus joins the Stylopharvngeus, 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 line posteriorly

to decussate with the muscle of the opposite side.

Relations.—In the soft palate its posterior surface is covered by mucous membrane, from

which it is separated by a layer of palatal glands. By its anterior surface it is in relation with

the Tensor palati. \Miere it forms the posterior pillar of the fauces it is covered by mucous
membrane, excepting on its outer surface. In the pharyruc jt lies between the mucous membrane
and the Constrictor muscles.

The Salpingopharyngeus (m. salpingopharyngeus) arises from the inferior

part of the Eustachian tube near its orifice; it passes downward and blends with

the posterior fasciculus of the Palatopharyngeus.

In a dissection of the soft palate from its posterior or nasal surface to its anterior or oral sur-

face, the muscles would be exposed in the following order—viz., the posterior fasciculus of the

Palatopharyngeus, covered over by the mucous membrane reflected from the floor of the nasal

fossse; the Azygos u\-ulae; the Levator palati; the anterior fasciculus of the Palatophart-ngeus;

the aponeurosis of the Tensor palati, and the Palatoglossus, covered over by a reflection from

the oral mucous membrane.
Nerves.—The Tensor palati is supplied by a branch from the otic ganglion; the remaining

muscles of this group are in all probability supplied by the internal branch of the spinal accessory,

the fibres of which are distributed along with certain branches of the vagus through the pharjii-

geal plexus.*

Actions.—During the first stage of deglutition the bolus of food is driven back into the

fauces by the pressure of the tongue against the hard palate; the base of the tongue is, at the

same time, retracted, and the lar\nx is raised with the phar\Tix, and carried forward under it.

During the second stage the entrance to the larynx is closed, not, as was formerly supposed, by

the folding backward of the epiglottis over it, but, as Anderson Stuart has shown, by the draw-

ing forward of the ari-tenoid cartilages toward the cushion of the epiglottis—a movement

produced by the contraction of the outer portion of the ThjToarytenoid, the Arytenoid, and
Arj'teno-epiglottidean muscles.

The bolus of food after leanng the tongue passes on to the posterior or lari-ngeal surface

of the epiglottis, and glides along this for a certain distance:' then the Palatoglossi muscles, the

constrictors of the fauces, contract behind the food; the soft palate is slightly raised by the

Levatores palati, and made tense by the Tensores palati; and the Palatopharyngei, by their con-

traction, pull the phars'nx upward over the bolus of food, and at the same time come nearly

together, the uvula filling up the slight intersal between them. By these means the food is

prevented from passing into the upper part of the larjTix or the posterior nares; at the same
time the latter muscles form an inclined plane, directed obliquely downward and backward,

along the under surface of which the bolus descends into the lower part of the phar\-nx. Each
Salpingopharyngeus raises the upper and lateral part of the pharj-nx

—

i. e., that part which is

above the point where the Stylopharrageus is attached to the phariiix.

Applied Anatomy.—After operation for cleft palate the Tensor palati and levator palati

retard union by causing undue tension along the line of suture. In order to overcome this

it is necessary to divide these muscles, and this is done by making longitudinal incisions on
either side, parallel to the cleft and just internal to the hamular process, in such a position as

to avoid the posterior palatine artery.

' Journal of Anatomy and Physiologj-. vol. xxiii. p. 523.
' We now know that normal deglutition can be carried out when the epiglottis is so smalithat it cannot cover

the opening into the larynx, or when it has been removed .surgically. In such cases the sphincter muscles which
surround the laryngeal aperture contract during swallowing and prevent the entrance of foreign bodies into the
larynx.
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7. The Anterior Vertebral Region (Fig. 307).

Rectus capitis anticus major.

Rectus capitis anticus minor.

Rectus capitis lateralis.

Loneus colli.

The Rectus capitis anticus major (m. longus capitis), broad and thick above

and narrow below, appears like a continuation upward 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 vertebrae, and ascends,

converging toward its fellow of the opposite side, to be inserted into the basilar

process of the occipital bone.

Relations.—By its anterior surface, this muscle is in relation with the pharynx, the inferior cer-

vical sympathetic ganglion and nerve, and the sheath enclosing the internal and common carotid

artery, internal jugular vein, and vagus nerve; by its posterior surface, with the Longus colli,

the Rectus capitis anticus minor, and the upper cervical vertebrae.

Fig. 307.—The prevertebral muscles (ventral view).

The Rectus capitis anticus minor (m. rectus capitis anterior) 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 upward and inward, is inserted into

the basilar process immediately behind the rectus capitis anticus major.

The Rectus capitis lateralis {m. rectus capitis lateralis) is a short, flat muscle,

which arises from the upper surface of the transverse process of the atlas and is



THE LATERAL VERTEBRAL REGION 401

inserted into the under surface of the jugular process of the occipital bone. This
muscle lies behind the internal jugular vein, and in front of the upper portion of

the vertebral arterv.

The LongUS colli {m. longus colli) is a long, flat muscle, situated on the anterior

surface of the vertebral column, between the atlas and the third thoracic vertebra.

It is broad in the middle, narrow and pointed at each extremity, and consists

of three portions—a superior oblique, an inferior oblique, and a vertical portion.

The superior oblique portion arises from the anterior tubercles of the transverse

processes of the third, fourth, and fifth cer\ical vertebrae, and, ascending obliquely

inward, is inserted by a narrow tendon into the tubercle on the anterior arch of

the atlas. The inferior oblique portion, the smallest part of the muscle, arises

from the front of the bodies of the first two or three thoracic vertebrae, and, ascend-

ing obliquely outward, is inserted into the anterior tubercles of the transverse

processes of the fifth and sixth cervical vertebrae. The vertical portion lies directly

on the front of the vertebral column ; it arises, below, from the front of the bodies

of the upper three thoracic and lower three cervical vertebrae, and is inserted

above into the front of the bodies of the second, third, and fourth cenical vertebrae.

Relations.—By its superficial surface, with the prevertebral fascia, the pharj-nx, oesophagus,
-ynipathetic nerve, the sheath of the great vessels of the neck, the inferior thjToid arterj-, and the
recurrent larj-ngeal nerve; by its deep surface, with the cervical and thoracic f)ortions of the
vertebral column. Its inner border is separated from the opposite muscle by a considerable
intersal below, but they approach each other above.

Nerves.—The Rectus capitis anticus minor and the Rectus lateralis are supplied from the

loop between the first and second cer\-ical nerves; the Rectus capitis anticus major, by branches
from the second, third, and fourth cervical; the Longus colli, by branches from the second to

the seventh cenical 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
backward. 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 flexes and slightly rotates the

cervical portion of the vertebral column.

8. The Lateral Vertebral Region (Figs. 307, 308).

Scalenus anticus. Scalenus medius. Scalenus posticus.

The Scalenus anticus (m. scalenus anterior) is a conical-shaped muscle,

situated deeply at the side of the neck, behind the Sternomastoid. It arises

from the anterior tubercles of the transverse processes of the third, fourth, fifth,

and sixth cenical vertebrae, and, descending almost vertically, is inserted by a

narrow, flat tendon into the scalene tubercle on the inner border and upper
surface of the first rib. The lower part of this muscle separates the subclavian

artery and vein, the latter being in front, and the former, with the brachial plexus,

behind.

Relations.—By its superficial surface, this muscle is in relation with the clavicle, the Sub-
lavius, Sternomastoid, and Omohyoid muscles, the transversalis colli, and the suprascapular

arteries, the subclavian vein, and the phrenic nerve; by its deep surface, with the Scalenus medius,
pleura, subclavian artery, and brachial plexus of nerves. It is separated from the Longus colli,

on the inner side, by the vertebral arterv. On the anterior tubercles of the transverse processes

of the cervical vertebrre, between the attachments of the Scalenus anticus and Longus colli

lies the ascending cervical branch of the inferior thyroid artery.

The Scalenus medius (m. scalenus medius), the largest and longest of the three

Scaleni, arises from the posterior tubercles of the transverse processes of the lower
six cer\ical vertebrae, and, descending along the side of the vertebral column,

26
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is inserted by a broad attachment into the upper surface of the first rib, behind

the groove for the subclavian artery, as far back as the tubercle. It is separated

from the Scalenus anticus by the subclavian artery below and by the cervical

nerves above. The posterior thoracic, or nerve of Bell, is formed in the substance

of the Scalenus medius and emerges from it. The nerve to the Rhomboids also

pierces it.

Relations.—By its superficial surface, with the Sternomastoid ; it is crossed by the clavicle,

the Omohyoid muscle, subclavian artery, and cervical nerves. To its outer side is the Levator

anguli scapulae and the Scalenus posticus muscle.

The Scalenus posticus {m. scalenus posterior), the smallest of the three Scaleni,

arises, by two or three separate tendons, from the posterior tubercles of the trans-

verse processes of the lower two or three cervical vertebrae, and, diminishing as it

descends, is inserted by a thin tendon

into the outer surface of the second

rib, behind the attachment of the Ser-

ratus magnus. This is the most deeply

placed of the three Scaleni, and is

occasionally blended with the Scalenus

medius.

Nerves.—The Scalenus anticus receives

branches from the fourth to the seventh

cervical; the Scalenus medius from the third

to the eighth cervical; and the Scalenus

posticus, from the fourth to the eighth cer-

vical nerves.

Actions.—The Scaleni muscles, when they

take ttieir fixed point from above, elevate

the first and second ribs, and are, therefore,

inspiratory muscles. When they take their

fixed jjoint from below, they bend the verte-

bral column to one or the other side. If the

muscles of both sides act, lateral movement
is prevented, but the vertebral column is

slightly flexed. The Rectus lateralis, acting

on one side, bends the head laterally.

Surface Form.—The muscles in "the neck,

with the exception of the Platysma, are in-

vested by the deep cervical fascia, which

softens down their form, and is of consid-

erable importance in connection with deep

cervical abscesses and tumors, modifying

the direction of the growth of tumors and
of the enlargement of abscesses, and

causing them to extend laterally instead

of toward thfc surface. The Platysma does not influence surface form except when in action,

when it produces wrinkling of the skin of the neck, which is thrown into oblique ridges parallel

with the fasciculi of the muscle. Sometimes this contraction takes place suddenly and repeatedly

as a sort of spasmodic twitching, the result of a nervous habit. The Sternomastoid is the most

important muscle of the neck as regards its surface form. If the muscle is put into action by

drawing the chin downward and to the opposite shoulder, its surface form will be plainly out-

lined. The sternal origin will stand out as a sharply defined ridge, while the clavicular origin

will present a flatter and not so prominent outline. The fleshy middle portion will appear as

an oblique roll or elevation, with a thick, rounded anterior border gradually becoming less

marked above. On the opposite side

—

i. e., on the side to which the head is turned—the outline

is lost, its place being occupied by an oblique groove in the integument. When the muscle is

at rest its anterior border is still visible, forming an oblique rounded ridge, terminating below

in a sharp outline of the sternal head. The posterior border of the muscle does not show above

the clavicular head. The anterior border is defined by drawing a line from the tip of the mas-

toid process to the sternoclavicular joint. It is an important surface-marking in the operation

Fig. 308.—Scaleni muscles. (Poirier and Charpy.)
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of ligation of the common carotid artery and in some other operations. Between the sternal

and clavicular heads is a slight depression, most marked when the muscle is in action. This
Is bounded below by the prominent sternal extremity of the clavicle. Between the sternal origins

of the two muscles is a V-shaped space, the siiprasterrud notch, more pronounced below, and
becoming toned down above, where the Sternohyoid and Sternoth . roid muscles, lying upon
the trachea, become more prominent. Above the hyoid bone, in the middle line, the anterior

belly of the Digastric to a certain extent influences surface form. It corresponds to a line drawn
from the symphysis of the mandible to the side of the body of the hyoid bone, and renders convex
this part of the hyomental region. In the posterior triangle of the neck, the posterior belly of

the Omohyoid, when in action, forms a conspicuous object, especially in thin necks, presenting

a cord-like form running across this region, almost parallel with, and a little above, the clavicle.

MUSCLES AND FASCLffi OF THl TRUNK.

The muscles of the Trunk may be arranged in fqur groups, corresponding

with tlie region in which they are situated.

I. The Back.

II. The Thorax.
III. The Abdomen.
IV. The Perineum.

I. MUSCLES OF THE BACK.

The muscles of the back are very numerous, and may be subdivided into five

lavers:

First Layer.

Trapezius.

Latissiraus dorsi.

Second Layer.

levator anguli scapulae.

Khoraboideus minor.

Rhomboideus major.

Third Layer.

Serratus posticus superior.

Serratus posticus inferior.

Splenius capitis.

Splenius colli.

Fourth Layer.

Sacral and Lumbar Regions.

Erector spinae

Dorsal Region.

Iliocostalis.

Musculus accessorius ad iliocostalem

Ix)ngissimus dorsi.

Spinalis dorsi.

Cervical Region.

Cenncalis ascendens.

Transversalis cervicis.

Trachelomastoid.

Complexus.
Biventer cer\icis.

Spinalis colli.

Fifth Layer.

Semispinalis dorsi.

Semispinalis colli.

Multifidus spinae.

Rotatores spinae.

Supraspinales.

Interspinales.

Extensor coccygis.

Intertransversalis.

Rectus capitis posticus major.

Rectus capitis posticus minor.

Obliquus capitis inferior,

Obliquus capitis superior.
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The First Layer (Fig.' 310).

Trapezius. Latissimus dorsi.

Dissection (Fig. 309).—Place the body in a prone position, with the arms extended over

the sides of the table, and the thorax 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 mas-
toid 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 thoracic vertebra,

upward and outward, to the acromion process. This incision corresponds with the lower border

of the Trapezius muscle. The flaps of integument are then to be removed in the direction shown
in the figure.

The superficial fascia is exposed upon removing the skin from the back. It

forms a layer of considerable thickness and strength, in which a quantity of

granular pinkish fat is contained. It is con-

tinuous with the superficial fascia in other

parts of the body.

The deep fascia is a dense fibrous layer

attached to the occipital bone, the spines of

the vertebrae, the crest of the ilium, and the

spine of the scapula. It covers over the

superficial muscles, forming sheaths for them,

and in the neck forms the posterior part of the

deep cervical fascia; in the thorax it is con-

tinuous with the deep fascia of the axilla and
thorax, and in the abdomen with that covering

the abdominal muscles. In the back of the

thoracic region the deep fascia is called the

vertebral aponeurosis. It covers the Erector

spinae muscles, and is the dorsal layer of the

lumbar fascia.

The Trapezius (m. trapezius) is a broad, flat,

triangular muscle, placed immediately beneath

the skin and fascia, and covering the upper

and back part of the neck and shoulders. It

arises from the external occipital protuberance

and the inner third of the superior curved line

of the occipital bone; from the ligamentum
nuchae, the spinous process of the seventh cer-

vical, and the spinous processes of all the thora-

cic vertebrae; and from the corresponding portion

of the supraspinous ligament. From this origin

the superior fibres proceed downward and out-

ward, the inferior ones upward and outward, the middle fibres horizontally, and are

inserted, the superior ones into the outer third of the posterior border of the clavicle

and into the adjacent part of its upper surface. The middle fibres pass into the

inner margin of the acromion process, and into the superior lip of the posterior

border or crest of the spine of the scapula; the inferior fibres converge near the

scapula, and terminate in a triangular aponeurosis, which glides over a smooth

surface at the inner extremity of the spine, to be inserted into a tubercle at the

outer part of this smooth surface. The Trapezius is fleshy in the greater part

of its extent, but tendinous at its origin and insertion. At its occipital origin

Fig. 309.—Dissection of the muscles of
the back.
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I

Fig. 310.—Muscles of the back. On the left side is exposed the first layer; on the right side, the second \MSet
and Dart of the third.
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it is connected to the bone by a thin fibrous lamina, firmly adherent to the skin,

and wanting the lustrous, shining appearance of aponeuroses. At its origin from

the spines of the vertebrae it is connected to the bones by means of a broad semi-

elliptical aponeurosis, which occupies the space between the sixth cervical and the

third thoracic vertebrae, and forms, with the aponeurosis of the opposite muscle,

a tendinous ellipse. The rest of the muscle arises by numerous short tendinous

fibres. If the Trapezius is dissected on both sides, the two muscles resemble

a trapezium or 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 thoracic vertebra. The clavicular insertion of this muscle

varies as to the extent of its attachment; it sometimes advances as far as the middle

of the clavicle, and may even become blended with the posterior edge of the

Sternomastoid or may overlap it. This should be borne in mind in the operation

for tying the third part of the subclavian artery.

Relations.—By its superficial surface, the Trapezius is in relation with the integument; bv its

deep surface, in the neck, with the Complexus, Splenius, Levator anguli scapulae, and Rhom-
boideus minor; in the back, with the Rhomboideus major, Supraspinatus, Infraspinatus, and
vertebral aponeurosis (which separates it from the prolongations of the Erector spinae), and
the Latissimus dorsi. The spinal accessory nerve and the superficial cervical artery and branches
from the third and fourth cervical nerves pass beneath the anterior border of this muscle. The
anterior margin of its cervical portion forms the posterior boundary of the posterior triangle

of the neck, the other boundaries being the Sternomastoid in front and the clavicle below.

The Ligamentum nuchae (Fig. 310) is a fibrous membrane, which, in the neck,

represents the supraspinous and interspinous ligaments of the lower vertebrae.

It extends from the external occipital protuberance to the spinous process of the

seventh cervical vertebra. From its anterior border a fibrous lamina (fascia

iiuchae) is given off, which is attached to the external occipital crest, the posterior

tubercle of the atlas, and the spinous process of each of the cervical vertebrae, so

as to form a septum between the muscles on each side of the neck. In man it is

merely the rudiment of an important elastic ligament, which, in some of the lower

animals, serves to sustain the weight of the head.

The Latissimus dorsi (m. latissimus dorsi) is a broad, flat muscle, which
covers the lumbar and the lower half of the thoracic regions, and is gradually

contracted into a narrow fasciculus at its insertion into the humerus. It arises

by tendinous fibres from the spinous processes of the six inferior thoracic vertebrae

and from the dorsal layer of the lumbar fascia (see page 410), by which it is attached

to the spines of the lumbar and sacral vertebrae and to the supraspinous ligament.

It also arises from the external lip of the crest of the ilium, behind the insertion

of the External oblique muscle, and by fleshy digitations from the three or four

lower ribs, which are interposed between similar processes of the External oblique

(Fig. 317, page 425). From this extensive origin the fibres pass in different

directions, the upper ones horizontally, the middle obliquely upward, and the

lower vertically upward, so as to converge and form a thick fasciculus, which
crosses the inferior angle of the scapula, and which usually receives a few fibres

of origin from it. The muscle 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 ter-

minates 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 bottom of

the bicipital groove of the humerus, its insertion extending 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 the two being

separated near their insertions by a bursa ; another bursa is sometimes interposed
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between the muscle and the inferior angle of the scapula. This muscle at its

insertion gives otf an expansion to the deep fascia of the arm.

A fleshy slip, the axillary arch, varying from 3 to 4 inches in length, and from ^ to | of an
inch in breadth, occasionally arises from the upper edge of the Latissimus dorsi about the middle
of the posterior fold of the axilla, and crosses the axilla in front of the axillary vessels and nerves,

to join the under surface of the tendon of the Pectoralis major, the Coracobrachialis, or the
fascia over the Biceps. The position of this abnormal slip is a point of interest in its relation

to the axillary artery, as it crosses the vessel just above the spot usually selected for the applica-

tion of a ligature, and may mislead the surgeon during the operation. It may be easily recog-

nized by the transverse direction of its fibres. Dr. Struther foimd it, in 8 out of 105 subjects,

occurring seven times on both sides. In most subjects there is a fibrous axillary- arch, in only
a feu- is the arch composed of muscle tissue.

There is usually a fibrous slip which passes from the lower border of the tendon of the Latis-

simus dorsi, near its insertion, to the long head of the Triceps. TTiis is occasionally fleshy,

and is the representative of the Dorso-epitrochlearis muscle of apes.

Relations.—The superficial surface of the Latissimus dorsi is subcutaneous, excepting at its

upper part, where it is covered by the Trapezius, and at its insertion, where its tendon is crossed

by the axillary vessels and the brachial plexus of nerves. By its deep surface it is in relation

with the lumbar fascia, the Serratus oosticus inferior, the lower External intercostal mus-
cles and ribs, the inferior angle of the scapula, Rhomboideus major. Infraspinatus, and Teres
major muscles. Its outer margin is separated below from the External oblique by a small
triangular interval, the triangle of Petit (trigonum lumbale [PetiiiJ); and another triangular

interval exists between its upper border and the margin of the Trapezius in which the Rhom-
boideus major muscle is exposed.

Nerves.—The Trapezius is supplied by the spinal accessory, and by branches from the anterior

divisions of the third and fourth cer\-ical nerves: the Latissimus dorsi by the sixth, seventh and
eighth cenical nerves through the middle or long subscapular nerve.

The Second Layer (Fig. 310).

Levator anguli scapulae. 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 toward the vertebral column.

The Levator anguli scapulae (m. levator scapulae) is situated at the hack part
and side of the neck. It arises by tendinous slips from the transverse process of

the atlas, and from the posterior tubercles of the transverse processes of the second,
third, and fourth cer\ical vertebrae; these, becoming fleshy, are united so as to

form a flat muscle, which, passing downward and backward, is inserted into the
posterior border of the scapula, between the superior angle and the triangular

smooth surface at the root of the spine.

The Rhomboideus minor (w. rhomboideus minor) arises from the ligamentum
nuchae and spinous processes of the seventh cervical and first thoracic vertebrae.

Passing downward and outward, 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 inte^^'al.

The Rhomboideus major (m. rhomboideus major) is situated immediately
below the preceding, the adjacent margins of the two being occasionally united.

It arises by tendinous fibres from the spinous processes of the four or five upper
thoracic vertebrae and the supraspinous ligament, and is inserted into a narrow
tendinous arch attached above to the lower part of the triangular surface at the
root of the spine; below, to the inferior angle, the arch being connected to the
border of the scapula by a thin membrane. ^Mien the arch extends, as it occa-
sionally does, a short distance, the muscle fibres are inserted into the scapula
itself.
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Nerves.—The Rhomboid muscles are supplied by branches from the anterior division of

the fifth cervical nerve; the Levator anguli scapulae, by the anterior divisions of the third and
fourth cervical nerves, and frequently by a branch from the nerve to the Rhomboids.

Actions.—The movements effected by the preceding muscles are numerous, as may be con-

ceived from their extensive .attachment. The whole of the Trapezius when in action retracts

the scapula and braces back the shoulder; if the head is fixed, the upper part of the Trapezius

will elevate the point of the shoulder, as in supporting weights; when the lower fibres are brought

into action, they assist in depressing the bone. The middle and lower fibres of the muscle rotate

the scapula, causing elevation of the acromion process. If the shoulders are fixed, both Trapezii,

acting together, will draw the head directly backward; or if only one acts the head is drawn to

the corresponding side. The Latissimus dorsi, when it acts upon the humerus, depresses it,

draws it backward, adducts, and at the same time rotates it inward. It is the muscle which

is principally employed in giving a downward blow, as in felling a tree or in sabre practice. If

the arm is fixed, the muscle may act in various ways upon the trunk; thus, it may raise the lower

ribs and assist in forcible inspiration; or, if both arms are fixed, the two muscles may assist

the Abdominal and great Pectoral muscles in suspending and drawing the whole trunk for-

ward, as in climbing or walking on crutches. The Levator anguli scapulae raises the superior

angle of the scapula, and by so doing depresses the point of the shoulder. It assists the Trape-

zius in bearing weights and in shrugging the shoulders. If the shoulder be fixed, the Levator

anguli scapulae inclines the neck to the corresponding side and rotates it in the same direction.

The Rhomboid muscles carry the inferior angle backward and upward, thus producing a slight

rotation of the scapula upon the side of the thorax, the Rhomboideus major acting especially

on the lower angle of the scapula through the tendinous arch by which it is inserted. The Rhom-
boid muscles, acting together with the middle and inferior fibres of the Trapezius, will draw

the scapula directly backward toward the vertebral column.

The Third Layer.

Serratiis posticus superior. Serratus posticus inferior.

CI- f Splenius capitis,
bplenius \ p,s . II-'^

( hpienius colli.

Dissection.—To bring into view the third layer of muscles, remove the whole of the second,

together with the Latissimus dorsi, by cutting through the Levator anguli scapulae and Rhom-
boid muscles near their origin, and reflecting them downward, and by 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 {m. serratus 'posterior superior) is a thin, flat

quadrilateral muscle situated at the upper and back part of the thorax. It arises

by a thin and broad aponeurosis from the ligamentum nuchae, and from the

spinous processes of the last cervical and two or three upper thoracic vertebrae and

from the supraspinous ligament. Inclining downward and outward, 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 their angles.

The Serratus posticus inferior (m. serratus posterior inferior) (Fig. 310) is

situated at the junction of the thoracic and lumbar regions; it is of an irregularly

quadrilateral form, broader than the preceding, and separated from it by a con-

siderable interval. It arises by a thin aponeurosis from the spinous processes of

the last two thoracic and two or three upper lumbar vertebrae, and from the supra-

spinous ligaments. Passing obliquely upward and outward, 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. The thin aponeurosis of origin

is intimately blended with the lumbar fascia.

The vertebral aponeurosis is a thin, fibrous lamina, extending along the whole

length of the back part of the thoracic region, serving to bind down the long

Extensor muscles of the back which support the vertebral column and head, and

separate them from those muscles which connect the vertebral column to the upper
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extremity. It consists of longitudinal and transverse fibres blended together,

forming a thin lamella, which is attached, in the median line, to the spinous proc-

esses of the thoracic vertebne; externally, to the angles of the ribs; and is contin-

uous with the intercostal fascia. It is continuous below with the aponeurosis

of the Serratus posticus inferior and a portion of the lumbar fascia, which gives

origin to the Latissimus dorsi; above, it passes beneath the Serratus posticus

superior and the Splenius, and blends with the deep fascia of the neck.

The lumbar fascia or aponeurosis (Figs. 310 and 325), which may be regarded

as the posterior aponeurosis of the Transversalis abdominis muscle, consists of

three laminte, which are attached as follows: The dorsal layer, to the spines of

the lumbar and sacral vertebrse and their supraspinous ligaments; the middle

layer, to the tips of the transverse processes of the lumbar vertebne and their

intertransverse ligaments; the ventxal layer, to the roots of the lumbar transverse

processes. The dorsal layer is continued above as the vertebral aponeurosis,

while inferiorly it is fixed to the outer lip of the iliac crest. With this layer are

blended the aponeurotic origin of the Serratus posticus inferior and part of that

of the Latissimus dorsi. The middle layer is attached above to the last rib, and

below to the iliac crest; the ventral layer is fixed below to the iliolumbar ligament

and iliac crest; while above it is thickened to form the external arcuate ligament

of the Diaphragm, and stretches from the tip of the last rib to the transverse pro-

cess of the first or second lumbar vertebra. These three layers, together with

the vertebral column, enclose two spaces, the posterior of which is occupied by

the Erector spinae muscle, and the anterior by the Quadratus lumborum.

Xow detach the Serratus posticus superior from its ori^n, and turn it outward, when the

Splenius muscle will be brought into view.

The Splenius muscle mass (Fig. 310) is situated at the back of the neck and

upper part of the thoracic region. At its origin it is a single muscle, which soon

after its origin becomes broad, and divides into two portions, which have separate

insertions. It arises, by tendinous fibres, from the lower half of the ligamentum

nuchae, from the spinous processes of the last cervical and of the six upper tho-

racic vertebra?, and from the supraspinous ligament. From this origin the fleshy

fibres proceed obliquely upward and outward, forming a broad, flat muscle sheet,

which divides as it ascends into two portions, the Splenius capitis and Splenius colli.

The Splenius capitis (m. splenius capitis) is inserted into the mastoid process of

the temporal bone, and into the rough surface on the occipital bone, just beneath

the superior curved line.

The Splenius colli [m. splenius cervicis) is inserted, by tendinous fasciculi, into the

posterior tubercles of the transverse processes of the two or three upper cenical

vertebnie.

The Splenius muscles are separated from their fellows of the opposite side by a

triangular internal, in which is seen the Complexus.

Nerves.—The Splenius capitis and colli muscles are supplied from the external branches of

the posterior primary divisions of the middle and lower cenical nerves; the Serratus posticus

superior is supplied bv the external branches of the upper three or four intercostal nerves; the

Serratus posticus inferior by branches of the ninth, tenth, and eleventh intercostal nerves.

Actions.—The Serrati are respiratory muscles. The Serratus posticus superior elevates the

ribs: it is therefore an inspiratorA- muscle; while the Serratus inferior draws the lower ribs down-

ward and backward, and thus elongates the thorax. It also fixes the lower ribs, thus aiding the

downward action of the Diaphragm and resisting the tendency which it has to draw the lower

ribs upward and fon\ard. It must therefore be regarded as a muscle of inspiration. This

muscle is also probably a tensor of the vertebral aponeurosis. The Splenii muscles of the two

sides, acting together, draw the head directly backward, assisting the Trapezius and Com-
plexus; acting separately, they draw the head to one or the other side, and slightly rotate it, turning

the face to the same side. They also assist in supporting the head in the erect position.
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The Fourth Layer (Fig. 311).

I. Erector spinae.

a. Outer Column. b. Middle Column

Iliocostalis. Longissimus dorsi.

Musculus accessorius. Transversalis cervicis.

Cervicalis ascendens. Trachelomastoid.

c. Inner Column.
Spinalis dorsi. Spinalis colli.

II. Complexus.

Dissection.—To expose the muscles of the fourth layer, remove entirely the Serrati and the

vertebral and lumbar fasciae. Then detach the Splenius by separating its attachment to the

spinous processes and reflecting it outward.

The Erector spinae (m. sacrospinalis) and its prolongations in the thoracic

and cervical regions fill up the vertebral groove on each side of the vertebral column.
It is covered in the lumbar region by the lumbar fascia; in the thoracic region, by
the Serrati muscles and the vertebral aponeurosis; and in the cervical region, by
a layer of cervical fascia continued beneath the Trapezius and the Splenius. This
large muscular and tendinous mass varies in size and structure at different parts

of the vertebral column. In the sacral region the Erector spinae is narrow and
pointed, and its origin is chiefly tendinous in structure. In the lumbar region

the muscle becomes enlarged, and forms a large, fleshy mass. In the thoracic

region it subdivides into two parts, which gradually diminish in size as they ascend
to be inserted into the vertebrae and ribs.

The Erector spinae arises from the anterior surface of a very broad and thick

tendon, the erector spinae aponeurosis, which is attached, internally, to the spines

of the sacrum, to the spinous processes of the lumbar and the eleventh and twelfth

thoracic vertebrae, and to 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 pos-

terior part of the sacrum, which represents the transverse processes, where it

blends with the great sacrosciatic and posterior sacroiliac ligaments. Some of

its fibres are continuous with the fibres of origin of the Gluteus maximus. The
muscle fibres form a single large fleshy mass, bounded in front Iby the transverse

processes of the lumbar vertebrae and by the middle lamella of the lumbar fascia.

Opposite the last rib it divides into three parts: (1) The Iliocostalis; (2) the Longis-

simus dorsi; and (3) the Spinalis dorsi.

1, The Iliocostalis (m. iliocostalis lumhorum), the external portion of the

Erector spinae, is inserted, generally, by six or seven flattened tendons into the

inferior borders of the angles of the six or seven lower ribs. The number of the

tendons of this muscle is, however, quite variable, and therefore the number of

ribs into which it is inserted varies. Internally this muscle is reinforced by a series

of muscle slips which arise from the angles of the ribs; by means of these the

Iliocostalis is continued upward to the upper ribs and to the cervical portion of

the vertebral column. These accessory portions form two additional muscles,

the Musculus accessorius and the Cervicalis ascendens.

The Musculus accessorius {m. iliocostalis dorsi) arises, by separate flattened

tendons, from the upper borders of the angles of the six lower ribs; these become
muscular, and are finally inserted, by separate tendons, into the upper borders

of the angles of the six upper ribs and into the back of the transverse processes

of the seventh cervical vertebra.
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The Cervicalis ascendens (m. iliocostalls cervicis) is the continuation of the Acces-

sorius upward into the neck; it is situated on the inner side of the tendons of the

Accessorius, arising from the angles of the four or five upper ribs, and is inserted

by a series of slender tendons into the posterior tubercles of the transverse pro-

cesses of the fourth, fifth, and sixth cervical vertebrae.

2. The Longissimus dorsi is the middle and largest portion of the Erector spinae.

In the lumbar region, where it is as yet blended with the Iliocostalis, some of the

fibres are attached to the whole length of the posterior surface of the transverse

processes and the accessory processes of the lumbar vertebrae, and to the middle
layer of the lumbar fascia. In the thoracic region the Longissimus dorsi is

inserted, by long, thin tendons, into the tips of the transverse processes of all the

thoracic vertebrae, and into from seven to eleven of the lower ribs between their

tubercles and angles. This muscle is continued upward to the cranium and cer-

vical portion of the vertebral column by means of two additional muscles, the

Transversalis cervicis and Trachelomastoid.

The Transversalis cervicis (m. longissimus cervicis'), placed on the inner side

of the Longissimus dorsi, arises by long, thin tendons from the summits of the trans-

verse processes of the six upper thoracic vertebrae, and is inserted by similar

tendons into the posterior tubercles of the transverse processes of the cervical

vertebrae, from the second to the sixth inclusive.

The Trachelomastoid {m. longissimus capitis) lies on the inner side of the pre-

ceding, between it and the Complexus muscle. It arises, by tendons, from the

transverse processes of the five or six upper thoracic vertebrae, and the articular

processes of the three or four lower cervical vertebrae. The fibres form a small

muscle, which ascends to be inserted into the posterior margin of the mastoid
process, beneath the Splenius and Sternomastoid muscles. This small muscle is

almost always crossed by a tendinous intersection near its insertion into the mastoid
process.*

3. The Spinalis dorsi is situated at the inner side of the Longissimus dorsi,

with which it is intimately blended. It arises, by three or four tendons, from the

spinous processes of the first tw^o lumbar and the last two thoracic vertebrae; these,

uniting, form a small muscle, w^hich is inserted, by separate tendons, into the

spinous processes of the thoracic vertebrae, the number varying from four to eight.

It is intimately united with the Semispinalis dorsi, which lies beneath it.

The Spinalis colli (m. spinalis cervicis) is a small muscle, connecting the spinous

processes of the cervical vertebrae, and analogous to the Spinalis dorsi in the thoracic

region. It varies considerably in its size and in the extent of its attachment to

the vertebrae, not only in diflferent bodies, but on the two sides of the same body.

It usually arises by fleshy or tendinous slips, varying from two to four in number,
from the spinous processes of the fifth, sixth, and seventh cervical vertebrae, and
occasionally from the first and second thoracic, and is inserted into the spinous

process of the axis, and occasionally into the spinous processes of the two vertebrae

below it. This muscle was found absent in five cases out of twenty-four.

The Complexus (w. semispinalis capitis) is a broad thick muscle, situated at

the upper and back part of the neck, beneath the Splenius, and internal to the

Transversalis cervicis and Trachelomastoid. It arises, by a series of tendons,

from the tips of the transverse processes of the upper six or seven thoracic and the

last cervical vertebrae, and from the articular processes of the three cervical

vertebrae above this. The tendons, uniting, form a broad muscle, which passes

obliquely upward and inward, and is inserted into the innermost depression be-

tween the two curved lines of the occipital bone. At about its middle it is traversed

' These two muscles (Transversalis cervicis and Trachelomastoid') are sometimes described as one having a
common origin, but dividing above at their insertion. The Trachelomastoid is then termed the Transversalis
capitis.
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bv a transverse tendinous intersection. The inner portion of this muscle is

usually separate and is called the biventer cervicis, from the intenention of a

tendon between its two fleshy bellies.

The Fifth Layer (Fig. 311).

Semispinalis dorsi. Extensor coccygis.

Semispinalis colli. Intertransversa les.

Multifidus spinae. Rectus capitis posticus major.

Rotatores spinae. Rectus capitis posticus minor.

Supraspinales. Obliquus inferior.

Interspinales. Obliquus superior.

Dissection.—Remove the muscles of the preceding layer by dividing and tm^ning aside the

Complexus; then detach the Spinalis and Longissimus dorsi from their attachments, divide the

Erector spinae at its connection below to the sacral lumbar vertebrae and turn it outward. The
muscles filling up the inter\-al between the spinous and transverse processes are then exposed.

The Semispinalis dorsi (m. semispinalis dorsi) consists of thin, narrow,

fleshy fasciculi interposed between tendons of considerat)le length. It arises

by a series of small tendons from the transverse processes of the lower thoracic

vertebrae, 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 thoracic and lower

two cervical vertebrae.

The Semispinalis colli (m. semispinalis cervicis), thicker than the preceding,

arises by a series of tendinous and fleshy fibres from the transverse processes of

the upper five or six thoracic vertebrae, and is inserted into the spinous processes

of four cervical vertebrae, from the axis to the fifth cer\ical. The fasciculus

connected with the axis is the largest, and is chiefly muscular in structure.

Superficial to this muscle and the preceding are the profunda cervicis artery, the princeps

cer\-icis arteiy, and the internal branches of the posterior divisions of the first, second, and
third cer\'ical nerves; their deep surfaces lie upon the Multifidus spinae.

The Multifidus spinae (m. mvltifidus) consists of a number of fleshy and ten-

dinous 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 spinae; from the inner surface of the pos-

terior superior spine of the ilium and posterior sacro-iliac ligaments; in the lumbar
regions from the mammillarv processes; in the thoracic region, from the transverse

processes; and in the cervical region, from the articular processes of the three or

four lower vertebrae. Each fasciculus, passing obliquely upward and inward,

is inserted into the whole length of the spinous process of one of the vertebrae

above. These fasciculi vary in length; the most superficial, the longest, pass from
one vertebra to the third or fourth above; those next in order pass from one
vertebra to the second or third above; while the deepest connect two contiguous
vertebrae.

Its superficial surface is covered by the Semispinalis dorsi. and the Semispinalis colli, and its

deep surface, lies ujKjn the laminae and spinous processes of the vertebrae.

The Rotatores spinae (mm. rotatores) are found only in the thoracic region of
the spine, beneath the Multifidus spinae; they are eleven in number on each side.

Each muscle is small and somewhat quadrilateral in form; and arises from the
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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 inward as the root of the spinous process. The first is found between the

first and second thoracic; 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 {mm. supraspinales) consist of a series of fleshy bands
which lie on the spinous processes in the cervical region of the vertebral column.
The Interspinales (mm. interspivales) are short muscular fasciculi, placed in

pairs between the spinous processes of the contiguous vertebrae, one on each side

of the interspinous ligament. In the cervical region they are most distinct, and
consist of six pairs, the first being situated between the axis and the third vertebra,

and the last between the last cervical and the first thoracic vertebra. They are

small narrow bundles, attached, above and below, to the apices of the spinous

processes. In the thoracic region they are found between the first and second
vertebrae, and occasionally between the second and third; and below, between
the eleventh and twelfth. In the lumbar region there arefour pairs of these muscles
in the intervals between the five lumbar vertebrae. There is also occasionally

one in the interspinous space between the last thoracic and first lumbar, and
between the fifth lumbar and the sacrum.

The Extensor coccygis is a slender muscular fasciculus, occasionally present, which extends
over the lower part of the posterior surface of the sacrum and coccyx. It arises by tendinous
fibres from the last bone of the sacrum or first piece of the coccyx, and passes downward to be
inserted into the lower part of the coccyx. It is a rudiment of the Extensor muscle of the caudal
vertebrae of the lower animals.

The Intertransversales (mm. intertransversarii) are small muscles placed

between the transverse processes of the vertebrae. In the cervical region they are

most developed, consisting of rounded muscular and tendinous fasciculi, which are

placed in pairs, passing between the anterior and the posterior tubercles of the

transverse processes of two contiguous vertebrae, separated from one another by
the anterior division of the cervical nerve, which lies in the groove between them.

In this region there are sei^en pairs of these muscles, the first pair being between
the atlas and axis, and the last pair between the seventh cervical and first thoracic

vertebrae. In the thoracic region they are least developed, consisting chiefly of

rounded tendinous cords in the intertransverse spaces of the upper thoracic verte-

brae; but between the transverse processes of the lower three thoracic vertebrae, and
between the transverse processes of the last thoracic and the first lumbar, they are

muscular in structure. In the lumbar region they are arranged in pairs, on either

side of the vertebral column, one set occupying the entire interspace between the

transverse processes of the lumbar vertebrae, the intertransversales laterales; the

other set, intertransversales mediales, passing from the accessory process of one

vertebra to the mammillarv process of the next below.

The Rectus capitis posticus major (m. rectus capitis posterior 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 hone

and the surface of bone immediately below it. As the muscles of the two sides

pass upward and outward, they leave between them a triangular space, in which are

seen the Recti capitis postici minores muscles. The superficial surface is crossed

by the Complexus; its deep surface lies on the posterior occipito-atlantal ligament.

The Rectus capitis posticus minor (m. rectus capitis posterior minor), the small-

est 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, becom-

ing broader as it ascends, is inserted into the rough surface beneath the inferior
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curved line, nearly as far as the foramen magnum, and nearer to the middle line

than the preceding.

The Obliquus inferior {m. ohliquus capitis inferior), the larger of the two

Oblique muscles, arises from the apex of the spinous process of the axis, and

passes outward and slightly upward, to be inserted into the lower and back part

of the transverse process of the atlas.

The Obliquus superior (m. obliquus capitis superior), narrow below, wide and

expanded above, arises by tendinous fibres from the upper surface of the transverse

process of the atlas; it joins with the insertion of the preceding, and, passing

obliquely upward and inward, is inserted into the occipital bone, between the two

curved lines, external to the Complexus.

The Suboccipital triangle is the triangular interval between the two oblique muscles and the

Rectus capitis posticus major. This triangle is bounded, alx>v€ and internally, by the Rectus

capitis posticus major; above and externally, by the Obliquus superior; below and externally,

bv the Obliquus inferior. It is covered in by a layer of dense fibrofatty tissue, situated

beneath the Complexus muscle. The floor is formed by the posterior occipito-atlantal ligament

and the posterior arch of the atlas. It contains the vertebral artery, as it rims in a deep groove

on the upper surface of the posterior arch of the atlas, and the posterior division of the sub-

occipital nerve.

Nerves.—The fourth and fifth layers of the muscles of the back are supplied by the posterior

primary divisions of the spinal nerves.

Actions.—^^'hen both the Spinales dorsi contract, they extend the thoracic re^on of the

vertebral column; when only one muscle contracts, it helps to bend the thoracic f>ortion of

the vertebral column to one side. The Erector spinae, comprising the Iliocostalis and the

Longissimus dorsi with their accessory muscles, sen-es, as its name implies, to maintain the

vertebral column in the erect posture; it also serves to bend the trunk backward when it is

required to counterbalance the influence of any weight at the front of the body, as, for instance,

when a heavy weight is suspended from the neck, or when there is any great abdominal dis-

tention, as in pregnancy or dropsy; the peculiar gait under such circumstances depends upon
the vertebral column being drawn backward by the counterbalancing action of the Erector

spinae muscles. The muscles which form the continuation of the Erector spinae upward
steady the head and neck, and fix them in the upright position. If the Iliocostalis and Lon-
gissimus dorsi of one side act, they ser\-e to draw down the thorax and vertebral coliunn to the

corresponding side. The Cer\icales ascendens, taking their fixed points from the cer\-ical

vertebrae, elevate those ribs to which they are attached; taking their fixed points from the ribs,

both muscles help to extend the neck; while one muscle bends the neck to its own side. The
Transversales cervicis, when both muscles act, taking their fixed point from below, bend the neck
backward. The Trachelomastoid, when both muscles act, taking their fixed point from below,

bend the head backward; while if only one muscle acts, the face is turned to the side on which
the muscle is acting, and then the head is bent to the shoulder. The two Recti muscles
draw the head backward. The Rectus capitis posticus major, owing to its obliquity, rotates

the cranium, with the atlas, around the odontoid process, turning the face to the same side. The
Multifidus spinae acts successively upon the different parts of the vertebral column; thus, the

sacrum furnishes a fixed point from which the fasciculi of this muscle act upon the lumbar
r^ion; these then become the fixed points for the fasciculi moving the thoracic r^on, and
so on throughout the entire length of the vertebral column; it is by the successive contraction

and relaxation of the separate fasciculi of this and other muscles that the spine presers'es the
erect posture without the fatigue that would necessarily have been produced had this position

been maintained by the action of a single muscle. The Multifidus spinae, besides preserving

the erect position of the vertebral column, 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 in its

action by the Obliquus externus abdominis. The Complexi draw the head directly backward;
if one muscle acts, it draws the head to one side, and rotates it so that the face is tiu-ned to the
opposite side. The Superior oblique draws the head backward, and, from the obliquity in

the direction of its fibres, will slightly rotate the craniiun, turning the face to the opposite side.

The Inferior oblique rotates the atlas, and with it the cranium, around the odontoid process,

turning the face to the same side. The Semispinales, when the muscles of the two sides act

together, help to extend the vertebral column; when the muscles of one side only act, they rotate
the thoracic and cervical parts of the vertebral column, turning the body to the opposite side.

The Supraspinales and Interspinales by approximating the spinous processes help to extend
the vertebral column. The Intertransversales approximate the transverse processes, and help
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to bend the vertebral column to one side. The Rotatores spinae assist the Multifidus spinae to

rotate the vertebral column, so that the front of the trunk is turned to the side opposite to that

from which the muscle acts.

Surface Forms.—The surface forms produced by the muscles of the back are numerous and
difficult to analyze unless they are considered in systematic order. The most superficial layer,

consisting of large strata of muscle tissue, influences to a certain extent the surface form, and
at the same time reveals the forms of the layers beneath. The Trapezius at the upper part

of the back, and in the neck, covers over and softens down the outline of the underlying muscles.

Its anterior border forms the posterior boundary of the posterior triangle of the neck. It forms
a slight undulating ridge which passes downward and forward from the occiput to the junction

of the middle and outer third of the clavicle. The tendinous ellipse formed by a part of the

origin of the two muscles at the back of the neck is always to be seen as an oval depression,

more marked when the muscle is in action. A slight dimple on the skin opposite the interval

between the spinous processes of the third and fourth thoracic vertebrae marks the triangular

aponeurosis by which the inferior fibres are inserted into the root of the spine of the scapula.

From this point the inferior border of the muscle may be traced as an undulating ridge to the

spinous process of the twelfth thoracic vertebra. In like manner the Latissimus dorsi softens

down and modulates the underlying structures at the lower part of the back and lower part of

the side of the thorax. In this way it modulates the outline of the Erector spinae; of the Serratus

posticus inferior, which is sometimes to be discerned through it. The anterior border of the

muscle is the only part which gives a distinct surface form. This border may be traced, when
the muscle is in action, as a rounded edge, starting from the crest of the ilium, and passing

obliquely forward and upward to the posterior border of the axilla, where it combines with

the Teres major in forming a thick rounded fold, the posterior boundary of the axillary space.

The muscles in the second layer influence to a very considerable extent the surface form of

the back of the neck and upper part of the trunk. The Levator anguli scapulae reveals itself

as a prominent divergent line, running downward and outward, from the transverse proc-

esses of the upper cervical vertebrae to the angle of the scapula, covered over and toned down
by the overlying Trapezius. The Rhomboidei produce, when in action, a vertical eminence
between the vertebral border of the scapula and the vertebral furrow, varying in intensity

according to the condition of contraction or relaxation of the Trapezius muscle, by which
they are for the most part covered. The lowermost part of the Rhomboideus major is not
covered by the Trapezius, and forms on the surface an oblique ridge running upward and
inward from the inferior angle of the scapula. Of the muscles of the third layer of the back,

the Serratus posticus superior does not in any way influence surface form. The Serratus postietis

inferior, when in strong action, may occasionally be revealed as an elevation beneath the Latis-

simus dorsi. The Splenii by their divergence serve to broaden out the upper part of the back
of the neck and produce a local fulness in this situation, but do not otherwise influence surface

form. Beneath all these muscles those of the fourth layer—the Erector spinae and its continua-

tions—influence the surface form in a decided manner. In the loins, the Erector spinae, bound
down by the lumbar fascia, forms a rounded vertical eminence, which determines the depth of

the vertebral furrow, and which below tapers to a point on the posterior surface of the sacrum
and becomes lost there. In the back it forms a flattened plane which gradually becomes lost.

In the neck the only part of this group of muscles which influences surface form is the Trachelo-

mastoid, which produces a short convergent line across the upper part of the posterior triangle

of the neck, appearing from under cover of the posterior border of the Sternomastoid and being

lost below beneath the Trapezius.

Applied Anatomy.—In cases of tuberculous caries of the vertebral bodies, and in other diseases

affecting the vertebral column, rigidity of the spinal muscles is one of the earliest and most
constant symptoms. A child with commencing vertebral disease always maintains the affected

portion of the column in a state of absolute rigidity, to prevent the inflamed structures from
being moved against each other; this is one of the best examples of nature's method of producing
rest of the affected part.

II. MUSCLES AND FASCliE OF THE THORAX.

The muscles belonging exclusively to this region are few in number. They
are the

Intercostales externi. Triangularis sterni.

Intercostales interni. • Levatores costarum.

Infracostales. Diaphragm.



OF THE THORAX 417

Intercostal Fascia.—A thin but firm layef 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 muscle

fibres. These are the intercostal fascia, external, middle, and internal; they are best

marked in those situations where the muscle fibres are deficient, as between the

External intercostal muscles and sternum, in front, and between the Internal

intercostals and vertebral column, behind.

The Intercostal muscles (Figs. 319 and 347) are two thin planes of muscle
and tendon fibres, placed one over the other. They fill up the intercostal spaces,

and are directed obliquely l)etween the margins of the adjacent ribs. Thev
have received the name external and internal from the position they bear to each
other. Between them in the grooved under surface of the rib run the intercostal

vessels and ner\e. The tendon fibres are longer and naore numerous than the

muscle fibres; hence the walls of the intercostal spaces possess very considerable

strength, to which the crossing of the muscle fibres materially contributes.

The External intercostals (mm. intercostales extern!) are eleven in number on
each side. They extend from the tubercles of the ribs, behind, to the commence-
ment of the cartilages of the ribs, in front, where they terminate in a thin mem-
brane, the anterior intercostal membrane, which is continued fon\ard to the sternum.

They arise from the lower border of the rib above, and are inserted into the upper
border of the rib below. In the two lowest spaces they extend to the ends of the

cartilages, and in the upper two or three spaces they do not quite extend to the

ends of the ribs. Their fibres are directed obliquely downward and fon^ard, in

a similar direction with those of the External oblique muscle of the abdomen.
They are thicker than the Internal intercostals.

The Internal intercostals (mm. intercostales interni) are also eleven in number
on each side. They commence anteriorly at the sternum in the interspaces between
the cartilage of the true ribs, and from the anterior extremities of the cartilages

of the false ribs, and extend backward as far as the angles of the ribs, whence they

are continued to the vertebral column by a thin aponeurosis, the posterior intercostal

membrane. They arise from the ridge on the inner surface of the rib above, as well

as from the corresponding costal cartilage, and are inserted into the upper border
of the rib below. Their fibres are directed obliquely downward and backward,
passing in the opposite direction to the fibres of the External intercostal muscle.

The Infracostales {mm. subcostales) consist of muscular and aponeurotic fas-

ciculi, which vary in number and length; they are placed on the inner surface of

the ribs, where the Internal intercostal muscles cease; they arise from the inner

surface of one rib, and are inserted into the inner surface of the first, second, or

third rib below. Their direction, like the Internal intercostals, is usually oblique.

They are most frequently found between the lower ribs.

The Triangularis stemi {m,. transversus thoracis) (Fig. 312) is a thin plane con-
sisting of muscle and tendon fibres, and is situated upon the inner wall of the front

of the thorax. It arises from the lower third of the posterior surface of the sternum,

from the posterior surface of the ensiform cartilage, and from the sternal ends of

the costal cartilages of the three or four lower true ribs. Its fibres diverge upward
and outward, to be inserted by digitations into the lower borders and inner surfaces

of the costal cartilages of the second, third, fourth, fifth, and sixth ribs. The
lowest fibres of this muscle are horizontal in their direction, and are continuous
with those of the Transversa lis; those which succeed are oblique, while the

superior fibres are almost vertical. This muscle varies much in its attachment,
not only in different bodies, but on opposite sides of the same body. The internal

mammary artery runs between this muscle and the costal cartilages.

The Levatores costarlim (mm. levatores costarum) (Fig, 311), twelve in number
on each side, are small tendinous and fleshy bundles which arise from the extrem-



418 THE 3IUSCLES AND FASCIA

ities of the transverse processes of the seventh cervical and the eleven upper
thoracic vertebra. They pass obliquely downward and outward and are inserted

into the upper border, between the tubercle and the angle of the rib, immediately
below its vertebra of origin. In some instances the muscle divides into two
fasciculi, one of which is inserted as above described; the other fasciculus passes

down to the second rib below its origin.

Nerves.—The muscles of this group are supplied by the intercostal nerves.

8TERNOMASTOID

SUBCLAVIUS

SUBCLAVIUS-

Intenial mam-
mary artery.

TRIANGULARIS
STERNI.

.TRANSVERSALIS ABDOMINIS.

FlQ. 312.—Posterior surface of sternum and costal cartilages, showing Triangularis sterni muscle. (From a prepa-

ration in the Museum of the Royal College of Surgeons of England.)

The Diaphragm (diaphragma) (Figs. 313 and 314) is a thin, musculofibrous

septum placed at the junction of the upper with the middle third of the trunk;

it separates the thoracic from the abdominal cavity, its convex upper surface

forming the floor of the former, and its concave under surface the roof of the

latter. Its peripheral part consists of muscle fibres which arise from the internal

circumference of the thoracic outlet, as well as from certain lumbar vertebrae,

and pass upward and inward to converge to a central tendon. Anteriorly, the

Diaphragm arises from the dorsal surface of the ensiform cartilage by two fleshy

strips (pars sternalis); on either side, from the inner surfaces of the six lower

costal cartilages (seventh to twelfth) (pars costalis), irtterdigitating with slips of

origin of the Transversalis abdominis. Behind, it takes origin from certain
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lumbar vertebrae by two crura; and from aponeurotic arches named the arcuate

ligaments {^pars lumbalis).

The crura 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, arises from the anterior surface of the bodies and
articular disks of the four upper lumbar vertebrae; the left crus arises from the

three upper lumbar vertebrae; both blend with the anterior common ligament of

the vertebral column.

The tendinous portion of each crus passes forward and inward to meet the

corresponding portion of the opposite side, thus forming the tendinous arch known
as the middle arcuate ligament. From this arch diverging muscle fibres arise,

the outermost portion of which is directed upward and outward to the central

tendon; the innermost portion decussate in front of the aorta, diverge in order

to surround the oesophagus, and likewise end in the central tendon. The fibres

derived from the right crus are the more numerous and pass in front of those

derived from the left.

Each crus, in its tendinous portion, is perforated by the great and lesser

splanchnic nerves and sometimes the ascending lumbar radicle of the azygos

veins.

The internal arcuate ligament (arcus lumhocostalis medialis) is a tendinous arch
in the fascia covering the upper part of the Psoas magnus muscle, on each side

of the vertebral column. This tendinous arch is connected mesad to the body
of the first (or second) lumbar vertebrae, laterad to the front of the tip of the

transverse process of the first (or second) lumbar vertebrae.

The external arcuate ligament (arcus lumbocostalis lateralis) is the thickened
upper margin of the anterior lamella of the lumbar fascia; it arches across the

upper part of the Quadratus lumborum from the front of the transverse process

of the first (or second) lumbar vertebra to the apex and lower margin of the

twelfth rib.

The fibres of the Diaphragm derived from these sources vary in length; those

arising from the ensiform cartilage are short and occasionally aponeurotic, con-

tinuous with the posterior layer of the Rectus abdominis sheath. Those arising

from the arcuate ligaments, and more especially those from the cartilages of the

ribs at the side of the thorax, are longer, describe well-marked cur%es as they ascend,
and finally converge to be inserted into the margin of the central tendon.

The central tendon of the Diaphragm (centrum tendineum) (Fig. 314) is a thin but
strong tendinous aponeurosis, situated at the centre of the vault formed by the
muscle, immediately below the pericardium, with which it is partly blended. It is

shaped somewhat like a trefoil leaf, consisting of three divisions, or leaflets, sepa-
rated from one another by slight indentations. The right leaflet is the largest; the
middle one, directed toward 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 arrangement which affords it additional strength.

The openings in the Diaphragm are three large and several smaller apertures.

The former are the aortic, the oesophageal, and the opening for the inferior vena
cava.

The aortic opening (hiatus aorticus) is the lowest and the most posterior of the
three large apertures connected with this muscle, being at the level of the first

lumbar vertebra. It is situated slightly to the left of the middle line, immediately
in front of the bodies of the vertebrae; and is, therefore, behind the Diaphragm, not
in it. It is an osseoaponeurotic aperture, formed by a tendinous arch (middle
arcuate ligament) thrown across the front of the bodies of the vertebrae, from the
crus on one side to that on the other, and it transmits the aorta, the vena azygos
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major, and the thoracic duct. Sometimes the vena azygos major is transmitted

upward through the right crus. Occasionally some tendinous fibres are pro-

CESOPHAGUS
FORAMEN QUADRATUM FOR

INFERIOR VENA CAVA

LEFT SIDE
AORTA

Fig. 313.—^The Diaphragm, seen from above. (Poirier and Charpy.)

CENTRAL TENDON,
RIGHT SIDE

r "I'l

Fig. 314.—The Diaphragm, viewed from in front. (Testut.)

longed across the bodies of the vertebrae from the inner part of the lower end of

the crura, pass behind the aorta, and thus convert the opening into a fibrous ring
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The oesophageal opening (hiatus oesophageus) is situated at the level of the tenth

thoracic vertebra; it is elliptical in form, oblique in direction, muscular in structure,

and is formed by the decussating fibres of the two crura. It is placed above, and

at the same time anterior, and a little to the left of the aortic opening. It transmits

the oesophagus and vagus nerves and some small oesophageal arteries. The
anterior margin of this aperture is occasionally tendinous, being formed by the

margin of the central tendon. The posterior and lateral margins are thick and

the gullet is in contact with them for about half an inch. The right margin of the

oesophageal opening is particularly prominent and lies in the oesophageal groove

on the posterior surface of the left lobe of the liver.

The opening for the inferior vena cava (foramen venae cavae) is the highest open-

ing, being about on the level of the disk between the eighth and ninth thoracic

vertebrje; it is quadrilateral in form, tendinous in structure, and is placed at the

junction of the right and middle leaflets of the central tendon, its margins being

adherent to the wall of the inferior vena cava.

Fig. 315.—The 1 .iewed from below. (Testut.)

The right crus transmits the greater and lesser splanchnic nenes of the right

side; the left crus transmits the greater and lesser splanchnic nenes of the left

side, and the vena azygos minor (inferior). The gangliated cords of the sympa-
thetic usually enter the abdominal cavity by passing behind the internal arcuate

ligaments.

Serous Membranes.—The serous membranes in relation with the Diaphragm are four in

number, three covering its upper or thoracic surface, and one its abdominal surface. The three

serous membranes on its upper surface are the two pleurae on either side and the pericardium,

which covers the middle portion of the tendinous centre. The greater portion of the under
surface of the Diaphragm is covered by the peritonemn.

Nerves.—The Diaphragm is supplied by the right and left phrenic nerves, derived from the

anterior primary divisions of the third, fourth, and fifth cer\-ical nen^es. The nerve filaments

which pass to the Diaphragm from the lower four intercostal nen'es are sensor in function and
supply only the peritoneum.

Actions.—Each External intercostal muscle elevates the rib below. Owing to the oblique

axis of the costovertebral articulation, the curved obliquity of the ribs themselves, and the
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angular arrangement of the lower costal cartilages, the sternum is lifted upward and forward,

the ribs upward and slightly outward, and the diameters of the thorax are thus increased.

The action of the Internal intercostals is in dispute. Haller long ago taught that they act

together with the External intercostals as inspiratory muscles. Investigators have since endeav-
ored to show that they act as expiratory muscles.' Others believe that the Intercostal muscles
contract simultaneously and serve merely as strong septal supports which prevent the inter-

costal spaces from being pushed out or drawn in during respiration. Masoin and Du Bois Rey-
mond,^ in experiments on animals, proved that the intercartilaginous portions of the Internal

intercostals contracted synchronously with the Diaphragm.
The Diaphragm is the principal muscle of inspiration, and presents the form of a dome con-

cave toward the abdomen. The central part of the dome is tendinous, and the pericardium
is attached to its upper surface; the circumference is muscular. During inspiration the lowest

ribs are fixed, and from these and the crura the muscle fibres contract and draw downward
and forward the central tendon with the attached pericardium. In this movement the curva-
ture of the Diaphragm is scarcely altered, the dome moving downward nearly parallel to its

original position and pushing before it the abdominal viscera. The descent of the abdominal
viscera is permitted by the elasticity of the abdominal wall, but the limit of this is soon reached.

The central tendon applied to the abdominal viscera then becomes a fLxed point for the action

of the Diaphragm, the effect of which is to elevate the lower ribs and through them to push forward
the sternum and the upper ribs. The right cupola of the Diaphragm, lying on the liver, has a
greater resistance to overcome than the left, which lies over the stomach, but to compensate
for this the right crus and the fibres of the right side generallv are stronger than those of the

left.

In all expulsive acts the Diaphragm is called into action to give additional power to each
expulsive effort. Thus, before sneezing, coughing, laughing, crying, or vomiting, and previous

to the expulsion of urine or feces, or of the foetus from the uterus, a deep inspiration takes place.

The height of the Diaphragm is constantly varying during respiration; it also varies with the

degree of distention of the stomach and intestines and with the size of the liver. After a forced

expiration the right cupola 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 cupola is a little lower
than the right. Halls Dally states that the absolute range of movement between deep inspiration

and deep expiration averages in the male and female 30 mm. on the right side and 28 mm. on
the left; in quiet respiration the average movement is 12.5 mm. on the right side and 12 mm.
on the left.'

Skiagraphy shows that the height of the Diaphragm in the thorax varies considerably with the

position of the body. It stands highest when the body is horizontal and the patient on his back,

and in this position it performs the largest respiratory excursions with normal breathing. When
the body is erect the dome of the Diaphragm falls, and its respiratory movements become less.

The dome falls still lower when the sitting posture is assumed, and in this position its respiratory

excursions are least in extent. These facts may, perhaps, explain v.hy it is that patients suffering

from severe dyspnea are most comfortable and least short of breath when they sit up. When
the body is horizontal and the patient on his side, the two halves of the Diaphragm do not behave
alike. The uppermost half sinks to a level lower even than when the patient sits, and moves
little with respiration; the lower half rises higher in the thorax than it does when the patient

is supine, and its respiratory excursions are much increased. In unilateral disease of the pleura

or lungs analogous interference with the position or movement of the Diaphragm can generally

be observed skiagraphically.

It appears that the position of the Diaphragm in the thorax depends upon three main factors,

viz.: (1) The elastic retraction of the lung tissue, tending to pull it upward; (2) the pressure

exerted on its under surface by the viscera; this naturally tends to be a negative pressure,

or a downward suction, when the patient sits or stands, and a positive or an upward pressure

when he lies; (3) the intra-abdominal tension due to the abdominal muscles. These are in a

state of contraction in the standing position and not in the sitting position; hence, the Diaphragm
when the patient stands is pushed up higher than when he sits.

The Levatores costarum being inserted near the fulcra of the ribs can exert but little action

on them; they act as rotators and lateral flexors of the vertebral column.
The Triangularis sterni draws down the costal cartilages, and is therefore a muscle of expi-

ration.

Mechanism of Respiration.—The respiratory movements must be examined during (a)

quiet respiration, and during (fe) forced respiration.

• Consult articles by Cleland in the Journal of Anatomy and PhysioloBr, May, 1867, p. 209; Baumler, Obser-
vations on the Action of the Intercostal Muscles, Eriangcn, 1860 (Ref. in New Syd. Soc.'s Year-Book for 1861, p.

69); Keen, Trans. Coll. of Phys., Phila., Third series, vol. i, 1875, p. 97; Flusser, Ueber die Wirkung der Mus-
culi Intercostales, Anat. Anz., April 16, 1908; Boecker. Anat. Anz., .June 27, 1908.

* Zur Lehre von der Function der Musculi intercostales interni, Archiv fiir Physiologie, 1896, p. 85.
3 Inquiry into the Physiological Mechanism of Respiration, .Journal of Anatomy and Physiology, vol. xliii,

1908.

k
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Quiet Respiration.—The first and second pairs of ribs are fixed bv the Scaleni and bv the

resistance of the cervical structures; the last pair, and through it the eleventh pair, are fixed

by the Quadratus lumborum muscles. The other ribs are elevated, so that the first two inter-

costal spaces are diminished while the other spaces are increased in width. It has already

been shown (p. 285) that elevation of the third, fourth, fifth, and sixth ribs leads to an increase

in the antero-posterior and transverse diameters of the thorax ; the vertical diameter is increased

bv the descent of the diaphragmatic dome so that the lungs are expanded in all directions except

backward and upward. Elevation of the eighth, ninth, and tenth ribs is accompanied by

an outward and backward movement, leading to an increase in the transverse diameter of the

upper part of the abdomen; the elasticity of the anterior abdominal wall allows a slight increase

in the antero-posterior diameter of this part, and in this way the decrease in the vertical diameter

of the abdomen is compensated and space pro\'ided for its displaced \-iscera. Expiration is

effected by the elastic recoil of the abdominal walls and by the action of the abdominal muscles,

which push back the \Tscera displaced downward by the Diaphragm.
Forced Respiration.—All the movements of quiet respiration are here carried out. but to

a greater extent. In inspiration the shoulders and the vertebrai borders of the scapulae are

fixed and the limb muscles, Traf>ezius, Serratus magnus. Pectorals, and Latissimus dorsi, are

called into play. The Scaleni are in stronger action, and the Stemomastoids also assist, when
the head is fixed, by drawing up the sternum and by fixing the clavicles. The first rib is there-

fore no longer stationarv', but, with the sternum, is raised; with it all the other ribs except the

last are raised to a higher level. In conjunction with the increased descent of the Diaphragm
this provides for a considerable augmentation of aU the thoracic diameters. The anterior abdom-
inal muscles come into action so that the umbilicus is drawn upward and backward, and
this allows the Diaphragm to exert a more powerful influence on the lower ribs; the transverse

diameter of the upper part of the abdomen is greatly increased and the subcostal angle is opened
out. The deeper muscles of the back, e. g., the Serrati postici superiores and the Erectores

spinae, are also brought into action; the thoracic curve of thevertebral column is partially straight-

ened, and the whole column, above the lower lumbar vertebrse, is drawn backward. This
increases the antero-posterior diameters of the thorax and of the upper part of the abdomen and
widens the intercostal spaces. Forced expiration is effected by the recoil of the abdominal walls,

by the contraction of the antero-lateral muscles of the abdominal wall, and of the Serrati postici

inferiores and Triangularis stemi.

Halls Dally (op. cit.) gives the following figures as representing the average changes which
occur diu-ing deepest possible respiration. The manubriimi moves 30 mm. in an upward, and
14 mm. in a forward direction; the width of the subcostal angle, at a level of 30 mm. below

the articulation of the manubrium with the gladiolus, is incr^sed by 26 mm.; the imibilicus

is retracted and drawn upward for a distance of 1 3 mm.
Artificial Respiration.—By the "prone pressure" method of Prof. E. A. SchSfer advantage is

taken of the contour of the diaphragm and of the elastic recoil of the thoracic wall in pro\'iding

for a tidal air exchange in the lungs.

III. MUSCLES OF THE ABDOMEN. '

The muscles of the abdomen may be divided into two groups: (1) The
antero-Iat«ral muscles of the abdomen. (2) The posterior muscles of the abdomen.

1. The Antero-lateral Muscles of the Abdomen.

The muscles of this group are the

External oblique. Transversalis.

Internal oblique. Rectus.

P\Tamidalis.

Dissection CFig. 316).—To dissect the abdominal muscles, make a vertical incision from the

ensiform cartilage to the s^Tnphysis pubis; a second incision from the umbilicus obliquely upward
and outward to the outer surface of the thorax, as high as the lower border of the fifth or sixth

rib; and a third, commencing midway berween the umbilicus and pubes, transversely'outward

to the anterior superior iliac spine, and along the crest of the ilium as far as its posterior third.



424 THE 3IUSCLES AND FASCIA

S. Dis
section of
inguinal

hernia.

Then reflect the three flaps included between these incisions from within outward, in the Hnes
of direction of the muscle fibres. If necessary, the abdominal muscles may be made tense bj
inflating the peritoneal cavity through the umbilicus.

The superficial fascia of tHe abdomen consists, over the greater part of the

abdominal wall, of a single layer of fascia, which contains a variable amount of

fat; but as this layer approaches the groin it is easily divisible into two layers,

between which are found the superficial vessels and nerves and the superficial

inguinal lymph nodes. The superficial layer of the superficial fascia (fascia of
Camper) is thick, areolar in texture, and contains in its meshes adipose tissue,

the quantity of which varies in different subjects. Below, it passes over Poupart's
ligament, and is continuous with the outer layer of the superficial fascia of the
thigh. In the male this fascia is continued over the penis and outer surface of

the cord to the scrotum, where it helps to form
the dartos. As it passes to the scrotum it changes

its character, becoming thin, destitute of adipose

tissue, and of a pale reddish color, and in the

scrotum it acquires some nonstriated muscle

fibres. From the scrotum it may be traced back-

ward to be continuous with the superficial fascia

of the perineum. In the female this fascia is con-

tinued into the labia majora. The deep layer of

the superficial fascia (fascia of Scarpa) is thinner

and more membranous m character than the

superficial layer, and contains a considerable

quantity of yellow elastic fibres. In the middle

line it is intimately adherent to the linea alba and
to the symphysis pubis, and is prolonged, in the

male, on to the dorsum of the penis, forming the

suspensory ligament of the penis; above, it joins

the superficial layer and is continuous w'ith the

superficial fascia over the rest of the trunk; below,

it blends w^ith the fascia lata of the thigh a little

below Poupart's ligament; and below and in-

ternally it is continued over the penis and
spermatic cord to the scrotum, where it helps to

form the dartos. From the scrotum it may be traced backward to be continuous

with the deep layer of the superficial fascia of the perineum (fascia of Colles). In

the female it is continued into the labia majora.

The deep fascia invests the External oblique muscle, but is so thin over the

aponeurosis of the muscle as to l)e scarcely recognizable.

The External or Descending oblique muscle (m. obUquus externus abdominis)

(Fig. 317) is situated on the side and fore part of the abdomen; being the largest

and the most superficial of the three flat muscles in this region. It is broad, thin,

and irregularly quadrilateral, its muscular portion occupying the side, its aponeu-
rosis the anterior wall, of the abdomen. It arises, by eight fleshy digitations,

from the external surface and lower borders of the eight inferior ribs; these

digitations are arranged in an oblique line running downward and backward;
the upper ones being attached close 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 cartilages. The five superior serrations

increase in size from above downward, and are received between corresponding

processes of the Serratus magnus; the three lower ones diminish in size from

above downward, receiving between them corresponding processes from the Latis-

simus dorsi. From these attachments, the fleshy fibres proceed in various direc-

tions. Those from the lowest ribs pass nearly vertically downward, to be inserted

Fig. 316. -r-Dissection of abdomen.
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into the anterior half of the outer Hp of the crest of the ilium; the middle and
upper fibres, directed downward and forward, terminate in an aponeurosis, oppo-

site a line drawn from the prominence of the ninth costal cartilage to the anterior

superior spine of the ilium.

The aponeurosis of the External oblique is a thin, but strong membranous apon-
eurosis, the fibres of which are directed obliquely downward and inward. It is

joined with that of the opposite muscle along the median line and covers the whole
of the front of the abdomen; above, it is covered by and gives origin to the lower

border of the Pectoralis major; below, some of its fibres are inserted into the sjmphy-

External ahdo-
minnl ring.

Gimbernat' s

ligamoU.

Fig. 317.—The External oblique muscle.

sis pubis, while others pass deeply through the middle line to be attached to the
crest and iliopectineal line of the opposite side; these latter fibres are termed
the triangular fascia. But the great majority of the fibres below are closely aggre-
gated, and extend obliquely across from the anterior superior spine of the ilium
to the spine of the os pubis and the iliopectineal line. In the median line it inter-
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laces with the aponeurosis of the opposite muscle, forming the linea alba, which
extends from the ensiform cartilage to the symphysis pubis.

That portion of the aponeurosis which extends between the anterior superior

spine of the ilium and the spine of the os pubis is a broad band, folded inward,

and continuous below with the fascia lata; it is called Poupart's ligament. The
inner half inch of this ligament is reflected and attached to the subjacent

pectineal line. This reflected part is called Gimbemat's ligament.

In the aponeurosis of the External oblique, immediately above the crest of the

OS pubis, is a triangular space, the external abdominal ring, formed by a thinning

of the fibres of the aponeurosis in this situation.

POUPART'S
LIGAMENT

INTCRCOLUMNAR
FIBRES

GIMOERNAT-S
LIGAMENT

SAPHENOUS.
OPENING
FEMORAL

VEIN

LONG
SAPHENOUS

VEIN

EXTERNAL
ABDOMINAI
RING

.INTERNAL
P'LLAR

Fig. 318.—Right external abdominal ring and saphenous oiuninK iii the male. (Spalteholz.)

Relations.—By its superficial surface, the External oblique muscle is in relation with the

superficial fascia, superficial epigastric and circumflex iliac vessels, and some cutaneous nerves;

by its deep surface, with the Internal oblique, the lower part of the eight inferior ribs, and

Intercostal muscles, the Cremaster, the spermatic cord in the male, and round ligament in the

female. Its posterior border, extending from the last rib to the crest of the ilium, is fleshy

throughout and free; it is occasionally overlapped by the Latissimus dorsi, though generally a

triangular interval exists between the two muscles near the crest of the ilium, in which is seen

a portion of the Internal oblique. This triangle. Petit' s triangle (trigonum Ivmhah) is there-

fore bounded in front by the External oblique, behind by the Latissimus dorsi, below by the

crest of the ilium, and its floor is formed by the Internal oblique muscle (Fig. 317).

The following parts of the aponeurosis of the External oblique muscle require

to be further described:

External Abdominal Ring. Intercolumnar Fibres and Fascia.

Poupart's Ligament. Gimbernat's Ligament.

Triangular Fascia of the Abdomen.

The External Abdominal Ring {annulus inguinalis suhcidaneous) (Figs. 318 and

321).—Just above and to the outer side of the crest of the os pubis an interval

I
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known as the external abdominal ring is seen in the aponeurosis of the External

oblique muscle. The interval is oblique in direction, corresponding with the

course of the fibres of the aponeurosis, is somewhat triangular in form, and usually

measures about an inch (2,5 cm.) from base to apex and about half an inch

(1.25 cm.) transversely. It gives passage to the spermatic cord in the male and
to the round ligament in the female. It is bounded below by the crest of the os

pubis; above, by a series of cuned fibres, the external spermatic or the inter-

columnar fibres which pass across the upper angle of the ring, thus increasing its

strength; and on each side, by the margins of the opening in the aponeurosis,

which are called the columns or pillars of the ring.

The external pillar (cms inferiu-s) is inferior from the obliquity of its direction.

It is stronger than the internal pillar; it is formed by that portion of Poupart's

ligament which is inserted into the spine of the os pubis; it is curved so as to form
a kind of groove, upon which the sf)ermatic cord rests.

The internal pillar icrvs siiperius), a broad, thin, flat band, is formed by the

fibres of the aponeurosis which are inserted into the crest and the symphysis pubis.

The intercolumnar fibres {fibrae intercrurales) (Fig. 318) 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, describing a cur\e with the concavity downward.
They are much thicker and stronger at the outer margin of the external ring,

where they are connected to the outer third of Poupart's ligament, than internally,

where they are inserted into the linea alba. They are more strongly developed
in the male than in the female. The intercolumnar fibres increase the strength

of the lower part of the aponeurosis, and prevent the divergence of the pillars

from each other.

These intercolumnar fibres as they pass across the external abdominal ring

are themselves connected together by delicate fibrous tissue, thus forming a fascia,

the intercolumnar fascia or the external spermatic fascia, which, as it is attached

to the pillars of the ring, covers it in. This intercolumnar fascia is continued
down as a tubular prolongation around the outer surface of the cord and testis

or of the round ligament, and encloses them in a distinct sheath.

Applied Anatomy.^The sac of an inguinal hernia, in passing through the external abdominal
ring, receives an investment from the intercolumnar fascia. If the finger is introduced a short
distance into the external abdominal ring and the limb is then extended and rotated outward,
the aponeurosis of the External oblique, together with the iUac 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 f>elvis and rotated inward, this aponeurosis will become lax and the external
abdominal ring sufficiently enlarged to admit the finger ^^nth comparative ease; hence the patient
should always be put in the latter position when the taxis is applied for the reduction of an
inguinal hernia in order that the abdominal walls may be relaxed as much as possible.

Poupart's Ligament (ligamentum inguinale).—Poupart's ligament is the lower
border of the aponeurosis of the External obHque muscle, and extends from
the anterior superior spine of the ilium to the pubic spine. From this latter
point it is reflected to the iliopectineal line for about half an inch, thus forming
Gimbemat's ligament. Its general direction is curved dowTiward toward the
thigh, where it is continuous \s-ith the fascia lata. Its outer half is rounded
and obhque in direction and gives partial origin to the Internal oblique and Trans-
versalis muscles. Its inner half graduafly widens at its attachment to the os
pubis, is more horizontal in direction, and lies beneath the spermatic cord. Nearly
the whole of the space included between the femoral arch and the innominate
bone is filled in by the parts which descend from the abdomen into the thigh (Fig.

326). These are referred to again on a subsequent page.
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Gimbemat's ligament (ligamentum lacunare) (Figs. 318 and 326) is that part

of Poupart's ligament which is reflected to the iliopectineal line. It is about half

an inch in length, more prominent in the male than in the female, almost hori-

zontal in direction in the erect posture, and of a triangular form with the base

directed outward. Its base, or outer margin, is concave, thin, and sharp, and lies

in contact with the crural sheath, forming the inner boundary of the femoral or

crural ring (annulus femoralis). Its aj)ex corresponds to the spine of the os pubis.

Its deep margin is attached to the iliopectineal line, and is continuous with the

pubic portion of the fascia lata. Its superficial margin -is continuous with Pou-
part's ligament. Its surfaces are directed upward and downward.

Triangular Fascia (ligamentum inguinale reflexum).—The triangular fascia of

the abdomen is a triangular layer of tendinous fibres, which comes from the

aponeurosis of the opposite External oblique, and is attached by its apex to

the iliopectineal line, where it is continuous with Gimbernat's ligament. It lies

beneath the spermatic cord, behind the inner pillar of the external abdominal
ring, and in front of the conjoined tendon.

Ligament of Cooper (Fig. 328).—This is a strong ligamentous band, which was first

described by Sir Astley Cooper. It extends upward and backward from the base of Gim-
bernat's ligament along the iliopectineal line, to which it is attached. It is strengthened by the

fascia transversalis, by the iliopectineal aponeurosis, and by a lateral expansion from the lower
attachment of the linea alba (adminiculum lineae alhae).

Dissection.—Detach the External oblique by dividing it across, just in front of its attach-

ment to the ribs, as far as its posterior border, and separate it below from the crest of the ilium

as far as the anterior superior spine; then separate the muscle carefully from the Internal oblique,

which lies beneath, and turn it toward the opposite side.

The Internal or Ascending oblique muscle (m. obliquus intemus abdominis)

(Fig. 319), thinner and smaller than the preceding, beneath which it lies, is of

an irregularly quadrilateral form, and is situated at the side and fore part of the

abdomen. It arises, by fleshy fibres, from the outer half of Poupart's ligament,

to the groove on the upper surface of which it is attached; from the anterior two-

thirds of the middle lip of the crest of the ilium, and from the posterior lamella of

the lumbar fascia (Fig. 325). From this origin the fibres diverge; those from Pou-

part's ligament, few in number and paler in color than the rest, arch downward and
inward across the spermatic cord in the male and across the round ligament in

the female, and, becoming tendinous, are inserted, conjointly with those of the

Transversalis, into the crest of the os pubis and iliopectineal line, to the extent

of half an inch or more, forming what is known as the conjoined tendon of the

Internal oblique and Transversalis. The fibres from the anterior third of the

iliac origin are horizontal in their direction, and, becoming tendinous along

the lower fourth of the linea semilunaris, pass in front of the Rectus muscle to be

inserted into the linea alba; those which arise from the middle third of the origin

from the crest of the ilium pass obliquely upward and inward, and terminate

in an aponeurosis which divides at the outer border of the Rectus muscle into

two lamellae (Fig. 326), and are continued forward, in front and behind this muscle,

to be inserted into the linea alba. The posterior lamella is also connected to the

cartilages of the seventh, eighth, and ninth ribs; the fibres arising most posteriorly

pass almost vertically upward, to be inserted into the lower borders of the cartilages

of the three lower ribs, and are continuous with the Internal intercostal muscles.

The lower fibres of this muscle are continuous with the Cremaster.

The aponeurosis of the Internal oblique is continued forward to the middle of the

abdomen, where it joins with the aponeurosis of the opposite muscle at the linea

alba, and extends from the costal arch to the os pubis. At the outer margin of

the Rectus muscle this aponeurosis, for the upper three-fourths of its extent.
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Fig. 319.—The Internal oblique muscle.

SEMILUNAR FOLD
OF DOUGLAS TRANSVERSALIS
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IIGAMENT OF HCNLE LIGAMENT OF HESSELBACH

Fig. 320.—The deep epigastric artery and veins, ligament of Henle and ligament of Hesselbach, seen from
in front. (Modified from Braune.)
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divides into two lamellae, which pass, one in front and the other behind the muscle,

enclosing it in a kind of sheath, and reuniting on its inner border at the linea alba;

the anterior layer is blended with the aponeurosis 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.

Where the aponeurosis ceases to split, and passes altogether in front of the Rectus-

muscle, a deficiency is left in the sheath of the Rectus behind; this is marked above
by a sharp lunated margin which has its concavity downward, and is known as

the semilunar fold of Douglas (liiua semicircularis) (Fig. 323).

Relations.—By its superficial surface the Internal oblique is in relation with the External
oblique, Latissimus dorsi, spermatic cord, and external ring; by its deep surface, with the Trans-
versalis muscle, the lower intercostal vessels and nerves, the iliohypogastric and the ilioinguinal

nerves. Near Poupart's ligament it Hes on the fascia transversalis, internal ring, and spermatic

cord. Its lower border forms the upper boundary of the inguinal canal.

Internal oblique'

Transversalis i

Linea alba,

Fig. 321.—DLigrnm of sheath of Rectua.

Bilemal oblique

Internal oblique

Transversalis

Fig. 322.—Diagram of a transverse section through the anterior abdominal wall, below the semilunar
fold of Douglas.

The Cremaster muscle (m. cremaster) (Fig. 319) is a thin layer of muscle, com-
posed, of a number of fasciculi which arise from the inner part of Poupart's liga-

ment, where its fibres are continuous with those of the Internal oblique and also

occasionally with the Transversalis. It passes along the outer side of the spermatic
cord, descends with it through the external abdominal ring upon the front and
sides of the cord, and forms a series of loops which differ in thickness and length
in different subjects. Those at the upper part of the cord are exceedingly short,

but they become in succession longer and longer, the longest reaching down as
low as the testicle, where a few are inserted into the tunica vaginalis. These
loops are united by areolar tissue, and form a thin covering, the cremasteric fascia,

over the cord and testis. The fibres of this muscle ascend along the inner side

of the cord, and are inserted by a small pointed tendon into the crest of the os
pubis and in 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 affords an easy explanation of the manner
in which the testicle and cord are invested by this muscle. At an early period of fetal life the
testis is placed at the lower and back part of the abdominal cavity, but during its descent toward
the scrotum, which takes place before birth, it passes beneath the arched fibres of the Internal
oblique. As the testis and cord go to their destination in the scrotum they pass beneath this
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muscle and carry with them and retain fibres from its lower part. It occasionally happens
that the loops of the Cremaster surround the cord, some Ijnng behind as well as in front. It is

probable that under these circumstances the testis, in its descent, passed through instead of
beneath the fibres of the Internal oblique.

In the descent of an 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 hernia. The Cremaster muscle is found only in the

RECTUS ABDOMINIS
(cut through)

NTERIOR LEAF
F SHEATH OF
ECTUS ABDOMINIS

Fig. 323.—The muscles of the abdomen, showing the semilunar fold of Douglas. Viewed from in front.
(Spalteholi. I

nale, but almost constantly in the female a few muscle fibres may be seen on the surface of the
round ligament which correspond to this mu.scle, and in cases of inguinal hernia in the female
a considerable amoimt of muscle tissue may be found covering the sac.

Relations.—By its superficial surface, with the External oblique, Latissimus dorsi, spermatic
cord, and external ring; by its deep surface, with the Transversalis muscle, the lower intercostal
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vessels and nerves, the iliohypogastric and the ilioinguinal nerves. Near Poupart's ligament

the Cremaster lies on the fascia transversalis, internal ring, and spermatic cord. Its lower

border forms the upper boundary of the spermatic canal.

Dissection.—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; belmv, at its con-

nection 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 be made

Linea alba

Fig. 324.—The Transversalis, Rectus, and Pyramidalis muscles.

tense by drawing upon it with the fingers of the left hand, and if its division be carefully effected,

the cellular interval between it and the Transversalis, as well as the direction of the fibres of the

latter muscle, will afford a clear guide to their separation; along the crest of the ilium the cir-

cumflex iliac vessels are interposed between them, and form an important guide in separating

Jiem. The muscle should then be thrown inward toward the linea alba.

The Transversalis muscle (w. transversus abdominis) (Fig. 324), so called

from the direction of its fibres, is the deepest flat muscle of the abdominal wall,
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being placed immediately beneath the Internal oblique. It arises by fleshy fibres

from the outer third of Poupart's ligament; from the inner lip of the crest of the

ilium for its anterior three-fourths; from the inner surface of the cartilages of the

six lower ribs, interdigitating with the Diaphragm; and from the lumbar fascia

(Fig. 325), which may be regarded as the posterior aponeurosis of the muscle.

The muscle terminates in front in a broad aponeurosis, the lov\er fibres of which

cune downward and inward, and are inserted, together with those of the Internal

oblique, on the crest of the os pubis and iliopectineal line, thus forming what is

known as the conjoined tendon of the Internal oblique and Transversalis muscles.

Throughout the rest of its extent the aponeurosis passes horizontally inward,

and is inserted into the linea alba, its upper three-fourths passing behind the

Rectus abdominis muscle, blending with the posterior lamella of the Internal

oblique; its lower fourth passing in front of the Rectus.

The conjoined tendon of the Internal oblique and Transversalis is chiefly formed

by the lower part of the tendon of the Transversalis, and is inserted into the crest

of the OS pubis and iliopectineal line, immediately behind the external abdominal

ring, thus sening to protect what would othen\ise be a weak point in the abdominal

wall. The conjoined tendon is sometimes divided into an outer and an inner

portion

—

theformer termed the ligament of Hesselbach (Ugamenium inierforeokire);

the latter, the ligament of Henle (Fig. 320).

Relations.—By its superficial surface, with the Internal oblique, the lower intercostal nerves,

and the inner surface of the cartilages of the lower ribs; by its deep surface, with the fascia

transversalis. which separates it from the peritoneum. Its lower border forms the upper

boundary of the inguinal canal.

Dissection.—To expose the Rectus abdominis muscle, open its sheath by a vertical incision

extending from the costal arch to the os pubis, and then reflect the two portions from the

surface of the muscle, which is easily done, excepting at the lineae 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 downward, the point where the posterior

wall of the sheath terminates in a thin cur\-ed margin will be seen.

The Rectus abdominis (m. rectus abdominis) (Figs. 323 and 324) 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,

but thinner, above than below, and arises by two tendons; the external or larger is

attached to the crest of the os pubis, the internal, smaller portion interlaces with

its fellow of the opposite side, and is connected with the ligaments covering the

front of the symphysis pubis. The fibres ascend, and the muscle is inserted by

three portions of unequal size into the cartilages of the fifth, sixth, and seventh

ribs. The longest portion attached principally to the cartilage of the fifth rib,

usually has some fibres of insertion into the anterior extremity of the rib itself.

Some fibres are occasionally connected with the costoxiphoid ligaments and side

of the ensiform cartilage.

The Rectus muscle is traversed by tendinous intersections, three in number,

which have received the name of lineae transversae (inscriptio7ies tendineae). One
of these is usually situated opposite the umbilicus, and two above that point; of

the latter, one corresponds to the extremity of the ensiform cartilage, and the other

to the interval between the ensiform cartilage and the umbilicus. These inter-

sections pass transversely or obliquely across the muscle in a zigzag course; they

rarely extend completely through its substance, sometimes they pass only half-

way across it, and are intimately adherent in front to the sheath in which the

muscle is enclosed. Sometimes one or two additional lines may be seen, one

usually below the umbilicus; the position of the other, when it exists, is variable.

These additional lines are for the most part incomplete.

28
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The Rectus is enclosed in a sheath, the rectus sheath {vagina m. recti abdominis)

(Figs. 325 and 326), formed by the aponeurosis of the Oblique and Transversalis

Fig. 325.—A transverse section of the abdomen in the lumbar region.

muscles, which are arranged in the following manner. AMien the aponeurosis of

the Internal oblique arrives at the outer margin of the Rectus it divides into two

i

Posterior leaf Anterior leaf

SHEATH OF
RECTUS ABDOMINIS
interior leaf)

SHCATH OF RECTUS ABDOMINIS
FiQ. 326.—Transition of the tendon of the right internal oblique into the sheath of the rectus. (Spalteholz.)

lamellae, one of which passes in front of the Rectus, blending with the aponeurosis

of the External oblique ; the other, behind it, blending with the aponeurosis of the
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Transversalis; and these, joining again at its inner border, are inserted into

the Hnea alba. This arrangement of the aponeuroses 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, the semilunar

fold of Douglas ijinea semieircularis) (Fig. 323), the concavity of which looks

downward toward the pubes; the aponeuroses of all three muscles pass in front

of the Rectus without any separation. A very thin aponeurotic layer does pass
behind the lower one-fourth of the muscle, but it is tri\'ial as compared with
the thickness of the layer behind the upper three-fourths of the muscle. This
sudden thinning causes the semilunar fold of Douglas. The extremities of the fold

of Douglas descend as pillars to the os pubis. The inner pillar is attached to

the symphysis pubis; the outer pillar passes downward as a distinct band on the
inner side of the internal abdominal ring to join with the outer fibres of the con-
joined tendon, and assist in forming the ligament of Hesselbach (Fig. 320).
There its fibres divide into two sets, internal and external; the internal fibres are
attached to the ascending ramus of the os pubis; the external fibres pass to the
psoas fascia, to the deep surface of Poupart's ligament, and to the tendon of the
Transversalis on the outer side of the ring. The Rectus muscle, in the situ-

ation where its sheath is deficient, is separated from the peritoneum by the trans-

versalis fascia. Since the tendon of the Internal oblique and the Transversalis
only reach as high as the costal margin, it follows that above this level the sheath
of the Rectus is also deficient behind, the muscle resting directly on the cartilages

of the ribs, being covered merely by the aponeurotic tendon of the External
oblique. The convex outer border of the Rectus muscle corresponds to the linea

semilunaris.

The Pyramidalis (m, pyramidalis) is a small muscle, triangular in shape,'
placed at the lower part of the abdomen, in front of the Rectus, and is contained
in the same sheath. It arises by tendinous fibres from the front of the os pubis
and the anterior pubic ligament; the fleshy portion of the muscle passes upward,
diminishing in size as it ascends, and terminates by a pointed extremity, which is

inserted into the linea alba, midway between the umbilicus and the os pubis. This
muscle is sometimes found wanting on one or both sides; the lower end of the
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.

Its length varies slightly.

Besides the Rectus and P\Tamidalis muscles, the sheath of the Rectus contains the superior
and deep epigastric arteries, the terminations of the lumbar arteries and of the lower intercostal
arteries and nerves.

Nerves.—The abdominal muscles are supplied by the lower intercostal nerves. The Trans-
versalis and Internal oblique also receive filaments from the h^'pogastric branch of the ilio-

hypogastric and sometimes from the ilioinguinal. The Cremaster is supplied by the genital
branch of the genitofemoral. The Pyramidalis is supplied bv the twelfth thoracic nerve.
The linea alba (Figs. 324 and 325) is a tendinous raph^ seen along the middle line of the

abdomen, extending from the ensiform cartilage to the superior pubic ligament, to which it is

attached. It is placed between the inner borders of the Recti muscles, and is formed by the
blending of the aponeuroses of the Obliqui and Trans^ ersales muscles. It is narrow below,
corresponding to the narrow interval existing between the Recti, but broader above, as these
muscles diverge from one another in their ascent ; it becomes of considerable breadth when there
is great distention of the alxlomen from pregnancy or from ascites. It presents numerous aper-
tures for the passage of vessels and ner\es; the largest of these is the mnbilicus (Fig. 327). The
umbilicus is a fibrous ring formed by the fibres of the aponeurosis of the linea alba-, in the
fetus it transmits the umbilical vein, the two hx-pogastric arteries, the allantoic duct, and the
vitello-intestinal duct; but in the aduh the aperture is filled with scar tissue and is obliterated;
the resulting cicatrix is stronger than the neighboring parts; hence umbilical hernia occurs in the
adult near the umbilicus, while in the fetus it occiu^ at the umbilicus. The remains of the fetal

structures are cord-like in character; and they diverge from the umbilicus within the abdomen.
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Fia. 327.—The umbilicus of the fetus
seen from within the abdomen. (Poirier
and Charpy.)

The remains of the umbilical vein constitute the round ligament of the liver, and this cord

passes upward (Fig. 327). The remains of the hypogastric arteries pass downward (Fig. 327).

The remains of the allantois become the urachus, which passes te the summit of the bladder

(Fig. 327). The depression of the umbilicus is created by the urachus.

The lineae semilunares (Figs 317 and 323) are two curved tendinous lines placed one on

each side of the linea alba. Each corresponds with the outer border of the Rectus muscle, and
each extends from the cartilage of the ninth rib to the

pubic spine, and is formed by the aponeurosis of the

Internal oblique at its point of division to enclose the

Rectus, where it is reinforced in front by the External

oblique and behind by the Transversalis.

Actions.—The abdominal muscles perform a three-

fold action:

When the pelvis and thorax are fixed, they compress

the abdominal viscera, by constricting the cavity of the

abdomen, in which action they are materially assisted by
the descent of the Diaphragm. By these means assist-

ance is given in expelling the fetus from the uterus, the

feces from the rectum, the urine from the bladder, and
the contents of the stomach in vomiting.

If the pelvis and vertebral column be fixed, these

muscles compress the lower part of the thorax, mate-

rially assisting expiration. If the pelvis alone is fixed,

the thorax is bent directly forward when the muscles of

both sides act, or to either side when those of the two

sides act alternately, rotation of the trunk at the same
time taking place to the opposite side.

If the thorax be fixed, these muscles, acting together,

draw the pelvis upward, as in climbing, or, acting singly,

they draw the pelvis upward, and bend the vertebral

column to one side or the other. The Recti muscles,

acting from below, depress the thorax, and consequently flex the vertebral column; when acting

from above, they flex the pelvis upon the vertebral column. The Pyramidales are tensors

of the linea alba.

The fascia transversalis (Jascia- transversalis) is a thin aponeurotic membrane
which lies between the deep surface of the Transversalis muscle and the extra-

peritoneal fat. 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 /ascise. In the inguinal region the transversalis fascia is thick and dense

in structure, and joined by fibres from the aponeurosis of the Transversalis

muscle, but it becomes thin and cellular as it ascends to the Diaphragm, and blends

with the fascia covering this muscle. In front, it unites across the middle line

with the fascia on the opposite side of the body, and behind it becomes lost in the

fat which covers the posterior surfaces of the kidneys. Below, it has the following

attachments: Posteriorly, it is connected to the whole length of the crest of the

ilium, between the attachments of the Transversalis and Iliacus muscles; between

the anterior superior spine of the ilium and the femoral vessels it is connected

to the posterior margin of Poupart's ligament, and is there continuous with the

iliac fascia. Internal to the femoral vessels it is thin and attached to the pubis

and to the iliopectineal line, behind the conjoined tendon, with which it is united;

and, corresponding to the point where the femoral vessels pass into the thigh,

this fascia descends in front of them, and forms the anterior wall of the femoral

sheath. Beneath Poupart's ligament the transversalis fascia is strengthened by a

band of fibrous tissue, which is only loosely connected to Poupart's ligament, and

is specialized as the deep femoral arch. The spermatic cord in the male and the

round ligament in the female pass through this fascia; the point where they pass

through is called the internal abdominal ring. This opening is not visible exter-

nally, owing to a prolongation of the transversalis fascia on these structures,

which forms the inftmdibuliform fascia.
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The internal or deep abdominal ring (annulus inguinalis abdominis) (Figs. 320
and 328) is situated in the transversaHs fascia, midway between the anterior

superior spine of the ilium and the symphysis pubis, and about half an inch above
Poupart's ligament. It is of an oval form, the extremities of the oval directed

upward and downward, varies in size in different subjects, and is much larger in

the male than in the female. The internal ring is bounded, above and externally,

by the arched fibres of the Transversalis; beloiv and internally, by the deep
epigastric vessels. It transmits the spermatic cord in the male and the round
ligament in the female. From its circumference a thin funnel-shaped membrane,
the infundibuliform or internal spermatic fascia, is continued around the cord and
testis, enclosing them in a distinct covering.

TRANSVERSALIS
FASCIA

INTERNAL
ABDOMINAL
RING

FEMORAL NERVE

FEMORAL ARTERV

ILIAC FASCIA

COOPER'S
GIMBERNAT-a LIGAMENT

LIGAMENT
Fig. 328.—The relation of the femoral and internal abdominal rings, seen from within the abdomen after

removal of the peritoneum. (Poirier and Charpy.)

^^^len the sac of an oblique inguinal hernia passes through the internal or deep abdominal
ring, the infundibuliform process of the transversalis fascia, iorms one of its coverings.

The Inguinal or Spermatic Canal (canalis inguinalis) (Figs. 329 and 330).—The
inguinal or spermatic canal contains the spermatic cord (funiculus spermaticus) in

the male and the round ligament (ligamentum teres uteri) in the female. It is an

oblique canal about an inch and a half in length, directed downward and inward,

and placed parallel to and a little above Poupart's ligament. It commences above

at the internal or deep abdominal ring, which is the point where the cord enters

the spermatic canal, and terminates below at the external ring. It is bounded
in front by the aponeurosis of the External oblique throughout its whole length,

and by the Internal oblique for its outer third; behind, from within outward, by
the triangular fascia (when this is present), the conjoined tendon, and the trans-

versalis fascia; below, by Gimbernat's ligament, and by the union of the fascia

transversalis with Poupart's ligament. The deep epigastric artery passes upward
and inward behind the canal lying close to the inner side of the internal abdominal

ring (Fig. 320). The intenal between this artery and the outer edge of the Rectus

abdominis is named Hesselbach's triangle, the base of which is formed by Pou-

part's ligament.
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EXTERNAL OBLIQUE
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P^G. 329.—The right inguinal canal in the male, second layer, viewed from in front. (The first layer is shown in

Fig. 318.) (Spalteholz.)

INTERNAL OBLIQUE
(reflected inward)

EXTERNAL OBLIQUCj
(reflected inward)

Fia. 330. -The right inguinal canal in the male, third layer, viewed from in front. (SoaltehoU."
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That form of protrusion in which the intestine follows the course of the spermatic cord along

the spermatic canal is called oblique inguinal hernia.

Surface Form.-—The only two muscles o"f this group which have any considerable influence

on surface form are the External oblique and the Rectus muscles of the abdomen. With regard

to the External oblique, the upper digitations of its origin from the ribs are well marked, and are

intermingled with the serrations of the Serratus magnus; the lower digitations are not visible, as

thev are covered by the thick border of the Latissimus dorsi. The attachment of the External ob-

lique to the crest of the ilium, in conjunction with the Internal oblique, forms a thick obhque roll,

which determines the iliac furrow. Sometimes on the front of the lateral region of the abdomen
an undulating outline marks the spot where the muscle fibres terminate and the aponeurosis

commences. The outer border of the Rectus is defined by the liyiea semilunaris, which may
be exactly located by putting the muscle into action. It corresponds with a curved line, with its

convexity outward, drawn from the end of the cartilage of the ninth rib to the spine of the os

pubis, so that the centre of the line, at or near the umbilicus, is three inches from the median

line. The inner border of the Rectus corresponds to the linea alba, marked on the surface of

the body by a groove, the abdominal furrow, which extends from the infrasternal fossa to, or to

a little below, the umbilicus, where it gradually becomes lost. The siu"face of the Rectus presents

three transverse furrows, the lineae transversae. The upper two of these, one opposite or a

little below the tip of the ensiform cartilage, and another, midway between this point and the

umbilicus, are usually well marked; the third, opf)osite the umbilicus, is not so distinct. The
urabiUcus, situated in the linea alba, varies very much in position as regards its level. It is

always situated above a zone drawn around the body opposite the highest point of the crest of

the ilium, generallv being from three-quarters of an inch to an inch above this line. It usually

corresponds, therefore, to the articular disk between the third and fourth lumbar vertebrae.

2. The Posterior Muscles of the Abdomen.

Psoas magnus. Iliacus.

Psoas pan^us. Quadratus lumborum.

The Psoas magnus, the Psoas parvus, and the Iliacus muscles, with the fascia

covering them, will be described with the ]\Iuscles of the Low'er Extremity.

The Fascia Covering the Quadratus Lumborum (Fig. 325).—^This is the most

anterior of the three layers of the lumbar fascia. It is a thin layer of fascia, which,

passing over the anterior surface of the Quadratus lumborum, is attached, inter-

nally, to the bases of the transverse processes of the lumbar vertebrae; below, to

the iliolumbar ligament; and above, to the apex and lower border of the last

rib.

The portion of this fascia which extends from the transverse process of the

first lumbar vertebra to the apex and lower border of the last rib constitutes the

ligamentum arcuatum externum of the Diaphragm.

The Quadratus lumborum {vi. quadratus linnboruvi) (Fig. 311) is situated in

the lumbar region. It is irregularly quadrilateral in shape, and broader below

than above. It arises by aponeurotic fibres from the iliolumbar ligament and
the adjacent portion of the crest of the ilium for about two inches, and is

inserted into the lower border of the last rib for about half its length, and by

four small tendons, into the apices of the transverse processes of the four upper

lumbar vertebrse. Occasionally a second portion of this muscle is found situ-

ated in front of the preceding. This arises from the upper borders of the trans-

verse processes of three or four of the lower lumbar vertebrae, and is inserted into

the lower margin of the last rib. The Quadratus lumborum is contained in a
sheath formed by the anterior and middle lamellae of the lumbar fasciae.

Relations.—Its deejp surface (or rather the fascia which covers its anterior surface) is in

relation with the colon, the kidney, the Psoas muscle, and the Diaphragm. Between the fascia

and the muscle are the last thoracic, iliohypogastric, and ilioinguinal nerves. Its superficial

surface is in relation with the middle lamella of the lumbar fascia, which separates it from the
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Erector spinae. The Quadratus lumborum extends, however, beyond the outer border of the

Erector spinae.

Nerve-supply.—The anterior branches of the last thoracic and the fii^t lumbar nerves;

sometimes also a branch from the second lumbar nerve.

Actions.—The Quadratus lumborum draws down the last rib. It acts as a muscle of inspi-

ration by helping to fix the origin of the Diaphragm. If the thorax and vertebral column are

fixed, it may act upon the pelvis, raising it toward 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.

IV. MUSCLES AND FASCI.ffi OF THE PELVIC OUTLET.

The muscles and fasciae of the pelvic outlet are those structures which form the

floor of the pelvis. Perineum is a term used to designate that segment of the

structure lying dorsal to the pubic arch and subpubic ligament and ventral to

a line drawn transversely, in front of the anus, between the anterior part of the

tuberosity of the ischium of each side. The ischiorectal space is the name given

to the segment dorsal to the line above mentioned and ventral to the tip of the

coccyx. This space is bounded laterally by the Gluteus maximus muscle.

Fio. 331.

—

The perineum. The integument and superficial layer of superficial fascia reflected.

The fascia of the pelvic outlet is most easily understood if it is considered in

the order of its dissection. Considered thus, it resolves itself into three strata

—

the superficial fascia, the triangular ligament, and the pelvic fascia. The super-

ficial fascia is made up, as in other regions of the body, of a superficial and a deep

layer. The fascia over the ischiorectal region is arranged in fatty layers, which
fill the ischiorectal fossa on each side of the rectum and anus. In the region

of the perineum the fascia requires fuller consideration; here it is definitely

arranged into two layers

—

superficial and deep. The superficial layer is thick,

loose, areolar in texture, and, except toward the scrotum, contains in its meshes
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some adipose tissue, the amount of which varies in different subjects. In front

this layer is continuous with the dartos of the scrotum, in the mid-hne of which

it dips deeply to form the scrotal septum. In the female this structure enters
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Fig. 332.—The muscles of the male perineum, viewed from below. (Spalteholz.)

into the formation of the mons veneris and the labia majora. The superficial

layer is continuous on either side with the fatty fascia on the inner side of the

thighs. The deep layer of the superficial fascia, or the fascia of Ck)lles (Fig. 331),

is thin, aponeurotic in structure, and of considerable strength. It serves to bind
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down the muscle of the root of the penis. It is continuous with the dartos of

the scrotum, with the fascia of the penis, and with Scarpa's fascia on the anterior

surface of the abdomen; on either side it is firmly attached to the outer lip of

the ischiopubic ramus. Posteriorly (dorsally) the deep layer curves around the

superficial transverse perineal muscle to blend with the base of the triangular

ligament. The deep (cephalic) surface of this fascia covers the superficial mus-
cles and the superficial bloodvessels and nerves of the perineum (Fig. 333).

From its deep surface a septum which is incomplete in front is given off and
divides the adjacent space in two.

The Central Tendinous Point of the Perineum.—This is a fibrous point in the

middle line of the pelvic outlet, between the urethra and the rectum, and about
half an inch in front of the anus. At this point four muscles converge and are

attached—viz., the External sphincter ani, the Accelerator urinae, and the two
Superficial transverse perineal ; so that by the contraction of these muscles, which
extend in opposite directions, it serves as a fixed point of support (Fig. 333).

TranaverHiis perinei

superficialis.

GREAT SACRO-
SCIATIC LIGAMENT

^ Central tendinous point of
\ perineum.

-^ Superficial perineal artery.

Superficial perineal nerve.

Internal pudic nerve.

Internal pudic artery.

^
Fig. 333.—The superficial muscles and vessels of the perineum.

The Muscles of the Perineum in the Male (Figs. 332, 333).

Superficial transverse perineal.

Accelerator urinae.

Erector penis.

Compressor urethrae.
I

The Superficial transverse perineal muscle (m. transversus perinei superficialis)

is a narrow muscular slip, which passes more or less transversely across the pelvic

outlet. It arises by a small tendon from the inner and fore part of the tuberosity

of the ischium, and, passing inward, is inserted into the central tendinous point of

the perineum, joining in this situation with the muscle of the opposite side, the

External sphincter ani behind, and the Accelerator urinae in front. The base

of the triangular ligament lies under cover of this muscle.

Nerve-supply.—^The perineal branch of the internal pudic.

Actions.—By their contraction they serve to fix the central tendinous point of the perineum.
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The Accelerator urinae {m. bidbocavemosus) is placed in the middle line of

the perineum, immediately in front of the anus. It consists of two symmetrical

Superficial layer of
deep perineal fascia removed

ahotcing

^COMPRESSOR URETHRAE
Jntemai pudic artery.

-Artery of the bulb.

'~-Cknrper' a gland.

Fig. 334.—Triangular ligament or deep perineal fascia. On the left side the anterior layer baa been ronoved.

Artery of corpus earemoKum
Dorsal artery of pffi><

Artery of bulb.

Internal pudic artery.

Cowper'a gland.

Fio. 335.—A view of the position of the viscera at the outlet of the pel\ns.

halves, united along the median line by a tendinous raphe. It arises from the

central twidon of the perineum, and from the median raph^ in front. From this
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point its fibres diverge symmetrically; the most posterior form a thin layer, which

is lost on the superficial surface of the triangular ligament ; the middle fibres encircle

the bulb and adjacent parts of the corpus spongiosum, and join with the fibres

of the opposite side, on the upper part of the corpus spongiosum, in a strong

aponeurosis. The anterior fibres, the longest and most distinct, spread out

over the sides of the corpus cavernosum, and are inserted partly into that body,

anterior to the Erector penis (occasionally extending to the os pubis), and partly

terminate in a tendinous expansion, which covers the dorsal vessels of the penis.

The latter fibres are best seen by dividing the muscle longitudinally, and dissect-

ing it outward from the surface of the urethra. Many fibres of the External

sphincter ani and of the Superficial transverse perineal muscles pass into this

muscle.

This muscle is sometimes so developed that it may be arranged under four distinct layers.

In such subjects the posterior and greatest part of the muscle is composed of two layers. The
deeper invests the bulb of the corpus spongiosum in a cap-like manner. It is called the Com-
pressor hemisphaerium bulbi.

The superficial portion, called the Compressor bulbi, arises in the central tendon of the perineum,

where it blends with the Superficial transversus perinei and the External sphincter ani muscles,

and from the greater portion of the median tendinous raphe. The muscle spreads out to cover

the bulb and adjacent portion of the corpus spongiosum, and meets its fellow of the opposite

side in the strong aponeurosis on the upper part of the corpus spongiosum. The hindmost

fibers are attached to the inferior surface of the subjacent triangular ligament.

The Constrictor radicis penis consists of the most anterior fibers of the Accelerator urinae.

They take origin from the portion of the median raphe not occupied by the Compressor bulbi, and
spread outward, forward, and upward over the Corpus cavernosum, anterior to the insertion of the

Erector penis, and are inserted partly into the Corpus cavernosum; other fibers terminate in a

tendinous expansion which encircle the root of the penis, and, therefore, cover the dorsal vessels

of this organ.

The Ischiobulbosus lies superficial to the Compressor bulbi; it arises from the tuberosity of the

ischium and passes upward and forward to be inserted into that part of the median raphe which

has to do with the bulb.

Action.—-This muscle serves to empty the canal of the urethra, after the bladder has expelled

its contents; during the greater part of the act of micturition its fibres are relaxed, and it only

comes into action at the end of the process. The middle fibres are supposed, by Krause, to

assist in the erection of the corpus spongiosum, by compressing the erectile tissue of the bulb.

The anterior fibres, on each side, according to Tyrrel, also contribute to the erection of the

penis, as they are inserted into, and are continuous with, the fascia of the penis, and thus com-
press the dorsal vein during the contraction of the muscle.

The Erector penis (m. ischiocavernosus) covers part of the crus penis. It is an
elongated muscle, broader in the middle than at either extremity, and situated on
either side of the lateral boundary of the perineum. It arises by tendinous and
fleshy fibres from the inner surface of the tuberosity of the ischium and the great

sacro-sciatic ligament behind the crus penis, and from the adjacent portion of the

ramus of the ischium and pubis. From these points fleshy fibres succeed, which
end in an aponeurosis which is inserted into the sides and under surface of the cms
penis. Occasionally some of the fibres of this muscle that arise from the pubic

ramus pass to the dorsum of the penis. To these fibres is given the name Pubo-

cavemosus or Levator penis.

Nerve-supply.—The perineal branch of the internal pudic.

Actions.—This muscle compresses the crus penis and retards the return of the blood through

the veins, and thus serves to maintain the organ erect.

Between the muscles just examined a triangular space exists, bounded internally by the

Accelerator urinae, externally by the Erector penis, and behind by the Transversus perinei

superficialis. The floor of this space is formed by the triangular ligament of the perineum (deep

perineal fascia), and running in it from behind forward (toward the pubis) are the superficial

perineal vessels and nerves, the long pudendal nerve, and the transverse perineal artery, which
courses along the posterior boundary of the space on the Superficial transverse perineal muscle.
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The Muscles of the Perineum in the Female.

Superficial transverse perineal.

Sphincter vaginae.

Erector clitoridis.

Compressor urethrae.

The Superficial transverse perineal (m. transversus perinei superficialis) in

the female is a narrow slip which passes more or less transversely across the back

part of the perineal space. It arises by a small tendon from the inner and fore part

of the tuberosity of the ischium, and, passing inward, is inserted into the central

point of the perineum, joining in this situation with the muscle of the opposite

side, the External sphincter ani behind, and the Sphincter vaginae in front.
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Fig. 3-36.^The female jjerineum after remoTal of the skin and superficial fascia. (Bardelet>en.)

Nerve-supply.—The perineal branch of the internal pudic.
Actions.—By their contraction these muscles serve to fix the central tendinous point of the

perineum.

The Sphincter vaginae (m. hulhocavemosus) surrounds the orifice of the vagina;
it is homologous with the Accelerator urinae in the male. It arises posteriorly
from the central tendinous point of the perineum, where it blends with the External
sphincter ani. Its fibres pass forward on each side of the vagina, where it covers
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the vaginal bulb, to be inserted into the corpora cavernosa of the clitoris; a fas-

ciculus crosses over the body of the organ and compresses the dorsal vein.

Nerve-supply.—The perineal branch of the internal pudic.
Actions.—It diminishes the orifice of the vagina. The anterior fibres contribute to the

erection of the clitoris, as they are inserted into and are continuous with the fascia of the clitoris

and compress the dorsal vein during the contraction of the muscle.

The Erector clitoridis (m. ischiocavernosus) resembles the Erector penis in the

male, but is smaller. It covers the unattached part of the crus clitoridis. It is

an elongated muscle, broader at the middle than at either extremity, and situated

on either side of the lateral boundary of the perineum. It arises by tendinous

and fleshy fibres from the inner surface of the tuberosity of the ischium, behind

the crus clitoridis from the surface of the crus, and from the adjacent portion of

the ramus of the ischium. From these points fleshy fibres succeed, ending in

an aponeurosis, which is inserted into the sides and under surface of the crus

clitoridis.

Nerve-supply.—The perineal branch of the internal pudic.

Actions.—It compresses the crus clitoris and retards the return of blood through the veins,

and thus serves to maintain the organ erect.

The Triangular Ligament in the Male and in the Female.

The triangular ligament or the deep perineal fascia {diaphragma urogeniiale)

(Figs. 336, 337, 338) is stretched almost horizontally across the pubic arch, so as

to close in the front part of the outlet of the pelvis. It consists of two dense

membranous laminae, which are united along their dorsal borders, but are sep-

arated ventrally by intervening structures. The superficial layer (fascia diaphrag-

matis urogenitalis inferior) is triangular in shape and about an inch and a half in

depth. Its apex is directed forward, and is separated from the subpubic liga-

ment by an oval opening for the transmission of the dorsal vein of the penis.

A strengthening band, the transverse pelvic ligament {ligamentum transversum

pelvis), passes from one pubic bone to the other below the vein. The lateral mar-

gins of the inferior layer of the triangular ligament are attached on each side

to the rami of the ischium and os pubis, above the crura penis. The base is

directed toward the rectum, and connected to the central tendinous point of

the perineum. It is continuous with the deep layer of the superficial fascia

behind the Superficial transverse perineal muscles (Fig. 337), and with a thin

fascia which covers the cutaneous surface of the Levator ani muscle, the anal or

ischiorectal fascia (Fig. 341).

This layer of the triangular ligament is perforated, about an inch below the

symphysis pubis, by the urethra, the aperture for which is circular in form; by
the arteries to the bulb and by the ducts of Cowper's glands close to the urethral

aperture; by the arteries to the corpora cavernosa—one on each side, close to the

pubic arch and about half-way along the attached margin of the ligament; and
by the dorsal arteries and nerves of the penis near the apex of the ligament.

Its base is also perforated by the superficial perineal vessels and nerves, while

between its apex and the subpubic ligament passes the dorsal vein of the penis.

When this superficial layer of the triangular ligament is detached, the follow-

ing structures will be seen between it and the deeper layer: The membranous
portion of the urethra and the Compressor urethrae muscle; Cowper's glands

and their ducts; the pudic vessels and dorsal nerve of the penis; the artery and
nerve of the bulb, and a plexus of veins (Fig. 334).

The triangular ligament in the female (Fig. 336) is not so strong as in the male.

It is divided in the middle line by the aperture of the vagina, with the external

coat of which it becomes blended; between the vaginal orifice and the pubis it is
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perforated by the urethra. Its base is continuous, as in the male, with the deep

layer of the superficial fascia surrounding the Transversus perinei muscles. Like

the triangular ligament in the male, it consists of two layers, between which are

to be found the following structures: The dorsal vein and nerves of the clitoris,

a portion of the urethra and the Compressor urethrae muscle, the glands of

Bartholin and their ducts, the pudic vessels, the arteries of the vestibular bulbs,

and a plexus of veins. The deep layer of the triangular ligament is a part of the

pelvic fascia, and is described on page 449.

The Compressor or Constrictor urethrae {m. sphincter urethrae mevibranacea) in

the male surrounds the whole length of the membranous portion of the urethra, and
is contained between the two layers of the triangular ligament. It arises, by apon-

eurotic fibres, from the junction of the rami of the os pubis and ischium, to the

extent of half or three-quarters of an inch—the point where the crura penis join

the transverse ligament of the perineum and the layers of the triangular liga-

ment; each segment of the muscle passes inward, and divides into two fasciculi,

which surround the membranous urethra and unite, at the upper and lower

surfaces of this tube, with the muscle of the opposite side by means of a tendinous

raph^. This muscle is frequently discovered in two portions, an anterior and a

posterior, separated by a distinct interval. In such cases the posterior fibres are

called the transversus perinei profundus, and the anterior fibres are called the

sphincter urethrae membranaceae. The Compressor urethrae in the female arises

as in the male; passing mesally, likewise, it divides into two fasciculi; these latter,

however, have not the same intimate functional relationship to the urethra as has

the muscle of the male. One fasciculus passes ventrad of the urethra to blend

with its opposite fellow; the posterior fascicle inserts itself into the lateral

vaginal wall.

Nerve-supply.—The perineal branch of the internal pudic.

Actions.—The muscles of both sides act together as a sphincter, compressing the mem-
branous portion of the urethra. During the transmission of fluid they, Hke the Acceleratores

urinae, are relaxed, and come into action only at the end of the process, to eject the last drops of

the fluid.

The Pelvic Fascia.

The pelvic fascia binds strongly together the pelvic structures, supports the

bloodvessels, nerves, and lymphatics, and strengthens the floor of the cavity.

Above, it is loosely connected to the back part of the iliopectineal line, and is

continuous here with the iliac fascia. Posteriorly, over the sacrum, it is very

thin and lies ventrad to the Pyriformis muscle and to the sacral plexus of

nerves. This part is often called the fascia of the Pyriformis, and extends outward
along the muscle into the gluteal region. At its sacral attachments around the

margins of the sacral foramina it comes into intimate association with and en-

sheathes the nerves as they emerge from these foramina. Anterior to its ilio-

pectineal attachment the pelvic fascia sinks in its attachment below the brim of

the pelvis. It arches below the obturator vessels and nerves, completing the

obturator canal, and at the front of the pelvis the line of attachment is depresesd

on the posterior surface of the os pubis, so that at the symphysis it lies just above

the inferior border of this bone. From this line of attachment the posterior part

is prolonged outward on the Obturator internus into the gluteal region. The
middle portion descends on the visceral surface of the Obturator internus to be-

come attached to the falciform process of the great sacrosciatic ligament. Be-

cause of this relation with the Obturator internus this part is called the Obturator

fascia (Fig. 340). The part attached to the body of the pubis descends to be

attached to the ischiopubic ramus, and here becomes blended with the base of

the triangular ligament (Fig. 341). From the ischiopubic ramus it is continued
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onward Ijehind the Compressor urethrae muscle across the pubic arch, to be con-
tinuous with the fascia of the opposite side. Here it takes a special name, the
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Fig. 339.—Pelvic faacia isemidiagrammatic).

deep layer of the triangular Ugament (fascia diaphragmatic urogenitalis superior)
(Figs. 337 and 341). This part of the fascia is perforated by the urethra; a por-

Tuberosiiy of
ischium.

Fig. 340.—.\ trans\erse section of the peKis, showing the pelvic faacia from behind.

tion of it turns backward around the anterior extremity of the Levator ani mus-
cle to join the visceral layer next to be considered.
At the level of a line extending from the back part of the symphysis pubis to

the spine of the ischium is a thick, whitish band termed the white line (arcus

29
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tendineus) (Fig. 339). Above this line the fascia hes in contact with the perito-

neum and belongs to the pelvic cavity. Below this line the obturator fascia has

to do with the ischiorectal space. The pudic vessels and nerves cross this area

enclosed in a special sheath (Alcock's canal). At the white Hne the obturator

fascia gives off a special layer to the pelvic viscera, Rectovesical fascia {fascia

endopelvina) ; where these two layers diverge partly arises the Levator ani (Figs.

339 and 340). The Rectovesical fascia lies superior (cephalad) to the Levator

ani (Fig. 340). Traced forward it is seen to be attached to the posterior surface

of the body of the pubis three-fourths of an inch higher than the pelvic fascia.

Traced internally it approaches the bladder and rectum; here it splits into several

layers. The upper layer invests the bladder and constitutes the lateral true liga-

ment of the bladder; another prolongation invests the seminal vesicle, passes be-

tween the bladder and rectum, being continuous with the same fascia on the

Fig. 341.—Side view of the pelvic viscera of the male subject, showing the pelvic and perineal fasciae.

opposite side; a third investment is also prolonged downward on the rectum

within the insertion of the Levator ani muscle. In front of the bladder the

fascia closely ensheathes the prostate gland and prostate plexus of veins, forming

the capsule of the prostate. That portion of the fascia which is attached to the

body of the pubis passes backward as a narrow cord-like band to the upper part

of the prostate and upper part of the neck of the bladder; this is the anterior true

ligament of the bladder, or puboprostatic ligament (Figs. 340, 341).

The Anal fascia is a thin, aponeurotic fascia which clothes the under surface of

the Levator ani muscle. It arises from the obturator fascia just below the origin

of the Levator ani, and extends inward and downward and separates this muscle

from the ischiorectal fossa. (See page 454.)

The Levator ani (Fig. 343) is a broad, thin muscle, situated on the side of the

pelvis. It is attached to the inner surface of the side of the true pelvis, and

descends to unite with its fellow of the opposite side. Together these structures
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form the greater part of the floor of the peh-ic cavity. They support the \iseera

in this ca^^tv and surround the various structures which pass through it. This

muscle arises, in front, from the posterior surface of the bod\- of the pubis on the

outer side of the svmphvsis; behind, from the inner surface of the spme of the

ischium; and between these two points, from the obturator fascia. Posteriorly,

this fascial origin corresponds, more or less closely, with the white line (page 449),
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Fig. 342.—The right Levator ani in the male, viewed from the left. (
^jaltehoU.)

but in front the muscle arises from the fascia at a vaning distance above the white

line, in some cases reaching neariy as high as the canal for the obturator vessels

and nerve. The fibres pass do\sTiward to the middle line of the floor of the pel^^s;

the most posterior are inserted into the sides of the last two segments of the coccp;

those placed more anteriorly unite \\-ith the muscle of the opposite side, in a median

fibrous raphe {anococcygeal raphe), which extends between the coccyx and the

margin of the anus, the middle fibres are inserted into the side of the rectum.
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blending with the fibres of the Sphincter muscles; lastly, the anterior fibres

descend upon the side of the prostate gland to unite beneath it with the muscle
of the opposite side, joining with the fibres of the External sphincter and Trans-
versus perinei muscles at the central tendinous point of the perineum.
The anterior portion is occasionally separated from the rest of the muscle by

connective tissue. From this circumstance, as well as from its peculiar relation

with the prostate gland, descending by its side, and surrounding it as in a sling,

it has been described by Santorini and others as a distinct muscle, under the
name of Levator prostatae. In the female the anterior fibres of the Levator
ani descend upon the side of the vagina.
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Fig. 343.—The levator ani of the male, viewed from above. (Spalteholz.)

Relations.—By its Aeey, upper, or pelvic surface the Levator ani is in relation with the
rectovesical fascia, which separates it from the bladder, prostate, rectum, and peritoneum. By
its superficial, lower, or perineal surface it forms the, inner boundary of the ischiorectal fossa, and
is covered by a thin layer of fascia, the anal fascia, given off from the obturator fascia. Its

posterior border is free and separated from the Coccygeus muscle by a cellular interspace. Its

anterior border is separated from the muscle of the opposite side by a triangular space, through
which the urethra, and in the female the vagina, pass from the pelvis.

The Levator ani may be divided into iliococcygeal and pubococcygeal parts. (Fig. 343.)

The Iliococcygeus arises from the ischial spine and from the posterior part of the pelvic fascia,

and is attached to the coccyx and anococcygeal raph^; it is usually thin, and may fail entirely,

or be largely replaced by fibrous tissue. An accessory slip at its posterior part is sometimes
named the Iliosacralis. The Pubococcygeus arises from the back of the pubis and from the

anterior part of the pelvic fascia, and " is directed backward almost horizontally along the side

of the anal canal toward the coccyx and sacrum, to which it finds attachment. Between the

termination of the vertebral column and the anus the two pubococcygeal muscles come together

and form a thick, fibromuscular layer lying on the raph^ formed by the iliococcygei " (Thompson).
The greater part of this muscle is inserted into the coccyx and into the last one or two pieces of

the sacrum. This insertion into the vertebral column is, however, not admitted by all observers.

The fibres which form a sling for the rectum are named the Puborectalis or Sphincter recti.
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They arise from the lower part of the symphysis pubis, and from the upper layer of the triangular

ligament. They meet with the corresponding fibres of the opposite side around the lower part

of the rectum, and form for it a strong sling.

Nerve-supply.—The Levator ani is supplied by a branch from the fourth sacral nerve and

by a branch which is sometimes derived from the perineal, sometimes from the inferior hemor-

rhoidal division of the pudic nerve.

The Coccygeus {m. coccygeus) (Fig. 343) 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 sacrosciatic ligament, and

inserted by its base into the margin of the coccj-x and into the side of the lower piece

of the sacrum. It assists the Levator ani and Pyriformis in closing in the back

part of the outlet of the pelvis.

Nerve-supply.—The Coccygeus is supplied by a branch from the fourth and fifth sacral

nerves.

Actions.—The Levatores ani constrict the lower end of the rectum and vagina. They elevate

and invert the lower end of the rectum after it has been protruded and everted dm-ing the expul-

sion of the feces. The Coccygei muscles pull forward and support the coccyx, after it has been

pressed backward during defecation or parturition. The Levatores ani and Coccygei together

form a muscular diaphragm which supports the pelvic viscera.

Muscles c£ the Ischiorectal Region.

Corrugator cutis ani. Internal sphincter ani.

External sphincter ani. Levator ani (described on page 450).

Coccygeus (described above).

The Corrugator Cutis Ani.—Around the anus is a thin stratum of involuntary

muscle fibre which radiates from the orifice. Internally, the fibres fade into the

submucous tissue, while externally they blend with the true skin. By its con-

traction it raises the skin into ridges around the margin of the anus.

The External sphincter ani (m. sphincter ani externus) (Figs. 332, 333, 336, and

342) is a thin, flat plane of muscle fibre, elliptical in shape and intimately adher-

ent to the integument surrounding the margin of the anus. It measures about

three or four inches in length from its anterior to its posterior extremity, being

about an inch in breadth opposite the anus. It consists of two strata, super-

ficial and deep. The superficial, constituting the main portion of the muscle,

arises from a narrow tendinous band, the anococcygeal raphe, which stretches

from the tip of the coccyx to the posterior margin of the anus; it forms two flattened

planes of muscle tissue, which encircle the anus and meet in front of be inserted

into the central tendinous point of the perineum, joining with the Transversus

perinei, the Levator ani, and the Accelerator urinae. The deeper portion forms

a complete sphincter to the anal canal. Its fibres surround the canal, closely

applied to the Internal sphincter, and in front blend with the other muscles at the

central point of the perineum. In a considerable proportion of cases the fibres

decussate in front of the anus, and are continuous with the Transversus perinei.

Posteriorly, they are not attached to the coccyx, the fibres of opposite sides being

continuous behind the anal canal. The upper edge of the muscle is ill-defined,

since fibres are given off from it to join the Levator ani.

Nerve-supply.—A branch from the fourth sacral and twigs from the inferior hemorrhoidal

branch of the internal pudic supply the muscle.

Actions.—The action of this muscle is peculiar: (1) It is, like other muscles, always in a

state of tonic contraction, and having no antagonistic muscle it keeps the anal canal and orifice

closed. (2) It can be put into a condition of greater contraction under the influence of the will,

so as more firmly to occlude the anal aperture in expiratory efforts, unconnected with defecation.

(3) Taking its fixed point at the coccyx, it helps to fix the central point of the perineum, so that

the Accelerator urinae may act from this fixed point.
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The Internal sphincter ani {m. sphincter ani intermts) is a ring of muscle

which surrounds the anal canal for about an inch ; its inferior border being con-

tiguous with, but quite separate from, the External sphincter. This muscle is

about a sixth of an inch in thickness, and is formed by an aggregation of the

involuntary circular fibres of the intestine. It surrounds the canal for about an

inch, its lower border being about a quarter of an inch from the external orifice.

It is paler in color and less coarse in texture than the External sphincter.

Actions.—Its action is entirely involuntary. It helps the External sphincter to occlude the

anal aperture.

The Ischiorectal fossa {fossa ischiorectalis) (Figs. 332 and 342) is situated

between the end of the rectum and the ischial tuberosity. It is triangular in

shape; its base, directed to the surface of the body, is formed by the integument of

the ischiorectal region; its apex, directed upward, 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 (anal fascia). Its dimensions are

about an inch in breadth at the base and about two inches in depth, being deeper

behind than in front. It is bounded, internally, by the Sphincter ani, Levator

ani, and the 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 deep layer of the super-

ficial fascia with the base of the triangular ligament; and behind, by the margin

of the Gluteus raaximus muscle and the great sacrosciatic ligament. This space is

filled with a large mass of adipose tissue, which explains the frequency with which

abscesses in the neighborhood of the rectum burrow to a considerable depth.

The fascia covering the inferior surface of the pelvic diaphragm is known as

the anal fascia (fascia inferior diaphragmatis pelvis). It is attached above to the

obturator fascia along the line of origin of the Levator ani, while below it is contin-

uous with the deep layer of the triangular ligament and with the fascia on the Inter-

nal sphincter ani. The layer covering the upper surface of the pelvic diaphragm

(pars diaphragmatica fasciae pelvis) follows, above, the line of origin of the Levator

ani, and is therefore somewhat variable. In front it is attached to the back of

the symphysis pubis about three-quarters of an inch above its lower border. It

can then be traced outward across the back of the body of the pubis for a distance

of about half an inch, where it joins the obturator fascia. It is attached to this

fascia along a line which pursues a somewhat irregular course to the spine of the

ischium. The irregularity of this line is due to the fact that the origin of the Levator

ani, which in lower forms is from the pelvic brim, is in man lower down, on the

obturator fascia. Tendinous fibres of origin of the muscle are therefore often

foimd extending up toward, and in some cases reaching, the pelvic brim, and

on these the fascia is carried.

MUSCLES AND FASCLffi OF THE UPPER EXTREMITY.

The muscles of the upper extremity are divisible into groups, corresponding

with the different regions of the limb.

I. Of the Thoracic Region. II. Of the Shoulder and Arm.

1. Anterior Thoracic Region. 3. Acromial Region.

Pectoralis major. Pectoralis minor. Deltoid.

Subclavius.

2. Lateral Thoracic Region. 4. Anterior Scapular Region.

Serratus magnus. Subscapularis.
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5. Posterior Scapular Region. 10. Posterior Radioulnar Region.

Siipraspinatus.

Infraspinatus.

Teres minor.

Teres major.

6, Anterior Humeral Region.

Coracobrachialis. Biceps.

Brachialis anticus.

7. Posterior Humeral Region.

Triceps. Subanconeus.

III. Of the Forearm.

8. Anterior Radioulnar Region.

-^ f Pronator teres.

'Z C Flexor carpi radialis.

"t: >, ' Falmaris longus.

r'— j

Flexor carpi ulnaris.

^
; Flexor sublimis digitorum.

j^ c \ Flexor profundus digitorum.

'Z ^- ' Flexor longus poUicis.

^ -i^ Pronator quadratus.

a-

Extensor communis digitorum.

Extensor minimi digiti.

Extensor carpi ulnaris.

Anconeus.

Supinator [brevis].

f Extensor ossis metacarpi pollicis.

Extensor brevis pollicis.

Extensor longus pollicis.

Extensor indicis.

IV. Of the Hakd.

11. Radial Region.

Abductor pollicis.

Opponens pollicis.

Flexor brevis pollicis.

Adductor obliquus pollicis.

Adductor transversus pollicis.

12. Ulnar Region.

Palmaris brevis.

Abductor minimi digiti.

Flexor brevis minimi digiti.

Opponens minimi digiti.

13. Middle Palmar Region.

Lumbricales.

Interossei palmares.

Interossei dorsales.

9. Radial Region.

Brachioradialis.

Extensor carpi radialis longior.

Extensor carpi i-adialis brevier.

Dissection of Pectoral Region and Axilla (Fig. 344).—The arm being drawn away from

the side nearly at right angles with the trunk and rotated outward, make a vertical incision

through the integument in the median line of the thorax, from the upper to the lower part of the

sternum; a second incision along the lower border of the Pectoral muscle, from the ensiform

cartila<^e to the irmer side of the axilla; a third, from the sterniun along the clavicle, as far as its

centre: and a fourth, from the middle of the clavicle obliquely downward, along the interspace

between the Pectoral and Deltoid muscles, as low as the fold of the axilla. The flap of integu-

ment is then to be dissected off in the direction indicated in the figure, but not entirely removed,

as it should be replaced on completing the dissection. If a transverse incision is now made
from the lower end of the sternum to the side of the thorax, as far as the posterior fold of the

axilla, and the int^iunent reflected outward, the axillary space will be more completely exposed.

I. THE MUSCLES AND FASCI.« OF THE THORACIC REGION.

1. The Anterior Thoracic Eegion.

Pectoralis major.

[Sternalis.]

Pectoralis minor.

Subclavius.

The superficial fascia of the thoracic region is a loose cellulofibrous layer en-

closing masses of fat in its spaces. It is continuous with the superficial fascia of

the neck and upper extremity above, and with that of the abdomen below. Oppo-
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3. Dissection of
Shoulder and Arm.

1. Dissection of
Pectoral Region
and Axilla.

site the mamma it divides into two layers, one of which passes in front, the other

behind that gland; and from both of these layers numerous septa pass into its

substance, supporting its various lobes; from the anterior layer fibrous processes

pass forward to the integument and nipple. These processes were called by Sir

A. Cooper the suspensory ligaments, from the support they afford to the gland in

this situation.

The deep thoracic fascia is a thin aponeurotic lamina, covering the surface

of the great Pectoral muscle, and sending numerous prolongations between its

fasciculi; it is attached, in the mid-line, to the front of the sternum, and above

to the clavicle; externally and below it becomes continuous with the fascia over

the shoulder, axilla, and thorax. It is very thin over the upper part of the muscle,

thicker in the interval between the Pectoralis major and Latissimus dorsi, where
it closes in the axillary space, and
is known as the axillary fascia {fas-

cia axillaris). It passes behind

into the fascia of the Latissimus

dorsi and Teres major, in front

into the fascia of the Deltoid and
outward into the fascia of the arm.

The fascia of the Latissimus dorsi

divides at the outer margin of the

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 thora-

cic vertebrae, to which they are

attached. As the axillary fascia

leaves the lower edge of the Pecto-

ralis major to pass across the floor

of the axilla it sends a layer up-

ward under cover to the muscle,

the deep pectoral fascia; this lamina

splits to envelop the Pectoralis

minor, at the upper edge of which

it becomes continuous with the

costocoracoid membrane (clavipec-

toral fascia). The hollow of the

axilla, seen when the arm is ab-

ducted, is mainly produced by the

traction of this fascia on the

axillary floor, the axillary fascia

hence it is sometimes named the suspensory ligament of the axilla. The axillary

fascia is not a distinct and complete rigid floor of the axillary space. Like all

other fasciae, it follows muscular planes, and splits to encompass vessels, nerves,

and muscles. In it are numerous perforations. At the lower part of the thoracic

region the deep thoracic fascia is well developed, and is continuous with the

fibrous sheath of the Recti abdominis.

The Pectoralis major (m. pectoralis major) (Fig. 345) is a broad, thick, triangular

mjiscle, situated at the upper and fore part of the thorax, in front of the axilla.

It arises from the anterior surface of the sternal half of the clavicle; from half the

breadth of the anterior surface of the sternum, as low down as the attachment
of the cartilage of the sixth or seventh rib; this portion of its origin consists of

aponeurotic fibres, which intersect with those of the opposite muscle; it also arises

from the cartilages of all true ribs, with the exception, frequently, of the first

2. Bend of Elbow.

Jf., Forearm.

S. Palm of Hand.

Fig. 344.—Dissection of the upper extremity.
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or the seventh, or both; and from the aponeurosis of the External oblique muscle
of the abdomen. The fibres from this extensive origin converge toward its in-

sertion, giving to the muscle a radiated appearance. Those fibres which arise

from the clavicle pass obliquely outward and downward 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 upward and outward, while the middle
fibres pass horizontally. They all terminate in a flat tendon, about two inches

Fig. 345.—Muscles of the thorax and front of the arm. Superficial view.

broad, which is inserted into the outer bicipital ridge of the humerus. This tendon
consists of two laminae, placed one in front of the other, and usually blended
together below. The superficial, the thicker, receives the clavicular and upper
half of the sternal portion of the muscle; and its fibres are inserted in the same
order as that in which they arise; that is to say, the outermost fibres of origin from
the clavicle are inserted at the uppermost part of the tendon; the upper fibres
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of origin from the sternum pass down to the lowermost part of this superficial

lamina of the tendon and extend as low as the tendon of the Deltoid and join with

it. The deep lamina of the tendon receives the attachment of the lower half

of the sternal portion and the deeper part of the muscle from the costal cartilages.

These deep fibres, and particularly those from the lower costal cartilages ascend,

the higher turning backward successively behind the superficial and upper ones,

so that the tendon appears to be twisted. The deep lamina reaches higher on

the humerus than the superficial one, and from it an expansion is given off which

covers the bicipital groove and blends with the capsule of the shoulder-joint.

From the deepest fibres of this lamina at its insertion an expansion is given off

which lines the bicipital groove of the humerus, while from the lower border

of the tendon a third expansion passes downward to the fascia of the arm. Between

the posterior surface of the tendon of the Great pectoral and the anterior surface

of the long head of the Biceps there is usually a bursa (bursa m. pectoralis majoris).

COSTOCORACOID
LIGAMENT

CEPHALIC
VEIN

CORACOIO
PROCESS

PtCTORALIS^
MINOR

SHORT HEAD
OF BICEPS

THORACIC BRANCH O^
ACROMIOTHORACIC
ARTERY AND EXTER-
NAL ANTERIOR
THORACIC NERVE

\ E. A. S.

Fig. 346.—Costocoracoid membrane.

Relations.—By its superficial surface, with the integument, the superficial fascia, the Platysma,

some of the branches of the descending cervical nerves, the mammary gland, and the deep,

fascia; by its deep surface: its thoracic portion, with the sternum, the ribs and costal cartilages,

the costocoracoid membrane, the Subclavius, Pectoralis minor, Serratus magnus, and the

Intercostals; its axillary portion forms the anterior wall of the axillary space, and covers the

axillary vessels and nerves, the Biceps brachii and Coracobrachialis muscles. Its upper border

lies parallel with the Deltoid, from which it is separated by a slight interspace in which lie the

cephalic vein and humeral branch of the acromial thoracic artery. Its lower border forms the

anterior margin of the axilla, being at first separated from the Latissimus dorsi by a considerablel

interval; but both muscles gradually converge toward the outer part of the space.
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A Stemalis muscle is occasionally found in the pectoral region; it may be confined to one
side, or may be bilateral. It is sometimes represented by delicate scattered fibres overlying a
normal Pectoralis major, or by a well-developed muscle associated with a (iefective Pectoralis

major. It is often attached to the sternal end of the Sternomastoid; below, it becomes lost in

the presternal fascia or in the aponeurosis of the External oblique. This variant is regarded
as a displaced and rotated segment of the Pectoralis major; it is supplied by branches from the
anterior thoracic nerve.

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 outward,
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.

in ^

Fig. 347.—Muscles of the thorax and front of the arm, showing some of the boundaries of the axilla.

The Costocoracoid Membrane, or the Clavipectoral Fascia {jascia coraco-
clavicidaris) (Fig. 346), is a strong fascia, situated under cover of the clavicular
portion of the Pectoralis major muscle. It occupies the interval between the
Pectoralis minor and Subclavius muscle, and protects the axillary vessels and
nerves. Traced upward, it splits to enclose the Subclavius muscle, and its two
layers are attached to the clavicle, one in front of and the other behind the muscle;
the deep layer fuses with the deep cervical fascia and with the sheath of the axillary
vessels. Mesially, it blends with the fascia, covering the first two intercostal
spaces, and is attached also to the first rib internal to the origin of the Subclavius
muscle. Laterally, it is very thick and dense, and is attached to the coracoid



460 THE MUSCLES AND FASCIA

process. The portion extending from its attachment to the first rib to the cora-

coid process is often whiter and denser than the rest ; this is sometimes called the

costocoracoid ligament. Beloiv, it is thin, and at the upper border of the Pectoralis

minor it splits into two layers to invest this muscle; from the lower border of the

Pectoralis minor it is continued downward to join the axillary fascia, and outward

to join the fascia over the short head of the Biceps. The costocoracoid mem-
brane is pierced by the cephalic vein, the acromiothoracic artery and vein, supe-

rior thoracic artery, and anterior thoracic nerve.

The Pectoralis minor (m. pectoralis minor) (Fig. 347) is a thin, flat, triangular

muscle, situated at the upper part of the thorax, beneath the Pectoralis major.

It arises by three tendinous digitations from the upper margin and outer surface

of the third, fourth, and fifth ribs, near their cartilages, and from the aponeurosis

covering the Intercostal muscles; the fibres pass upward and outward, and con-

verge to form a flat tendon, which is inserted into the inner border and upper

surface of the coracoid process of the scapula.

Relations.—By its superficial surface, with the Pectoralis major and the thoracic branches of

the acromiothoracic artery. By its deep surface, with the ribs, Intercostal muscles, Serratus

magnus, the axillary space, and the axillary vessels and brachial plexus of nerves. Its upper

border is separated from the clavicle by a narrow triangular interval, occupied by the costocoracoid

membrane, behind which are the axillary vessels and nerves. The long thoracic artery runs

parallel to the lower border of this muscle and the anterior thoracic nerve pierces it.

The costocoracoid membrane should now be removed, and the Subclavius muscle will be

exposed.

The Subclavius (m. suhclavius) is a small triangular muscle, placed in the

interval between the clavicle and the first rib. It arises in front of the rhomboid

ligament by a short, thick tendon from the first rib and its cartilage at their

junction; the fleshy fibres proceed obliquely upward and outward, to be inserted

into the groove on the under surface of the clavicle. An extension from the apon-

eurosis of this muscle lies upon the subclavian vein.

Relations.—Its deep surface is separated from the first rib by the subclavian vessels and
brachial plexus of nerves. Its superficial surface is separated from the Pectoralis major by the

costocoracoid membrane, which, with the clavicle, forms an osseofibrous sheath in which the

muscle is enclosed.

If the costal attachment of the Pectoralis minor be divided across, and the muscle reflected

outward, the axillary vessels and nerves are brought fully into view, and should be examined.

Nerves.—The Pectoral muscles are supplied by the external and internal anterior thoracic

nerves; the Pectoralis major through these nerves receives filaments from all the spinal nerves

entering into the formation of the brachial plexus; the Pectoralis minor receives its fibres from

the eighth cervical and first thoracic nerves through the internal anterior thoracic nerve. The
Subclavius is supplied by a filament derived from the fifth and sixth cervical nerves.

Actions.—If the arm has been raised by the Deltoid, the Pectoralis major will, conjointly

with the Latissimus dorsi and Teres major, depress it to the side of the thorax. If acting alone,

it adducts and draws forward the arm, bringing it across the front of the thorax, and at the same

time rotating it inward. The Pectoralis minor depresses the point of the shoulder, drawing

the scapula downward and inward to the thorax, and throwing the inferior angle backward.

The Subclavius depresses the shoulder, drawing the clavicle downward and forward. When
the arms are fixed, all three muscles act upon the ribs, drawing them upward and expanding the

thorax, and thus becoming very important agents in forced inspiration. During an attack of

asthma patients always assume an attitude which fixes the shoulders, so that all these muscles

may be brought into action to assist in increasing the capacity of the thorax.
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2. The Lateral Thoracic Region.

Serratus magnus.

The Serratus magnus (w. serratus anterior) (Fig, 347) is a thin, irregularly

quadrilateral muscle, situated between the ribs and the scapula at the upper and
lateral part of the thorax. It arises by fleshy digitations or slips from the outer
surfaces and upper borders of the upper eight or nine ribs, and from the aponeu-
roses covering the intervening intercostal muscles. Each digitation (except the

first) arises from the corresponding rib; the first digitation arises from the first

and second ribs and from the fascia covering the first intercostal space. From
this extensive attachment the fibres pass backward, closely applied to the thoracic

wall, and reach the vertebral border of the scapula, and are inserted into its

ventral aspect in the following manner. The first digitation, arising from the
first and second ribs, is inserted into a triangular area on the ventral aspect of the
superior angle. The next two digitations (from the second and third ribs)

spread out to form a thin triangular sheet, the base of which is directed backward
and is inserted into nearly the whole length of the ventral aspect of the vertebral

border. The lower five or six digitations converge to form a fan-shaped mass,
the apex of which is inserted, by muscular and tendinous fibres, into a triangular

impression on the ventral aspect of the inferior angle. The lower four slips

interdigitate at their origin with the upper five slips of the External oblique muscle
of the abdomen.

Relations.—This muscle is partly covered, in front, by the Pectoral muscles; behind, by the
Subscapularis. The axillary vessels and nerves lie upon its upper part, while its deep surface
rests upon the ribs and intercostal muscles.

Nerves.—I'he Serratus magnus is supplied by the posterior thoracic nerve, which is derived
from the fifth, sixth, and seventh cervical nerves.

Actions.—The Serratus magnus, as a whole, carries the scapula forward, and at the same
time raises the vertebral border of the bone. It is therefore concerned in the action of pushing.
Its lower and stronger fibres move forward the lower angle and assist the Trapezius in rotating

the bone around an axis through its centre, and thus assist this muscle in raising the acromion
and supporting weights upon the shoulder. It also assists the Deltoid in raising the arm,
inasmuch as during the action of this latter muscle it fixes the scapula and so steadies the
glenoid cavity in which the head of the humerus rotates. After the Deltoid has raised the arm
to a right angle with the trunk, the Serratus magnus and the Trapezius, by rotating the scapula,
raise the arm into an almost vertical position. It is possible that when the shoulders are fixed

the lower fibres of the Serratus magnus may assist in raising and everting the ribs; but it is not
the important insjnratory muscle which it was formerly believed to be.

Applied Anatomy.—When the muscle is paralyzed, the vertebral border, and especially the
lower angle of the scapula, leaves the ribs and stands out prominently on the surface, giving
a peculiar "winged" appearance to the back. The patient is unable to raise the arm, and an
atteraj>t to do so is followed by a further projection of the lower angle of the scapula from the
back of the thorax.

Dissection.—After completing the dissection of the axilla, if the muscles of the back have
been dissected, the upper extremity should be separated from the trunk. Saw through the
clavicle at its centre, and then cut through the muscles which connect the scapula and arm with
the trunk—viz., the Pectoralis minor in front, Serratus magnus at the side, and the Levator
anguli scapulae, the Rhomboids, Trapezius, and Latissimus dorsi behind. These muscles should
be cleaned and traced to their respective insertions. Then make an incision through the integu-

ment, commencing at the outer third of the clavicle, and extending along the margin of that bone,
the acromion process, and spine of the scapula; the integument should be dissected from above
downward and outward, when the fascia covering the Deltoid will be exposed (Fig. 344, No. 3).

II. MUSCLES AND FASCIiE OF THE SHOULDER AND ARM.

The superficial fascia of the upper extremity is a thin cellulofibrous layer, con-
taining the superficial veins and lymphatics, and the cutaneous nerves. It is

i.
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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 ad-

herent to the deep fascia by dense fibrous bands. Small subcutaneous bursae

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 in the description of the muscles

of the several regions.

3. The Acromial Region.

Deltoid.

The deep fascia covering the Deltoid invests this muscle and sends down numer-
ous prolongations between its fasciculi. In front, it is continuous with the fascia

covering the great Pectoral muscle; behind, with that covering the Infraspinatus;

above, it is attached to the clavicle, the acromion, and spine of the scapula; below,

it is continuous with the deep fascia of the arm.

The Deltoid (m. deltoideus) (Fig. 345) is a large, thick, triangular muscle, which
gives the rounded outline to the shoulder, and has received its name from its resem-

blance to the Greek letter J {delta) inverted. It covers the shoulder-joint in front,

behind, and on its outer side. It arises from the outer third of the anterior border

and upper surface of the clavicle; from the outer margin and upper surface of

the acromion process, and from the lower lip of the posterior border of the spine

of the scapula, as far back as the triangular surface at its mesal end. From this

extensive origin the fibres converge toward their insertion, the middle passing

vertically, the anterior obliquely backw^ard, the posterior obliquely forward,

they unite to form a thick tendon, which is inserted into a rough triangular promi-

nence on the middle of the outer side of the shaft of the humerus. At its insertion

the muscle gives off an expansion to the deep fascia of the arm. This muscle

is remarkably coarse in texture, and the arrangement of its muscle fibres is some-

what peculiar; the central portion of the muscle—that is to say, the part arising

from the acromion process—consists of fibres having an oblique direction,

which arise in a bipenniform manner from the sides of tendinous intersections,

generally four in number, which are attached above to the acromion process and
pass downward parallel to one another in the substance of the muscle. The
oblique muscle fibres thus formed are inserted into similar tendinous intersec-

tions, generally three in number, which pass upward from the insertion of the

muscle into the humerus and alternate with the descending septa. The portions

of the muscle which arise from the clavicle and spine of the scapula are not

arranged in this manner, but pass from their origin above, to be inserted into

the margins of the inferior tendon.

Relations.—By its superficial surface, the Deltoid is in relation with the integument, the

superficial and deep fasciae, Platysma, and supra-acromial nerves. Its deep surface is separated

from the capsule of the shoulder-joint by a large sacculated synovial bursa, the subdeltoid

bursa {bursa suhdeltoidea) . This bursa often communicates with the subacromial bursa [bursa

subacromialis) , which is between the acromial process and the coraco-acromial ligament above

and the capsule of the shoulder-joint and the Supraspinatus muscle below. The deep surface of

the Deltoid covers the coracoid process, coraco-acromial ligament, Pectoralis minor, Coraco-

brachialis, both heads of the Biceps, the tendon of the Pectoralis major, the insertions of the

Supraspinatus, Infraspinatus, and Teres minor, the scapular and external heads of the Triceps,

the circumflex vessels and nerve, and the humerus. Its anterior border is separated at its upper

part from the Pectoralis major by a cellular interspace, which lodges the cephalic \ein and

humeral branch of the acromiothoracic artery; lower down the two muscles are in close con-

tact. Its posterior border rests on the Infraspinatus and Triceps muscles.

Nerves.—The Deltoid is supplied by the fifth and sixth cervical through the circimiflex nerve.
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Actions.—The Deltoid raises the arm directly from the side, so as to bring it to a right angle

with the trunk, but this act cannot be performed without the aid of the Serratus magnus, which

muscle steadies the lower angle of the scapula. Its anterior fibres, assisted by the Pectoralis

major, draw the arm forward; and its posterior fibres, aided by the Teres major and Latissimus

dorsi, draw it backward.

Applied Anatomy.—The Deltoid is very liable to atrophy, and when in this condition dislo-

cation of the shoulder-joint is simulated, as there is flattening of the shoulder and apparent

prominence of the acromion process; upon examination, however, it will be found that the

relative position of the greater tuberosity of the humerus to the acromion and coracoid process is

unchanged. Atrophy of the Deltoid may be due to disuse or loss of trophic influence, either

from injury to the circumflex nerve (as in "crutch-palsy") or from spinal cord lesions, as in

infantile paralysis. In the operation performed for the obliteration of the subdeltoid bursa, the

incision through the Deltoid should be as far anterior as possible, in order to avoid severing the

nerves which enter the muscle from behind.

4. The Anterior Scapular Region.

Subscapularis.

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 downward,
when the structures under cover of it will be seen.
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fiG. 348.—Diagram showing attachment of muscles of the shoulder and arm.
Origins, red; insertions, blue.

Anterior aspect.

The subscapular fascia (fascia subscapularis) is a thin membrane attached to

the entire circumference of the subscapular fossa, and affording attachment by
its inner surface to some of the fibres of the Subscapularis muscle.
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The Subscapularis (m. suhscapularis) (Fig. 347) is a large triangular muscle
which fills up the subscapular fossa, arising from its internal two-thirds, with the
exception of a narrow margin along the internal border, and the surfaces at the
superior and inferior angles which afford attachment to the Serratus magnus;
it also arises from the lower two-thirds of the groove on the axillary border of the
bone. Some fibres arise from the tendinous laminae, which intersect the muscle,

and are attached to ridges on the bone; and others form an aponeurosis, which
separates the muscles from the Teres major and the long head of the Triceps.

The fibres pass outward, and, gradually converging, terminate in a tendon,

which is inserted into the lesser tuberosity of the humerus and into the neck of

the humerus just behind this tuberosity and into the capsular ligament of the

shoulder-joint. The tendon of the muscle is in close contact with the anterior

part of the capsular ligament of the shoulder-joint, and glides over a large bursa

{bursa m. subscajnilaris) , which separates it from the base of the coracoid process.

This bursa communicates with the cavity of the joint by an aperture in the cap-

sular ligament.

Relations.—Its deep surface forms a considerable part of the posterior wall of the axilla,

and is in relation with the Serratus inagnus, Coracobrachialis, and Biceps, the axillary vessels

and brachial plexus of nerves, and the subscapular vessels and nerves. By its superficial sur-

face, with the scapula and the capsular ligament of the shoulder-joint. Its lower border is con-

tiguous to the Teres major and Latissimus dorsi.

Nerves.—It is supplied by the fifth and sixth cervical nerves through the upper and lower

subscapular nerves.

Actions.—The Subscapularis rotates the head of the humerus inward; when the arm is

raised, it draws the humerus forward and downward. It is a powerful defence to the front of

the shoulder-joint, preventing displacement of the head of the bone.

5. The Posterior Scapular Region (Figs. 349, 350).

Supraspinatus. Teres minor.

Infraspinatus. Teres major.

Dissection.—To expose these muscles, and to examine their insertion into the humerus,

detach the Deltoid and Trapezius from their attachment to the spine of the scapula and acromion

process. Remove the clavicle by dividing the ligaments connecting it with the coracoid process,

and separate it at its articulation with the scapula; divide the acromion process near its root

with a saw. The fragments being removed, the tendons of the posterior Scapular muscles will

be fully exposed. A block should be placed beneath the shoulder-joint, so as to make the

muscles tense.

The supraspinatus fascia (fascia supraspinata) is a thick and dense membranous
layer, which completes the osseofibrous case in which the Supraspinatus muscle

is contained; it affords attachment, by its deep surface, to some of the fibres of

the muscle. It is thick internally, but thinner externally under the coraco-

acromial ligament.

The Supraspinatus muscle (m. supraspinatus) occupies the whole of the supra-

spinous fossa, arising from its internal two-thirds and from the strong fascia

which covers the surface of the muscle. The muscle fibres converge to a tendon

which passes across the upper part of the capsular ligament of the shoulder-joint,

to which it is intimately adherent, and is inserted into the highest of the three

facets on the greater tuberosity of the humerus.

Relations.—By its superficial surface, with the Trapezius, the clavicle, the acromion, the coraco-

acromial ligament, and the Deltoid; by its deep surface, with the scapula, the suprascapular

vessels and nerve, and upper part of the shoulder-joint.

The infraspinatus fascia (fascia infraspinata) is a dense fibrous membrane,

covering in the Infraspinatus muscle and attached to the circumference of the
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infraspinous fossa; it affords attachment, by its inner surface, to some fibres

of that muscle. At the point where the Infraspinatus commences to be covered

by the Dehoid, this fascia divides into two layers; one layer passes over the

Deltoid muscle, helping to form the deltoid fascia already described; the other

passes beneath the Deltoid to the capsule of the shoulder-joint.
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Fig. 349.—Dia^am showing attachment of muscles of shoulder and arm. Posterior aspect.
Origins, red; insertions, blue.

The Infraspinatus (m. infraspinatus) is a thick, triangular muscle, which
occupies the chief part of the infraspinous fossa, arising by fleshy fibres from its

internal two-thirds, and by tendinous fibres from the ridges on its surfaces; it

also arises from a strong fascia which covers it externally, and separates it from the
Teres major and minor. The fibres converge to a tendon which glides over the
external border of the spine of the scapula, and, passing across the posterior part
of the capsular ligament of the shoulder-joint, is inserted into the middle impres-
sion on the greater tuberosity of the humerus. The tendon of this muscle is

sometimes separated from the ^psule of the shoulder-joint by a synovial bursa
(bursa m. infraspinati), which may communicate with the joint-cavity.

Relations,—By its superficial surface, with the Deltoid, the Trapezius, Latissimus dorsi,
and the integument; by its deep surface, with the scapula, from which it is separated by the supra-
scapular and dorsalis scapulae vessels, and with the capsular ligament of the shoulder-joint.
Its lower border is in contact with the Teres minor, occasionally united with it, and with the
Teres major.

30
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The Teres minor (m. teres minor) is a narrow, elongated muscle, which arises

from the dorsal surface of the axillary border of the scapula for the upper two-

thirds of its extent, and from the two aponeurotic laminae, one of which separates

this muscle from the Infraspinatus, the other from the Teres major; its fibres

pass obliquely upward and outward, and terminate in a tendon which is inserted

into the lowest of the three facets on the greater tuberosity of the humerus, and

by fleshy fibres, into the humerus immediately below it. The tendon of this

muscle passes across the posterior part of the capsular ligament of the shoulder-

joint.

Relations.—By its superficial surface, with the Deltoid and the integument; by its deej)

surface, with the scapula and dorsal branch of the subscapular, artery, the long head of the

Triceps, and the shoulder-joint; by its upper border, with the Infraspinatus; by its lower border,

with the Teres maior, from which it is separated anteriorly by the long head of the Triceps.

Fig. 350.—Muscles on the dorsum of the Scapula and the Triceps.

The Teres major (m. teres major) is a thick but somewhat flattened muscle,

which arises from the oval surface on the dorsal aspect of the inferior angle of

the scapula, and from the fibrous septa interposed between it and the Teres

minor and Infraspinatus; the fibres are directed if^ward and outward, and termi-

nate in a flat tendon, about two inches in length, which is inserted into the inner

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, the two tendons being, however, united along their lower

borders for a short distance. A bursa (bursa m. teretis majoris) is found l)etween

the tendon of the Teres major and the bone.



THE ANTERIOR HUMERAL REGION 467

Relations.—By its superficial surface, with the Latissimus dorsi below, and the long head of

the Triceps above. By its deep surface, with the Subscapularis, Latissimus dorsi, Coraco-

brachialis, short head of the Biceps brachii, the axillary vessels, and brachial plexus of nerves.

Its upper border is at first in relation with the Teres minor, from which it is afterward separated

bv the long head of the Triceps. Its lower border forms, in conjunction with the Latissimus

dorsi, part of the jxjsterior boundary of the axilla. The Latissimus dorsi at first covers the

origin of the Teres major, then wraps itself obliquely around its lower border, so that its tendon

ultimately comes to lie in front of that of the Teres major.

Nerves.—The Supra- and Infraspinatus muscles are supplied by the fifth and sixth cervical

nerves through the suprascapular nerve; the Teres minor, by the fifth cervical, through the

circumflex; and the Teres major, by the fifth and sixth cervical, through the lower subscapular.

Actions.—^The Supraspinatus assists the Deltoid in raising the arm from the side, and fixes

the head of the humerus in the glenoid cavity. The Infraspinatus and Teres minor rotate the

head of the humerus outward; when the arm is raised, they assist in retaining it in that position

and carrying it backward. One of the most important uses of these three muscles is the great

protection they afford to the shoulder-joint, the Supraspinatus supporting it above, and pre-

venting displacement of the head of the humerus upward, while the Infraspinatus and Teres
minor protect it behind, and prevent dislocation backward. The Teres major assists the Latis-

simus dorsi in drawing the humerus downward and backward, when previously raised, and in

rotating it inward; when the arm is fixed, it may assist the Pectoral and Latissimus dorsi muscles

in drawing the trunk forward.

THE MUSCLES AND FASCIiE OF THE ARM.

6. The Anterior Humeral Region (Fig, 347).

Coracobracliialis. Biceps. Brachialis anticus.

Dissection.—The arm being placed on the table, with the front surface uppermost, make
a vertical incision through the integument along the middle line, from the clavicle 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 (Fig. 344).

The deep fascia (fascia brachii) of the arm is continuous with that covering the

Deltoid and the great Pectoral muscles, by means of which it is attached, above,

to the clavicle, acromion, and spine of the scapula, and it is also continuous with

the axillary fascia. It forms a thin, loose, membranous sheath investing the muscles
of the arm, sending down septa between them, and is composed of fibres disposed

in a circular or spiral direction, and connected by vertical and oblique fibres.

It differs in thickness at different parts, being thin over the Biceps brachii, but
thicker where it covers the Triceps, and over the condyles of the humerus; it is

strengthened by fibrous aponeuroses, derived from the Pectoralis major and
Latissimus dorsi, on the inner side, and from the Deltoid externally. On either

side it gives off a strong intermuscular septum, which is attached to the supracon-
dylar ridge and to the condyle of the humerus. These septa sen^e 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 external bicipital ridge,

along the external supracondylar ridge, to the outer condyle; it is blended with the

tendon of the Deltoid, gives attachment to the Triceps behind, to the Brachialis

anticus, Brachioradialis, and Extensor carpi radialis longior in front. It is

perforated by the musculospiral nerve and the anterior terminal branch of the

superior profunda artery. The internal intermuscular septum, thicker than the

preceding, extends from the lower part of the internal lip of the bicipital groove
below the Teres major, along the internal supracondylar ridge to the inner condyle;
it is blended with the tendon of the Coracobrachialis, 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 anastomotica magna arteries. At
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the elbow the deep fascia is attached to all the prominent points around the joint

—

viz., the condyles of the humerus and the olecranon process of the ulna—and is

continuous with the deep fascia of the forearm. Just below the middle of the

arm, on its inner side, in front of the intermuscular septum, is an oval opening

in the deep fascia which transmits the basilic vein and some lymphatic vessels.

Fig. 351.—Horizontal section at middle of right arm—upper surface of lower segment. B. V. , basilic vein.
CEPH. v., cephalic vein. I. C. N., internal cutaneous nerve. I. P. A., inferior profimda artery. M. C. N., mus-
culocutaneous nerve. M. N., median nerve. M. S. N., musculospiral nerve. S. P. A., superior profunda artery.
U. N., ulnar nerve. (After Braune.)

The Goracobrachialis (m. coracobrachialis), the smallest of the three muscles

in this region, is situated at the upper and inner part of the arm. It arises by
fleshy fibres from the apex of the coracoid process, in common with the short head
of the Biceps, and from the intermuscular .septum between the two muscles; the

fibres pass downward, backward, and a little outward, to be inserted by means of

a flat tendon into an impression at the middle of the inner surface and internal

border of the shaft of the humerus between the origins of the Triceps and Brachi-

alis anticus. It is perforated by the musculocutaneous nerve. The inner border

of the muscle forms a guide to the position of the terminal portion of the axillary

and upper part of the brachial arteries.

Relations.—By its superficial surface, with the Pectoralis major above, and at its insertion

with the brachial vessels and median nerve which cro.ss it; by its deep surface, with the tendons

of the Subscapularis, Latissimus dorsi, and Teres major, the inner head of the Triceps, the
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humerus, and the anterior circumflex vessels; by its inner border, with the brachial arten', and
the median and musculocutaneous nerves; by its outer border, with the short head of the Biceps

and BrachiaHs anticus.

The Biceps, or the Biceps flexor cubiti (m. biceps brachii), is a lorig 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 (caput breve) arises by a thick flattened tendon from the apex of

the coracoid process, in common with the Coracobrachialis. The long head

(caput longum) arises from the upper margin of the glenoid cavity, and is continu-

ous with the glenoid ligament. This tendon arches over the head of the humerus,
being enclosed in a special sheath of the synovial membrane of the shoulder-joint;

it then passes through an opening in the capsular ligament at its attachment to

the humerus, and descends in the bicipital groove, in which it is retained by a

fibrous prolongation from the tendon of the Pectoralis major. Each tendon is

succeeded by an elongated muscle belly, and the two bellies, although closely

applied to each other, can readily be separated until within about three inches

of the elbow-joint. Here they end in a flattened tendon, which is inserted into

the back part of the tuberosity of the radius, a synovial bursa, being interposed

between the tendon and the front of the tuberosity; another bursa is often inter-

posed between the ulna and the tendon. As the tendon of the muscle approaches

the radius it becomes twisted upon itself, so that its anterior surface becomes
external and is applied to the tuberosity of the radius at its insertion; opposite

the bend of the elbow the tendon gives off, from its inner side, a broad aponeurosis,

the bicipital fascia (lacertus fibrosus), which passes obliquely downward and in-

ward across the brachial artery, and is continuous with the deep fascia covering

the origins of the superficial Flexor muscles of the forearm (Fig. 340).^

Relations.—Its superficial surface is overlapped above by the Pectoralis major and Deltoid;

in the rest of its extent it is covered by the superficial and deep fasciae and the integument. Its

deep surface rests above, on the shoulder-joint and upper part of the humerus; below it rests on
the BrachiaHs anticus, with the musculocutaneous nerve intervening between the two, and on
the Supinator [brevis]. Its inner border is in relation with the Coracobrachialis, and overlaps

the brachial vessels and median nerve; its outer border, with the Deltoid and Brachioradialis.

The BrachiaHs anticus (m. brachialis) is a broad muscle, which covers the

elbow-joint and the lower half of the front of the humerus. It is somewhat com-
pressed from before backward, and is broader in the middle than at either extrem-
ity. It arises from the lower half of the outer and inner surfaces of the shaft

of the humerus, and commences above at the insertion of the Deltoid, which it

embraces by two angular processes. Its origin extends below, to within an inch

of the margin of the articular surface, and is limited on each side by the external

and internal borders of the shaft of the humerus. It also arises from the inter-

muscular septa on each side, but more extensively from the inner, from which it

is separated below by the Brachioradialis and Extensor carpi radialis longior.

Its fibres converge to a thick tendon, which is inserted into a rough depression on
the anterior surface of the coronoid process of the ulna, being received into an
inter\al between two fleshy slips of the Flexor profundus digitorum.

Relations.—By its superficial surface, with the Biceps, the brachial vessels, musculocutaneous
and median nerves; by its deep surface, with the humerus and front of the elbow-joint; by its

inner border, with the Triceps, ulnar nerve, and Pronator teres, from which it is separated by
the intermuscular septum; by its outer border, with the musculospiral nerve, radial recurrent
artery, the Brachioradialis, and Extensor carpi radialis longior.

' A third head to the Biceps is occasionallj' found (Theile says as often as once in eight or nine subjects), arising
at the upper and inner part of the Brachialis anticus, with the fibres of which it is continuous, and inserted
into the bicipital fascia and inner side of the tendon of the Biceps. In most cases this additional slip passes
behind the brachial artery in its course down the arm. Occasionally the third head consists of two slips which
pass down, one in front of, the other behind, the artery, concealing the vessel in the lower half of the arm.



470 THE MUSCLES AND FASCIyE

Nerves.—The muscles of this group are suppHed by the musculocutaneous nerve. The
Brachialis anticus usually receives an additional filament from the musculospiral. The Coraco-

brachialis receives its supply primarily from the seventh cervical, the Biceps and Brachialis

anticus from the fifth and sixth cervical nerves.

Actions.—The Coracobrachial is draws the humerus forward and inward, and at the same
time assists m elevating it toward the scapula. The Biceps is a flexor of the forearm ; it is also

a powerful supinator, and serves to render tense the deep fascia of the forearm by means of the

broad aponeurosis given off from its tendon. The Brachialis anticus is a flexor of the forearm,

and forms an important defence to the elbow-joint. When the forearm is fixed, the Biceps

and Brachialis anticus flex the arm upon the forearm, as is seen in efforts at climbing.

7. The Posterior Humeral Region.

Triceps. Subanconeus.

The Triceps, or the Triceps extensor cubiti (m. triceps brachii) (Fig. 352) is

situated on the back of the arm, extending the entire length of the posterior

surface of the humerus. It is of large size, and is divided above into three parts;

hence its name. These three portions have been named: (1) the middle, scapular,

or long head; (2) the external or long humeral head; and (3) the internal or short

humeral head.

The middle or scapular head (caput longum) arises by a flattened tendon from

a rough triangular depression on the scapula, immediately below the glenoid

cavity, being blended at its upper part with the capsular ligament; the muscle

fibres pass downward between the two other portions of the muscle, and join

with them in the common tendon of insertion.

The external head (caput laterale) arises from the posterior surface of the shaft

of the humerus, between the insertion of the Teres minor and the upper part of

the musculospiral groove; from the external border of the humerus and the

external intermuscular septum; the fibres from this origin converge toward the

common tendon of insertion.

The internal head (caput mediale) arises from the posterior surface of the shaft

of the humerus, below the groove for the musculospiral nerve; commencing
above, narrow and pointed, below the insertion of the Teres major, and extending

to within an inch of the trochlear surface; it also arises from the internal border

of the humerus, and from the back of the whole length of the internal and lower

part of the external intermuscular septum. Certain fibres of this portion of the

muscle are directed downward to the olecranon, while others converge to the

tendon of insertion.

The tendon of the triceps commences about the middle of the back part of the

muscle; it consists of two aponeurotic laminse, 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

attachment of the muscle fibres, they join above the elbow, and are inserted,

for the most part, into the back part of the upper surface of the olecranon process;

a band of fibres is, however, continued downward, on the outer side, over the

Anconeus, to blend with the deep fascia of the forearm.

Relations.—By its superficial surface, the Triceps is in relation with the Deltoid above; in

the rest of its extent it is subcutaneous; by its deep surface, with the humerus, musculospiral

nerve, superior profunda vessels, and back part of the elbow-joint. Its middle or long head is in

relation, behind, with the Deltoid and Teres minor; in front, with the Subscapularis, Latissimus
dorsi, and Teres major.

The 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 (F'ig. 350). The triangular space contains the dorsalis
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scapulae vessels; it is bounded by the Teres minor above, the Teres major below, and the scapular

head of the Triceps externally; the qoadrangular space transmits the posterior" circumflex

vessels and the circumflex nerve; it is bounded by the Teres minor above, the Teres major

below, the scapular head of the Triceps internally, and the humerus externally.

The Subanconeus is a name given to a few fibres from the under surface of

the lower part of tlie Triceps muscle, which are inserted into the posterior ligament

of the elbow-joint. By some authors it is regarded as the homot\-pe of the

Subcrureus in the lower limb, but it is not a separate muscle.

Nerves.—The Triceps is supplied by the seventh and eighth cervical nerves through the

musculospiral nerve.

Actions.—The Triceps is the great Extensor muscle of the forearm, serving, when the forearm

is flexed, to extend the elbow-joint. It is the direct antagonist of the Biceps and Brachialis

amicus, ^^^3en the arm is extended the long head of the muscles may assi.st the Teres major

and Latissimus dorsi in drawing the humerus backward and in adducting it to the thorax. The
long head of the Triceps protects the imder part of the shoulder-joint, and prevents displacement

of the head of the humerus downward and backward. The Subanconeus draws up the synovial

membrane of the elbow-joint out of the way of the advancing olecranon process during exten-

sion of the forearm.

Applied Anatomy.—The existence of the band of fibres from the Triceps to the fascia of the

foreiirm is of importance in excision of the elbow, and should always be carefully preser%ed

from injurv by the operator, as by means of these fibres the patient is enabled to extend the

forearm, a" movement which would otherwise mainly be accomplished by gravity—that is to

say, allowing the forearm to drop from its own weight.

III. MUSCLES AND FASCIiE OF THE FOREABM.

Dissection.—To dissect the forearm, place the limb in the position indicated in Fig. 344,

make a vertical incision along the middle line from the elbow to the wrist, and a transverse

incision at the extremity of this; the superficial structures being removed, the deep fascia of

the forearm is exposed.

The deep fascia of the forearm (fascia aniibrachii),^ 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 off from its inner

surface numerous intermuscidar sepia, which enclose each muscle separately.

Below, it is continuous in front with the anterior annidar ligament, and forms a

sheath for the tendon of the Palmaris longus muscle, which passes over the annular

ligament to be inserted into the palmar fascia. Behind, near the wrist-joint, it

becomes much thickened by the addition of many transverse fibres, and forms

the posterior annular ligament. It consists of circular and oblique fibres, con-

nected 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 above by tendinous fibres derived from the Brachialis anticus and

Biceps in front, and from the Triceps behind. Its deep surface gives origin to

muscle fibres, especially at the upper part of the inner and outer sides of the

forearm, and forms the boundaries of a series of conical-shaped cavities, in which

the muscles are contained. Besides the vertical septa separating each muscle,

transverse septa are given off 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 nerses; one of these, of large size,

situated at the front of the elbow, senes for the passage of a communicating

branch between the superficial and deep veins. This fascia is also perforated

on its anterior surface, near the wrist, by the ulnar arterj' and nen^e.

» The correct spiling is antdiraehxum, not antibrachium. as is given in the list of the BNA.

—

[Editob.]
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The muscles of the forearm may be subdivided into groups corresponding to

the region they occupy. One group occupies the inner and anterior aspect of

the forearm, and comprises the Flexor and Pronator muscles. Another group
occupies its outer side, and a third its posterior aspect. The two latter groups
include all the Extensor and Supinator muscles.

RADIAL ARTERY

JENDON OF EXTENSOR CARPI

RADIALIS LONGUS

MEDIAN NERVE

ULNAR NERVE

Fio. 352.—Transverse section through the middle of the right forearm, in the position of semipronation.
(After Braune.)

8. The Anterior Radioulnar Region.

The muscles in this region are divided for convenience of description into two
groups or layers, superficial and deep.

The Superficial Layer.

Pronator teres.

Flexor carpi radial is.

Flexor sublimis digitorum.

Palmaris longus.

Flexor carpi iilnaris.

These muscles take partial origin from the internal condyle of the humerus by
a common tendon.

The Pronator teres (m. pronator teres) has two heads. One (caput humerale),

the larger and more superficial, arises from the humerus, immediately above the

internal condyle, from the tendon common to the origin of the other muscles;

and from the fascia of the forearm and the intermuscular septum between it

and the Flexor carpi radialis. The deep head (caput ulnare) is a thin fasciculus
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which arises from the inner side of the coronoid process of the ulna, joining the

preceding at an acute angle. The median nene enters the forearm between the

two heads of the muscle and is separated from the ulnar artery by the deep head.

The muscle passes obliquely across the forearm from the inner to the outer side,

and terminates in a flat tendon, which turns over the outer margin of the radius,

and is inserted into a rough impression at the middle of the outer surface of the

shaft of that bone.

RACHIOiUOUIJS •

EXT. CARM RAO.I \ PRONATOR TERES
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K < »^ COMMON TENDON
' ^^OF FLEXORS

COKMON tendon/
OF EXTENSORS ~V"iG'\V} FLEXOR SUBLIMI8

-^-nJ nOITORUM—t'—BRACH1AU8 ANTtCUS
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-+ OCCASIONAL ORIGIN OF
~T-. FLEXOR LONGUS POLUCW
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^
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•UBUMW OIGITORUII / lis

%r
PRONATOR

' QUADRATUS

ABOUCTOR POLUCia
FLEXOR BREVIS POLUClSv

OPPONENS POLUCI*^
EXTENSOR OSS.

• METACARP. POLL.

0PPONEN8.
POLUCIS

ABDUCTOR POLLICIS-

FLEXOR LONGUS.
POLLIC1S

SESAMOID BONES FOR TWO
AOOUCTOHS OF THUMB AND/

FLEXOR BREVIS POLL.

FLEXOR CARPI

RAOIAUS

FLEXOR CARPI
,UU«ARI8

ABOUCTOR MINIW
OIGITI

-oppoNENs uiNiMi Oram

FLEXOR BREVIS MIN. DIGITI

' ADDUCTOR OBLIQUU8 POLUCtS
ADDUCTOR TRANSVERSUS

POLLICIS

FLEXOR BREVIS AND
ABOUCTOR MIN. OIO.

FLEXOR SUB'JMIS

DIGITORUM
.FLEXOR PROFUNDUS

DIGITORUM

E. A. S.

Fig. 353.—Diagram showing attachments of the muscles of the forearm and hand. Anterior aspect. Origins, red;
insertions, blue. The origins and insertions of the Palmar interosseous muscles are omitted. (See Fig. 150.) .

Relations.—By its superficial surface, throughout the greater part of its extent, with the
deep fa^ia; at its insertion the muscle is crossed by the radial vessels and nerve, and is covered
by the Brachioradialis ; by its deep 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 boimdary of a triangular space (antecubital

(space) (page 641), in which are placed the brachial arter>-, median nerve, and the tendon of the
Biceps muscle. Its inner border is in contact with the Flexor carpi radialis.

Applied Anatomy.—This muscle, when suddenly brought into verj' active use, as in the
game of lav>n tennis, is liable to be strained, producing slight s\*elling and tenderness, and pain
on putting the muscle into action. This is known as laivn-tennis arm.

The Flexor carpi radialis (m. flexor carpi radialis) 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 intermuscular septa between it

and the Pronator teres, on the outside, the Palmaris longus internally, and the

Flexor sublimis digitorum beneath. Slender and aponeurotic in structure at



474 THE MUSCLES AND FASCIA

its commencement, it increases in size, and terminates in a tendon which forms

rather more than the lower half of its length. This tendon passes through a canal

on the outer side of the annular ligament, runs through a groove in the os trapezium

(which is converted into a canal by a fibrous sheath, and is lined with a synovial

membrane), and is inserted into the base of the

metacarpal bone of the index finger, and by a slip

into the base of the metacarpal bone of the middle

finger.

Relations.—By its superficial surface, with the deep
fascia and the integument; by its deep surface, with the

Flexor sublimis digitorum, Flexor longus pollicis, and
wrist-joint; by its outer border, with the Pronator teres

and the radial vessels; by its inner border, with the Pal-

maris longus above and the median nerve below.

The Palmaris longus (w. palmaris longus) (Fig.

354) is a slender, fusiform muscle, lying on the

inner side of the preceding. It arises from the in-

ner condyle of the humerus by the common tendon,

from the deep fascia, and the intermuscular septa

between it and the adjacent muscles. It terminates

in a slender flattened tendon, which passes over

the upper part of the annular ligament, to end in

the central part of the palmar fascia and lower part

of the annular ligament, frequently sending a tendi-

nous slip to the short muscles of the thumb. This

muscle is often absent, and is subject to very con-

siderable variations; it may be tendinous above

and muscular below; or it may be muscular in the

centre, with a tendon above and below; or it may
present two muscle bundles with a central tendon;

or, rinally, it may consist simply of a mere tendinous

band.

Relations.—By its superficial surface, with the deep

fascia. By its deep surface, with the Flexor sublimis digi-

torum. Internally, with the Flexor carpi ulnaris. Exter-

nally, with the Flexor carpi radialis. The median nerve

lies close to the tendon, just above the wrist, on its inner

and posterior side.

The Flexor carpi ulnaris (m. flexor carpi ulnaris)

(Fig. 354) 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 {caput

humerale) arises from the inner condyle of the

humerus, by the common tendon ; the other (caput

ulnare), from the inner margin of the olecranon

and from the upper two-thirds of the posterior border of the ulna, by an aponeu-

rosis, common to it and the Extensor carpi ulnaris and Flexor profundus digi-

torum; and from the intermuscular septum between it and the Flexor sublimis

digitorum. The fibres terminate in a tendon which occupies the anterior part of

the lower half of the muscle, and is hiserted into the pisiform bone, and is

prolonged from this to the unciform and fifth metacarpal bones by the piso-

FiG. 354.—Front of the left forearm.
Superficial muscles.
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unciform and pisometacarpal ligaments^ it is also attached by a few fibres to

the annular ligament.

Relations.—Bv its superficial sitrface, with the deep fascia, with which it is intimately con-

necte<l for a considerable extent; bv its deep surface, with the Flexor sublimis digitorum, the

Flexor profundus digitorum, the Pronator quadratus, and the ulnar vessels and nerve; by its

outer or radial border, with the Palmaris longus above and the ulnar vessels and nerve below.

The Flexor sublimis digitorum (m. flexor digitorum sublimis) (Fig. 354) 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 super-

ficial laver, and arises bv three heads. One head (caput humerale) arises from

the internal condyle of the humerus by the common tendon, from the internal

lateral ligament of the elbow-joint, and from the intermuscular septum common
to it and the preceding muscles. The second head (ca'put ulnare) arises from

the inner side of the coronoid process of the ulna, above the ulnar origin of the

Pronator teres (Fig. 145, p. 186). The third head (caput radiale) arises from the

oblique line of the radius, extending from the tuberosity to the insertion of the

Pronator teres. The fibres pass vertically downward, forming a broad and thick

muscle, which speedily divides into two planes of muscle fibres, superficial and

deep; the superficial plane divides into two parts which end in tendons for the

middle and ring fingers; the deep plane also divides into two parts, which end in

tendons for the index and little fingers, but previously to having done so it gives

off a muscular slip, which joins that part of the superficial plane which is intended

for the ring finger. As the four tendons thus formed pass beneath the annular

ligament into the palm of the hand, they are arranged in pairs, the superficial

pair corresponding to the middle and ring fingers, the deep pair to the index and

little fingers. The tendons diverge from one another as they pass onward.

Opposite the bases of the first phalanges each tendon divides into two slips

(chiasma tendinum) to permit the passage of the corresponding tendon of the

Flexor profundus digitorum; the two

portions of the tendon then unite and

form a grooved channel for the reception

of the accompanying deep Flexor tendon.

Finally, they subdivide a second time, to

be inserted into the sides of the second

phalanges about their middle. The inser-

tion in the index finger is shown in Fig.

361. After leaving the palm the tendons

of the superficial Flexor, accompanied

by the deep Flexor tendons, lie in osseo-

aponeurotic canals (Fig. 356). Each
canal or theca extends from the metacar-

pophalangeal articulation to the proxi-

mal end of the distal phalanx (Fig. 256).

It is formed by strong fibrous bands,

which arch across the tendons, and are attached on each side to the margins of

the phalanges. Opposite the middle of the proximal and second phalanges the

sheath is very strong, and the fibres pass transversely; but opposite the joints it is

much thinner, and the fibres pass obliquely. It is very thin over the metacarpo-

phalangeal articulation, and is absent over the distal phalanx. Each sheath

is lined bv a svnovial membrane, which is reflected on the contained tendons.

SHEATH OF,
FLEXOR

TENDONS

FLEXOR PROFUNDUS
DIGITjORUM

/FLEXOR
SUBLIMIS
DIGITORUM
DIGITAL
'ARTERIES
AND NERVES

COMMON TENDON OP
EXTENSOR MUSCLE
OF FINGERS

FIRST PHALANX

Fig. 355.—Section passing through the middle
third of the first phalanx of the middle finger (frozen

section). The tendon of the Flexor sublimis digi-

torum is divided into two small bands, which spread
laterally and engage themselves between the osse-

ous pLsiie and the Flexor profundus digitorum.

(Poirier and Charpy.)

Relations.—In the forearm, by its superficial surface, with the deep fascia and all the pre-

ceding superficial muscles; by its' deep surface, with the Flexor profundus digitorum, Flexor
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longus pollicis, the ulnar vessels and nerve, and the median nerve. In the hand its tendons

are in relation, superficially, with the palmar fascia, superficial palmar arch, and the branches

of the median nerve; deeply, with the tendons of the deep Flexor and the Lumbricales.

The Deep Layer (Fig. 356).

Flexor profundus digitorum. Flexor longus pollicis.

Pronator quadratus.

Dissection.—Divide each of the superficial muscles at its centre, and 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 (m. flexor digitorum profundus) (Fig. 356)

is situated on the ulnar side of the forearm, immediately beneath the superficial

Flexors. It arises from the upper three-fourths of the anterior and inner surfaces

of the shaft of the ulna, embracing the insertion of the Brachialis anticus 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 three-fourths of the posterior border of the ulna,

in common with the Flexor and Extensor carpi ulnaris; 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 digitorum. Opposite the first

phalanges the tendons pass through the openings in the tendons of the Flexor

sublimis digitorum, and are finally inserted into the bases of the last phalanges.

The portion of the muscle for the index finger (Fig. 360) is usually distinct

throughout, but the tendons for the three inner fingers are connected by cellu-

lar tissue and tendinous slips as far as the palm of the hand. The tendons of

this muscle and those of the Flexor sublimis digitorum, while contained in the

osseoaponeurotic canals of the fingers, are invested in a synovial sheath, and are

connected to each other and to the phalanges by slender tendinous filaments,

called vincula accessoria tendinum (yincida tendineae). Of these there are two

sets: (a) The ligamenta brevia—two in each finger—are composed of triangular

bands of fibres which Connect respectively (1) the tendon of the Flexor sublimis

digitorum to the front of the first interphalangeal joint, and (2) the head of the

first phalanx and the tendon of the Flexor profundus digitorum to the front of the

second interphalangeal joint and to the head of the second phalanx. (6) The
ligamenta longa connect the under surfaces of the Flexor sublimis digitorum to

the proximal end of the palmar surface of the first phalanx, and the under surface

of the Flexor profundus digitorum to those of the subjacent Flexor sublimis

digitorum after the tendons of the former have passed through the latter (Fig. 361 ).

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 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 Pronator quadratus; and in the hand, with the Interossei, Adductor

pollicis, and deep palmar arch; by its ulnar border, with the Flexor carpi ulnaris; by its radial

border, with the Flexor longus pollicis, the anterior interosseous vessels and nerve being inter-

posed.

The Flexor longus pollicis (w. flexor pollicis longus) (Fig. 356) is situated on

the radial side of the forearm, lying on the same plane as the preceding. It arises

from the grooved anterior surface of the shaft of the radius, commencing above,

i
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Fig. 356. -Front of the left forearm.
Deep muscles.

Fig. 357.—Posterior surface of the left forearm
Superficial muscles.
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immediately below the tuberosity and oblique line, and extending below to

within a short distance of the Pronator quadratus. It also arises from the ad-

jacent part of the interosseous membrane and generally by a fleshy slip from the

inner border of the coronoid process or from the internal condyle of the humerus.

The fibres pass downward, and terminate in a flattened tendon which passes

beneath the annular ligament, is then lodged in the interspace between the super-

ficial head of the Flexor brevis pollicis and the Adductor obliquus pollicis, and,

entering an osseoaponeurotic canal similar to those for the other Flexor tendons,

is inserted into the base of the last phalanx of the thumb.

Relations.—By its superficial surface, with the Flexor sublimis digitorum, Flexor carpi

radialis, Brachioradialis, 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 {m. pronator quadratus) (Figs. 356 and 365) is a

small, flat, quadrilateral muscle, extending transversely across the front of the

radius and ulna, above their carpal extremities. It arises from the oblique

ridge on the lower part of the anterior surface of the shaft of the ulna; from the

lower fourth of the anterior surface and the anterior border of the ulna; and from
a strong aponeurosis which covers the inner third of the muscle. The fibres pass

outward and slightly downward, to be inserted into' the lower fourth of the anterior

surface and anterior border of the shaft of the radius.

Relations.—By its superficial surface, with the Flexor profundus digitorum, the Flexor
longus pollicis, Flexor carpi radialis, and the radial vessels; by its deep surface, with the radius,

ulna, and interosseous membrane.
Nerves.—All the muscles of the superficial layer are supplied by the median nerve, excepting

the Flexor carpi ulnaris, which is supplied by the ulnar nerve. The Pronator teres and the

Flexor carpi radialis derive their supply primarily from the sixth and seventh cervicals; the

Palmaris longus from the eighth cervical; the Flexor sublimis digitorum from the seventh and
eighth cervical and first thoracic, and the Flexor carpi ulnaris from the eighth cervical and first

thoracic nerves. Of the deep layer, the Flexor profundus digitorum is supplied by the seventh

and eighth cervicals and first thoracic through the ulnar and anterior interosseous branch of the

median. The remaining two muscles, the Flexor longus pollicis and Pronator quadratus, are

also supplied by the eighth cervical and first thoracic through the anterior interosseous branch
of the median.

Actions.—These muscles act upon the forearm, the wrist, and hand. The Pronator teres

helps to rotate the radius upon the ulna, rendering the hand prone; when the radius is fixed it

assists the other muscles in flexing the forearm. The Flexor carpi radialis is one of the Flexors

of the wrist; when acting alone it flexes the wrist, inclining it to the radial side. It can also

assist in pronating the forearm and hand, and, by continuing its action, in bending the elbow.

The Flexor carpi ulnaris is one of the flexors of the wrist; when acting alone it flexes the wrist,

inclining it to the ulnar side (adducting the wrist), and, by continuing to contract, it bends the

elbow. The Palmaris longus is a tensor of the palmar fascia. It also assists in flexing the wrist

and elbow. The Flexor sublimis digitorum flexes first the middle and then the proximal pha-

langes. It assists in flexing the wrist and elbow. The Flexor profundus digitorum is one of

the Flexors of the phalanges. After the Flexor sublimis has bent the second phalanx, the Flexor

profundus flexes the terminal one, but it cannot do so until after the contraction of the superficial

muscle. • It also assists in flexing the wrist. The Flexor longus pollicis is the flexor of the

distal phalanx of the thumb. WTien the thumb is fixed it also assists in flexing the wrist. The
Pronator quadratus helps to rotate the radius upon the ulna, rendering the hand prone.

Applied Anatomy.—^Wlien a finger is amputated so that the fibrous sheath of the Flexor ten-

dons is divided in a region in which it is firm and dense, the tendon contracts but the theca does

not, and the rigid theca constitutes a permeable passage to the palm. If the parts should be
infected the theca will draw pus toward the palm. Hence, it is best to close the theca by sutures.

"Over the terminal phalanx, and over the joint between the middle and terminal phalanges,

there is no fibrous sheath. In front of the metacarpophalangeal joint it is scarcely evident.

Over the first and second (proximal and middle) phalanges, and in front of the joint between
these bones, the fibrous sheath is well marked, and appears as a rigid tube when cut across.

As the sheath crosses the metacarpophalangeal and first interphalangeal joints, it is adherent
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to the glenoid (anterior metacarpophalangeal) ligament, and is easily closed by two fine cat-

gut sutures passed vertically— i. e., from the dorsal to the palmar wall. Opposite the shafts

of the first and second phalanges, however, there is much difficulty in effecting closure, since

the sheath is united to the periosteum, and that membrane is verj' thin. In these situations

the periosteum should be stripped up a little from the palmar aspect of the bone, and the orifice

of the tube secured by two fine sutiu-es passed either vertically or trans\-ersely, as may appear

the more convenient. This stripping off of periosteum should be effected before the bone is

divided."'

9. The Radial Region (Figs. 354, 357).

Brachioradialis [Supinator longus]. Extensor carpi radialis longior.

Extensor carpi radialis brevior.

Dissection.—Divide the integument in the same manner as in the dissection of the anterior

brachial region, and, after having examined the cutaneous vessels and nerv'es 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 upward. Great care should be

taken to avoid cutting across the tendons of the muscles of the thimib, which cross obliquely

the larger tendons running down the back of the radius.

The Brachioradialis (m. brachioradialis, formerly Supinator longus) (Fig. 354)

is the most superficial muscle on the radial side of the forearm; it is fleshy for the

upper two-thirds of its extent, and becomes tendinous below. It arises from

the upper two-thirds of the external supracondylar ridge of the humerus, and from

the external intermuscular septum, being limited above by the musculospiral

groove. The fibres terminate above the middle of the forearm in a flat tendon,

which is inserted into the outer side of the base of the styloid process of the radius.

Relations.—By its siiperfieial surface, with the int€^:imjent and fascia for the greater part of

its extent; near its insertion it is crossed by the Extensor ossis metacarpi pollicis and the

Extensor brevis pollicis; by its deep surface, with the himierus, the Extensor carpi radialis

longior and brenor, the insertion of the Pronator teres, and the Supinator [bre\-is]; bv its

inner border, above the elbow, with the Brachialis anticus, the mtisculospiral nerve, and the

radial recurrent artery; and in the forearm with the radial vessels and nerve.

The Extensor carpi radialis longior (vi. extensor carpi radialis longus) (Fig.

357) is placed partly Ijeneath the preceding muscle. It arises from the lower

third of the external supracondylar ridge of the humerus, and from the external

intermuscular septum by a few fibres from the common tendon of origin of the

Extensor muscles of the forearm. The fibres terminate at the upper third of

the forearm in a flat tendon, which runs along the outer border of the radius,

l)eneath the Extensor tendons of the thumb; it then passes through a groove com-

mon 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 sttperficial surface, with the Brachioradialis and fascia of the forearm; its

outer side is crossed obliquely by the Extensor tendons of the thumb; by its deep surface, with the

elbow-joint, the Extensor carpi radialis bre\-ior, and back part of the \vrist.

The Extensor carpi radialis brevior (m. extensor carpi radialis brevis) (Fig.

357i 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

* Operative Surgerj-. By Sir Frederick Treves.
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the intermuscular septa between it and the adjacent muscles. The fibres termi-

nate about the middle of the forearm in a flat tendon which is closely connected

with that of the preceding muscle, and accompanies it to the wrist, lying in the

same groove on the posterior surface of the radius; it passes beneath the Extensor

tendons of the thumb, then beneath the annular ligament, and, diverging some-

what from its fellow, is inserted into the base of the metacarpal bone of the middle

finger, on its radial side. There is often a bursa between a portion of the base

of the bone and the tendon.

The tendons of the two preceding muscles pass through the same compartment

of the annular ligament, and are lubricated by a single synovial membrane, but

are separated from each other by a small vertical ridge of bone as they lie in the

groove at the back of the radius.

Relations.—By its superficial surface, with the Extensor carpi radialis longior, and with the

Extensor muscles of the thumb which cross it; by its deep surface, with the Supinator [brevis],

tendon of the Pronator teres, radius, and wrist-joint; by its ulnar border, with the Extensor

communis digitorum.

10. The Posterior Radioulnar Region (Fig. 357).

The muscles in this region are divided for purposes of description into two

groups or layers, superficial and deep.

The Superficial Layer.

Extensor communis digitorum. Extensor carpi ulnaris.

Extensor minimi digiti. Anconeus.

The Extensor communis dig'itorum {m. extensor digitorum communis) is situ-

ated 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. It divides below into four tendons

which pass, together with that of the Extensor indicis, through a separate com-

partment of the annular ligament, lubricated by a synovial membrane. The
tendons then diverge, pass across the back of the hand, and are inserted into the

second and third phalanges of the fingers in the following manner: The outermost

tendon, accompanied by the Extensor indicis, goes to the index finger (Figs.

357 and 360); the second tendon is sometimes connected to the first by a thin

transverse band, and receives a slip from the third tendon (Fig. 357) ; it goes to

the middle finger; the third tendon gives off the slip to the second (Fig. 357),

and receives a very considerable part of the fourth tendon; the fourth, or innermost

tendon, divides into two parts; one goes to join the third tendon, the other, rein-

forced by the Extensor minimi digiti, goes to the little finger. Each tendon

opposite the metacarpophalangeal articulation becomes narrow and thickened,

and gives off a thin fasciculus upon each side of the joint, which blends with the

lateral ligaments and serves as the posterior ligament; after having passed the

joint it spreads out into a broad aponeurosis, which covers the whole of the dorsal

surface of the first phalanx, being reinforced, in this situation, by the tendons of

the Interossei and Lumbricales. Opposite the first phalangeal joint this aponeu-

rosis 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 onward

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 posterioi ligaments. The accessory
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slips or lateral vincula which join the tendon of the ring finger to the tendon of the

little finger and to the tendon of the middle finger are constant. If the middle

and little fingers are held flexed the lateral vincula greatly limit the range of exten-

sion possible in the ring finger.

Relations.—By its superficial surface, with the fascia of the forearm and hand, the posterior

annular licrament, and integument; by its deep surface, with the Supinator [brevis], the Extensor

muscles of the thumb and index finger, the posterior interosseous vessels and nerve, the wrist-

joint, carpus, metacarpus, and phalanges; by its radial border, with the Extensor carpi radialis

brevior; by its ulnar border, with the Extensor minimi digiti and Extensor carpi ulnaris.

FLEXOR CARPI

ULNAR'S

FLEXOR EUBLIMI8

OIUTORUM

FLEXOn PflOFUNDOS
OIGITORUM

EXTEW80H L0MG08 FOLUCia.

Origin nf ( extensor carpi ulnaris)
aj)oneuro*u< flexor carpi ulnaris S-—
eomillfin to.' (.FLEXOR prof. OldTORUli)

SUPINATOR [brevis]

EXTENSOR OSS.8

METACARPI POLL OS
PRONATOR TERES

EXTENSOR BREVia

POLUCI8

EXTENSOR COMMUNIS OIGITORUM
AND EXTENSOR MINIMI DIGITI

EXTENSOR CARPI ULNARIS

EXTENSOR OS8I8

ETACARPI POLLICIS

EXTENSOR CARPI

RAOIALIS LONGIOR
EXTENSOR CARPI

RAOIALIS BREVIOR

EXTcNSOR EREvnS

FOLUCI8

EXTENSOR LONGUS
POLUCI8

EXTENSOR COMMUNIS
DIGITORUH ANO
EXTENSOR INDICIS

E. A. S.

EXTENSOR COMMUNIS
OIGITCJ'JM

Fig. 358.—Diagram showing attachments of muscles of forearm and hand. Posterior aspect. Origins, red;
insertions, blue. The origins and insertions of the Dorsal interossei muscles are omitted, (tsee Fig. 151.)

The Extensor minimi digiti {m. extensor digiti quinti proprius) is a slender

muscle placed on the inner side of the Extensor communis, with which it is gen-

erally connected. It arises from the common Extensor tendon by a thin, tendin-

ous 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 radioulnar joint, then divides into two as it crosses the hand, the

outermost division being joined by the slip from the innermost tendon of the

common Extensor. The two slips thus formed spread into a broad aponeurosis,

which, after receiving a slip from the Abductor minimi digiti, is inserted into the

second and third phalanges of the little finger. The tendon is situated on the

ulnar side of, and is somewhat more superficial than, the common Extensor.
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The Extensor carpi ulnaris is the most superficial muscle on the ulnar side of

the forearm. It arises from the externa-l condyle of the humerus by the common
Extensor tendon; byan aponeurosis from the posterior border of the ulna in common
with the Flexor carpi ulnaris and the Flexor profundus digitorum; and from the

deep 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 prominent tubercle

on the ulnar side of the base of the metacarpal bone of the little finger.

The Anconeus (m. anconaeus) is a small triangular muscle placed behind and
below the elbow-joint, and appears to be a continuation of the external portion of

the Triceps. It arises by a separate tendon from the back part of the outer

condyle of the humerus, and is inserted into the side of the olecranon and upper

fourth of the posterior surface of the shaft of the ulna; its fibres diverge from their

origin, the upper ones being directed transversely, the lower obliquely inward.

The Deep Layer (Fig. 362).

Supinator [brevis]. Extensor brevis pollicis.

Extensor ossis metacarpi pollicis. Extensor longus pollicis.

Extensor indicis.

The Supinator [brevis] (m. supinator) (Figs. 359 and 360) is a broad muscle,

of hollow cylindrical form, curved around the upper third of the radius. It con-

sists of two distinct planes of muscle fibres, between which lies the posterior

interosseous nerve (Fig. 359). The two planes arise in common—the superficial

one by tendinous, and the deeper by muscle fibres from the external condyle
of the humerus, from the external lateral ligament of the elbow-joint and the orbic-

ular ligament of the radius; from the ridge on the ulna, which runs obliquely

downward from the posterior extremity of the lesser sigmoid cavity; from the

triangular depression in front of the cavity; and from a tendinous expansion
which covers the surface of the muscle. The superficial fibres surround the

upper part of the radius, and are inserted into the outer edge of the bicipital

tuberosity and into the oblique line of the radius, as low down as the insertion

of the Pronator teres. The upper fibres of the deeper plane form a sling-like

fasciculus, which encircles the neck of the radius above the tuberosity and is

attached to the back part of its inner surface; the greater part of this portion of

the muscle is inserted into the posterior and external surface of the shaft, midway
between the oblique line and the head of the bene. Between the insertion of

the two planes the posterior interosseous nerve lies on the shaft of the bone
(Fig. 359).

Relations.—By its superficial surface, with the superficial Extensors and the Brachioradialis
muscles, and the radial vessels and nerve; by its deep surface, with the elbow-joint, the inter-

osseous membrane, and the radius.

The Extensor ossis metacarpi pollicis (m. abductor pollicis longus) 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 outer

part of the posterior surface of the shaft of the ulna below the insertion of the

Anconeus, from the interosseous membrane, and from the middle third of the

posterior surface of the shaft of the radius. Passing obliquely downward and
outward, 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
brevis pollicis, and is inserted into the base of the metacarpal bone of the thumb.
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It occasionally gives off two slips near its insertion—one to the trapezium, and the

other to blend with the origin of the Abductor pollicis.

Inl.

Condyle.

Coronoid
proc.

Head of
radius.

Olecranon.

Fig. 359.—Supinator [brevis]. (From a prepa-
ration in the Museum of the Royal CoUegeof
Surgeons of England.)

Relations.—By its superficial surface,

with the Extensor communis digitorum, Ex-
tensor minimi digiti, and fascia of the fore-

arm, and mth the branches of the posterior

interosseous artery and nerve which cross
it; by its deep surface, with the ulna, the
interosseous membrane, the radius, the ten-
dons of the Extensor carpi radiahs longior
and brevior, which it crosses obliquely, and
at the outer side of the wrist, with the
radial vessels; by its upper border, with the
Supinator [brevis]; by its lower border, with
the Extensor brevis pollicis.

The Extensor brevis pollicis (m.
extensor pollicis brevis), 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 pollicis, and from the interosseous
membrane. Its direction is similar to that of the Extensor ossis metacarpi

Fig. 360. -Posterior surface of the left forearm,
muscles.

Deep
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pollicis, its tendon passing through the same groove on the outer side of the

styloid process, to be inserted into the base of the first phalanx of the thumb.

Relations.—The same as those of the Extensor ossis metacarpi pollicis.

The Extensor longus pollicis (m. extensor 'pollicis longus) is much larger

than the preceding muscle, the origin of which it partly covers in. It arises

from the outer part of the posterior surface of the shaft of the ulna, below the

origin of the Extensor ossis metacarpi pollicis, and from the interosseous mem-
brane. It terminates in a tendon which passes through a separate compartment

Tendon of Ext
carpi rad. longior

Tendon of Ext.
communis digitorum

Tendon of Extensor indicis

First Lumbrical—

Ligamenta brevia

Tendon of Ext. ossis

metacarpi pollicis

Trapezium

Radial artery

Tendon of Ext. hrevis pollicis

Tendon of Ext. long, pollicis

Flexor sublimis digitorum

Flexorprofundus digitorum

Fig. 361.—The tendons attached to the right index finger.

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 tendons of the Extensor

carpi radialis longior and brevior, being separated from the other Extensor tendons

of the thumb, by a triangular interval, in which the radial artery is found, and is

finally inserted into the base of the last phalanx of the thumb.

Relations.—By its superficial surface, with the same parts as the Extensor ossis metacarpi

pollicis; by its deep surface, with the ulna, intero.sseous membrane, the posterior interpsseous

nerve, radius, the wrist, the radial vessels, and metacarpal bone of the thumb.

The Extensor indicis (m. extensor indicis proprins) (Figs. 357 and 360) is

a narrow, elongated muscle placed on the inner side of, and parallel with, the
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preceding. It arises from the posterior surface of the shaft of the ulna, below

the origin of the Extensor longus poliicis and from the interosseous membrane.

Its tendon passes with the Extensor communis digitorum through the same canal

in the annular ligament, and subsequently joins the tendon of the Extensor

communis which belongs to the index finger, opposite the lower end of the corre-

sponding metacarpal bone, lying to the ulnar side of the tendon from the conunon

Extensor.

Nerves.—The Brachioradialis is supplied bv the fifth and sixth, the Extensor carpi radialis

longior bv the sixth and seventh, and the Anconeus bv the seventh and eighth cervical nerves,

all through the musculospiral nerve; the remaining muscles of the radial and posterior brachial

region are supplied through the posterior interosseous nerve, the Supinator [brevis] being sup-

plied bv the sixth cervical, the Extensor carpi radialis brevior by the sixth and seventh cervicals,

and all the other muscles bv the seventh cervical.

Actions.—The muscles of the radial and posterior brachial regions, which comprise all the

Extensor and Supinator muscles, act upon the forearm, wrist, and hand; they are the direct

antacronists of the Pronator and Flexor muscles. The Anconeus assists the Triceps in extending

the forearm. The chief action of the Brachioradialis is that of a Flexor of the elbow-joint, but

in addition to this it may act both as a Supinator or a Pronator; that is to say, if the forearm is

forcibly pronated it will act as a Supinator, and bring the bones into a position midway between

supination and pronation; and, vice versa, if the arm is forcibly supinated, it will act as a pro-

nator, and bring the bones into the same position, midway between supination and pronation.

The action of the muscle is therefore to throw the forearm and hand into the position they

naturally occupy when placed across the chest. The Supinator [brevis] is a true supinator; that

is to sav, when the radius has been carried across the ulna in pronation and the back of the

hand is directed fon^-ard, this muscle carries the radius back again to its normal position on the

outer side of the ulna, and the palm of the hand is again directed forward. The Extensor carpi

radialis longior extends the wrist and abducts the hand. It may also assist in bending the

elbow-joint; at all events, it serves to fix or steady this articulation. The Extensor carpi

radialis brenor assists tlie Extensor carpi radialis longior in extending the wrist, and may also act

slightlv as an abductor of the hand. The Extensor carpi ulnaris helps to extend the hand, but

when acting alone inclines it toward the ulnar side; by its continued action it extends the elbow-

joint. The Extensor commimis digitorum extends the phalanges, then the wrist, and finally

the elbow. It acts principally on the proximal phalanges, the middle and terminal phalanges

being extended by the Interossei and Lumbricales. It has also a tendency to separate the

fingers as it extends them. The Extensor minimi digiti extends similarly the little finger, and

bv its continued action it assists in extending the wrist. It is owing to this muscle that the httle

finger can be extended or pointed while the others are flexed. The chief action of the Extensor

ossis metacarpi poliicis is to carry the thumb outward and backward from the palm of the hand,

and hence it has been called the Abductor poliicis longus. By its continued action it helps to

extend and abduct the wTist. The Extensor brevis poliicis extends the proximal phalanx of the

thumb. By its continued action it helps to extend and abduct the wrist. The Extensor longus

poliicis extends the terminal phalanx of the thimib. By its continued action it helps to extend

and abduct the wrist. The Extensor indicis extends the index finger, and by its continued action

assists in extending the wrist. It is owing to this muscle that the index finger can be extended

or pointed while the others are flexed.

Applied Anatomy.—The tendons of the Extensor muscles of the thumb are liable to become
strained and their sheaths inflamed after excessive exercise, producing a sausage-shaped swell-

ing along the course of the tendon, and giving a peculiar creaking sensation to the finger when
the muscle acts; it is known as ienosynointis . In piano-players the slips which join the tendons

of the Extensor communis digitorum may limit freedom of motion in indi\-idual fingers. Their

complete extension, without operative interference, can only be brought about by long-continued

exertion in practice, when elongation of certain accessor}', but restricting, tendons is made by
nutritive growth. If there is much limitation, division of the hindering slips is advisable.* Par-

alysis of the Extensor muscles of the hand is common in lead poisoning, and causes the well-

known "icriM drop." Ciu"iously enough, the Brachioradialis and Extensor ossei metacarpi

poliicis muscles escape. The paralysis is due to a neuritis of the musculospiral nerve.

> Prof. William S. Forbes, in the Philadelphia Medical Journal, January 15. 1898.
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IV. MUSCLES AND FASCIA OF THE HAND.

The muscles of the hand are subdivided into three groups: (1) Those of the

thumb, which occupy the radial side and produce the thenar eminence. (2) Those
of the little finger, which occupy the ulnar side and give rise to the hypothenar

eminence. (3) Those in the middle of the palm and within the interosseous spaces.

Dissection (Fig. 344).—Make a transverse incision across the front of the wrist, and a second
across the heads of the metacarpal bones; connect the two by a vertical incision in the middle
line, and continue it through the centre of the middle finger. The anterior and posterior annular
ligaments and the palmar fascia should then be dissected.

ANTERIOR
ANNULAR
LIGAMENT,

FLEXOR LONGus POLL1C1S. f Median nerve.
FLEXOR CARPI RADiALis. \ I I .Ulnar vessels.

MUSCLES OF THUMB^ ^ \ / / / ,PALMARIS BREVIS.

MUSCLES OF

lat -Me<acarpa7Xi1iW,,.<?^^gH™|^'%=^y^^)^ —<,^)C\fjnger.

EXTENSOR
BREVIS

POLLICIS.

POLLICIS. „,.. _^ ., - ^„
Trapezium ^ /""^^^S^t w''^ HI ''^i? i'«^«#*'-.^^l<?$^:?^5KE'<TENsoH

^^^^^JtC'^^L^VJr^-*^ ^̂ ^;S^i^<^^^^ ^MINIMI
EaiUal xei'ieh / >^^^^j[^^^Xi]y) ^^^^^kI^^^^^^^

digiti.

EXT. CARP. RAD Lo'nG ^^'^"•^^^^^^^Z^,,^^^^^ EXTENSOR
lutpiZUUl /I T ^COMMUNIS

EXTENSOR CARP, RAO,A...s/ / EXTENSOR IN DICl's.'^""""
BREVIOR. /

Os magmim.

Fio. 362.—Transverse section through the carpus, showing the relative positions of the tendons, vessels, and
nerves. (Henle.)

The Anterior Annular Ligament {ligamentum carpi fransversum) (Fig. 362) 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 the hook of

the unciform bone, and externally to the tuberosity of the scaphoid and to the

inner part of the anterior surface and the ridge of the trapezium. It is continuous,

above, with the deep fascia of the forearm, of which it may be regarded as a thick-

ened portion, and, below, with the palmar fascia. It is crossed by the ulnar ves-

sels and nerve and the cutaneous branches of the median and ulnar nerves. At
its outer extremity is the tendon of the Flexor carpi radialis, which lies in the groove
on the trapezium between the attachments of the annular ligaments to the bone.

It has inserted into its anterior surface a part of the tendon of the Palmaris longus

and part of the tendon of the Flexor carpi ulnaris, and has arising from it, below,

the small muscles of the thumb and little finger. Beneath it pass the tendons of

the Flexores sublimis and Profundus digitorum, the tendon of the Flexor longus

pollicis, and the median nerve.

The Synovial Membranes of the Plexor Tendons at the Wrist.—There are two
vaginal synovial membranes which enclose all the tendons as they pass beneath
this ligament—one for the Flexores sublimis and Profundus digitorum, the

other for the Flexor longus pollicis. They extend up into the forearm for about
an inch above the annular ligament, and downward about half-way along the

metacarpal bone, where they terminate in a blind diverticulum around each pair
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of tendons, with the exception of those of the thumb and little finger; in each

of these two digits the diverticulum is continued on, and communicates with the

synovial sheath of the tendons in the fingers. In the other three fingers the syno-

vial sheath of the tendons begins as a blind pouch without communication with

the large synovial sac (Fig. 363).

Applied Anatomy.—This arrangement of the synovial sheaths explains the fact that thecal

abscess in the thumb or little finger is liable to be followed by abscesses of the forearm, from
extension of the inflammation along the continuous synovial sheaths. Tuberculous inflamma-

tion is liable to occur in this situation,

constituting compound palmar ganglion; it

presents an hour-glass outline, with a

swelling in front of the wrist and in the

palm of the hand, and a constriction corre-

sponding to the annular ligament between

the two. The fluid can be forced from the

one swelling to the other under the liga-

ment.

Bursae about the Hand and Wrist.^
Bursse usually exist between the distal ex-

tremities of the metacarpal bones (bursae

iniermetacarpophalangeae), and a subcuta-

neous bursa often exists over the dorsal

surface of the head of the fifth metacarpal

bone. Subcutaneous digital dorsal bursae

occur "almost constantly in the first finger-

joints (between the first and second pha-

lanx), occasionally in the second joint of

the second and fourth fingers"^ (bursae sub-

cutaneae digitorum dorsahs). A bursa exists

between the tendon of the Extensor carpi

radialis brevior and the base of the third

metacarpal bone; another between the

Flexor carpi ulnaris and the pisiform bone;

another between the Flexor carpi radialis

and the base of the second metacarpal bone.

Fig. 363.—Diagram showing the arrangement of the
synovial sheaths of the palm and fingers. .

. rata. ft-O^ Oa»»

The Posterior Annular Ligament

{ligamentum carpi dorsale) is a strong

fibrous band extending obliquely

downward and inward across the

back of the wrist, and consisting of

the deep fascia of the back of the

forearm, strengthened by the addition

of some transverse fibres. It binds

down the Extensor tendons in their

passage to the fingers, being attached,

iniernally, to the styloid process of

the ulna, the cuneiform and pisiform

hones; exiern oily, to the margin of the

radius; and, in its passage across the

wrist, to the ridges on the posterior

surface of the radius. It presents six

compartments for the passage of ten-

dons, each of which is lined with a separate synovial membrane (Fig, 364). These
are, from without inward: (1) On the outer side of the styloid process, for the

tendons of the Extensor ossis metacarpi and Extensor brevis pollicis. (2) Behind

the styloid process, for the tendons of the Extensor carpi radialis longior and

'OUGUB FOtU

Fig. 364.—Transverse section through the wrist, show-
ing the annular ligaments and the canals for the passage
of the tendons.

> Hand Atlas of Human Anatomy. By Werner Spaltebolz. Translated and edited by Lewellys F. Barker.
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brevior. (3) About the middle of the posterior surface of the radius, for the ten-

don of the Extensor longus polHcis. (4) To the inner side of the latter, for the

tendons of the Extensor communis digitorum and Extensor indicis. (5) Oppo-
site the interval between the radius and ulna, for the Extensor minimi digiti.

(6) Grooving the back of the ulna, for the tendon of the Extensor carpi ulnaris.

The synovial membranes lining these sheaths are usually very extensive, reaching

from above the annular ligament down upon the tendons for a variable distance on
the back of the hand.

Digital artery.

Digital nerves.

I

I

Fig. 365.—Palmar fascia. (From a preparation in the Museum of the Royal College of Surgeons of England.)

The deep palmar fascia (aponeurosis palmaris) (Fig. 365) 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 and protects the vessels

and nerves in this situation. It is narrow above, where it is attached to the lower

margin of tlie annular ligament, and receives the expanded tendon of the Pal-

maris longus muscle. Below, it is broad and expanded, and divides into four

slips for the four fingers. Each slip gives off superficial fibres, which are inserted
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into the skin of the palm and finger, those to the palm joining the skin at the furrow

corresponding to the metacarpophalangeal articulation, and those to the fingers

passing into the skin at the transverse fold at the base of the fingers. The deeper

part of each slip subdivides into two processes, which are inserted into the lateral

margins of the anterior ligament of the metacarpophalangeal joint. From the

sides of these processes portions are sent backward (dorsal) to be attached to the bor-

ders of the lateral surfaces of the metacarpal bones at their distal extremities. By
this arrangement short channels are formed on the front of the lower ends of the

metacarpal bones, through which the Flexor tendons pass.^ The intervals left

in the fascia between the four fibrous slips transmit the digital vessels and ne^^•es

and the tendons of the Lumbricales. At 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 dense, fibroareolar tissue, forming the superficial palmar fascia,

and gives origin by its inner margin to the Palmaris brevis; it covers the superficial

palmar arch, the tendons of the Flexor muscles, and the branches of the median

and ulnar nerves, and on each side it gives off a vertical septum, which is continu-

ous with the interosseous aponeurosis and separates the two 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 central portion of the palmar fascia.

The Superficial Transverse Ligament of the Fingers is a thin band of transverse

fibres (fasciculi transversi); it stretches across the roots of the four fingers, and is

closely attached to th^ skin of the clefts, and internally to the fifth metacarpal bone,

forming a sort of rudimentary web. Beneath it the digital vessels and nenes
pass onward to their destination.

Applied Anatomy.—The palmar fascia is liable to undergo contraction, producing a very

inconvenient deformity known as Dupuytren's contraction. The ring and little fingers are most
frecjuently implicated, but the middle, the index, and the thumb may be involved. The proximal

phalanx is flexed and cannot be straightened, and the two distal phalanges become similarly

flexed as the disease advances.

11. The Radial Region (Figs. 366, 367).

Abductor pollicis. Flexor brevis pollicis.

Opponens pollicis. Adductor obliquus pollicis.

Adductor transversus pollicis.

The Abductor pollicis {m. ahdudor pollicis brevis) (Fig. 357) is a thin, flat

muscle, placed immediately beneath the integument. It arises from the anterior

annular ligament, the tuberosity of the scaphoid, and the ridge of the trapezium,

frequently by two distinct slips; and, passing outward and downward, is inserted

by a thin, flat tendon into the radial side of the base of the first phalanx of the

thumb, sending a slip to join the tendon of the Extensor longus pollicis.

Relations.—By its superficial surface, with the palmar fascia and superficialis volae artery,

which freciuently perforates it. By its deep surface, with the Opponens pollicis. Its inner

border is separated from the Flexor brevis pollicis by a narrow celliuar inten'al.

* Dr. Keen describes a fifth slip as frequently found passing to the thumb.
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The Opponens pollicis {m. opponens pollicis) (Figs. 366 and 367) is placed

beneath and partially to the outer side of the preceding. It arises from the

ridge on the trapezium and from the anterior annular ligament, passes down-
ward and outward, and is inserted into the whole length of the metacarpal bone
of the thumb on its radial side.

Relations.—By its superficial surface, with the Abductor and Flexor brevis pollicis. By its

deep surface, with the first metacarpal bone. By its inner border, with the Adductor obliquus

pollicis.

The Plexor brevis pollicis (m. flexor pollicis brevis) (Fig. 367) consists of two
portions, superficial and deep. The superficial portion arises from the outer two-

thirds of the lower border of the anterior annular ligaments and sometimes from

EXT. LONGUS POLLICIS

Mrat metacarpal bon».

Fig. 366.—Muscles of the thumb.

the ridge of the trapezium, and passes along the outer side of the tendon of the

Flexor longus pollicis; and, becoming tendinous, has a sesamoid bone developed
in its tendon, and is inserted into the outer side of the base of the first phalanx of the

thumb. The deeper portion of the muscle is very small, and arises from the ulnar

side of the first metacarpal bone beneath the Adductor obliquus pollicis, and is

inserted into the inner side of the base of the first phalanx with this muscle.

Relations.—By its superficial surface, with the palmar fascia. Its deep surface is separated

from the Adductor obliquus pollicis by the tendon of the Flexor longus pollicis. By its external

{radial) surface, with the Abductor pollicis.

The Adductor obliquus pollicis {m. adductor pollicis) (Figs. 366 and 367)

arises by several slips from the os magnum, the bases of the second and third
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metacarpal bones, the anterior carpal ligaments, and the sheath of the tendon
cf the Flexor carpi radialis. From this origin the greater nmnber of fibres pass

obliquely downward and converge to a tendon, which, uniting, with the tendons

of the deeper portion of the Flexor brevis pollicis and the Adductor transversus,

Fig. 367.—Muscles of the left hand. Palmar surface.

_ inserted into the inner side of the base of the first phalanx of the thumb, a
sesamoid bone being developed in the tendon of insertion. A considerable fas-
ciculus, however, passes more obliquely outward beneath the tendon of the long
Flexor to join the superficial portion of the short Flexor and the Abductor
pollicis.'

' This muscle is deacribed by some as the deep portion of the Flexor brevis pollicis.
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Relations.—By its superficial surface, with the Flexor longus poUicis and the superficial

head of the Flexor brevis pollicis. Its deep surface is in relation with the deep palmar arch,

which passes between the two Adductors.

The Adductor transversus pollicis (m. adductor transversus pollicis) (Figs.

366 and 367) is the most deeply seated of this group of muscles. It is of a tri-

angular form, arising, by its broad base, from the lower two-thirds of the meta-

carpal bone of the middle finger on its palmar surface; the fibres, proceeding

outward, converge to be inserted, with the deeper part of the Flexor brevis pollicis,

and the Adductor obliquus pollicis, into the ulnar side of the base of the first

phalanx of the thumb. From the common tendon of insertion a slip is prolonged

to the Extensor longus pollicis.

Relations.—By its superficial surface, with the tendons of the Flexor profundus and the

Lumbricales. Its deep surface covers the first two interosseous spaces, from which it is separated

by a strong aponeurosis.

Three of these muscles of the thumb, the Abductor, the Adductor transversus, and the Flexor

brevis pollicis, at their insertions give off fibrous expansions which join the tendon of the Extensor

longus pollicis. This permits of flexion of the proiiimal phalanx and extension of the terminal

phalanx at the same time.

Nerves.—The Abductor, Opponens, and superficial head of the Flexor brevis pollicis are

supplied by the sixth cervical through the median nerve; the deep head of the Flexor brevis, and
the Adductors, by the eighth cervical through the ulnar nerve.

Actions.—The actions of the muscles of the thumb are almost sufficiently indicated by

their names. This segment of the hand is provided with three Extensors—an Extensor of the

metacarpal bone, an Extensor of the first, 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, a Flexor of the proximal, and a Flexor of the terminal phalanx;

there is also an Abductor and two Adductors. The Abductor pollicis moves the metacarpal

bone of the thumb outward; that is, away from the index finger. The Opponens pollicis

flexes the first metacarpal bone—that is, draws it inward over the palm—so as to turn the ball of

the thumb toward the fingers, thus producing the movement of opposition. The Flexor brevis

pollicis flexes and adducts the proximal phalanx of the thumb. The Adductores pollicis move
the metacarpal bone of the thumb inward; that is, toward the index finger. These muscles

give to the thumb its extensive range of motion. It will be noticed, however, that in conse-

quence of the position of the first metacarpal bone, these movements difi'er from the corre-

sponding movements of the metacarpal bones of the other fingers. Thus extension of the

thumb more nearly corresponds to the motion of abduction in the other fingers, and flexion

to adduction. m

12. The Ulnar Region (Fig. 367).

Palmaris brevis. Flexor brevis minimi digiti.

Abductor minimi digiti. Opponens minimi digiti.

The Palmaris brevis (m. palmaris brevis) is a thin quadrilateral muscle placed

beneath the integument on the ulnar side of the hand. It arises by tendinous

fasciculi from the anterior annular ligament and palmar fascia ; the fleshy fibres

pass inward, to be inserted into the skin on the inner border of the palm of the

hand.

The Abductor minimi digiti (m. abductor digiti quinti) is situated on the ulnar

border of the palm of the hand. It arises from the pisiform bone and from the

tendon of the Flexor carpi ulnaris, and terminates in a flat tendon, which divides

into two slips; one is inserted into the ulnar side of the base of the first phalanx

of the little finger. The other slip is inserted into the ulnar border of the

aponeurosis of the Extensor minimi digiti.
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Relations.—By its superficial surface, with the inner portion of the palmar fascia and the

raliiiaris brevis; by its deep surface, with the Opponens minimi digiti; by its outer border,

with the Flexor brevis minimi digiti.

The Flexor brevis Tm'm'mi digiti (m. jlexor digiti quinti brevis) lies on the same
plane as the preceding muscle, on its radial side. It arises from the convex aspect

of the hook of the unciform bone and anterior surface of the annular ligament,

and is inserted into the inner side of the base of the first phalanx of the little finger.

It is separated from the Abductor at its origin by the deep branches of the ulnar

artery and nerve. This muscle is sometimes wanting; the Abductor is then,

usually, of large size.

Relations.—By its superficial surface, with the internal portion of the palmar fascia and
the Palmaris brevis; by its deep surface, with the Op{x>nens. The deep branch of the ulnar

artery and the corresponding branch of the ulnar nerve pass between the Abductor and Flexor

brevis minimi digiti muscles.

The Opponens minimi digiti (m. opponens digiti quinti) (Fig. 356) is of a
triangular form, and placed immediately beneath the preceding muscles. It

arises from the convexity of the hook of the unciform bone and the contiguous

portion of the anterior annular ligament; its fibres pass downward and inward,

to be inserted into the whole length of the metacarpal bone of the little finger,

along its ulnar margin.

Relations.—By its superficial surface, with the Flexor brevis and Abductor minimi digiti;

by its deep surface, with the Interossei muscles in the fourth metacarpal space, the metacarpal
bone, and the Flexor tendons of the little finger.

Nerves.—All the muscles of this group are supplied by the eighth cervical nerve through

the ulnar nerve.

Actions.—The Abductor minimi digiti abducts the little finger from the middle line of the

hand. It corresponds to a dorsal interosseous muscle. It also assists in flexing the proximal

phalanx and extending the second and third phalanges. The Flexor brevis minimi digiti

abducts the little finger from the middle line of the hand. It also assists in flexing the proximal

phalanx. The Opponens minimi digiti draws forward the fifth metacarpal bone, so as to deepen
the hollow of the palm. The Palmaris brevis corrugates the skin on the inner side of the palm
of the hand and probably serves to protect the ulnar nerve and artery from damage by the

pressure of grasping a hard object.

13. The Middle Palmar Region.

Lumbricales, Interossei dorsales.

Interossei palmares.

The Lumbricales (mm. lumbricales) (Fig. 367) are four small fleshy fasciculi,

accessories to the deep Flexor muscle. They arise from the tendons of the

Flexor profundus digitorum; the first and second, from the radial side and palmar
surface of the tendons of the index and middle fingers, respectively; the third,

from the contiguous sides of the tendons of the middle and ring fingers; and the

fourth, from the contiguous sides of the tendons of the ring and little fingers.

They pass to the radial side of the corresponding fingers and opposite the meta-
carpophalangeal articulation each tendon is inserted into the tendinous expansion
of the Extensor communis digitorum, covering the dorsal aspect of each finger.

The Interossei muscles (mm. interossei) (Figs. 368 and 369) are so named
from occupying the intervals between the metacarpal bones, and are divided into

two sets, dorsal and palmar.
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The Dorsal interossei {mm. inierossei dorsales) are four in number, larger than the

palmar, and occupy the intervals between the metacarpal bones. They are

bipenniform muscles, arising by two heads from the adjacent sides of the meta-

carpal bones, but more extensively from the metacarpal bone of the finger into

which the muscle is inserted. They are inserted into the bases of the first phalanges

and into the aponeurosis of the common Extensor tendon. Between the double

origin of each of these muscles is a narrow triangular interval, through the first

of which passes the radial artery; through each of the other three passes a per-

forating branch from the deep palmar arch.

The First dorsal interosseous muscle, or Abductor indicis, is larger than the others.

It is flat, 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 meta-

carpal bone; the inner head, from 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 {mm. interossei volares), three in number, are smaller than

the Dorsal, and placed upon the palmar surface of the metacarpal bones, rather

than between them. Each muscle arises from the entire length of the meta-

carpal bone of one finger, and is inserted into the side of the base of the first

Fig. 368.—The Dorsal interossei of left hand. The
line marked by an * is that from which abduction is

made.

Fig. 369.—The Palmar interossei of left hand. The
line marked by an * is that to which adduction is

made.

phalanx^and aponeurotic expansion of the common Extensor tendon of the same
finger. The First ar^'^e* from the ulnar side of the second metacarpal bone, and
is inserted into the same side of the first phalanx of the index 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
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this account it may be seen that each finger is provided with two Interosseous

muscles, with the exception of the little finger, in which the Abductor muscle

taKes the place of one of the pair.

Nerves.—The two outer Lumbricales are supplied by the sixth cemcal nerve, through the

third and fourth digital branches of the median nerve; the two inner Lumbricales and all the

Interossei are supplied by the eighth cervical nerve, through the deep palmar branch of the

ulnar nerve. The third Liunbrical frecjuently receives a twig from the median.

Actions.—The Palmar interossei muscles adduct the finger to an imaginarv- line drawn
longitudinally through the centre of the middle finger; and the Dorsal interossei abduct the

fingers from that Une. In addition to this, the Interossei, in conjunction with the Lumbricales,

flex the first phalanges at the metacarpophalangeal joints, and extend the second and third

phalanges in consequence of their insertion into the expansion of the Extensor tendons. The
Extensor communis digitortun is believed to act almost entirely on the first phalanges.

SURFACE FORM OF THE UPPER EXTREMITY.

The Pectoralis major muscle largely influences surface form and conceals a considerable

part of the thoracic wall in front. Its sternal origin presents a festooned border which botmds
and determines the width of the sternal furrow. Its claWcular origin is somewhat depressed

and flattened, and between the two portions of the muscle is often an oblique depression which
differentiates the one from the other. The outer margin of the muscle is generally well marked
above, and boimds the infraclavicular fossa (Fossa of Mohrenheim), a triangular interval which
separates the Pectoralis major from the Deltoid. It gradually becomes less marked as it

approaches the tendons of insertion, and becomes more closely blended with the Deltoid muscle.

The lower border of the Pectoralis major forms the rounded anterior ajcillaryfold, and corresponds

with the direction of the fifth rib. The Pectoralis minor muscle influences surface form. \Mien
the arm is raised its lowest. slip of origin produces a local fulness just below the border of the

anterior fold of the axilla, and so serves to break the sharp line of the lower border of the Pec-

toralis major muscle, which is produced when the arm is in this f>osition. The origin of the

Serratus magnus muscle produces a verv' characteristic siu^ace marking. WTien the arm is

raised from the side in a well-developed subject, the five or six lower serrations are plainly

discernible, forming a zigzag line, caused by the series of digitations, which diminish in size

from above downward, and have their apices arranged in the form of a ciu-ve. ^\'hen the arm
is I.'iag by the side, the first serration to appear, at the lower margin of the Pectoralis major,

is the one attached to the fifth rib. The Deltoid muscle, with the prominence of the upper
extremity of the humerus, produces the rounded outline of the shoulder. It is roimder and
fuller in front than behind, where it presents a somewhat flattened form. Its anterior border,

above, presents a roimded, slightly curved eminence, which bounds externally the infraclavicular

fossa ; below, it is closely unit«d with the Pectoralis major. Its posterior border is thin, flattened,

and scarcely marked above; below, it is thicker and more prominent, ^^'hen the muscle is in

action, the middle portion becomes irregular, .presenting alternate longitudinal elevations and
depressjons, the elevations corresponding to the fleshy portions, the depressions to the tendinous

intersections of the muscle. The insenion of the Deltoid is marked by a depression on the

outer side of the middle of the arm. Of the scapular muscles, the only one which materially

influences surface form is the Teres major, which assists the Latissimus dorsi in forming the

thick, rounded fold of the posterior boundary of the axilla, ^^'hen the arm is raised, the Coraco-

brachialis reveals itself as a long, narrow elevation which emerges from imder cover of the

anterior fold of the axilla and runs downward, internal to the shaft of the humerus. AMien the

arm is hanging by the side, its front and iimer part presents the prominence of the Biceps,

bounded on either side by an intermuscular depression. This muscle determines the contour of

the front of the arm, and extends from the anterior margin of the axilla to the bend of the elbow.

Its upper tendons are concealed by the Pectoralis major and the Deltoid, and its lower tendon
sinks into the space at the bend of the elbow. \Mien the muscle is in a state of complete con-
traction—that is to say, when the forearm has been flexed and supinated— it presents a rounded
convex form, bulged out laterally, and its length is diminished. On each side of the Biceps,

at the lower part of the arm, the Brachialis anticus is discernible. On the outer side it forms
a narrow eminence which extends some distance up the arm along the border of the Biceps.

On the inner side it shows itself only as a little fulness just above the elbow. On the back of

the arm the long head of the Triceps may be seen as a longitudinal eminence emerging from
imder cover of the Deltoid, and gradually merging into the longitudinal flattened plane of the
tendon of the muscle on the lower part of the back of the arm. The tendon of insertion of the
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muscle extends about half-way up the back of the arm, where it forms an elongated flattened

plane when the muscle is in action. Under similar conditions the surface forms produced by
the three heads of the muscle are well seen.

On the anterior aspect of the elbow are to be seen two muscular elevations, one on each
side, separated above and converging below so as to form a triangular space. Of these, the
inner elevation, consisting of the Plexors and Pronators, forms the prominence along the inner
side and front of the forearm. It is a fusiform mass, pointed above at the internal condyle
and gradually tapering off below. The Pronator teres, the innermost muscle of the group,
forms the boundary of the triangular space at the bend of the elbow. It is shorter, less

prominent, and more oblique than the outer boundary. The most prominent part of the
eminence is produced by the Flexor caipi radialis, the muscle next in order on the inner
side of the preceding one. It forms a rounded prominence above, and can be traced down-
ward to its tendon, which can be felt lying on the front of the wrist, nearer to the radial

than to the ulnar border, and to the inner side of the radial artery. The Palmaris longus pre-
sents no surface marking above, but below is the most prominent tendon on the front of the
wrist, standing out, when the muscle is in action, as a sharp, tense cord beneath the skin. The
Flexor sublimis digitorum does not directly influence surface form. The position of its four
tendons on the front of the lower part of the forearm is indicated by an elongated depression
between the tendons of the Palmaris longus and the Flexor carpi ulnaris. The Flexor carpi
nlnaris occupies a small part of the posterior surface of the forearm, and is separated from the
Extensor and Supinator group, which occupies the greater part of this surface, by the ulnar
furrow, produced by the subcutaneous posterior border of the ulna. Its tendon can be perceived
along the ulnar border of the front of the forearm, and is most marked when the hand is fiexed

and adducted. The deep muscles of the front of the forearm have no direct influence on sur-

face form. The external group of muscles of the forearm, consisting of the Extensors and Supi-
nators, occupy the outer and a considerable portion of the posterior surface of this region. It

has a fusiform outline, which is altogether on a higher level than the Pronator teres and Flexors.

Its apex emerges from between the Triceps and Brachialis anticus muscles some distance above
the elbow-joint, and acquires its greatest breadth opposite the external condyle, and thence
gradually shades off into a flattened surface. About the middle of the forearm it divides into

two longitudinal eminences which diverge from each other, leaving a triangular interval between
them. The outer of these two groups of muscles consists of the Brachioradialis and the Fxtensores
carpi radialis longior et brevior, which form a longitudinal eminence descending from the external

condylar ridge in the direction of the styloid process of the radius. The other and more pos-

terior group consists of the Extensor communis digitorum, the Extensor minimi digiti, and
the Extensor carpi ulnaris. It commences above as a tapering form at the external condyle
of the humerus, and is separated behind at its upper part from the Anconeus by a well-marked
furrow, and below, from the Pronato-flexor mass, by the ulnar furrow. In the triangular

interval left between these two groups the Extensors of the thumb and index finger are seen.

The only two muscles of this region which require special mention as independently influencing

surface form are the Brachioradialis and the Anconeus. The inner border of the Brachio-
radialis forms the outer boundary of the triangular space at the bend of the elbow. It com-
mences as a rounded border above the condyle, and is longer, less oblique, and more prominent
than the inner boundary. Lower down, the muscle forms a full fleshy mass on the outer side of

the upper part of the forearm, and below tapers into a tendon, which may be traced down to

the styloid process of the radius. The Anconeus presents a well-marked and characteristic

surface form in the shape of a triangular, slightly elevated surface, immediately external to the

subcutaneous posterior surface of the olecranon, and differentiated from the common Extensor
group by a well-marked oblique longitudinal depression. The upper angle of the triangle

corresponds to the external condyle, and is marked by a depression or dimple in this situation.

In the interval caused by the divergence from each other of the two groups of muscles into which
the Extensor and Supinator group is divided at the lower part of the forearm an oblique elon-

gated eminence is seen, caused by the emergence of two of the Extensors of the thumb from
their deep origin at the back of the forearm. This eminence, full above and becoming flattened

out and partially subdivided below, runs downward and outward over the back and outer sur-

face of the radius to the outer side of the wrist-joint, where it forms a ridge, especially marked
when the thumb is extended, which passes onward to the posterior aspect of the thumb. The
tendons of most of the Extensor muscles are to be seen and felt at the level of the wrist-joint.

Most externally are the tendons of the Extensor ossis metacarpi pollicis and the Extensor brevis

pollicis, forming a vertical ridge over the outer side of the joint from the styloid process of the

radius to the thumb. Internal to this is the oblique ridge produced by the tendon of the Extensor

longus pollicis, very noticeable when the muscle is in action. The Extensor carpi radialis

longior is scarcely to be felt, but the Extensor carpi radialis brevior can be distinctly perceived

as a vertical ridge emerging from under the inner border of the tendon of the Extensor longus

pollicis, when the hand is forcibly extended at the wrist. Internal to this, again, can be felt
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the tendons of the Extensor indicis. Extensor communis digitorum, and Extensor minimi digiti:

the latter tendon being separated from those of the common Extensor bv a shght furrow.

The muscles of the hand are principally concerned, so far as regards surface form, in producing

the thenar and hypothenax eminences, and individually are not to be distinguished, on the sur-

face, from each other. The Adductor transversus pollicis is, however, an exception to this;

its anterior border gives rise to a ridge across the web of skin connecting the thumb to the rest

of the hand. The thenar eminence is much larger and rounder than the hypothenar, which

presents a longer and narrower eminence along the ulnar side of the hand. When the Palmaris

brevia is in action it produces a wrinkling of the skin over the hypothenar eminence, and a deep

dimple on the ulnar border of the hand. The anterior extremities of the Lmnbrical muscles

help to produce the soft eminences just behind the clefts of the fingers, separated from each

other by depressions corresponding to the Flexor tendons in their sheaths. Between the thenar

and hypothenar eminences, at the wTist-joint, is a slight groove or depression, widening out as

it approaches the fingers; beneath this we have the strong central part of the palmar fascia.

On the back of the hand the Dorsal inierossei produce elongated markings between the meta-

carpal bones. \Mien the thumb is adducted the First dorsal interosseous forms a prominent
fusiform bulging; the other Interossei are not so marked.
The skin over the inner side and front of the forearm is thin, smooth, and sensitive; it

contains few hairs and many sweat glands. Over the outer side and back of the arm and
forearm it is thicker, denser, and less sensitive, and contains more hairs and fewer sweat

glands. Over the olecranon the cuticle is thick and rough; the skin is loosely connected

to the imderlying tissues and becomes transversely WTinkled when the forearm is extended.

At the front of the wrist the skin presents three transverse furrows, which correspond from
above downward to the position of the styloid process of the ulna, the wrist-joint, and the

midcarpal joint, respectively. The skin of the palm of the hand differs considerably from
that of the forearm. At the wrist it suddenly becomes hard and dense, and covered by
a thick layer of cuticle. The skin in the thenar region presents these characteristics less

than elsewhere. In spite of this hardness and density, the skin of the palm is exceedingly

sensitive and very vascular. It is destitute of hair, and no sebaceous follicles have been
found in this region. It is tied down by fibrous bands along the lines of flexion of the digits,

producing certain furrows of a permanent character. One of these, starting from about the

tubercle of the scaphoid, cm^'es around the thenar eminence, and ends on the radial border of

the hand, a little above the metacarpophalangeal joint of the index finger. It corresponds to

the outer border of the central portion of the palmar fascia, and is produced by the movements
of the thumb at the carpometacarpal joint. A second line begins at the end of the first and
extends obUquely across the palm upward and inward, to the ulnar margin about the middle
of the fifth metacarpal bone. A third commences at the ulnar border of the hand about an
inch below the termination of the second and extends outward across the palm over the heads of

the third, fourth, and fifth metacarpal bones. These last two lines are caused by the flexion of

the fingers at the metacarp)ophalangeal joints. Over the fingers the skin again becomes thinner,

especially at the flexures of the joints, and over the terminal phalanges it is thrown into nmnerous
ridges in consequence of the arrangement of the papilke in it. These ridges form, in different

individuals, distinctive and permanent patterns, which may be used for purposes of identifi-

cation. (See page 1150.) The superficial fascia in the palm is made up of dense fibrofatty

tissue. This tissue binds down the skin so firmly to the deep palmar fascia that verj* Uttle

movement is permitted between the two.

APPLIED ANATOMY OF THE UPPER EXTREMITY.

The studert, having completed the dissection of the muscles of the upper extremity, should

consider the effects likely to be produced by the action of the various muscles in fractiu« of the

bones.

In considering the action of the various muscles upon fractiu-es of the upper extremity, the

most common forms of injury have been selected both for illustration and description.

Fracture of the middle of the clavicle (Fig. 370) is always attended with considerable dis-

placement; the inner end of the outer fragment is displaced inward and backward, while the

outer end of the same fragment is rotated forward. The whole outer fragment is somewhat
depressed. The deformity is described by saying that the shoulder goes downward, forward,

and inward.

The displacement is produced as follows: inward, by the muscles passing from the thorax to

the outer fragment of the clavicle, to the scapula, and to the humerus—viz., the SubclaWus and

the Pectoralis minor, and, to a less extent, the Pectoralis major and the Latissimus dorsi; back-

ward, in consequence of the rotation of the outer fragment. The Serratus magnus causes theK 32

L
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scapula to rotate on the thoracic wall; this carries the acromion and outer end of the outer

fragment of the clavicle forward and causes the piece of bone to rotate around a vertical axis

through its centre, and so carries the inner end of the outer portion backward. The depression

of the whole outer fragment is produced by the weight of the arm and by the contraction of the

Deltoid. The outer end of the inner fragment appears to be elevated, the skin being drawn
tensely over it; this is owing to the depression of the outer fragment, as the inner fragment is

usually kept fixed by the costoclavicular ligament and by the antagonism between the Sterno-

mastoid and Pectoralis major muscles. But it may be raised by an unusually strong Sterno-

mastoid, or by the inner end of the outer fragment getting below and behind it. The causes

of displacement having been ascertained, it is easy to apply the appropriate treatment. The
outer fragment is to be drawn outward, and, together with the scapula, raised upward to a level

with the inner fragment, and retained in that position. This deformity is corrected by carrying

the shoulder upward, outward, and backward.
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 end, internal to the costoclavicular liga-

ment, is attended with only slight displacement, this

ligament serving to retain the fragments in close ap-

position.

Fracture of the acromion process 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 downward and forward; and the

displacement may easily be discovered by tracing the

margin of the clavicle outward, 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 forward across the

thorax and the elbow well raised, so that the head of

the bone may press the acromion process upward and
retain it in its position.

Fracture of the coracoid process is an extremely

rare accident, and is usually caused by a sharp blow

on the point of the shoulder. Displacement is here

produced by the combined actions of the Pectoralis

minor, the short head of the Biceps, and the Coraco-

brachialis, the former muscle drawing the fragment

inward, and the latter muscles directly downward,
the amount of displacement being limited by the

connection of this process to the acromion by means
of the coraco-acromial ligament. In many cases there appears to have been little or no
displacement, from the fact that the coracoclavicular ligament has remained intact, and has kept

the separated fragment from displacement. In order to relax these muscles and replace the frag-

ments in close apposition, the forearm should be flexed so as to relax the Biceps, and the arm
drawn forward and inward across the chest, so as to relax the Coracobrachialis; the humerus
should then be pushed upward against the coraco-acromial ligament, and the arm retained in

that position.

Fracture of the surgical neck of the huvierus (Fig. 371) 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 attached to the greater and lesser tuberosities; the

lower fragment is drawn inward by the Pectoralis major, Latissimus dorsi, and Teres major;

and the humerus is thrown obliquely outward from the side by the Deltoid, and occasionally

elevated so as to cause the upper end of the lower fragment to project beneath and in front of

the coracoid process. The deformity is reduced by fixing the shoulder, and drawing the arm
outward and downward. To counteract the opposing muscles, and to keep the fragments in

position, a conical-shaped pad should be placed with the apex in the axilla; while the forearm
IS flexed to an angle of 90 degrees the shoulder is padded with cotton, a shoulder-cap of plaster

of Paris is applied to cover the shoulder, a portion of the thorax and back, and the arm down to

the external condyle (Scudder). The arm, with the elbow slightly forward, is bandaged to tiie

side. In some cases a splint is placed between the axillary pad and the inner side of the arm.

Fig. 370.—Fracture of the middle of the
clavicle.
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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 inward by the first-mentioned muscles, and the
lower fragment upward and outward by the Deltoid, pro-
ducing shonening of the limb and a considerable promi-
nence at the seat of fracture, from the fractured ends of the
bone riding over one another, especially if the fracture takes
place in an oblique direction. The fragments may be
brought into apposition by extension from the elbow,' and
are retained in that position by adopting the same means
as in the preceding injury, or by the use of an internal

angular splint with three short humeral splints.

In fractures of the shaft of the humerus immediately be-
low the insertion of the Deltoid, the amount of deformitv
depends greatly upon the direction of the fracture. If it

occurs in a transverse direction, only slight displacement
takes place, the upper fragment being drawn a httle for-

ward; but in oblique fracture the combined actions of the
Biceps and Brachialis anticus muscles in front and the
Triceps behind draw upward the lower fragment, causing
it to gUde over the upper fragment, either bactward or for-

ward, according to the direc-tion of the fractm^. Simple
extension reduces the deformity, and the appUcation of an
mternal angular spUnt and three short humeral splints will

retain the fragments in apposition. Care should be taken
not to raise the elbow, but the forearm and hand may be sup-
ported in a sling.

Fracture of the humerus (Fig. 372) (dxyve the condyle desenes very attentive consideration,
as the general appearances correspond somewhat with those produced by separation of the
epiphysis of the humerus, and with those of dislocation of the radius and ulna backward. If
the direction of the fracture is obhque from above, downward and forward, the lower fragment

Fig. 371.—Fracture of the surgical
neck of the humerus.

Fig. 372.—Fracture of the humerus above
the condyle.

Fig. 373.

—

Fracture of the olecranon.

is drawn upward by the Brachialis anticus and Biceps in front and the Triceps behind; and
at the same time is drawn backward behind the upper fragment by the Triceps. This injiu-y

may be differentiated from dislocation by the increased mobility in fracture, the existence of
frepitiLs, and the fact of the deformity being remedied by extension, on the discontinuance
of which it is reproduced. The age of the patient is of importance in distinguishing this form
of injury from separation of the epiphysis. If fracture occurs in the opposite direction to that
shown in Fig. 362, the lower fragment is drawn upward and forward, causing a considerable
prominence in front, and the upper fragment projects backward beneath the tendon of the
Triceps muscle.
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Fracture of the olecranon process (Fig. 373) is a frequent accident. The detached fragment

is displaced upward, 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 is felt at the back j^art of the

joint, which is much increased on flexing the limb. The patient at the same time loses, more
or less, the power of extending the forearm. The treatment consists In relaxing the Triceps by

extending the limb, and retaining it in the

extended position by means of a long straight

splint applied to the front of the arm; the

fragments are thus brought into close appo-
sition, and may be further approximated l)y

drawing down the upper fragment. The frag-

ments may be wired together and thus prevent

the formation of a ligamentous union, as is

generally the case when wiring is not em-
ployed; passive motion must be instituted at

the end of the third week to j^revent ankylosis.

Fracture of the n^ck 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 outward l)y the

Supinator [brevis], the extent of displacement being limited by the attachment of the orbicular

ligament. The lower fragment is drawn forward and slightly upward by the Biceps, and inward by
the Pronator teres, its displacement forward and upward being counteracted in some degree by
the Supinator. The treatment essentially consists in relaxing the Biceps, Supinator, and Pro-

nator 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.

Fig. 374.—Fracture of the shaft of the radius.

Fig. 375.—Fracture of the lower end of the radius.

In fracture of the radius below the insertion of the Biceps, but above the insertion of the

Pronator teres, the upper fragment is strongly supinated by the Biceps and Supinator, and at

the same time drawn forward and flexed by the Biceps; the lower fragment is pronated and
drawn inward toward the ulna by the Pronators. Thus, there is extreme displacement with

very little deformity. In treating such a fracture the arm must be put up in a j)osition of

supination, otherwise union will take place with great impairment of the movements of the

hand. In fractures of the radius below the insertion of the Pronator teres (Fig. 374), the upper

fragment is drawn upward by the Biceps and inward by the Pronator teres, holding a position

midway between pronation and supination, and a degree of fulness in the upper half of the fore-

arm is thus produced; the lower fragment is drawn downward and inward toward the ulna by

the Pronator quadratus, and thrown into a state of pronation by the same muscle; at the same
time, the Brachioradialis, by elevating the styloid process, into which it is inserted, will serve to

depress the upper end of the lower fragment still more toward the ulna. In order to relax the

opposing muscles the forearm should be bent, and the limb placed in a position midway between

pronation and supination; the fracture is then easily reduced by extension from the wrist and

elbow ; well-padded splints should be applied on both sides of" the forearm from the elbow to

the wrist; the hand, being allowed to fall, will, by its own weight, counteract the action of the

Pronator quadratus and of the Brachioradialis, and elevate the lower fragment to the level of

the upper one.

In fracture of the shaft of the ulna the upper fragment retains its usual position, but the lower

fragment is drawn outward toward the radius by the Pronator quadratus, producing a well-
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marked depression at the seat of fracture and some fulness on the dorsal aud 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.'

In fracture of the shafts of the radius and ulna together the lower fragments are drawn upward,

sometimes forward, sometimes backward, according to the direction of the fracture, by the

combined actions of the Flexor and Extensor muscles, producing a degree of fulness on the

dorsal or palmar surface of the forearm; at the same time the two fragments are drawn into

contact by the Pronator quadratus, the radius being in a state of pronation; the upper fragment

of the radius is drawn upward and inward by the Biceps and Pronator teres to a higher level

than the ulna; the upper portion of the ulna is slightly elevated by the Brachialis anticus. The
fracture may be reduced by extension from the wrist and elbow, and the forearm should be placed

in the same position as in fracture of the ulna.

In fracture of the lower end of the radius (Colics' fracture) (Fig. 375) the displacement which

is produced is very considerable, and bears some resemblance to dislocation of the carpus back-

ward, from which it should be carefully distinguished. The lower fragment is displaced back-

ward and upward, but this displacement is probably due to the force of the blow driving the

portion of the bone into this position and not to any muscular influence. The upper fragment

projects forward, 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 Flexor tendons being thrust

' forward. This fracture may be distinguished from dislocation by the deformity being removed
on making sufficient extension, when crepitus may be occasionally detected; at the same time,

[

on extension being discontinued, the parts immediately resume their deformed appearance.

I The age of the patient will also assist in determining whether the injury is fracture or separation

[of the epiphysis. Reduction is effected by hyperextension, longitudinal traction, and forced

fflexion.* The posterior straight splint with suitable pads is the best dressing.

MUSCLES AND FASCLffi OF THE LOWER EXTREMITY.

The muscles of the lower extremity are subdivided into groups corresponding

[with the different regions of the limb.

I. Illvc Region.

Psoas magnus.

Psoas parvus.

Iliacus.

2. Internal Femoral Region.

Gracilis.

Pectineus.

Adductor longus.

Adductor brevis.

Adductor magnus.

II. Thigh.

1. Anterior Femoral Region.

Tensor fasciae femoris.

Sartorius.

f Rectus femoris,

^Quadriceps Vastus externus.

extensor. Vastus internus.

. Crureus.

Subcrureus.

III. Hip.

3. Gluteal Region.

Gluteus maximus.
Gluteus medius.

Gluteus minimus.

Pyriformis.

Obturator internus.

Gemellus superior.

Gemellus inferior.

Quadratus femoris.

Obturator externus.

> R. J. Levis.
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4. Posterior Femoral Region.

"Hamstring" j^^'T^r''"'-
muscles. j c • u

[ bemimembranosus.

IV. Leg.

5. Anterior Tibiofibular Region.

Tibialis anticus.

Extensor proprius hallucis.

Extensor longus digitorum.

Peroneus tertius.

6. Posterior Tibiofibular Region.

Superficial Layer.

Gastrocnemius.

Soleus.

Plantaris.

Deep Layer.

. Popliteus.

Flexor longus hallucis.

Flexor longus digitorum.

Tibialis posticus.

7. Fibular Region.

Peroneus longus.

Peroneus brevis.

V. Foot.

8. Dorsal Region.

Extensor brevis digitorum.

9. Plantar Region.

First Layer.

Abductor hallucis.

Flexor brevis digitorum.

Abductor minimi digiti.

Second Layer.

Flexor accessorius.

Lumbricales.

Third Layer.

Flexor brevis hallucis.

Adductor obliquus hallucis.

Flexor brevis minimi digiti.

Adductor transversus hallucis.

Fourth Layer.

Interossei.

I. MUSCLES AND FASCI.S OF THE ILIAC REGION.

Psoas magnus. Psoas parvus. Iliacus.

Dissection.—No detailed description is required for the dissection of these muscles. On
the removal of the viscera from the abdomen they are exposed, covered by the peritoneum and
a thin layer of fascia, the iliac fascia.

The iliac fascia (fascia iliaca) is the aponeurotic layer which lines the back

part of the abdominal cavity, and covers the Psoas and Iliacus muscles throughout

their w^hole extent. It is thin above, and becomes gradually thicker below as it

approaches the femoral arch.

The portion covering the Psoas is thickened, above, to form the ligamentum

arcuntum internum; internally it is attached, by a series of arched processes, to the

intervertebral substances, to the prominent margins of the bodies of the vertebrae,

and to the upper part of the sacrum, the intervals so left, opposite the constricted

portions of the bodies, transmitting the lumbar arteries and veins and the fila-

ments of the sympathetic cord. Externally, above the crest of the ilium, this

portion of the iliac fascia is continuous with the anterior lamella of the lumbar
fascia covering the front of the Quadratus lumborum, but below the crest of the

ilium it is continuous with the fascia covering the Iliacus.
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The portion investing the Iliacus is connected externally to the whole length

of the inner border of the crest of the ilium, and internally to the brim of the

true pelvis, where it is continuous with the periosteum ; at the iliopectineal emi-

nence it receives the tendon of insertion of the Psoas parvus, when that muscle

exists. External to the external iliac vessels, this fascia is intimately connected

to the posterior margin of Poupart's ligament, and is continuous with the fascia

transversalis. Immediately to the outer side of the external iliac vessels, as they

pass beneath Poupart's ligament, the fascia iliaca is prolonged backward and

inward from Poupart's ligament as a band, the iliopectineal ligament (Fig. 376),

and is attached to the iliopectineal eminence. The ligament divides the space

between Poupart's ligament

and the horizontal ramus of

the pubis into two parts, the

inner of which {lacuna vaso-

rum) transmits the femoral

vessels, and the femoral branch

of the genitofemoral nerve is

bounded internally by the

base of Gimbernat's ligament

and contains the femoral ring.

The outer part {lacuna mus-

culorum) transmits the Ilio-

psoas and the femoral nerve

and the external cutaneous

nerve (Fig. 376). Internal to

the vessels the iliac fascia is at-

tached to the iliopectineal line

behind the conjoined tendon,

where it is again continuous

with the transversalis fascia;

and, corresponding to the point

where the femoral vessels pass

into the thigh, this fascia de-

scends behind them, forming

the posterior wall of the fem-

oral sheath. This portion of

the iliac fascia which passes

behind the femoral vessels is

also attached to the iliopec-

tineal line beyond the limits

of the attachment of the con-

joined tendon; at this part it

is continuous with the pubic portion of the fascia lata of the thigh. The external

iliac vessels lie in front of the iliac fascia, but all the branches of the lumbar plexus

lie behind it; it is separated from the peritoneum by a quantity of loose areolar

tissue. The femoral sheath {fascia cruris) is formed by the transversalis fascia

in front of the vessels and the iliac fascia behind them. In the thigh the fasciae

join to the inner side of the femoral vein, a space, the femoral canal {canalis

femoralis) (Fig. 376), intervening between the vein and their junction.

Between the femoral vein and the edge of Gimbernat's ligament is the femoral or

crural ring {anmilus femoralis) (Fig. 376). It is the upper opening of the femoral

canal, just mentioned, and leads into the cavity of the abdomen. It is bounded in

front by Poupart's ligament; behind by the horizontal ramus of the pubes covered
by the Pectineus muscle; internally by the base of Gimbernat's ligament;

externally by the fibrous septum lying in the inner side of the femoral vein. The

PECTINEUS

Fig. 376.—Poupart's ligament and the relation of the parts pass-
ing beneath it. (Poirier and Charpy.)
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femoral ring is closed by the septum crurale of Cloquet {septum femorale [Cloqueti]),

which is a process of transversalis fascia (Fig. 378). The femoral canal is the

interval between the femoral vein and the inner wall of the femoral sheath.

This canal extends from the femoral ring to the saphenous opening.

The Psoas magnus {m. psoas major) (Fig. 379) is a long fusiform muscle placed

on the side of the lumbar region of the vertebral column and the margin of the pelvis.

It arises from the front of the bases and lower borders of the transverse processes

of the lumbar vertebrae by five fleshy slips; also from the sides of the bodies and
the corresponding intervertebral substances of the last thoracic and all the lumbar
vertebrae. 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 vertebrae, and to the

intervertebral 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 veins and filaments of the sympathetic

cord. These tendinous arches also give origin to muscle fibres, and protect

the bloodvessels and nerves from pressure during the action of the muscle. The
first slip is attached to the contiguous margins of the last thoracic and first lumbar
vertebrae; the last to the contiguous margins of the fourth and fifth lumbar ver-

tebrae, and to the intervertebral substance. From these points the muscle descends

across the brim of the pelvis, and, diminishing gradually in size, passes beneath

Poupart's ligament, and terminates in a tendon which, after receiving nearly the

whole of the fibres of the Iliacus, is inserted into the lesser trochanter of the femur.

Relations.—In the lumbax region, by its anterior surface, which is placed behind the peri-

toneum, the Psoas magnus is in relation with the fascia which covers it, with the ligamentum
arcuatum ir>ternum, the kidney, Psoas parvus, renal vessels, ureter, spermatic vessels, genito-

femoral nerve, and the colon. In many cases the vermiform appendix rests upon the right Psoas

muscle (page 505). By its posterior surface, with the transverse processes of the lumbar ver-

tebrae and the Quadratus lumborum muscle, from which it is separated by the anterior lamella

of the lumbar fascia. The lumbar plexus is situated in the posterior part of the substance of

the muscle. By its inner side the muscle is in relation with the bodies of the lumbar vertebrae,

the lumbar arteries, the ganglia of the sympathetic cord, and their branches of communication
with the spinal nerves; the lumbar nodes; the inferior vena cava on the right and the aorta

on the left side, and along the brim of the pelvis with the external iliac artery. In the thigh

it is in relation, superficially, with the fascia lata; deeply, with the capsular ligament of the hip,

from which it is separated by a synovial bursa (bursa iliopectinea) , which frequently communi-
cates with the cavity of the joint through an opening of variable size; between the tendon and
part of the lesser trochanter is the bursa iliaca subtendinea; by its inner border, with the Pectineus

and internal circumflex artery, and also with the femoral artery, which slightly overlaps it; by

its outer border, with the femoral nerve and Iliacus muscle.

The Psoas parvus (m. psoas minor) (Fig. 379) is a long, slender muscle placed

in front of the Psoas magnus. It arises from the sides of the bodies of the last

thoracic and first lumbar vertebrae and from the intervertebral substance between

them. It forms a small, flat, fleshy bundle, which terminates in a long flat tendon

inserted into the iliopectineal eminence, and, by its outer border, into the iliac

fascia. This muscle is most often absent, and is sometimes double.

The Iliacus (m. iliacus) (Fig. 379) is a flat, triangular muscle which fills up
the whole of the iliac fossa. It arises from the upper two-thirds of this fossa and
from the inner margin of the crest of the ilium; behind, from the iliolumbar liga-

ment and base of the sacrum; in front, from the anterior superior and anterior

inferior spinous processes of the ilium, from the notch between them. The
fibres converge to be inserted into the outer side of the tendon of the Psoas, some
of them being prolonged and attached to the shaft of the femur for about an inch

below and in front of the lesser trochanter.* The most external fibres are inserted

into the capsule of the hip-joint.

' The Psoas and Iliacus are often regarded as a single muscle—the Iliopsoas—having two heads of origin and
a single insertion.
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Relations.—Within the abdomen, by its anterior surface, wth the iliac fossa, which separates

the muscle from the peritoneum, and with the external cutaneous nerve; on the right side,

with the cecum; on the left side, with the pelvic colon; by its posterior surface, with the iliac

fossa; by its inner border, with the Psoas magnus and femoral nerve. In the thigh, it b in

relation,* bv its superficial surface, with the fascia lata, the Rectus and Sartprius muscles, and

the profunda femoris artery; by its deep surface, with the capsule of the hip-joint, a synonal

bursa common to it and the Psoas magnus being interposed.

Nerves.—The Psoas magnus is supplied by the anterior branches of the second and third

lumbar nerves; the Psoas parvus, when it exists, is supplied by the anterior branch of the first

lumbar nerve; and the Iliacus, by the anterior branches of the second and third limibar nerves

through the femoral.

Actions.—^The Psoas and Iliacus muscles, acting from above, flex the thigh upon the pelvis.

Actintr from below, the femur being fixed, the muscles of both sides bend the liunbar portion of

the vertebral column and pelvis forward. They also serve to maintain the erect position, by

supporting the vertebral colimin and pelvis upon the femur, and assist in raising the trunk

when the body is in the recumbent posture.

The Psoas parvus is a tensor of the iliac fascia. It assists in flexing the lumbar portion (rf

the vertebral colmnn laterally, the pelvis being its fixed point.

Applied Anatomy.—There is no definite septum between the portions of the iliac fascia

covering the Psoas and Iliacus, respectively, and the fascia is only connected to the subjacent

muscles by a quantity of loose connective tissue. WTien an abscess forms beneath this fascia,

as it is very liable to do, the pus is contained in an osseofibrous cavity, which is closed on all

sides within the abdomen, and is open only at its lower part, where the fascia is prolonged over

the muscle into the thigh.

Abscess within the sheath of the Psoas muscle (Psoas abscess) is generally due to tuberculous

caries of the bodies of the lower thoracic or of the lumbar vertebrae. WTien the disease is in the

thoracic region, the pus courses down the posterior mediastinum, in front of the bodies of the

vertebrae, and, passing beneath the ligamentum arcuatum internum, enters the sheath of the

Psoas muscle, down which it passes as far as the peine brim; it then gets beneath the iliac

portion of the fascia and fills up the iliac fossa. In consequence of the attachment of the fascia

to the pelvic brim, it rarely finds its way into the pehns, but passes by a narrow opening under

Poupart's ligament into the thigh, to the outer side of the femoral vessels. It thus follows that

a Psoas abscess may be described as consisting of four parts: (1) A somewhat narrow channel

at its upper part, in the Psoas sheath; (2) a dilated sac in the iliac fossa; (3) a constricted neck

under Poupart's ligament; and (4) a dilated sac in the upper f)art of the thigh. \^Tien the

lumbar vertebrae are the seat of the disease, the pus finds its way directly into the substance

of the muscle. If a Psoas abscess forms, the muscle fibres are d^royed, and the ner\-e cords

contained in the abscess are isolated and exposed in its interior; the femoral vessels which lie in

front of the fascia remain intact, and the peritoneimi seldom becomes implicated. All Psoas

abscesses do not, however, pursue this course; the pus may leave the muscle above the crest

of the ilium, and, tracking backward, may point in the loin (lumbar abscess); or it may point

above Poupart's ligament in the inguinal region; or it may follow the course of the iliac vessels

into the pelvis, and, passing through the great sacrosciatic notch, discharge itself on the back

of the thigh; it may open into the bladder or find its way into the perineum, or it may pass

down the thigh to the popliteal space or even lower. Strain of the Psoas muscle is not unusual,

and induces pain which may be mistaken for appendicitis. The bursa beneath the tendon of

the Psoas and Iliacus and the hipnjoint or that between the tendon and the lesser trochanter may
greatly enlarge and produce pain and disablement. B\Ton Robinson' pointed out that trauma

of the Psoas muscle may be an important factor in the etiology- of appendicitis, as it may induce

periappendicular adhesions which interfere with the circulation of blood and feces. Robinson
says, in the previously quoted article, that in 46 f>er cent, of men and in 20 per cent, of women
the appendix rests on the Psoas muscle.

n. MUSCLES AND FASCIA OF THE TfflGH.

1. The Anterior Femoral Region.

Tensor fasciae femoris. Quadriceps

Sart:orius. extensor.

Subcmreus.

Rectus femoris.

Vastus externus.

Vastus internus.

Crureus.

Dissection.—To expose the muscles and fasciae in this region, make an incision along

Poupart's Ugament, from the anterior superior spine of the ilium to the spine of the os pubis;

*Annals of Surgery, April, 1901.
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a vertical incision from ths 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 ver-

tical incision. The flaps of integument having been removed, the superficial and deep fasciae

should be examined. The more advanced student should commence the study of this region by
an examination of the anatomy of femoral hernia and Scarpa's triangle, the incisions for the

dissection of which are marked out in Fig. 377.

i
1. Dissection of
femoralhernia,

and Scarpa's

triangle.

^\2. Front of thigh.

Superficial Fascia.—The superficial fascia forms a continuous layer over the

whole of the thigh. It consists of areolar tissue, containing in its meshes much
fat, and is capable of being separated into two or more layers, between which are

found the superficial vessels and nerves. It

varies in thickness in different parts of the

limb; in the groin it is thick, and the two
layers are separated from one another by the

superficial inguinal lymph nodes, the internal

saphenous vein, and several smaller vessels.

One of these two layers, the superficial, is

continuous above with the superficial fascia of

the abdomen. Internally it is continuous with

the superficial fascia of the perineum. The
deep layer of the superficial fascia is a very thin

fibrous layer, best marked on the inner side of

the long saphenous vein and below Poupart's

ligament. It is placed beneath the subcuta-

neous vessels and nerves and upon the surface

of the fascia lata. It is intimately adherent to

the fascia lata a little below Poupart's ligament.

It covers the saphenous opening (Fig. 378)

in the fascia lata, being closely united to the

margins of the opening, and is connected to

the sheath of the femoral vessels. The portion

of the fascia covering this aperture is perfo-

rated by the internal saphenous vein and by

numerous bloodvessels and lymphatic vessels;

hence, it has been termed the cribriform fascia

(fascia cribrosa). The cribriform fascia adheres

closely both to the superficial fascia and to the

fascia lata, so that it is described by some anato-

mists as part of the fascia lata, but is usually

considered (as in this work) as belonging to the

superficial fascia. It is not until the cribriform

fascia has been cleared away that the saphenous

opening is seen, so that this opening does not

in ordinary cases exist naturally, but is the

result of dissection, A large subcutaneous bursa (bursa praepatellaris subcufanea)

is found in the superficial fascia over the patella, and another (bursa trochanierica

subcutaned) in the superficial fascia over the great trochanter.

The Deep Fascia, or Fascia Lata (Fig. 378).—The deep 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 whole 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

maximus muscle, and where the Tensor fasciae femoris is inserted between its

layers; it is very thin behind, and at the upper and inner part where it covers

the Adductor muscles, and again becomes stronger around the knee, receiving

3. Front of leg.

Jf. Dorsum of foot.

Fig. 377.—Dissection of lower extremity.
Front view.
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fibrous expansions from the tendons of the Biceps femoris externally, from the

Sartorius internally, and from the Quadriceps extensor in front. The fascia lata

is attached above, and behind, to the back of the sacrum and cocc^-x; externally^

to the crest of the ilium; in front, to Poupart's ligament and to the body of the os

pubis; and internally, to the descending ramus of the os pubis, to the ramus and
tulierosity of the ischium, and to the lowef border of the great sacrosciatic ligament.

From its attachment to the crest of the ilium it passes down over the Gluteus
medius muscle to the upper border of the Gluteus maximus, where it splits into

two layers, one passing superficial to and the other beneath this muscle. At the

lower border of the muscle the two layers reunite. Externally the fascia lata

receives the greate? part of the tendon of insertion of the Gluteus maximus, and
becomes proportionately thickened. The portion of the fascia lata arising from
the front part of the crest of the ilium, corresponding to the origin of the Tensor
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Fig. 378.— Right t.^t^ abdominal riiig u|«fiiiiit; in the male. (Spalteholz.)

fasciae femoris, passes down the outer side of the thigh as two layers, one super-
ficial to and the other beneath this muscle. These layers at the lower end of the
muscle become blended into a thick and strong band, having first received the
insertion of the muscle. This band is continued downward, under the name of
the iliotibial band (tractm iliotibialis [Maismati]), to be inserted into the external
tuberosity of the tibia. Below, the fascia lata is attached to all the prominent
points around the knee-joint—viz., the condyles of the femur, tuberosities of
the tibia, and head of the fibula. On each side of the patella it is strengthened
by transverse fibres given off from the lower part of the Vasti muscles, which are
attached to and support this bone. Of these, the outer fibres are the stronger,
and are continuous with the iliotibial band. From the deep surface of the fascia
lata are given off two strong intermuscular septa, which are attached to the whole
length of the linea aspera and its prolongations above and below; the external
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intermuscular septum {septum intermusculare laterale) is the stronger. It extends

from the insertion of the Ghiteus maximus to the outer condyle, separates the

Vastus externus in front from the short head of the Biceps femoris behind, and

gives partial origin to these muscles; the internal intermuscular septum {sepium

intermusculare mediale), the thinner of the two, separates the Vastus internus

from the Adductor and Pectineus muscles. 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; it transmits the internal saphenous vein

and other smaller vessels, and is termed the saphenous opening {fossa ovalis)

(Fig. 378). This opening is covered by a portion of the deep layer of the super-

ficial fascia, the cribriform fascia. In order more correctly to consider the mode
of formation of this aperture, the fascia lata in this part of the thigh is described

as consisting of two portions—an iliac portion and a pubic portion.

The iliac portion is all that part of the fascia lata on the outer side of the saphe-

nous 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 os pubis, and to the iliopectineal line in conjunction with Gimbernat's

ligament. From the spine of the os pubis it is reflected downward and outward,

forming an arched margin, the falciform process or the falciform margin of Bums
(margo falciformis). This margin overlies and is adherent to the superficial

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
femoral ligament, or the ligament of Hey, is the point at which the falciform process

joins the base of Gimbernat's ligament.

The pubic 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
upward, the pubic portion covers the surface of the Pectineus, Adductor longus,

and Gracilis muscles, and, passing behind the sheath of the femoral vessels, to

which it is closely united, is continuous with the sheath of the Psoas and Iliacus

muscles, and is attached above to the iliopectineal line, where it becomes continu-

ous with the iliac fascia. From this description it may be observed that the iliac

portion of the fascia lata passes superficial to the femoral vessels, and the pubic

portion behind them, so that an apparent aperture exists between the two, through

which the internal saphenous joins the femoral vein.

Applied Anatomy.—The iliotibial hand at a point between the crest of the ilium and the

great trochanter is so tense that it is impossible to sink the fingers deeply in this region. Dr.

AUis points out that in fracture of the neck of the femur the great trochanter mounts toward

the iliac crest, the iliotibial band relaxes, and the fingers can be sunk deeply into the space

between the great trochanter and the iliac crest. Shortening is thus indicated. This is known
as Allis' sign. A Psoas abscess usually points at the termination of the Psoas muscle, but the

tuberculous pus may be directed down the thigh beneath the fascia lata, and it may reach the

popliteal space or may go even lower.

The Tensor fasciae femoris (w. tensor fasciae latae) (Fig. 379) arises from the

anterior part of the outer lip of the crest of the ilium, from the outer surface of

the anterior superior spine, and part of the outer border of the notch below it,

between the Gluteus medius and Sartorius, and from the surface of the fascia

covering the Gluteus medius. It is inserted between two layers of the fascia lata,

about one-fourth down the outer side of the thigh. From the point of insertion

the fascia is continued downw^ard to the external tuberosity of the tibia as a thick-

ened band, the iUotibial band.

The Sartorius (m. sartorius) (Fig. 379), the longest muscle in the body, is flat,

narrow, and ribbon-like; it arises by tendinous fibres from the anterior superior
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spine of the ilium 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,

cuning obliquely fon^ard, expands into a

broad aponeurosis, to be inserted in front of

the Gracilis and Semitendinosus, into the

upper part of the inner surface of the shaft

of the tibia, nearly as far forward as the crest.

The upper part of the tendon is cur%ed back-

ward over the upper edge of the tendon of the

Gracilis in order to be inserted behind it (Fig.

185). An offset is derived from the upper mar-
gin of the aponeurosis, which blends with the

fibrous capsule of the knee-joint, and another,

given off from its lower border, blends with

the fascia on the imier side of the leg.

Relations.—By its superficial surface, with the

fascia lata; by its deep surface, with the Rectus
femoris, Iliacus, Vastus internus, femoral nerve, sheath

of the femoral vessels, Adductor longus. Gracilis,

Semitendinosus, long saphenous nerve, and internal

lateral ligament of the knee-joint. Frequently there

is a bursa (bursa m. sartorii propria) between the

tendon of the Sartorius and the tendons of the Gra-
cilis and Semimembranosus.
The relations of this muscle to the femoral arterv

should be carefully examined, as it constitutes the

chief guide in t%-ing the vessel. In the upper third of

the thigh it forms the outer side of a triangular space,

Scarpa's triangle (trigonum femorale), the inner side

of which is formed by the inner border of the Adductor
longus, and the base, which is turned upward, by
Poupart's ligament; the femoral artery passes per-

pendicularly through the middle of this space from
its base to its apex. In the middle third of the thigh

the femoral artery lies first along the inner border,

and then behind the Sartorius.

The Quadriceps extensor {m. quadriceps

femoris) (Fig. 381) 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 patella, and
above subdivided into separate portions,

which have received distinct names. Of
these, one occupying the middle of the thigh,

connected above with the ilium, is called the

Rectus femoris, from its straight course. The
other divisions lie in immediate connection
with the shaft of the femur, which they cover
from the trochanters to the condvles. The

"T^lib

Fig. 379. -Muscles of the iliac and anterior
femoral region.
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portion on the outer side of the femur is termed the Vastus externus; that cover-

ing the inner side, the Vastus internus; and that covering the front of the femiir,

the Crureus,

The Rectus femoris (m. rectvs femoris) is situated in the middle of the anterior

region of the thigh ; it is fusiform in shape, and its superficial fibres are arranged
in a bipenniform manner, the deep fibres running straight down to the deep apon-
eurosis. It arises by two tendons—one, the anterior or straight, from the anterior

inferior spine of the ilium ; the other, the posterior or reflected tendon, from a groove

above the brim of the acetabulum; the two unite at an acute angle and spread

into an aponeurosis, which is prolonged

downward on the anterior surface of the

muscle and from which the muscle 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.

Between the tendon of origin and the ace-

tabulum there is often a bursa {bursa m.

recti femoris)

.

The Vastus externus {m. vastus lateralis)

is the largest division of the Quadriceps

extensor. It arises by a broad aponeuro-

sis, which is attached to the upper half

of the anterior intertrochanteric line, to

the anterior and inferior borders of the

root of the great trochanter, to the outer

lip of the gluteal ridge, and to the upper

half 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 take origin. A few

additional fibres arise from the tendon of

the Gluteus maximus, and from the ex-

ternal intermuscular septum between the

Vastus externus and short head of the

Biceps. The fibres form a large fleshy

mass, which is attached to a strong apon-

eurosis, placed on the under surface of the

muscle at its lower part ; this becomes nar-

rowed and thickened into a flat tendon,

which is inserted into the outer border of

the patella, blending with the Quadriceps

extensor tendon, and giving an expansion

to the capsule of the knee-joint. Some of the fibres run down by the side of the

patella to the condyle of the tibia, and are called the retinaculum patellae laterale.

The Vastus internus and Crureus appear to be inseparably united, but when the

Rectus femoris has been reflected, a narrow interval will be observed extending

upward from the inner border of the patella between the two muscles. Here

they can be separated, and the separation should be continued upward as far

E. A. S

Fig. 380.—Diagram showing the attachments of

the muscles of the thigh. Anterior aspect. Origins,
red; insertions, blue.

' Mr. W. R. Williams, in an interesting paper in the Journ. of Anat. and Phys., vol. xiii, p. 204, points out that

the reflected tendon is the real origin of the muscle, and is alone present in early fetal life. The direct fendon is

merely an accessory band of condensed fascia. The paper will well repay perusal, though in some particulars the

description in the text is more generally accurate.
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as the lower part of the anterior intertrochanteric line, where, however, the two

muscles are frequently continuous.

The Vastus intemus {m. vastus medialis) arises from the lower half of the

anterior intertrochanteric line, the inner lip of the linea aspera, the upper part

of the internal supracondylar line, the tendon of the Adductor magnus, and

FEMORAL VEIN
SAPHENOUS VEIN,

BRANCHES OF
OBTURATOR NERVE>

FEMORAL ARTERY FEMORAL NERVE
PROFUNDA ARTERY

EXTERNAL CUTANEOUS
NERVE

Fig. 381.—Transverse section of the thigh below the lesser trochanter. The femoral arterj-, vein, and nerve are
seen in Hunter's canal. (After Braune.)

the internal intermuscular septum. Its fibres are directed downward and for-

ward, and are chiefly attached to an aponeurosis which lies on the deep surface of
the muscle and is inserted into the inner border of the patella and the Quadriceps
extensor tendon, an expansion being sent to the capsule of the knee-joint. Some
of the fibres run down by the side of the patella to the condyle of the tibia and
are called the retinaculum patellae mediale.

The Crureus (m. vastus iutermedius) arises from the front and outer aspect of
the shaft of the femur in its upper two-thirds and from the lower part of the external
intermuscular septum. Its fibres end in a superficial aponeurosis, which forms
the deep part of the Quadriceps extensor tendon.

Relations.—^The inner edge of the Crureus is in contact with the anterior edge of the Vastus
internus, but when separated from each other, as directed above, the latter muscle is seen merely
to overlap the inner aspect of the femoral shaft without taking any fibres of origin from it. The
Vastus internus is partly covered by the Rectus femoris and Sartorius, but where these separate
near the knee it becomes superficial, and produces a well-marked prominence above the inner
aspect of the knee. In the middle third of the thigh it forms the outer wall of Hunter's canal
(canalis addudorius [Hunteri]) (Fig. 381), which contains the femoral vessels and the long saph-
enous nerve ; the roof of the canal is formed by a strong fascia which extends from the Vastus
internus to the Adductores longus and magnus. The Crureus is almost completely hidden by
the Rectus femoris and Vastus extc-nus. The deep surface of the two muscles is in relation
with the femur and Subcrureus muscles. A synovial bursa (bursa suprapatellaris) is situated
between the femur and the portion of the Quadriceps extensor tendon above the patella; in
the adult it communicates with the synovial cavity of the knee-joint.
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The tendons of the different portions of the Quadriceps extensor unite at the lower part of

the thigh, so as to form a single strong tendon, which is inserted into the upper part of the patella;

some few fibres pass over it to blend with the ligamentum patellae. Strictly speaking, the

patella may be regarded as a sesamoid bone, developed in the tendon of the Quadriceps; and
the ligamentum patellae, 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, the deep patellar

bursa {bursa infrapatellaris profunda), is interposed between the tendon and the upper part

of the tubercle of the tibia; and another, the prepatellar bursa (bursa praepatellaris subcufanea),

is placed over the patella itself. This latter bursa often becomes enlarged, constituting "house-

maid's knee."

The Subcrureus (w. articularis genu) is a small muscle, usually distinct from
the Crureus, but occasionally blended with it, which arises from the anterior

surface of the lower part of the shaft of the femur, and is inserted into the upper
part of the cul-de-sac of the capsular ligament, which projects upward beneath
the Quadriceps for a variable distance. It sometimes consists of several separate

muscle bundles.

Nerves.—The Tensor fasciae femoris is supplied by the fourth and fifth lumbar and first

sacral nerves through the superior gluteal nerve; the other muscles of this region, by the second,

third, and fourth lumbar nerves, through branches of the femoral.

Actions.—The Tensor fasciae femoris is a tensor of the fascia lata; continuing its action, the

oblique direction of its fibres enables it to abduct and to rotate the thigh inward. In the erect

posture, acting from below, it will serve to steady the pelvis upon the head of the femur, and by
means of the iliotibial band it steadies the condyles of the femur on the articular surfaces of the

tibia, and assists the Gluteus maximus in supporting the knee in the extended position. The Sar-

torius flexes the leg upon the thigh, and, continuing to act, flexes the thigh upon the pelvis; it next

rotates the thigh outward. When the knee is bent the Sartorius assists the Semitendinosus,

Semimembranosus, and Popliteus in rotating the tibia inward. Taking its fixed point from the

leg, it flexes the pelvis upon the thigh, and, if one muscle acts, assists in rotating the pelvis.

The Quadriceps extensor extends the leg upon the thigh. The Rectus muscle assists the Psoas
and Iliacus in supporting the pelvis and trunk upon the femur. It also assists in flexing the

thigh on the pelvis, or if the thigh is fixed it will flex the pelvis. The Vastus internus draws the

patella inward as well as upward.
,

Applied Anatomy.—A few fibres of the Rectus femoris muscle are liable to be ruptured from

severe strain. This accident is especially liable to occur during the games of football and base-

ball. The patient experiences a sudden pain in the part, as if he had been struck, and the

Rectus muscle stands out and is felt to be tense and rigid. The accident is often followed by

considerable swelling from inflammatory effusion. Occasionally the Quadriceps extensor may
be torn away from its insertion into the patella, or the tendon of the Quadriceps may be rup-

tured about an inch above the bone. This accident is caused in the same manner that fracture

of the patella by muscular action is produced—viz., by a violent muscular effort to prevent

falling while the knee is in a position of semiflexion. A distinct gap can be felt above the

patella, and, owing to the retraction of the muscle fibres, union may fail to take place. Sudden
and powerful contraction of the Quadriceps extensor femoris is the usual cause of transverse

fracture of the patella.

2. The Internal Femoral Region.

Gracilis. Adductor longus.

Pectineus. Adductor brevis.

Adductor magnus.

Dissection.—These muscles are at once exposed 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 (m. gracilis) (Figs. 379 and 384) is the most superficial muscle

on the inner side of the thigh. It is thin and flattened, broad above, narrowing

and tapering below. It arises by a thin aponeurosis from the posterior half of the

margin of the symphysis and the anterior half of the pubic arch. The fibres pass

vertically downward, and terminate in a rounded tendon which passes behind the

internal condyle of the femur, and, curving around the inner tuberosity of the tibia,
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becomes flattened, and is inserted into the upper part of the inner surface of the

shaft of the tibia, below the tuberosity. A few of the fibres of the lower part of

the tendon are prolonged into the deep
fascia of the leg. The tendon of this

muscle is situated immediately above that

of the Semitendinosus, and its upper edge is

overlapped by the tendon 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 s3aiovial bursa (bursa anserind) common to

it and the Semitendinosus muscle.

Relations.—By its superficial surfa/'e, with the

fascia lata and the Sartorius below; the internal

saphenous vein crosses it obHquely near its lower

part, lying superficial to the fascia lata; the internal

saphenous nerve emerges between its tendon and
that of the Sartorius; by its deep surface, with the

Adductor brevis and the Adductor magnus and
the internal lateral ligament of the knee-joint.

The Pectineus (m. pectineus) (Fig. 379)
is a flat, quadrangular muscle, situated at

the anterior part of the upper and inner

aspect of the thigh. It arises from the ilio-

pectineal line, and to a slight extent from
the surface of the bone in front of it between
the pectineal eminence and spine of the os

pubis, and from the fascia covering the

anterior surface of the muscle; the fibres

pass downward, backward, and outward, to

be inserted into a rough line leading from
the lesser trochanter to the linea aspera.

Relations.—By its superficial surface, with the
pubic portion of the fascia lata, which separates it

from the femoral vessels and internal saphenous
vein; by its deep surface, with the capsular liga-

ment of the hip-joint, the Adductor brevis and
Obturator externus muscles, the obturator vessels

and nerve being interposed; by its outer border,

with the Psoas, a cellular interval separating them,
through which pass the internal circumflex vessels;

by its inn-cr border, with the margin of the Adductor
longus. There is usually a bursa (bursa m. pectinei)

between the Pectineus and the tendon of the Psoas
and Iliacus.

The Adductor longus (m. adductor longus)
(Figs. 379 and 382), the most superficial

of the three Adductors, is a flat triangular
muscle lying on the same plane as the
Pectineus. It arises, by a flat narrow ten-
don, from the front of the os pubis, at the
angle of junction of the crest with the inner
border; and soon expands into a broad fleshy belly, which, passing downward,
backward, and outward, is inserted, by an aponeurosis, into the linea aspera,'

33

Fig. 382.—Deep muscles of the internal femoral
region.
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between the Vastus internus and the Adductor magnus, with both of which it is

usually blended.

Relations.—By its superficial surface, with the fascia lata, the Sartorius, and, near its inser-

tion, with the femoral artery and vein; by its deep surface, with the Adductores brevis and
magnus, the anterior branches of the obturator nerve, and with the profunda artery and vein

near its insertion; by its outer border, with the Pectineus; by its inner border, with the Gracilis.

The Pectineus and Adductor longus should now be divided near their origin, and turned

downward, when the Adductor brevis and Obturator externus will be exposed.

The Adductor brevis {m. adductor brevis) (Fig. 382) is situated immediately

behind the two preceding muscles. It is somewhat triangular in form, and arises

by a narrow origin from the outer surface of the body and descending ramus of

the OS pubis, between the Gracilis and Obturator externus. Its fibres passing

backward, outward, and downward, are inserted, by an aponeurosis, into the

lower part of the line leading from the lesser trochanter to the linea aspera, and
the upper part of the same line, immediately behind the Pectineus and upper

part of the Adductor longus.

Relations.—By its superficial surface, with the Pectineus, Adductor longus, profunda fem-

oris artery, and anterior branches of the obturator nerve; by its deep surface, with the Adductor
magnus and posterior branch of the obturator nerve; by its outer border, with the internal cir-

cumflex artery, 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 second or by the first and second perforating branches of the profunda femoris artery.

The Adductor brevis should now be cut away near its origin, and turned outward, when the

entire extent of the Adductor magnus will be exposed.

The Adductor magnus {m. adductor magnus) (Fig. 382) 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 os pubis,

from the ramus of the ischium, and from the outer margin of the inferior part of

the tuberosity of the ischium. Those fibres which arise from the ramus of the

OS pubis are very short, horizontal in direction, and are inserted into the rough

line leading from the great trochanter to the linea aspera, internal to the Gluteus

maximus. They are considered by some a distinct muscle and called the Adductor

minimus. The fibres taking origin from the ramus of the ischium are directed

downward and outward with different degrees of obliquity, to be inserted, by means
of a broad aponeurosis, into the linea aspera and the upper part of its internal

prolongation below. The internal portion of the muscle, consisting principally

of those fibres which arise from the tuberosity of the ischium, forms a thick

fleshy mass consisting of coarse bundles which descend almost vertically, and

terminate about the lower third of the thigh in a rounded tendon, which is inserted

into the Adductor tubercle on the inner condyle of the femur, and is connected

by a fibrous expansion to the line leading upward from the tubercle to the linea

aspera. Between the two portions of the muscle an interval is left, tendinous

in front and fleshy behind, for the passage of the femoral vessels from Hunter's

canal into the popliteal space. The external portion of the muscle at its attachment

to the femur presents three or four osseoaponeurotic openings, formed by tendi-

nous arches attached to the bone, from which muscle fibres arise. The three

superior of these apertures are for the three perforating arteries, and the fourth,

when it exists, is for the terminal branch of the profunda.

Relations.—By its superficial surface, with the Pectineus, Adductor brevis. Adductor longus,

and the femoral and profunda vessels and obturator nerve; by its deep surface, with the great

sciatic nerve, the Gluteus maximus, Biceps femoris, Semitendinosus, and Semimembranosus.

By its superior or shortest border it lies parallel to the Quadratus femoris, the internal circumflex
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artery passing between them; by its internal or longer border, with the Gracilis, Sartorius, and
fascia lata; by its external or attached border 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 femoris, which separate it from the Vastus externus.

Nerves.—The three Adductor muscles and the Gracilis are supplied by the third and fourth

hmibar nerves through the obtiu-ator nerve; the Adductor magnus receiving an additional

branch from the sacral plexus through the great sciatic. The Pectineus is supplied by the

second, third, and fourth lumbar nerves through the femoral, and by the accessory obturator,

from the third lumbar, when it exists. Occasionally it receives a branch from the obturator

nerve.'

Actions.—The Pectineus and three Adductors adduct the thigh powerfully; they are espe-

cially used in horseback riding, the flanks of the horse being grasped between the knees by the

actions of these muscles. In consequence of the obliquity of their insertion into the linea aspera
they rotate the thigh outward, assisting the external Rotators, and when the limb has been
abducted they draw it inward, carrying the thigh across that of the opposite side. The Pec-
tineus and Adductor brevis and longus assist the Psoas and Iliacus in flexing the thigh upon the

])elvis. In progression, also, all these muscles assist in drawing forward the hinder limb. The
(Gracilis assists the Sartorius in flexing the leg; it is also an adductor of the thigh. If the lower
extremities are fixed, these muscles may tak^ their fixed point from below and act upon the pelvis,

-erving to maintain the body in an erect posture, or, if their action is continued, to flex the pelvis

forward upon the femur.

Hunter's Canal (canalis adductorius [Hunteri\) extends from the ap>ex of Scarpa's triangle to

the opening in the Adductor magnus muscle. The antero-internal boundary or roof of Hunter's
canal is the Sartorius and the aponeurotic expansion from the Adductors to the Vastus internus.

It is bounded externally by the Vastus internus. The Adductor longus and magnus constitute

its floor or the postero-internal boundary. The canal contains the femoral artery, femoral vein,

the long saphenous nerve, and the nerve to the Vastus internus.

Applied Anatomy.—The Adductor longus is liable to be severely strained in those who ride

much on horseback, or its tendons to be ruptured by suddenly gripping the saddle. Occasionally,

especially in cowboys and cavalry soldiers, the tendon of insertion of the Adductor magnus
may become ossified, constituting the rider's bone (pp. 229, 360).

m. MUSCLES AND FASCIA OF THE HIP.

3. The Gluteal Region (Figs. 384, 385).

Gluteus maximus. Obturator internus.

Gluteus medius. Gemellus superior.

Gluteus minimus. Gemellus inferior.

Pyriformis. Quadratus femoris.

Obturator externus.

Dissection (Fig. 383).—The subject should be turned on its face, a block placed beneath
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 crest of the ilium to the middle of the sacrum, and thence downward to the tip of the coccvx,
and carry a second incision from that point obliquely downward and outward to the outer side
of the thigh, four inches below the great trochanter. The portion of integument included between
these incisions is to be removed in the direction shown in the figure.

The Gluteus maximus (m. glutaeus maximus) (Fig. 384), the most superficial

muscle in the gluteal region, is a very broad and thick, fleshy mass of a quadri-
lateral shape, which forms the prominence of the buttock. Its large size is one
of the most characteristic points in the muscular sy.stem of man, connected as it

is with the power he has of maintaining the trunk in the erect posture. In structure
the muscle is remarkably coarse, being made up of muscle fasciculi lying parallel

' Professor Paterson describes the Pectineus as consisting of two incompletely separated strata, of which
the outer or dorsal stratum, which is constant, is supplied by the femoral ner\-e, or in its absence by the acces-
sory obturator, with which it is intimately related: while the inner or ventral stratum, when present, is supplied
by the obturator nerv?.—Journ. of Anat. and Phys., vol. xxvi, p. 43.

*
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to one another, and collected 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 above and behind it; from the posterior

surface of the lower part of the sacrum, the side of the coccyx, the aponeurosis

of the Erector spinae muscle, the great sacrosciatic ligament, and the fascia cover-

ing the Gluteus medius. The fibres are directed obliquely downward and outward

;

those forming the upper and large portion of the muscle, together with the S'iper-

ficial fibres of the lower portion, terminate in a thick tendinous lamina, which

passes across the great trochanter and is inserted into the fascia lata covering the

outer side of the thigh; the deeper fibres of

the lower portion of the muscles are inserted

into the rough line leading from the great

trochanter to the linea aspera between the

Vastus externus and Adductor magnus.
1. Dissection of
gluteal region. Relations.—By its superficial surface, with a thin

fascia, which separates it from the subcutaneous

tissue; by its deep surface, from above downward,

with the ilium, sacrum, coccyx, and great sacrosciatic

ligament, part of the Gluteus medius, Pyriformis,

Gemelli, Obturator internus, Quadratus femoris, the

tuberosity of the ischium, great trochanter, the origin

of the Biceps femoris, Semitendinosus, Semimem-
branosus, and Adductor magnus muscles. The
superficial part of the gluteal artery reaches the deep

surface of the muscle by passing between the Pyrifor-

mis and the Gluteus medius; the sciatic and internal

pudic vessels and nerves and muscular branches from

the sacral plexus issue from the pelvis below the

Pyriformis. The first perforating artery and the

terminal branches of the internal circumflex artery

are also found under cover of the muscle. Its upper

border is thin, and connected with the Gluteus medius

by the fascia lata. Its loxoer border is free and promi-

nent.

Several sjmovial bursse are found in relation with

this muscle. One of these {bursa trochanterica^ m.

glutaei maximi), of large size, and generally multiloc-

ular, separates it from the great trochanter. A second

(bursa ischiadica m. glutaei maximi), often wanting, is

situated on the tuberosity of the ischium. A third

bursa is found between the tendon of this muscle and

the Vastus externus. Two or three small burs*

(bursae glutaeofemorales) are placed between the ten-

don of the muscle and that of the Vastus externus.

Dissection.—Divide the Gluteus maximus near its

origin by a vertical incision carried from its upper to

its lower border; a cellular interval will be exposed,

separating it from the Gluteus medius and External

rotator muscles beneath. The upper portion of the muscle is to be altogether detached, and

the lower portion turned outward; the loose areolar tissue filling up the interspace between

the trochanter major and tuberosity of the ischium being removed, the parts already enumerated

as exposed by the removal of this muscle will be seen.

The Gluteus medius (m. glutaeus medius) (Fig. 384) is a broad, thick,^ radiating

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, the gluteal

aponeurosis, covering its outer surface. The fibres converge to a strong flattened

3. Back of thigh.

2 \ 2. Popliteal space.

4 7 4- Back of leg.

6. Sole of foot.

Fig. 383.—Dissection of lower extremity.
Posterior view.

i
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tendon which is inserted into the oblique line which traverses the outer surface

of the great trochanter.

Relations.—By its superficial surface, with the Gluteus maximus behind, the Tensor fasciae

fenioris and deep fascia in front; by its deep surface, with the Gluteus minimus and the gluteal

vessels and superior gluteal nerve. Its anterior border is blended with the Gluteus minimus.
Its posterior border lies parallel to the Pyriformis, the gluteal vessels intervening.

A sjrnovial bursa (bursa trochanterica m. glutaei medii anterior) separates the tendon of the

muscle from the summit f)f the great trochanter. There is frequently a bursa (bursa trochan-

terica m. glutaei medii posterior) between the tendons of the Gluteus medius and Pyriformis.

This muscle should now be divided near its insertion and turned upward, when the Gluteus
minimus will be exposed.

The Gluteus minimus (m. glutaeus minimus) (Fig. 384), the smallest of the

three Glutei, 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 sciatic notch; the fibres

converge to the deep surface of a radiated aponeurosis, which, terminating in

a tendon, is inserted into an impression on the anterior border of the' great

trochanter.

Relations.—By its superficial 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 the capsular ligament of the hip-joint. Its anterior margin is blended with the

Gluteus medius; its posterior margin is in contact and sometimes joined with the tendon of

the Pyriformis. There is a synovial bursa (bursa trochanterica m. glutaei minimi) between the

tendon of the Gluteus minimus and the great trochanter.

The P3rrifonnis (m. piriformis) (Figs. 384 and 385) is a flat muscle, pyramidal
in shape, lying almost parallel with the posterior margin of the Gluteus medius.

It is situated partly within the pelvis at its posterior part and partly at the back of

the hip-joint. 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 sacrosciatic foramen and from
the anterior surface of the great sacrosciatic ligament. The muscle passes out

of the pelvis through the great sacrosciatic foramen, the upper part of which it

fills, and is inserted by a rounded tendon into, the inner side of the upperborder
of the great trochanter, behind, but often partly blended with, the tendon of the

Obturator internus and Gemelli muscles.

Relations.—By its deep surface, within the pelvis, with the rectum (especially on the left

side), the sacral plexus of nerves, and the branches of the internal iliac vessels; external to the

pelvis, with the posterior surface of the ischium and the capsular ligament of the hip-joint; by
its superficial surface, unthin the pelvis, with the sacrum, and external to it, with the Gluteus
maximiis; 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 muscular branches from
the sacral plexus, ])assing from the pelvis in the interval between the two muscles.
The Obturator Membrane {membrana obturatoria) (Fig. 240) is a thin layer of interlacing

fibres which closes almost completely the obturator foramen. It is attached, externally, to

the margin of the foramen; internally, to the posterior surface of the ischiopubic ramus, below
and internal to the margin of the foramen. It presents at its upper and outer parts a small
canal, obturator canal (canalis obturatorius) for the passage of the obturator vessels and nerve.
Both obturator muscles are connected with this membrane.
There is usually a bursa (bursa m. piriformis) between the tendon of the Pyriformis and the

ilium.

Dissection.—The next muscle, as well as the origin of the Pyriformis, can only be seen when
the pelvis is divided and the viscera removed.
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Inner Hamstring
tendons-

8ARTORIUS.

GRACILIS.

3CMITENDINOSUS.-

SCMIMEMBRA
NOSUS.

Fig. 384.

Tibia.

-Muscles of the hip and thigh.

The Obturator intemus {m.

obturator intemus (Figs. 384

and 385), like the preceding

muscle, is situated partly within

the cavity of the pelvis, and
partly at the back of the hip-

joint. It arises from the inner

surface of the anterior and ex-

ternal wall of the pelvis, where

it surrounds the greater part

of the obturator foramen, being

attached to the descending ramus

of the OS pubis and the ramus of

the ischium, and at the side to

the inner surface of the innomi-

nate bone below and behind

the pelvic brim, reaching from

the upper part of the great

sacrosciatic foramen above and

behind to the obturator fora-

rnen below and in front. It

also arises from the inner surface

of the obturator membrane ex-

cept at its posterior part, from

the tendinous arch which com-

pletes the canal for the passage

of the obturator vessels and nerve

and to a slight extent from the

obturator layer of the pelvic

fascia, which covers it. The
fibres converge rapidly, and are

directed backward and' down-

ward, 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 recep-

tion; the groove is covered by

cartilage, and lined with a syno-

vial bursa (bursa m. obturatoris

intern i). The muscle leaves the

pelvis by the lesser sacrosciatic

foramen; and the tendinous

bands unite into a single flat-

tened tendon, which passes hori-

zontally outward, and, after

receiving the attachment of the

Gemelli, is inserted into the fore

part of the inner surface of the

great trochanter in front of the

Obturator externus.
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In order to display the peculiar appearances presented by the tendon of this muscle, it must

be divided near its insertion and reflected inward. ... , u u u
Relations.—n'j/^jjn the pelvis diis muscle is in relation, by its deep surface, with the obturator

membrane and inner surface of the anterior waU of the peUHs; by its superjicml surface, ^Tth

the Deh-icand obturator fascije, which separate it from the Levator am ;
and it is crossed by

the internal pudic vessels and nerve. This surface forms the outer boundarv- of the ischio-

\
U M

GREATER
TROCHANTER

INTERTROCHANTERIC
LINE

Fio. 385. -Muscles of the true pelvis on the right side, viewed from without ai»d below. The quadratus having

been removed, the gemelli are also not shown. (SpaltehoU.)

rectal fossa. External to the pelvis it is covered by the Gluteus maximus, is crossed by the

great sciatic nerve, and rests on the back part of the hip-joint. As the tendon of the Obturator

internus emerges from the lesser sacrosciatic foramen it is overlapped by the two Gemelli, while

nearer its insertion the Gemelli pass in front of it and form a groove in which the tendon lies.

A sj-nonal bursa, narrow and elongated in form, is usually found between the tendon of this

muscle and the capsular ligament of the hip; it occasionally communicates with the bursa between

the tendon and the tuberosity of the ischium, the two forming a single sac.
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The Gemelli (Fig. 375) are two small muscular fasciculi, accessories to the
tendon of the Obturator internus, M'hich is received into a groove between them.
They are called superior and inferior.

The Gemellus superior (m. gemellus superior), the smaller of the two, arises

from the outer surface of the spine of the ischium, and, passing horizontallv

outward, becomes blended with the upper part of the tendon of the Obturator
internus, and is iiiseried with it into the inner surface of the great trochanter.

This muscle is sometimes wanting.

Relations.—By its swperfirial surface, with the Gluteus raaximus and the sciatic vessels and
nerves; by its deep surface, with the capsule of the hijj-joint; by its upper border, with the lower
margin of the Pyriformis; by its lower border, with the tendon of the Obturator internus.

Anterior division of
obturator nerve.

Anterior in ferior

Posterior division

of obturator

nene.

Internal circum-

flex artery.

Capsular liga-

ment partly

cut away.

Fig. 386.—Obturator extemus muscle. (From a preparation in the Museum of the Koyal College of
Surgeons of England.

)

The Gemellus inferior (w. gemellus inferior) arises from the upper part of the

tuberosity of the ischium, where it forms the lower edge of the groove for the

Obturator internus tendon, and, passing horizontally outward, is blended with

the lower part of the tendon of the Obturator internus, and is inserted with it

into the inner surface of the great trochanter.

Relations.—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 loiver border, with the tendon of the Obturator

externus and Quadratus femoris.

The Quadratus femoris (m. qundratus femoris) (Fig. 384) is a short, flat

muscle, quadrilateral in shape, situated between the Gemellus inferior and the

upper margin of the Adductor magnus. It arises from the upper part of the exter-

nal lip of the tuberosity of the ischium, and, proceeding horizontally outward, is
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inserted into the upper part of the linea quadrata; that is, the line which crosses

the posterior intertrochanteric line.

Relations.—Bv its superficial surface, with the Gluteus maximus and the sciatic vessels and
nerves; bv its deep surface, with the tendon of the Obturator externus and trochanter minor

and with the capsule of the hifHJoint; by its upper border, with the Gemellus inferior. Its lower

border is separated from the Adductor magnus by the terminal branches of the internal cijcumflex

vessels. A svnovial bursa is often foimd between the imder surface of this muscle and the

lesser troc-hanter, which it covers.

Dissection.—In order to expose the next muscle (the Obturator externus) it is necessary to

remove the Psoas, Iliacus, Pectineus, and Adductores brevis and longus muscles from the front

and inner side of the thigh, and the Gluteus maximus and Quadratus femoris from the back

pan. Its dissection should, consequently, be postponed imtil the muscles of the anterior and
internal femoral regions have been explained.

The Obturator externus {m. obturator externus) (Figs. 385 and 386) is a flat,

triangular muscle, which covers the outer surface of the anterior wall of the pelvis.

It arises from the margin of bone immediately around the inner side of the obturator

foramen—viz., from the body and ramus of the os pubis and the ramus of the

ischium; it also arises from the inner two-thirds of the outer surface of the obturator

membrane, and from the tendinous arch which completes the canal for the passage

of the obturator vessels and nerves. The fibres from the pubic arch extend on
to the inner surface of the bone, from which they obtain a narrow origin between

the margin of the foramen and the attachment of the membrane. The fibres

converging pass backward, outward, and upward, and terminate in a tendon

which runs across the back part of the hip-joint, and is inserted into the digital

fossa of the femur.

Relations.—In froni, with the Psoas, Iliacus, Pectineus, Adductor magnus, and Adductor
brevis; and more externally, with the neck of the femur and capsule of the hip-joint. The
external and internal terminal branches of the obturator arterj' and accompanying veins lie

between this muscle and the obturator membrane; the superficial part of the obturator ner\'e

lies above the muscle, and the deep branch f>erforates it; by its deep surface, with the obturator

membrane and Quadratus femoris at its insertion.

Nerves.—The Gluteus maximus is supplied by the fifth liunbar and first and second sacral

nerves through the inferior gluteal ner\-e from the sacral plexus; the Gluteus medius and mini-
mus, by the fourth and fifth lumbar and first sacral nerves, through the superior gluteal; the
Pyriformis is supplied by the first and second sacral nerves; the Gemellus inferior and Quad-
ratus femoris by the last lumbar and first sacral nene; the Gemellus superior and Obturator
internus by the fifth lumbar and first and second sacral nen-es, and the Obturator externus by
the second, third, and fourth lumbar nerves through the obtiu^tor ner\-e.

Actions.—The Gluteus maximus, when it takes its fixed point from the pelvis, extends the
femm- and brings the bent thigh into a line with the body. Taking its fixed point from below,
it acts upon the pel\-is, supporting it and the whole trunk upon the head of the femur, which is

especially obnaus in standing on one leg. Its most powerful actions are to hold the head of the
femur in close approximation to the acetabulum in walking and to cause the body to r^:ain
the erect position after stooping by drawing the peh-is backward, being assisted in' this action
by the Biceps, Seraitendinosus, and Semimembranosus. The Gluteus maximus is a tensor of
the fascia lata, and by its connection with the iliotibial band it steadies the femur on the articular
surface of the tibia during standing, when the Extensor muscles are relaxed. The lower part
of the muscle also acts as an Adductor and External rotator of the limb. The Gluteus medius
and minimus abduct the thigh when the limb is extended, and are principally called into action
in supporting the body on one limb, in conjimction with the Tensor fasciae femoris. Their
anterior fibres, by dra^-ing the great trochanter forward, rotate the thigh inward, in which
action they are also assisted by the Tensor fasciae femoris. The remaining muscles are power-
ful Rotators of the thigh outward. In the sitting posture, when the thigh is flexed upon the
pel\ is, their action as Rotators cease, and they become Abductors, with the exception of the
Obturator externus, which still rotates the femur outward. ^Mien the femm- is fixed, the
Pmformis and Obturator mascles serve to draw the pelvis forward if it has been inclined
backward, and assist in stead\-ing it upon the head of the femur.
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4. The Posterior Femoral Region.

{Hamstring Muscles.)

Biceps femoris. Semitendinosus. Semimembranosus.

Dissection (Fig. 383),—Make a vertical incision along the middle of the back of the thigh,

from the lower fold of the buttock to about three inches below the back of the knee-joint, and
there connect it with a transverse incision, carried from the inner to the outer side of the leg.

Make a third incision transversely at the junction of the middle with the lower third of the

thigh. The integument having been removed from the back of the knee, and the boundaries
of the popliteal space having been examined, the removal of the integument from the remaining
part of the thigh should be continued, when the fascia and muscles of this region will be exposed.

GLUTEUS MAXI

GLUTEUS MAXIMUS-^

SEMIMEMBRANOSUS

GLUTEUS MEDIU8

GLUTEUS MAXIMU8

ADDUCTOR MAGNUS

VASTUS EXTERNU8

SHORT HEAD OF
BICEPS

INNER HEAD OF.

GASTROCNEMIUS

SEMIMEMBRANOSUS

PLANTARIS
OUTER HEAD OF
GASTROCNEMIUS
POPLITEUS

E. A. S.

POPLITEUS

Fig. 387.—Diagram showing the attachments of the muscles of the thigh. Posterior aspect.
Origins, red; insertions, blue.

The Biceps femoris (m. biceps femoris) is a large muscle, of considerable

length, situated on the posterior and outer aspect of the thigh (Figs. 384 and 388)

.

It arises by two heads. One, the long head (caput longum), arises from the lower

and inner impression on the back part of the tuberosity of the ischium, by a tendon
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common to it and the Semitendinosus, and from the lower part of the great sacro-

sciatic ligament. The femoral or short head {caput breve) arises from the outer

lip of the linea aspera, between the Adductor magnus and Vastus externus, extend-

ing up almost as high as the insertion of the Gluteus maximus; from the outer

prolongation of the linea aspera to within two inches of the outer condyle, and

from the external intermuscular septum. The fibres of the long head form a fusi-

BURSA OF
8CMIMEMBRANOSUS

GASTROCNEMIUS
. (inner head)

BURSA OF INNER
HEAD OF
GASTROCNEMIUS

BURSA OF
APONEUROTIC

EXPANSION
OF SARTORIUS

Fig. 388.—Region of the knee, seen obliquely from behind and within. Right limb. (Toldt.)

form belly, which, passing obliquely downward and a little outward, terminates

in an aponeurosis which covers the posterior surface of the muscle, and receives

the fibres of the short head; this aponeurosis becomes gradually contracted into

a tendon, which is inserted into the outer side of the head of the fibula, and by a

small slip into the lateral surface of the external tuberosity of the tibia. At its

insertion the tendon divides into two portions, which embrace the long external

lateral ligament of the knee-joint. From the posterior border of the tendon a
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thin expansion is given off to the fascia of the leg. The tendon of this muscle

forms the outer Hamstring.

Relations.—By its superficial surface, with the Gluteus maximus and the small sciatic nerve,

the fascia lata, and integument. By its deep surface, with the Semimembranosus, Adductor
magnus, and Vastus externus, the great sciatic nerve, and, near its insertion, with the external

head of the Gastrocnemius, the Plantaris, the superior external articular artery, and the external

popliteal nerve. A bursa {bursa m. bicipitis femoris inferior) is found between the long tendon

of origin of this muscle and the Semitendinosus and Semimembranosus. Sometimes there is a
bursa {bursa hicipitocjastrocnemialis) between the tendon of the insertion of the Biceps and the

origin of the Gastrocnemius, and there is a bursa {bursa m. bicipitis femoris inferior) between

the tendon of the Biceps and the external lateral ligament.

The Semitendinosus (m. semitendinosus) (Figs. 384 and 388), remarkable

for the great length of its tendon, is situated at the posterior and inner aspect

of the thigh. It arises from the lower and inner impression on the tuberosity

of the ischium by a tendon common to it and the long head of the Biceps femoris;

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. The Semitendi-

nosus is a fusiform muscle, which, passing downward and inward, terminates a

little below the middle of the thigh in a long round tendon which lies along the

inner side of the popliteal space, then curves around the inner tuberosity of the

tibia, and is inserted into the upper part of the inner surface of the shaft of that

bone nearly as far forward as its anterior border. At its insertion it gives off

from its lower border a prolongation to the deep fascia of the leg. This tendon

lies behind the tendon 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 muscles. The bursa anserina lies between the tendon of the Semitendinosus

and the tibia.

The Semimembranosus {m. semimemhranosis) (Figs. 384 and 388), so called

from its membranous tendon of origin, is situated at the back part and inner

side of the thigh. It arises by a thick tendon from the upper and outer impression

on the back part of the tuberosity of the ischium, above and to the outer side of

the Biceps femoris and Semitendinosus, and is inserted into the groove on the

inner and back part of the inner tuberosity of the tibia, beneath the internal

lateral ligament. The tendon of the muscle at its origin expands into an apon-

eurosis which covers the upper part of its anterior surface; from this aponeurosis

muscle 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 gives off certain fibrous expansions; one of

these, of considerable size, passes upward and outward, to be inserted into the

back part of the outer condyle of the femur, forming part of the posterior ligament

of the knee-joint; a second is continued downward to the fascia which covers

the Popliteus muscle. The tendon also sends a few fibres to join the internal

lateral ligament of the joint.

The tendons of the two preceding muscles, with that of the Gracilis, form the

inner Hamstrings.

Nerves.—The muscles of this region are supplied by the fourth and fifth lumbar and the

first, second, and third sacral nerves through the great sciatic nerve.

Actions.—^The Hamstring muscles flex the leg upon the thigh. When the knee is semiflexed,

the Biceps, in consequence of its oblique direction downward and outward, rotates the leg

slightly outward; and the Semitendinosus, and to a slight extent the Semimeml)ranosus, rotate

the leg inward, assisting the Popliteus. Taking their fixed point from below, these muscles,

especially the Semimembranosus, serve to support the pelvis upon the head of the femur and

to draw the trunk directly backward, as in raising it from the stooping position or in feats of

strength, when the body is thrown backward in the form of an arch. When the leg is extended

on the thigh, they limit the amount of flexion of the trunk on the lower limbs.
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Applied Anatomy.—The Hamstring tendons are occasionally ruptured. In disease of the

knee-joint the Hamstrings may contract, flexing the knee, drawing the tibia backward, and some-

times causing incomplete dislocation. The tendons of these muscles occasionally require sub-

cutaneous division in some forms of spurious ankylosis of the knee-joint dependent upon f>er-

manent contraction and rigidity of the Flexor muscles, or from stiffening of the ligamentous

other tissues surrounding the joint, the result of disease. Division of a tendon 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 toward the tendon, it should be divided, taking great

care that the wound in the skin is not at the same time enlarged. The relation of the external

popliteal nerve to the tendon of the Biceps must always be borne in mind in dividing this tendon;

in fact, a complete exposure of the tendon is much to be preferred.

IV. MUSCLES AND FASCIiE OF THE LEG.

These may be divided into three groups: those on the anterior, those on the

posterior, and those on the outer side of the leg.

5. The Anterior Tibiofibular Region (Fig. 390).

Tibialis anticus. Extensor longus digitorum.

Extensor proprius hallucis.* Peroneus tertius.

Dissection (Fig. 377).—The knee should be bent, a block placed beneath it, and the foot

kept in an extended position; then make an incision through the integument in the middle line

of the leg to the ankle, and continue it along the dorsiun 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 integimaent included between these incisions in order to examine the

deep fascia of the leg.

The deep fascia of the leg (fascia cruris) forms a complete investment to

the muscles, but is not continuous over the subcutaneous surfaces of the bones.

It is continuous above with the fascia lata, receiving an expansion from the tendon

of the Biceps femoris, on the outer side, and from the tendons of the Sartorius

Gracilis, and Semitendinosus on the inner side; in front, it blends with the peri-

osteum covering the subcutaneous surface of the tibia, and with that covering the

head and external malleolus of the fibula ; below, it is continuous with the annular

ligaments of the ankle. It is thick and dense in the upper and anterior part of the

leg, and gives attachment, by its deep surface, to the Tibialis anticus and Extensor

longus digitorum muscles, but is thinner behind, where it covers the Gastrocnemius
and Soleus muscles. Over the popliteal space it is much strengthened by trans-

verse fibres which stretch across from the inner to the outer Hamstring muscles,

and it is here perforated by the external saphenous vein. Its deep surface gr\es

off, on the outer side of the leg, two strong intermuscular septa which enclose the

Peronei muscles, and separate them from the muscles of the anterior and posterior

tibial regions. It also gives off several smaller and more slender processes which
enclose the individual muscles in each region; at the same time a broad transverse,

intermuscular septum, called the deep transverse fascia of the leg, inter\'enes between
the superficial and deep muscles in the posterior tibiofibular region.

'There is no such word as "Hallux, -cis." It is the result of some ignorant blunder, copied until it has
become established by usage; it has been thought better, therefore, to retain it. According to Lewis and
Short, the word is Allex, masculine; genitive. Allicis, the great toe. and the correct rendering would be
Ejctensor proprius allicis. It is a rare word, and is sometimes 8p>elt, but not so correctly, " Hallex." It is
used by Plautus, in the " Poenulus," V, v. 31. of a little man, as we might say, " a hop-o'-ray-thumb." " Tunc
hie amator audes esse, allex viri" (To think of you daring to make up to her, you hop-o'-my-thumb!). The
word "alex," sometimes spelt "allex," a fish sauce, is probably a different word altogether. It is used by
Horace and Pliny.
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Remove the fascia by dividing it in the same direction as the integument, excepting opposite

the ankle, where it should be left entire. Commence the removal of the fascia from below,

opposite the tendons, and detach it in the line of direction of the muscle fibres.

The Tibialis anticus (m. tibialis anterior) 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 two-thirds of the external surface of the shaft of the

tibia; from the adjoining part of the interosseous membrane; from the deep surface
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Fig. 389.—Diagram showing the attachments of the muscles of the leg.

Origins, red; insertions, blue.
Anterior aspect.

of the fascia; and from the intermuscular septum between it and the Extensor

longus digitorum; the fibres pass vertically downward, 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 compartment of the anterior annular

ligament, it is inserted into the inner and under surface of the internal cuneiform

bone and base of the metatarsal bone of the great toe. There is usually a bursa

(bursa subtendinea m. tibialis anterioris) between the tendon of the Tibialis anticus

and the internal cuneiform bone. At the upper part of the leg this muscle over-

laps the anterior tibial vessels and nerve.
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The Extensor proprius hallucis (m. extensor hallu-

cislongus) 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 Ijeing internal to that of the Exten-

sor longus digitorum; it also arises from the inter-

osseous membrane to a similar extent. The fibres

pass downward, and terminate in a tendon which

occupies the anterior border of the muscle, passes

through a distinct compartment in the lower 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. Op-
posite the metatarsophalangeal articulation the tendon

gives off a thin prolongation on each side, which covers

'

the surface of the joint. It usually sends an ex-pan-

sion from the inner side of the tendon, to be inserted

into the base of the first phalanx.

The Extensor longus digitorum (m. extensor digi-

torum longus) is an elongated, flattened, penniform

muscle situated the most externally of all the muscles

on the fore part 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; from the deep surface of the

fascia; and from the intermuscular septa between it

and the Tibialis anticus on the inner and the Peronei

on the outer side. The tendon enters a canal in the

annular ligament with the Peroneus tertius, and divides

into four slips, which run across the dorsum of the

foot and are inserted into the second and third pha-

langes of the four lesser toes. The mode in which

the tendons are inserted is the following: Each of the

three inner tendons opposite the metatarsophalangeal

articulation is joined, on its outer side, by a tendon

from the Extensor brevis digitorum. The outer ten-

don does not receive such a tendinous slip. They all

receive a fibrous expansion from the Interossei and
Lumbricales.and then spread out into a broad aponeu-

rosis, which covers the dorsal surface of the first pha-

lanx; this aponeurosis, at the articulation of the first

with the second phalanx, divides into three slips

—

a middle one, which is inserted into the base of the

second phalanx, and two lateral slips, which, after

uniting on the dorsal surface of the second phalanx,

are continued onward, to be inserted into the base

of the third.

The Peroneus tertius (m. peronaeus tertius) is a

part of the Extensor longus digitorum, and might be

described as its fifth tendon. The fibres belonging

to this tendon arise from the lower fourth of the

anterior surface of the fibula, from the lower part of

the interosseous membrane, and from an intermus-

VJ

Fig. 390.—Muscles of the front of
the leg.
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cular septum between it and the Peroneus brevis. The tendon, after passing

through the same canal in the annular ligament as the Extensor longus digito-

rum, is inserted into the dorsal surface of the base of the metatarsal' bone of the

little toe. This muscle is sometimes wanting.

Nerves.—These muscles are supplied by the fourth and fifth lumbar and first sacral ner\es

through the anterior tibial nerve.

Actions.—The Tibialis anticus and Peroneus tertius are the direct Flexors of the foot at the

ankle-joint; the former muscle, when acting in conjunction with the Tibialis posticus, raises

the inner border of the foot (i. e., inverts the foot); and the latter, acting with the Peroneus
brevis and longus, draws the outer border of the foot upward, and the sole outward {i. e., everts

the foot). The Extensor longus digitorum and Extensor proprius hallucis extend the phalanges

of the toes, and, continuing their action, flex the foot upon the leg. Taking their fixed point from
below, in the erect posture, all these muscles serve to fix the bones of the leg in the perpendicular

position, and give increased strength tp the ankle-joint.

6. The Posterior Tibiofibular Region (Figs. 388, 394).

Dissection (Fig. 383).—Make a vertical incision along the middle line of the 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 with his ordinary

attitude and mode of progression.

The Superficial Layer.

Gastrocnemius. Soleus. Plantaris. ^

The Gastrocnemius (m. gastrocnemius) is the most superficial muscle, and
forms the greater part of the calf. It arises by two heads, which are connected

to the condyles of the femur by two strong flat tendons. The inner and larger

head (caput mediale) arises from a depression at the upper and back part of the

inner condyle and from the adjacent part of the femur. The outer head (caput

laterale) arises from an impression on the outer side of the external condyle and
from the posterior surface of the femur immediately above the condyle. Both

heads, also, arise by a few tendinous and fleshy fibres from the ridges which are

continued upward from the condyles to the linea aspera. Each tendon spreads

out into an aponeurosis, which covers the posterior surface of that portion of the

muscle to which it belongs; the muscle fibres of the inner head form a thicker mass

and extend lower than those of the outer. From the anterior surface of these

tendinous expansions muscle fibres are given off. The fibres in the median line,

which correspond to the accessory portions of the muscle derived from the bifur-

cations of the linea aspera, unite at an angle upon a median tendinous raphd

below; the remaining fibres converge to an aponeurosis which covers the anterior

surface of the muscle, and this, gradually contracting, unites with the tendon

of the Soleus, and forms with it the tendo Achillis.

Relations.—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 vessels, and internal popliteal nerve. The
tendon of the inner head corresponds with the back part of the inner condyle, from which it is
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Fig. 391.—Diaeram showing the attachments of muscles of leg. Posterior aspect. Origins, red; insertions,
blue. The attachments of muscles of bones of foot are given in detail in Figs. 191 and 192.

separated bv a synovial bursa, which, in some cases, commu-
nicates with the cavity of the knee-joint. The tendon of the

outer head contains a sesamoid fibrocartilage (rarely osseous),

where it plays over the corresponding outer condyle; and
one is occasionally foimd in the tendon of the inner head.
The Gastrocnemius should be divided across, just below

its origin, and turned downward, in order to expose the next
two muscles.

The Soleus {m. soleus) is a broad flat muscle

situated immediately beneath the Gastrocnemius. It

has received its name from its resemblance in shape
to a sole-fish. It arises bv tendinous fibres from the

back part of the head of the fibula and from the up-
per third of the posterior 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

popliteal vessels and internal popliteal ne^^•e pass. The fibres pass backward
to an aponeurosis which covers the posterior surface of the muscle, and this,

34

BURSA BETWEEN
FASCIA AND
TENDON

BURSA BETWEEN
TENDON AND
CALCANEUS

Fig. 392.—Bursse of the tendo
Achillis. (Poirier and Charpy.)
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gradually becoming thicker and narrower, joins with the tendon of the Gastroc-
nemius, and forms with it the tendo Achillis.

Relations.—By its superficial surface, with the Gastrocnemius and Plantaris; by its deep

surface, with the Flexor longus digitorum, Flexor longus hallucis, Tijjialis posticus, and posterior

tibial vessels and nerve, from which it is separated by the transverse intermuscular septum or
deep transverse fascia of the leg.

The Tendo Achillis (tetido calcaneus), 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 commences about the middle of the leg, but receives fleshy

fibres on its anterior surface nearly to its lower end. Gradually becoming con-

tracted below, it is inserted into the lower part of the posterior surface of the

POSTERIOR
TIBIAL
ARTERY.

Fig. 393.—Transverse section at the middle of the leg. In front of the interosseous membrane are the ante-
rior tibial vessels and nerve; in front of the Soleus, the posterior tibial ^'essels and nerve; and close^to the
fibula, the peroneal vessels. (After Braune.)

calcaneus, a synovial bursa (bursa tendinis calcanei [Achillis]) (Fig. 392) being

interposed between the tendon and the upper part of this surface. 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, a bursa {bursa subcutanea calcanea) (Fig. 392) being often inter-

posed between the tendon and the fascia. The tendon is separated from the deep

muscles and vessels by a considerable interval filled up with areolar and adipose

tissues. Along its outer side, but superficial to it, is the external saphenous vein.

The Plantaris (to. plantaris) is an extremely diminutive muscle placed between

the Gastrocnemius and Soleus, and remarkable for its long and delicate tendon.

1 These two muscles with a common tendon are by some anatomists classed together as one muscle, the Triceps

surae, the two heads of origin of tlie Gastrocnemius and the Soleus constituting the three heads of the Triceps, and

the tendo Achillis the single tendon of insertion.
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It arises from the lower part of the outer prolongation of the linea aspera and
from the posterior Hgament of the knee-joint. It forms a small fusiform belly,

about three or four inches in length, terminating in a long slender tendon which

crosses obliquely between the two muscles of the calf, and, running along the inner

border of the tendo AchiUis, is inserted with it into the posterior part of the cal-

caneus. This muscle is occasionally double, and is sometimes wanting. Occa-

sionally its tendon is lost in the internal annular ligament or in the fascia of the leg.

Nerves.—The Gastrocnemius is supplied by the first and second sacral nerves, and the

Plantaris by the fourth and fifth lumbar and first sacral nerves through the internal popliteal.

The Soleus is supplied by the fifth lumbar and first and second sacral ners'es through the

internal popliteal and posterior tibial.

Actions.—The muscles of the calf are the chief Extensors of the foot at the ankle-joint. They
possess considerable power, and are constantly called into use in standing, walking, dancing,

and leaping; hence, the large size they usually present. In walking, these muscles draw power-
fully upon the calcaneus, raising the heel, and wth it the entire body, from the ground; the body
being thus supf>orted on the raised foot, the opposite Umb can be carried forward. In standing,

the Soleus, taking its fixed point from below, steadies the leg upon the foot, and prevents the

bodv from falling forward, to which there is a constant tendency from the superincimibent

weight. The Gastrocnemius, acting from below, serves to flex the femur upon the tibia, assisted

bv the Popliteus. The Plantaris is the rudiment of a large muscle which exists in some of the

lower animals and is continued over the os calcis to be inserted into the plantar fascia. In man
it is an accessor^' to the Gastrocnemius, extending the ankle if the foot is free, or bending the

knee if the foot is fixed. Possibly, acting from below, by its attachn:ent to the posterior liga-

ment of the knee-joint, it may pull that ligament backward during flexion, and so protect it

from being compressed between the two articular surfaces.

The Deep Layer (Fig. 395).

Popliteus. Flexor longus digitonim.

Flexor longus hallucis. Tibialis posticus.

Dissection.—Detach the Soleus from its attachment to the fibula and tibia, and turn it down-
ward, when the deep layer of muscles is exposed, covered by the deep transverse fascia of the

leg.

The deep transverse fascia of the leg is a transversely placed, intermuscular

septum, between the superficial and deep muscles in the posterior tibiofibular

region. On either 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 expan-

sion 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 thick-

ened and continuous with the internal annular ligament.

This fascia should now be removed, commencing from below opposite tie tendons, and
detaching it from the muscles in the direction of their fibres.

The Popliteus {m. popliteus) (Fig. 388) is a thin, flat, triangular muscle, which
forms part of the floor of the popliteal space. It arises by a strong tendon, about
an inch in length, from a deep depression on the outer side of the external condyle
of the femur, and from the posterior ligament of the knee-joint. The muscle is

inserted into the inner two-thirds of the triangular surface above the oblique line

on the posterior surface of the shaft of the tibia, and into the tendinous expansion
covering the surface of the muscle. The tendon of the muscle is covered by that

of the Biceps femoris and by the external lateral ligament of the knee-joint; it

grooves the posterior border of the external semilunar fibrocartilage, and is invested
by the synovial membrane of the knee-joint.

Relations.—By its superficial surface, with the fascia covering it, which separates it from
the Gastrocnemius, Plantaris, popliteal vessels, and internal popliteal nerve; by its deep surface,
with the knee-joint and back of the tibia.
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The Flexor longus hallucis {m. flexor hallveis longus) is situated on the fibular

side of the leg, and is the most superficial and largest of the three next muscles.

' Femur.

:v

;§?
O « o

m Tendons of
lRoncus longus
and BREVI8.

I

Fig. 394.—Muscles of the back of the right leg-

Superficial layer.
Fig. 395.—Muscles of the back of the

right leg. Deep layer.

It arises from the lower two-thirds of the posterior 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 intermuscular septum between it and the
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Peronei, externally; and from the fascia covering the Tibialis posticus internally.

The fibres pass obliquely downward and backward, and terminate in a tendon
which occupies nearly the whole length of the posterior surface of the muscle.

This tendon occupies a groove on the posterior surface of the lower end of the

tibia ; it then lies in a second groove on the posterior surface of the astragalus, and
finally in a third groove, beneath the sustentaculum tali of the calcaneus, and
passes into the sole of the foot, where it runs forward between the two heads of

the Flexor brevis hallucis, and is inserted into the base of the last phalanx of the

great toe (Fig. 397). The grooves in the astragalus and calcaneus, which contain

the tendon of the muscle, are converted by tendinous fibres into distinct canals

lined by synovial memiirane; and as the tendon crosses the sole of the foot, it is

connected to the Common Flexor by a tendinous slip.

Relations.—By its superficial surface, with the Soleus and tendo Achillis, from which it is

separated bv the deep transverse fascia; by its deep surface, with the fibula, Tibialis posticus,

the peroneal vessels, the lower part of the interosseous membrane, and the ankle-joint; by its

outer border, with the Peronei; by its inner border, with the Tibialis posticus and posterior tibial

vessels and nerve. In the sole of the foot it lies above the Abductor hallucis and Flexor longus

digitorum.

The Flexor longns digitorum (m. flexor digitorum longus) 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,

immediately 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 fascia

covering the Tibialis posticus. The fibres terminate in a tendon which runs nearly

the whole length of the superficial surface of the muscle. This tendon passes

behind the internal malleolus in a groove, common to it and the Tibialis posticus,

but 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

forward and outward, superficial to the internal lateral ligament, into the sole of

the foot (Fig. 397), where, crossing superficially to the tendon of the Flexor

longus hallucis,^ to which it is connected by a strong tendinous slip, it becomes
expanded, is joined by the Flexor accessorius, and finally divides into four tendons,

which are inserted into the bases of the last phalanges of the four lesser toes, each
tendon passing through a fissure in the tendon of the Flexor brevis digitorum
opposite the base of the first phalanges (Fig. 396).

Relations.—In the leg, by its superficial surface, with the posterior tibial vessels and nerve,
and the deep transverse fascia, which separates it from the Soleus muscle; by its deep surface,
with the Tibia and Tibialis posticus. In the foot it is covered by the Abductor haUucis and
Flexor brevis digitorum, and crosses superficial to the Flexor longus hallucis.

The Tibialis posticus (m. tibialis posterior) lies between the two preceding
muscles, and is the most deeply seated of all the muscles in the leg. It com-
mences above by two pointed processes, separated by an angular intenal, through
which the anterior tibial vessels pass forward 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 outer portion of the posterior surface of the shaft of the
tibia, between the commencement of the oblique line above, and the junction
of the middle and lower third of the shaft below; and from the upper two-thirds
of the internal surface of the fibula; some fibres also arise from the deep transverse
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, and terminates in a tendon which passes through a groove
behind the inner malleolus with the tendon of that muscle, but enclosed in a separ-

• That is, in the order of dissection of the sole of the foot.
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ate sheath; it then passes through another sheath, over the internal lateral ligament

into the foot, and then beneath the inferior calcaneoscaphoid ligament. Beyond
this sheath the tendon passes between the sustentaculum tali and, the tubercle of

the scaphoid to the plantar aspect and divides into two main slips. The stronger

medial slip is inserted into the tubercle of the scaphoid and into the internal cunei-

form and sends an expansion to the plantar surface of the sustentaculum tali. The
weaker lateral slip divides into lesser slips, which are inserted into the middle and
external cuneiform, the cuboid and the base of the second, third, and fourth meta-

tarsal bones. The stronger tendon as it passes over the scaphoid contains a

sesamoid bone. A bursa is often situated between the tendon and the scaphoid.

Relations.—By its superficial surface, with the Soleus, from which it is separated by the

deep transverse fascia, the Flexor longus digitorum, the posterior tibial vessels and nerve, and
the peroneal vessels; by its deep surface, with the interosseous ligament, the tibia, fibula, and
ankle-joint.

Nerves.—The PopHteus is supplied by the fourth and fifth lumbar and first sacral nerves,

through the internal popliteal; the Flexor longus digitorum and Tibialis posticus by the fifth

lumbar and first and second sacral; and the Flexor longus hallucis by the fifth lumbar and first

and second sacral nerves through the posterior tibial.

Actions.—The Popliteus assists in flexing the leg upon the thigh; when the leg is flexed, it

will rotate the tibia inward. It is especially called into action at the commencement of the act of

bending the knee, inasmuch as it produces a slight inward rotation of the tibia, which is essen-

tial in the early stages of this movement. The Tibialis posticus is a direct Extensor of the foot

at the ankle-joint; acting in conjunction with the Tibialis anticus, it turns the sole of the foot

inward (i. e., inverts the foot), antagonizing the Feronei, which turn it outward (evert it). In

the sole of the foot the tendon of the Tibialis posticus lies directly below the inferior calcaneo-

scaphoid ligament, and is therefore an important factor in maintaining the arch of the foot.

The Flexor longus digitorum and Flexor longus hallucis 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 Flexor, the toes would be drawn inward were it not

for the Flexor accessorius muscle, which is inserted into the outer side of its 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.

7. The Fibular Region (Fig. 381).

Peroneus longus, Peroneus brevis.

Dissection.—The muscles are readily exposed by removing the fascia covering their surface,

from below upward, in the line of direction of their fibres.

The Peroneus longus (w. peronaeus 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 surface of the fascia, and from the intermuscular septa between it

and the muscles on the front, and those on the back of the leg, occasionally also

by a few fibres from the outer tuberosity of the tibia. Between its attachment

to the head and to the shaft of the fibula there is a small interval of bone from

which no muscle fibres arise; through this gap the external popliteal nerve passes

beneath the muscle. The muscle terminates in a long tendon, which passes be-

hind the outer malleolus, in a groove common to it and the tendon of the Peroneus

brevis, behind which it lies, the groove being converted into a canal by a fibrous

band, and the tendons being invested by a common synovial membrane; it is

then reflected obliquely forward across the outer side of the calcaneus, below its

peroneal tubercle, being contained in a separate fibrous sheath, lined by a pro-

longation of the synovial membrane which lines the groove behind the malleolus.

Having reached the outer side of the cuboid bone, it runs in a groove on the under
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surface of that bone, which is converted into a canal by the long calcaneocuboid

ligament, and is lined by a synovial membrane; the tendon then crosses the sole

of the foot obliquely, and is inserted into the outer side of the base of the meta-

tarsal bone of the great toe and the internal cuneiform bone (Figs. 397 and 398).

Occasionally it sends a slip to the base of the second metatarsal bone. 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 fibrocartilage, or sometimes a

bone, is usually developed in its substance.

Relations.—By its superficial surface, with the fascia and int^ument; by its deep surface,

with the fibula, external popUteal nerve, the Peroneus brevis. calcaneus, and cuboid bone; by its

anterior border, with an intermuscular septum, which intervenes between it and the Extensor

longus digitorum; by its posterior border, with an intermuscular septum, which separates it from

the Soleu^ above and the Flexor longus hallucis below.

Tiie Peroneus brevis {m. peronaeus brevis) lies beneath the Peroneus longus,

and is shorter and smaller than it. It arises from the lower two-thirds of the

external surface of the shaft of the fibula, internal to the Peroneus longus, and

from the intermuscular septa separating it from the adjacent muscles on the

front and back part of the leg. The fibres pass vertically downward, and termi-

nate 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 calcaneus, above that for the tendon of

the Peroneus longus, the two tendons being here separated by the peroneal tuber-

cle, and is finally' inserted into the tuberosity at the base of the metatarsal bone of

the little toe, on its outer side.

Relations.—By its superficial 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 foiu-th and fifth lumbar and

first sacral nerves through the musculocutaneous branch of the external popliteal nerve.

Actions.—The Peroneus longus and brevis extend the foot upon the leg, in conjunction with

the Tibialis posticus, antagonizing 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 resist-

ance to the action of this muscle. From the oblique direction of the Peroneus longus tendon

across the sole of the foot it is an im}x»rtant agent in the maintenance of the transverse arch

of the foot. Taking their fixed point below, the Peronei serve to steady the le^ upon the foot.

This is especially the case when standing upon one leg, when the tendency of the superincumbent

weight is to throw the leg inward; the Peroneus longus overcomes this tendency by drawing

on the outer side of the leg, and thus maintains the perpendicular direction of the Umb.

Applied Anatomy.—The student should now consider the position of the tendons of the

various muscles of the leg, their relation with the ankle-joint and surrounding bloodvessels, and

especially their action upon the foot, as their rigidity and contraction give rise to one or other of

the kinds of deformity known as club-foot. The most simple and common deformity, and one

that is rarely, if ever, congenital, is the talipes equinus, the heel being raised by rigidity and con-

traction of the Gastrocnemius muscle, and the patient walking upon the ball of the foot. In

the talipes varus the foot is forcibly adducted and the inner side of the sole raised, sometimes

to a right angle with the ground, by the action of the Tibialis anticus and posticus. In the

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 deformity are met with,

as the talipes equinovarus, equinovalgus, and calcaneovalgus, whose names sufficiently indicate

their nature. Of these, the talipes equinovarus is the most common congenital form; the heel

is raised by the tendo Achillis, the inner border of the foot drawn upward by the Tibialis

anticus, the anterior two-thirds twisted inward by the Tibialis posticus, and the arch increased

by the contraction of the plantar fascia, so that the patient walks on the middle of the outer

border of the foot. Each of these deformities may sometimes be successfully relieved by divi-

sion of the opposing tendons and fascia; by this means the foot regains its proper position.
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and the tendons subsequently heal. The operation is easily performed by putting the contracted
tendon upon the stretch, and dividing it by means of a narrow, sharp-pointed knife inserted >

beneath it. Pes cavus, or hollow foot, is accentuation of the longitudinal arch. Pes planus, or

flat-foot, has been discussed on page 349.

Rupture of a few of the fibres of the Gastrocnemius may take place. Rupture of the Plantaris
tendon not uncommonly occurs, especially in men somewhat advanced in life, from some sudden
exertion, and frequently occurs during the game of lawn tennis, and is hence known as lawrb-

tennis leg. The accident is accompanied by a sudden pain, and produces a sensation as if the

individual had been struck a violent blow on the part. The tendo Achillis is also sometimes rup-
tured. It is stated that John Hunter ruptured his tendo Achillis while dancing at the age of forty.

The bursa interposed between the posterior surface of the os calcis and the tendo Achillis,

just above the point of insertion of the tendon, may become inflamed, producing a disabling

pain (achillodynia, or Albert's disease).

V. MUSCLES AND FASCIA OF THE FOOT.

The fibrous bands, or thickened portions of the fascia of the leg, which bind down the tendons
in front of and behind the ankle in their passage to the foot, are termed the annular ligaments,

and are three in number—anterior, internal, and external.

The Anterior Annular Ligament (Fig. 390) consists of a superior or transverse

portion (ligamentum transversum cruris), which binds down the Extensor tendons

as they descend on the front of the tibia and fibula; and an inferior or Y-shaped

portion (ligamentum crueiatum cruris), which retains them in connection with

the tarsus, the two portions being connected by a thin intervening layer of fascia.

The transverse portion is attached externally to the lower end of the fibula and
internally to the tibia; above it is continuous with the fascia of the leg; it contains

only one synovial sheath, for the tendon of the Tibialis anticus; the other tendons

and the anterior tibial vessels and nerve passing beneath it, but without any dis-

tinct synovial sheath. The Y-shaped portion is placed in front of the ankle-

joint, the stem of the Y, the fundiform ligament of Retzius, being attached externally

to the upper surface of the calcaneus, in front of the depression for the interosseous

ligament; it is directed inward, as a double layer, one lamina passing in front,

and the other behind, the tendons of the Peroneus tertius and Extensor longus

digitorum. At the inner border of the latter tendon these two layers join,

forming a sheath in which the tendons are enclosed, surrounded by a synovial

membrane. From the inner extremity of this sheath the two limbs of the Y
diverge; one passes upward and inward, to be attached to the internal malleolus,

passing over the Extensor proprius hallucis and the vessels and nerves, but en-

closing the Tibialis anticus and its synovial sheath by a splitting of its fibres. The
other limb extends downward and inward to be attached to the inner border of

the plantar fascia, and passes over the tendons of the Extensor proprius hallucis

and Tibialis anticus and also the vessels and nerves. These two tendons are con-

tained in separate synovial sheaths situated beneath the ligament.

The Internal Annular Ligament (ligamentum laciniatum) is a strong fibrous

band which extends from the inner malleolus above to the internal margin of the

calcaneus below, converting a series of grooves in this situation into canals for the

passage of the tendons of the Flexor muscles and vessels into the sole of the foot.

It is continuous by its upper border with the deep fascia of the leg, and by its lower

border with the plantar fascia and the fibres of origin of the Abductor hallucis

muscle. The four canals which the ligament completes transmit, counting from

before backward, _^r5^, the tendon of the Tibialis posticus; second, the tendon of

the Flexor longus digitorum; third, the posterior tibial vessels and nerve, which

run through a broad space beneath the ligament; lastly, in a canal formed partly by

the astragalus, the tendon of the Flexor longus hallucis. The canals for the tendons

are lined by a separate synovial membrane.



THE DORSAL REGION 537

The External Annular Ligament is divided into two portions—a superior portion

[retinaculum mm. peronaeorum superius), which extends from the extremity of

the outer malleokis to the outer surface of the calcaneus; it binds down the tendons

of the Peroneus longus and brevis muscles in their passage behind the external

malleolus. The two tendons are enclosed in one synovial sac. An inferior portion

{retinaculum mm. peronaeorum inferius) , which bridges the Peronei on the side of

the clacaneus and is attached to the bone above and below them.

8. The Dorsal Region (Fig. 390).

Extensor brevis digitorum.

Fascia {fascia dorsalis pedis).
—^The fascia on the dorsum 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 muscle and tendons of the dorsal region of the foot are exposed.

The Extensor brevis digitorum {m. extensor digitorum brevis) (Fig. 390) is

a broad thin muscle which arises from the fore part of the upper and outer sur-

faces of the calcaneus, in front of the groove for the Peroneus brevis, from the exter-
nal calcaneo-astragaloid ligament, and from the common limb of the Y-shaped
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 dorsal surface of the base of the first phalanx of the great toe,

crossing the dorsalis pedis artery; the other three, into the outer sides of the long
Extensor tendons of the second, third, arid fourth toes.

Nerves.—It is supplied by the anterior tibial nerve.

Actions.—The Extensor brevis digitorum is an accessory to the long Extensor, extending the

phalanges of the four inner toes, but acting only on the first phalanx of the great toe. The
obliquity of its direction counteracts the oblique movement given to the toes by the long
Extensor, so that, both muscles acting together, the toes are evenly extended.

9. The Plantar Region (Figs. 396, 397).

The plantar fascia (aponeurosis plantaris), the densest of all the fibrous mem-
branes, is of great strength, and consists of pearly white glistening fibres, dis-

posed, 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 calcaneus, posterior to the origin of the Flexor bre\'is digitorum,
and, becoming broader and thinner in front, divides near the heads of the meta-
tarsal bones into five processes, one for each of the toes. Each of these processes
divides opposite the metatarsophalangeal articulation into two strata, superficial

and deep. The superficial stratum is inserted into the skin of the transverse
siilcus which divides the toes from the sole. The deeper stratum divides into two
slips which embrace the sides of the Flexor tendons of the toes, and blend with the
sheaths of the tendons, and laterally with the transverse metatarsal ligament, thus
forming a series of arches through which the tendons of the short and long Flexors
pass to the toes. The intervals left between the five processes allow the digital

vessels and nerves and the tendons of the Lumbricales muscles to become super-
ficial. At the point of division of the fascia into processes and slips numerous
transverse fibres are superadded, which serve to increase the strength of the fascia
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at this part by binding the processes together and connecting them with the integu-

ment. The central portion of the plantar fascia is continuous with the lateral

portions at each side, and from its deep surface sends upward two strong

vertical intermuscular septa, which separate the middle from the external and
internal groups of plantar muscles; from these, again, thinner transverse septa are

derived, which separate the various layers of muscles in this region. The deep
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 division, and
cover the sides of the foot. The outer portion covers the under surface of the

Abductor minimi digiti; it is thick behind, thin in front, and extends from the

calcaneus to the base of the fifth metatarsal bone, to the outer side of which it is

attached ; it is continuous internally with the central portion of the plantar fascia,

and externally with the dorsal fascia. The inner portion is very thin, and covers

the Abductor hallucis muscle; it is attached to the internal annular ligament, and
is continuous around the side of the foot with the dorsal fascia, and externally with

the middle portion of the plantar fascia.

The muscles in the plantar region of the foot may be divided into three groups,

in a similar manner to those in the hand: (1) Those of the internal plantar region

are connected with the great toe, and correspond with those of the thumb; (2)

those of the external plantar region are connected with the little toe, and corre-

spond with those of the little finger; and (3) those of the middle plantar region are

connected with the tendons intervening between the two former groups. But in

order to facilitate the dissection of these muscles it will be found more convenient

to divide them into four layers, as they present themselves, in the order in which
they are successively exposed.

The First Layer.

Abductor hallucis. Flexor brevis digitorum.

Abductor minimi digiti.

• Dissection.—Remove the fascia on the inner and outer sides of the foot, commencing in

front over the tendons and proceeding backward. The central portion should be divided

transversely in the middle of the foot, and the two flaps dissected forward and backward.

The Abductor hallucis (w. abductor hallucis) lies along the inner border of the

foot and covers the first parts of the plantar vessels and nerves. It arises from

the inner tubercle on the under surface of the calcaneus (Fig. 396) ; 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 inserted, together with the innermost tendon of the Flexor brevis

hallucis, into the inner side of the first phalanx of the great toe.

The Flexor brevis digitorum (m. flexor digitorum brevis) lies in the middle of

the sole of the foot, immediately beneath^ the plantar fascia, with which it is

firmly united. Its deep surface is separated from the external plantar vessels

and nerves by a thin layer of fascia. It arises by a narrow tendinous process,

from the inner tubercle of the calcaneus (Fig. 396), from the central part of the

plantar fascia, and from the intermuscular septa between it and the adjacent

muscles. It passes forward, and divides into four tendons, one for each of the

four outer toes. Opposite the bases of the first phalanges each tendon divides

into two slips, to allow of the passage of the corresponding tendon of the Flexor

longus digitorum ; the two portions of the tendon then unite and form a grooved

channel for the reception of the accompanying long Flexor tendon. Finally,

'That is, in order of dissection of the sole of the foot.
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they divide a second time, to be inserted into the middle of the sides of the second

phalanges. The mode of division of the tendons of the Flexor brevis digitorum

and their insertion into the phalanges is analogous to the division and insertion

of the Flexor sublimis digitorum in the hand.

Fibrous Sheaths of the Flexor Tendons.—These are not so well marked as in the fingers.

The Flexor tendons of the toes as they run along the phalanges are retained against the bones

by a fibrous sheath, forming osseoaponeurotic canals. These sheaths are formed by strong

fibrous bands which arch across the tendons and are

attached on each side to the margins of the phalan-

ges. Opposite the middle of the proximal and sec-

ond phalanges the sheath is very strong, and the

fibres pass transversely, but opposite the joints it is

much thinner, and the fibres pass obliquely. Each
sheath is lined by a synovial membrane which is re-

flected upon the contained tendon.

The Abductor minimi digitd {m. abductor

digiti quinfi) lies along the outer border of

the foot, and is in relation by its inner mar-

gin with the external plantar vessels and

nerves. It arises, by a very broad origin,

from the outer tubercle of the calcaneus,

from the under surface of the calcaneus be-

tween the two tubercles, from the fore part

of the inner tubercle (Fig. 396), 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 outer side of

the base of the first phalanx of this toe.

Dissection.—The muscles of the sujjerficial layer

should be divided at their origin by inserting the

knife beneath each, and cutting obliquely backward,

so as to detach them from the bone; they should

then be drawn forward, in order to expose the sec-

ond 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 accessorius, the tendon of the Flexor longus

hallucis, and the Lumbricales. The long Flexor

tendons diverge from each other at an acute angle;

the Flexor longus hallucis runs along the inner side

of the foot, on a plane superior to that of the Flexor

longus digitorum, the direction of the latter being

obliquely outward.
Fig. 396.

The Second Layer.

Flexor accessorius.

-Muscles of the sole of the foot.

First layer.

Lumbricales.

The Flexor accessorius (m. quadratus plantae) is separated from the muscles

of the first layer by the external plantar vessels and nerves. It arises b\^ two heads,

which are separated from each other by the long plantar ligament; the inner or

larger head, which is muscular, arises from the inner concave surface of the cal-
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caneus below the groove which lodges the tendon of the Flexor longus digitorum;

the outer head, flat and tendinous, arises from the outer surface of the calcaneus, in

front of its lesser tubercle (Fig. 397), and from the long plantar ligament; the two
portions join at an acute angle, and are inserted into the outer margin and upper
and under surfaces of the tendon of the Flexor longus digitorum, forming a kind of

groove in which the tendon is lodged.^

The Lumbricales (m. lumhricales) are four small muscles accessory to the

tendons of the Flexor longus digitorum; they arise from the tendons of the long

Fio. 397.—Muscles of the sole of the right foot.
Second layer.

Fio. 398.—Muscles of the sole of the right foot.

Third layer.

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 forward on
the inner side of the four lesser toes and is inserted into the expansion of the long

Extensor tendon on the dorsum of the first phalanx of the corresponding toe.

Dissection.—The Flexor tendons should be divided at the back part of the foot, and the

Flexor accessorius at its origin, and drawn forward, in order to expose the third layer.

' According to Turner, the fibres of the Flexor accessorius end in aponeurotic bands, which contribute slips to
the second, third, and fourth digits.
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The Third Layer.

Flexor brevis hallucis. Flexor bre\'is minimi digiti.

Adductor obliquus hallucis. Adductor transversus hallucis.

The Flexor brevis hallucis {m. flexor hallucis brevis) arises, by a pointed

tendinous process, from the inner part of the under surface of the cuboid bone,

from the contiguous portion of the external cuneiform, and from the prolongation

of the tendon of the Tibialis posticus, which is attached to that bone. The muscle

divides in front into two 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 hallucis previous to its insertion, the outer portion with the Adductor

obliquus hallucis, and the tendon of the Flexor longus hallucis lies in a groove

between them.

The Adductor obliquus hallucis (caput obliquum m. adductoris hallticis) is a

large, thick, fleshy mass passing obliquely across the foot and occupying the hollow

space between the four inner metatarsal bones. It arises from the tarsal extrem-

ities of the second, third, and fourth metatarsal bones, and from the sheath of the

tendon of the Peroneus longus, and is inserted, together with the outer portion of

the Flexor brevis hallucis, into the outer side of the base of the first phalanx of the

great toe.

The small muscles of the great toe, the Abductor, Flexor brevis. Adductor obliquus, and

Adductor transversus, like the similar muscles of the thumb, give off fibrous expansions, at their

insertions, to blend with the long Extensor tendon.

The Adductor transversus hallucis (caput transversum m. adductoris hallucis)

is a narrow, flat, muscular fasciculus, stretched transversely across the heads of

the metatarsal bones, between them and the Flexor tendons. It arises from the

inferior metatarsophalangeal ligaments of the three outer toes, sometimes only

from the third and fourth and from the transverse ligament of the metatarsus;

and is inserted into the outer side of the first phalanx of the great toe, its fibres

being blended with the tendon of insertion of the Adductor obliquus hallucis.

The Flexor brevis miniTni digiti (m. flexor digiti quinti brevis) lies on the meta-

tarsal 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. Occasionally some of the deeper fibres of the muscle

are inserted into the outer part of the distal half of the fifth metatarsal bone;

these are described by some as a distinct muscle, the Opponens minimi digiti.

The Fourth Layer.

The Interossei.

The Interossei muscles {mm. interossei) in the foot are similar to those in the

hand, with this exception, that they are grouped around the middle line of the

second digit, instead of the middle line of the third digit, as in the hand. They
are seven in number, and consist of two groups, Dorsal and Plantar.

The Dorsal Interossei (m. interossei dorsales), four in number, are situated be-

tween the metatarsal bones. They are bipenniform muscles, arising by two heads

from the adjacent sides of the metatarsal bones, between which they are placed;

their tendons are inserted into the bases of the first phalanges, and into the apon-

eurosis of the corresponding slip of the common Extensor tendon. In the angular

interval left between the heads of each muscle at its posterior extremity the per-

forating arteries pass to the dorsum of the foot, except in the First interosseous

muscle, where the interval allows the passage of the communicating branch of the
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dorsalis pedis artery. The First dorsal interosseous muscle is inserted into the

inner side of the second toe; the other three are inserted into the outer sides of

the second, third, and fourth toes.

The Plantar Interossei (m. interossei plantares), three in number, lie beneath,

rather than between, the metatarsal bones. They are single muscles, and each

arises from 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 corresponding slip of the common Extensor tendon.

Nerves.—The Flexor brevis digitorum, the Flexor brevis and Abductor hallucis, and the
innermost Lumbrical are supplied by the medial plantar nerve. All the other muscles in the
sole of the foot by the lateral plantar. The First dorsal interosseous muscle frequently receives

an extra filament from the internal branch of the anterior tibial nerve on the dorsum of the foot,

and the Second dorsal interosseous a twig from the external branch of the same nerv e.

Actions.—All the muscles of the foot act upon the toes, and for purposes of description as

regard their action may be grouped as Abductors, Adductors, Flexors, or Extensors. The A bdnc-

tors are the Dorsal interossei, the Abductor hallucis, and the Abductor minimi digiti. The Dorsal
interossei are Abductors from an imaginary line passing through the axis of the second toe, so that

the first muscle draws the second toe inward, toward the great toe; the second muscle draws the

Fig. 399.—The Dorsal interossei. Left foot. The
line marked by an * is that from which abduction is

performed.

Fig. 400.—The Plantar int«rossei. Left foot. The
line marked by an * is that to which adduction is

made.

same toe outward; the third draws the third toe, and the fourth draws the fourth toe, in the same

direction. Like the Interossei in the hand, they also help to flex the proximal phalanges and to

extend the two terminal phalanges. The Abductor hallucis abducts the great toe from the others,

and also flexes the proximal phalanx of this toe. And in the same way the action of the Abductor

minimi digiti is twofold—as an Abductor of this toe from the others, and also as a Flexor of the prox-

imal phalanx. The Adductors are the Plantar interossei, the Adductor obliquus hallucis, and the

Adductor transversus hallucis. The Plantar interosseous muscles adduct the third, fourth, and

fifth toes toward the imaginary line passing through the second toe, and by means of their inser-

tion into the aponeurosis of the Extensor tendon they, with the Dorsal interossei, flex the prox-

imal phalanges and extend the two terminal phalanges. The Adductor obliquus hallucis is

chiefly concerned in adducting the great toe toward the second one, but also assists in flexing

this toe. The Adductor transversus hallucis approximates all the toes, and thus increases the

curve of the transverse arch of the metatarsus. The Flexors are the Flexor brevis digitorum, the

Flexor accessorius, the Flexor brevis hallucis, the Flexor brevis minimi digiti, and the Lura-

bricales. The Flexor brevis digitorum flexes the second phalanges upon the first, and, con-
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tinuing its action, may flex the first phalanges also and bring the toes together. The Flexor

accessorius assists the long Flexor of the toes, and converts the oblique pull of the tendons of

that muscle into a direct backward pull upon the toes. The Flexor brevis hallucis flexes and

slightly adducts the first phalanx of the great toe. The Flexor brevis minimi digiti flexes the

little toe and draws its metatarsal bone downward and inward. The Lumbricales, like the

corresjwnding muscles in the hand, assist in flexing the proximal phalanx, and by their insertion

into the long Extensor tendon aid in .straightening the two terminal phalanges. The only muscle

in the Extensor group is the Extensor brevis digitorum. It extends the first phalanx of the great

toe, and assists the long Extensor in extending the next three toes, and at the same time gives to

e toes an outward direction when they are extended.

SURFACE FORM OF THE LO^^T:R EXTREMITY.

Of the muscles of the thigh, those of the iliac region have no influence on surface form, while

those of the anterior femoral region, being to a great extent superficial, largely contribute to the

surface form of this part of the body. The Tensor fasciae femoris produces a broad elevation

immediately below the anterior portion of the crest of the ilium and behind the anterior supe-

rior spinous process. From its lower border a longitudinal groove, corresponding to the ilio-

tibial band, may be seen running down the outer side of the thigh to the outer side of the knee-

joint. The Saxtorius muscle, when it is brought into action by flexing the leg on the thigh

and the thigh on the pelvis, and rotating the thigh outward, presents a well-marked surface

form. At its upper part, where it constitutes the outer boundary of Scarpa's triangle, it forms

a prominent oblique ridge, which becomes changed into a flattened plane below, and this grad-

ually merges in a general fulness on the inner side of the knee-joint. When the Sartorius is

not in action, a depression exists between the Quadriceps extensor and the Adductor muscles,

running obliquely downward and inward from the apex of Scarpa's triangle to the inner side

of the knee, which depression corresponds to this muscle. In the depressed angle formed by
the divergence of the Sartorius and Tensor fasciae femoris muscles, just below the anterior

superior spinous process of the ilium, the Rectus femoris muscle appears, and, below this, deter-

mines to a great extent the convex form of the front of the thigh. In a well-developed subject

the borders of the muscle, when in action, are clearly to be defined. The Vastus extemus
forms a long flattened plane on the outer side of the thigh, traversed by the longitudinal groove

formed by the iliotibial band. The Vastxis intemus, on the inner side of the lower half of the

thigh, gives rise to a considerable prominence, which increases toward the knee and terminates

somewhat abruptly in this situation with a full, cm-ved outline. The Crureus and Subcrureus

are completely hidden, and do not directly influence surface form. The Adductor muscles,

constituting the internal femoral group, are not to be individually distinguished from each
other, with the exception of the upper tendon of the Adductor longus and the lower tendon of

the Adductor magnus. The upper t^don of theAdductor longus, when the muscle is in action,

stands out as a prominent ridge, which runs obliquely downward and outward from the neigh-

borhood of the pubic spine, and forms the inner boimdary of a flattened triangular space on
the upper part of the front of the thigh, known as Scarpa's triangle. The lower tendon of the

Adductor magnus can be distinctly felt as a short ridge extending down to the Adductor tubercle

on the internal condyle, between the Sartorius and Vastus intemus. The Adductor group
of muscles fills in the triangular space at the upper part of the thigh, formed between the oblique

femur and the pelvic wall, and to them is due the contour of the inner border of the thigh, the

Gracilis largely contributing to the smoothness of the outline. These muscles are not marked
off on the surface from those of the posterior femoral region by any intermuscular marking, but
on the outer side of the thigh these latter muscles are defined from the Vastus externus by a
distinct marking, corresponding to the external intermuscular septum. The Gluteus maximus
and a part of the Gluteus medius are the only muscles of the buttock which influence surface

form. The other part of the Gluteus medius, the Gluteus minimus, and the external Rotators

are completely hidden. The Gluteus moximus forms the fuU rounded outline of the buttock;

it is more prominent behind, compressed in front, and terminates at its tendinous insertion in

a depression immediately behind the great trochanter. Its lower border does not correspond
to the gluteal fold, but is much more oblique, being marked by a line drawn from the side of

the cocc\-x to the junction of the upper with the lower two-thirds of the thigh on the outer side.

From beneath the lower margin of this muscle the Hamstring muscles appear, at first narrow
and not well marked, but as they descend becoming more prominent and widened out, and
eventually dividing into two well-marked ridges, which constitute the upper boundaries of the

popliteal space, and are formed by the tendons of the inner and outer Hamstring muscles,

respectively. In the upper part of the thigh these muscles are not to be individually distin-

guished from each other, but lower down the separation between the Semitendinosus and Semi-
membranosus is denoted by a slight intermuscular marking. The external hamstring tendon,
formed by the Biceps is seen as a thick cord running down to the head of the fibula. The inner
Hamstring tendons comprise the Semitendinosus, the Semimembranosus, and the Gracilis.

The Semitendinosus is the most internal of these, and can be felt, in certain positions of the
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limb, as a sharp cord; the Semimembranosus is thick, and the Gracilis is situated a little farther

forward than the other two. All the muscles on the front of the leg appear to a certain extent

somewhere on the surface, but the form of this region is mainly dependent upon the Tibialis

anticus and the Extensor longus digitorum. The Tibialis anticus is well marked, and j)resents

a fusiform enlargement at the outer side of the tibia, and projects beyond the crest of the shin

bone. From the muscular mass its tendons may be traced downward, standing out boldly,

when the muscle is in action, on the front of the tibia and ankle-joint, and coursing down to its

insertion along the inner border of the foot. A well-marked groove separates this muscle exter-

nally from the Extensor longus digitorum, which fills up the rest of the space between the upper

part of the shaft of the tibia and fibula. It does not present so bold an outline as the Tibialis

anticus, and its tendon below, diverging from the tendon of the Tibialis anticus, forms with the

latter a sort of plane, in which may be seen the tendon of the Extensor proprius hallucis. A
groove on the outer side of the Extensor longus digitorum, seen most plainly when the muscle

is in action, separates the tendon from a slight eminence corresponding to the Peroneus tertius.

The fleshy fibres of the Peroneus longus are strongly marked at the upper part of the outer

side of the leg, especially when the muscle is in action. It forms a bold swelling, separated l)y

furrows from the Extensor longus digitorum in front and the Soleus behind. Below, the fleshy

fibres terminate abruptly in a tendon which overlaps the more flattened form of the Peroneus
brevis. At the external malleolus the tendon of the Peroneus brevis is more marked than that

of the Peroneus longus. On the dorsum of the foot the tendons of the Extensor muscles,

emerging from beneath the anterior annular ligament, spread out and can be distinguished

in the following order: The most internal and largest is the Tibialis anticus, then the Extensor

proprius hallucis; next comes the Extensor longus digitorum, di\iding into four tendons to

the four outer toes; and lastly, most externally, is the Peroneus tertius. The flattened form of

the dorsum of the foot is relieved by the roimded outline of the fleshy belly of the Extensor

brevis digitorum, which forms a soft fulness on the outer side of the tarsus in front of the external

malleolus, and by the Dorsal interossei, which bulge between the metatarsal bones. At the

back of the knee is the popliteal space, bounded above by the tendons of the Hamstring muscle;

below, by the two heads of the Gastrocnemius. Below this space is the prominent fleshy mass

of the calf of the leg, produced by the Gastrocnemius and Soleus. When these muscles are

in action, as in standing on tiptoe, the borders of the Gastrocnemius are well defined, presenting

two curved lines, which converge to the tendon of insertion. Of these borders, the inner is

more prominent than the outer. The fleshy mass of the calf terminates somewhat abruptly

below in the tendo Achillis, which stands out prominently on the lower part of the back of the

leg. It presents a somewhat tapering form in the upper three-fourths of its extent, but widens

out slightly below. When the muscles of the calf are in action, the lateral portions of the Soleus

may be seen, forming curved eminences, of which the outer is the longer, on either side of the

Gastrocnemius. Behind the inner border of the lower part of the shaft of the tibia a well-

marked ridge, produced by the tendon of the Tibialis posticus, is visible when this muscle is in

a state of contraction. On the sole of the foot the superficial layer of muscles influences surface

form; the Abductor minimi digiti most markedly. This muscle forms a narrow rounded

elevation along the outer border of the foot, while the Abductor hallucis does the same, though

to a less extent, on the inner side. The Flexor brevis digitorum, bound down by the plantar

fascia, is not very apparent; it produces a flattened form, covered by the thickened skin of the

sole, which is here thrown into numerous wrinkles.

APPLIED ANATOMY OF THE LOWER EXTREMITY.

The student should now consider the effects produced by the action of the various muscles

in fractures of the bones of the lower extremity. The more common forms of fractures are

selected for illustration and description.

In fracture of the neck of the femur internal to the capsular ligament (Fig. 401) the charac-

teristic marks are slight shortening of the limb and eversion of the foot, neither of which sjTnp-

toms occurs, however, in certain cases until some time after the injury. The eversion is caused

by the weight of the limb rotating it outward. The shortening is produced by the action of

the Glutei, and by the Rectus femoris in front and the Biceps, Semitendinosus, and Semimem-
branosus behind.

In fracture of the femur fmt below the trochanters (Fig. 402) the upper fragment, the portion

chiefly displaced, is tilted forward almost at right angles with the pelvis by the combined action

of the Psoas and Iliacus, and, at the same time, everted and drawn outward 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 fragment being drawn upward by the Rectus in front, and the Biceps,

Semimembranosus, and Semitendinosus behind, and is at the same time everted. This fracture

may be reduced by direct relaxation of all the opposing muscles, to effect which the limb should

be put up in such a manner that the thigh is flexed on the pelvis and the leg on the thigh.

Oblique fracture of the femur immediately above the condyles (Fig. 403) is a formidable injury,

and attended with considerable displacement. On examination of the limb the lower frag-
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ment may be felt deep in the j)opIiteal space, being drawn backward by the Gastrocnemius
and Plantaris muscles, and upward by the Hamstring and Rectus femoris muscles. The pointed

FVRtFORMIS.

EMELLUS SUPERIOR.
OBTURATOR INTERNUS.
GEMELLUS INFERIOR.

OBTURATOR EXTERNUS.
QUADRATUS FEMORIS.

Fig. 401.—Fracture of the neck of the femur within the capsular ligament.

SEM1-

^_MEMBRANOSUS.
[rS.l _ SEMI-

TENOINOSUS.

Fig. 402.—Fracture of the femur
below the trochanters.

Fig. 403.—Fracture of the femur
above the condyles.

35

Fig. 404.—Fracture of
the patella.
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end of the upper fragments is drawn inward by the Pectineus and Adductor muscles, and tilted

forward by the Psoas and Iliacus, piercing the Rectus muscle and occasionally the integument.

The greatest care is requisite in keeping the pointed extremity of the upper fragment in proper

position; otherwise, after union of the fracture, the«power of extension of the limb is partially

destroyed from the Rectus femoris muscle being held down by the fractured end of the bone,

and from the patella, when elevated, being drawn upward against the projecting fragment.

In fracture of the patella (Fig. 404) the fragments are separated by the effusion which takes

place into the joint, and by the action of the Quadriceps extensor; the extent of separation of

the two fragments depending upon the degree of laceration of the ligamentous structures around
the bone.

The tibia is fractured most commonly by indirect force at the junction of the middle third

with the lower third of the shaft. Compound fractures are more common in the leg than

in any other region of the body because the tibia is such a superficial bone and is so much
exposed to injury. Most fractures from indirect force are oblique.

In oblique fracture of the shaft of the tibia (Fig. 405), if the fracture has taken place obliquely

from above, downward and forward, the fragments override each other, the lower fragments
being drawn backward and upward by the powerful action of the muscles of the calf; the

pointed extremity of the upper fragment projects forward immediately beneath the integu-

ment, often protruding through it and rendering the fracture a compound one. If the direc-

tion of the fracture is the reverse of that shown in the figure, the pointed extremity of the lower

fragment projects forward, riding upon the lower end of the upper one. By bending the knee,

which relaxes the opposing muscles, and making extension from the ankle and countcrexten-

sion at the knee, the fragments may be brought into apposition.

Fig. 405.—Oblique fracture of
the shaft of the tibia.

Fig. 406.—Fracture of the fibula, with dislocation of
the foot outward—"Pott's fracture."

Fracture of the fibula with dislocation of the foot outward (Fig. 406), commonly known as

Pott's fracture, is one of the most frequent injuries of the ankle-joint. The fibula is fractured

about three inches above the ankle; in addition to this the internal malleolus is broken off,

or the deltoid ligament torn through, and the end of the tibia displaced from the corresponding

surface of the astragalus. The foot is markedly everted, and the sharp edge of the upper end

of the fractured malleolus presses strongly against the skin ; at the same time, the heel is drawn
up by the muscles of the calf. This injury can generally be reduced by flexing the leg at right

angles with the thigh, which relaxes all the opposing muscles, and by making extension from

the ankle and counterextension at the knee.



THE VASCULAR SYSTEMS.

rPHE vascular systems comprise the heart and bloodvessels (blood-vascular

J_ system) for the circulation of the blood, and the lymphatics and lacteals

(lymph-mscular system), which collect the h-mph from the tissues and the
chyle from the digestive tract and conveying them to the great veins.

THE HEART AND BLOODVESSELS.

PulmonaryCapilla ries

The heart is the central organ of the blood-vascular system, and consists of

a hollow mass of muscle tissue; b>' its contraction the blood is forced to all

parts of the body through a complicated series of tubes, termed arteries. The
arteries undergo enormous ramification in

their course throughout the body, and end
in very minute vessels, called arterioles,

which, in their turn, open into a close-

raeshed network of microscopic vessels,

termed capillaries. After the blood has

passed through the capillaries it enters into

minute vessels called venules and from them
it is collected into a series of larger vessels,

called veins, by which it is again returned

to the heart. The passage of the blood
through the heart and bloodvessels consti-

tutes what is termed the circulation of the

blood, of which the following is an outline:

The human heaijt is divided by a septum
into right and left halves, and each half is

further separated into two cavities, termed
the auricle and the ventricle. The heart,

therefore, consists of four chambers, two,

the right auricle and right ventricle, form-
ing the right half, and two, the left auricle

and left ventricle, forming the left half. The
right half of the heart contains venous or

1 deoxygenated blood; the left, arterial or

oxAgenated blood. From the cavity of the

left ventricle the aerated blood passes into

a large artery, the aorta, through the

numerous branches of which it is dis-

tributed to all parts of the body. In its

. passage through the capillaries of the body
the blood carries to the tissues the mate-
rials necessary for their growth and nourish-
ment, and at the same time receives from
the tissues the waste products resulting
from tVlpir mpfflbnlkm Tn rloincr crk if .

^'p- 407.—EHagram showing the course of theuuui Liieir metaoonsm. in ClOmg so it circulation of the blood. This diagram does not
. becomes changed from arterial into venous ?he he?aUc ^^"^ *** ^"^^^ ^^°^ ^^^"^

(547)
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blood, which is collected h\ the veins and through them returned to the right

auricle of the heart. From this cavity the deoxygenated blood passes into the

right \entricle, from which it is conveyed through the pulmonary arteries to the

lungs. In the capillaries of the lungs it again becomes oxygenated, and is then

carried to the left auricle by the pulmonary veins. From this cavity it passes into

that of the left ventricle, from which the cycle once more begins.

The course of the blood from the left ventricle through the body generally to

the right side of the heart constitutes the greater or systemic circulation, while its

passage from the right ventricle through the lungs to the left side of the heart is

termed the lesser or pulmonary circulation.

It is necessary, however, to state that the blood which circulates through the

spleen, pancreas, stomach, small intestine, and the greater part of the large intes-

tine is not returned directly from these organs to the heart, but is collected into

a large vein, termed the portal vein, by which it is carried to the liver. In the

liver this vein divides, after the manner of an artery, and ultimately ends in capil-

lary vessels, from which the rootlets of a series of veins, called the hepatic veins,

arise, these carry the blood into the inferior 'vena cava (postcava), whence it is

conveyed to the right auricle. From this it will be seen that the blood contained

in the portal vein passes through two sets of capillary vessels—(1) those in the

spleen, pancreas, stomach, etc., and (2) those in the liver.

Speaking generally, the arteries may be said to contain pure and the veins im-

pure blood. This is true of the systemic, but not of the pulmonary vessels,

since it has been seen that the impure blood is conveyed from the heart to the

lungs by the pulmonary arteries, and the pure blood returned from the lungs to

the heart by the pulmonary veins. Arteries, therefore, must be defined as vessels

which convey blood from the heart, and veins as vessels which return blood to

the heart.

The heart and lungs are contained within the cavity of the thorax, the walls of

w^hich afford them protection (Fig. 421). The heart lies between the two lungs,

and is there enclosed within a serofibrous bag, the pericardium, while each lung

is invested by a serous membrane, the pleura. The skeleton and cavity of the

thorax were described on page 154.

THE PERICARDIUM.

The pericardium (Fig. 408) is a conical serofibrous sac in which the heart and

the commencement of the great vessels are contained. It is placed in the middle

mediastinum and lies on and is somewhat attached to the Diaphragm. It consists

of two layers, an external fibrous, the fibrous pericardium, and an internal serous, the

serous pericardium.

The fibrous pericardium is a strong, dense connective tissue layer and forms the

outer wall of the pericardial sac. Of conical shape, its base is applied to the

muscular substance and central tendon of the diaphragm; to the latter a small

portion is inseparably blended, the base is pierced by the inferior vena cava, the

apex is directed upward and posteriorly, and is closed by fusion with the external

coat of the great vessels and is continuous with the pretracheal layer of the deep

cervical fascia.

In front, it is separated from the anterior w'all of the thorax, in the greater part

of its extent, by the lungs and pleurae; but a small area, somewhat variable in size,

and usually corresponding with the left half of t|ie lower portion of the gladiolus

of the sternum and the inner extremities of the cartilages of the fourth and fifth

ribs of the left side, comes into direct relationship with the thoracic wall. The
sac is attached to the posterior surface of the sternum by two fibrous bands, th^

superior and inferior sternopericardial ligaments {Ug. siernopericardica) (Fig. 408);
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the upper passing to the manubrium, and the lower to the ensiform cartilage.

Behind, it rests upon the bronchi, the oesophagus, and the descending aorta.

Laterally, it is covered by the pleurae, and is in relation to the inner surface of

the lungs ; the phrenic nerve with its accompanying vessels descends between the

pericardium and pleura on either side (Fig. 409).

The vessels receiving fibrous prolongation from this membrane are the aorta,

the superior vena cava, the right and left pulmonary arteries, the four pulmonari'

v'eins. and the imp)ervious ductus arteriosus. The inferior vena cava enters

the pericardium through the central tendon of the Diaphragm, and consequently

it receives no covering from the fibrous layer.

VERTCBRO-
PERICARDIAL
LIGAMENTS

SUPERIOR
VENA CAVA

INFERIOR
VENA CAVA

PHRENO-
PERICARDIAL
LIGAMENTS

SUPERIOR STCRNO-
PERICARDIAL LIG-
AMENTS

ANTERIOR
SURFACE OF
PERICARDIUM

XIPHO-
PERICAROIAL
LIGAMENTS

Fig. 408.—Ligaments of the pericardium, f Modified from Teutleben.) Right lateral view, ahowing the right
vertebrojjericardial hgaments. the right phrenopericardial, and the superior and inferior sternopericardial liga-
ments. (Poirier and Charpy.)

The Serous pericardium is a closed sac which lines the fibrous pericardium and is

invaginated by the heart ; it therefore consists of a visceral and a parietal portion.

The visceral portion or epicardium covers the heart and the great vessels, and from
the latter is continuous with the parietal layer which lines the fibrous pericardium.
The serous pericardium encloses the aorta and pulmonary artery in a single tube,
but it only partially covers the superior and inferior vena cava and the four pul-
monary veins. From these vessels the serous pericardium is reflected to the parietal

layer and presents the shape of an inverted fl (Fig. 409). The cul-de-sac enclosed
between the limbs of the fl is known as the oblique sinus, while the passage between
the \ enous and arterial mesocardia

—

i. e., between the aorta and pulmonary artery
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in front and the auricles behind—is termed the transverse sinus (sinus transversvs

pericardii). The serous pericardium is smooth and gHstening, and transudes a

serous fluid, which serves to facilitate the movements of the heart.

The Vestigial Fold of the Pericardium.—Between the left pulmonary artery and subjacent

pulmonary vein and behind the left extremity of the transverse sinus is a triangular fold of the

serous pericardium; it is known as the vestigial fold of Marshall {ligamentum v. cavae sinistrae).

It is formed by the dupHcature of the serous layer over the remnant of the lower part of the

fetal left superior vena cava (v. cava sinistra), or the duct of Cuvier, which becomes impervious

after birth, and remains as a fibrous band stretching from the left superior intercostal vein

Lines of reflection of
serous pericardium

Openinff of
superior

retia cava

Openings of
right pul-

monary veins

Openings of left

pulmonary veins

Fig. 409. -Posterior wall of the pericardial sac, showing the line^ of reflection of the serous pericardium from the
great vessels.

to the left auricle, where it is continuous with a small vein, the oblique vein of Marshall
[v. obliqua atrii sinistri [Marshalli]), which opens into the coronary sinus.

The arteries of the pericardium are derived from the internal mammary and its musculo-
phrenic branch, and from the descending thoracic aorta.

The nerves of the pericardium are derived from the vagi, the phrenics, and the sympathetics.

Applied Anatomy.—^The effusion of fluid into the pericardial sac often occurs in acute rheu-

matism or pneumonia, or in patients with chronic vascular and renal disease, embarrassing
the heart's action and giving rise to signs of cardiac distress, such as pallor, a rapid and feeble

pulse, dyspnea, and restlessness. On examination, the apical cardiac impulse is absent, or

replaced by a more extensive indefinite and wavering pulsation; it may appear to be in the

second, third, or fourth left space, and is then not an apex impulse, as Potain has stated, but

due to the impact of some portion of the heart wall nearer its base. In children the precordial

intercostal spaces may bulge outward. The most striking sign, however, is the great increase

in all directions of the precordial dulness on percussion. This becomes pear-shaped, the stalk
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of the p>ear reaching up to about the left sternoclavicular articulation; the dulness also extends

>ome distance to the right of the sternum, particularly in the fifth interspace (Rotch). The
fluid collects mainly on either side of the heart, and below it, esf>ecially on the left side, where
the Diaphragm can yield more readily to pressure than it can on the right.

Paracentesis of the pericardium is often required to relieve the urgent cardiac or respiratory

distress in these cases, and should be performed without hesitation and before the patient is in

extremis. It may also be required when the pericardium is filled with blood or pus, and as it

is advisable to jierform this operation without transfixing the pleura, the punctiu^ should be
made either in the fifth or sixth intercostal space on the left side and close to the sternum, so

.as to avoid wounding the internal mammary arteri', which descends about half an inch from
le sternal margin; or the needle may be entered at the left costoensiform angle and made to

upward and backward behind the lower end of the body of the sternum into the pericardial

It must be remembered that even in the largest pericardial effusions, the heart itself lies

Imost in contact with the anterior wall of the thorax, and great care must be exercised to avoid

Diercing this organ.

Pericardiotomif is required when the effusion is of a purulent nature. In this operation a
jrtion of the fifth or sixth costal cartilage is excised. An incision is made along the left

jrder of the sternum from the upf)er border of the fourth cartilage to the seventh. Trans-
rerse incisions an inch long are then made outward from either extremity of this, and the rect-

jular flap thus formed reflected outward. The fifth costal cartilage is now separated from
le sternum by means of a gouge, great care being taken not to let the instrument slip and pene-

ite too deeply. The cartilage is then seized with lion forceps and raised, the tissues beneath
being peeled off, so as to avoid wounding the internal mammary arter\' or the pleura. The
riangularis sterni is now scratched through with a director or the nail of the index finger close

to the sternum, and the pericardium felt for and opened, the finger guarding the pleura and
left internal mammary artery.

THE HEART (COR).

The heart is a hollow muscular organ of a somewhat conical form, placed be-

tween the lungs, and occupying the cavity of the pericardium.

Position (Fig. 410).—The heart is placed obliquely in the thorax; the broad
attached end or base {basis cordis) is directed backv\ard and corresponds with the

thoracic vertebrae, from the fifth to the eighth inclusive, the apex {apex cordis)

is directed downward, fon^ard, and to the left, and corresponds to the space between
the cartilages of the fifth and sixth ribs, about three and a quarter inches from the
middle line of the sternum. The heart projects farther into the left than into the
right half of the ca\'ity of the chest, extending from the median line over three
inches in the former direction, and only one and one-half in the latter; about one-
third of the heart lies to the right and two-thirds to the left of the mesial plane.

The base of the heart is formed by the auricles and forms the whole of the
posterior surface. It is separated from the fifth, sixth, seventh, and eighth thoracic
vertebra by the oesophagus, aorta, and thoracic duct. Somewhat quadrilateral
in form, it is in relation above with the bifurcation of the pulmonan.- artery, and is

bounded below by the posterior part of the auriculoventricular sulcus, containing
the coronary sinus. On the right it is limited by the sulcus terminalis (page 554)
of the right auricle. This corresponds to a ridge in the interior of the auricle,

called the crista ierminales. The entrance of the two left pulmonan*' veins into
the left auricle forms the left limit of the base. The four pulmonary- veins, two
on either side, open into the left auricle, while the superior vena cava opens into

the upper and the inferior vena cava into the lower part of the right auricle.

The apex is directed doicnicard, foncard, and to the left, and is overlapped by
the left lung and pleura; it lies behind the fifth left intercostal space, three and a
quarter inches (8 cm.) from the midstemal line, or about an inch and a half

(4 cm.) below and three-quarters of an inch (2 cm.) to the inner side of the left

nipple in the male. The apex is wholly made up of the left ventricle.

The antero-superior surface {fades stemocostalis) (Fig. 412) is directed forward,
upward, and to the l^. Its lower part is convex, formed chiefly by the right
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ventricle, together with a small part of the left ventricle. It lies behind the middle

portion of the sternum and the costal cartilages of the third, fourth, fifth, and sixth

ribs of both sides, but, on account of the heart's inclination to the left, only a small

part of it lies behind the cartilages of the right ribs (Fig. 412).

The postero-inferior surface (fades diaphragmatica) (Fig. 412), which looks

doicmcard and slightly backward, is formed by the ventricles, chiefly the left, and

rests upon the central tendon and a small part of the left muscular portion of the

Diaphragm. It is separated from the base by the posterior part of the auriculo-

FiG. 410.—Position of the heart. The pericardium laid open. Adult male. (Poirier and Charpy.)

ventricular furrow% and is traversed obliquely by the posterior interventricular

groove. This surface is flattened or slightly convex.

The right margin of the heart is long, and is formed by the right auricle above

and the right ventricle below. The auricular portion is almost vertical, and is

situated behind the third, fourth, and fifth right costal cartilages about 3 cm.

from the middle line. The ventricular portion, thin and sharp, is named the

margo acutus; it is nearly horizontal, and extends from the sternal end of the sixth

right costal cartilage behind the lower end of the gladiolus to the apex of the heart.

The left margin, or margo ohtusus, is short, thick, and rounded; it is formed

mainly by the left ventricle, but to a slight extent, above, by the left auricle.

It extends from a point in the second left intercostal space, about 4.5 cm. from
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the mesal (middle) line, obliquely downward, with a convexity to the left, to the

apex of the heart.

Component Parts.—The heart cavity is subdivided by a muscular septum into

two lateral halves, which are named, respectively, the right or pulmonary heart

and the left or systemic heart ; and a transverse constriction subdivides each half

of the organ into two cavities, the posterior cavity on each side being called the

auricle; the anterior, the ventricle. The heart, therefore, consists of four cham-
bers—viz., the right and left auricles, and right and left ventricles. The course

of the blood through the heart ca\'ities and bloodvessels has already been de-

scribed (page 547).

The di\asion of the heart into four cavities is indicated upon its surface by
grooves. The groove separating the auricles from the \entricles is called the

lirr APPENDIX
AURICULAE

LEFT AURICULO-
VENTRICULAR

GROOVE

CORONARy
8INUS

SULCUS
TERMINALIS

INTERAURICULAR
SULCUS

CESOPHAGUS

Fig. 411.—Base of the heart in place. The attachments of the pericardium are outlined in red.
(Poirier and Charpy.)

auriculoventricular groove (s^dcits coronarius). It contains the trunks of the

nutrient vessels of the heart, but is obliterated in front, where it is crossed by
the root of the pulmonary artery.

The interauricular groove, separating the two auricles, is scarcely marked on the

postero-inferior aspect, while superiorly it is hidden by the pulmonary artery and
aorta. The ventricles are separated by two furrows, the interventricular grooves

{sulci longitndinales), one of which (sulcus longitudinalis anterior) is situated on
the antero-superior surface close to the left margin of the heart, the other {sulcus

longitudinalis posterior) on the postero-inferior surface near the right margin;

these grooves extend from the base of the ventricular portion to a point r, httle to

the right of the apex of the heart. j

The Cavities of the Heart.—Each of the cavities of the heart is lined by the

endocardium, a thin, smooth membrane which gives the glistening appearance
to their internal surfaces and by reduplications forming the valves (mitral and
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tricuspid) guarding the orifices of communication and the semilunar valves of

the aorta and pulmonary artery.

The Right Auricle^ (atrium dextrum) is the larger of the two auricles, although

its walls are somewhat thinner than those of the left, measuring about 2 mm. It

consists of two parts, a principal cavity, the sinus venosus, situated posteriorly,

and an antero-superior, smaller portion, the aiiricular appendix.

The sinus venosus (sinus venarum) is the large quadrangular cavity, placed

between the two venae cavae. Its walls, which are extremely thin, are connected

in front and to the left with the right ventricle, and mesally with the left auricle,

but are free in the rest of their extent.

The right auricular appendix (auricula dextra) , so called from its fancied resem-

blance to a dog's ear, is a small conical muscular pouch, the margins of which

Left common
carotid arteri/.

Fio. 412.—Showing relations of opened heart to front of thorax.

present a dentated edge. It projects from the sinus forward and toward the left

side, overlapping the root of the aorta.

The separation of the appendix from the sinus venosus is indicated externally

by a groove, the sulcus terminalis (His), which extends from the front of the supe-

rior vena cava to the front of the inferior vena cava, and represents the line of

union of the sinus venosus of the embryo with the primitive auricle. In the

cavity of the auricle the separation is marked by a vertical, smooth, muscular

ridge on the anterior wall, the crista terminalis (His) (Fig. 414). Behind the

crista the internal surface of the auricle is smooth, while in front of it the muscle

fibres of the wall are raised into parallel ridges resembling the teeth of a comb, and
hence named the musculi pectinati.

' In the new nomenclature the auricle is called the atrium, and the auricular appendix is called the auricle.
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To examine the interior of the right auricle, an incision should be made along its right bor-

der from the entrance of the superior vena cava to that of the inferior vena cava. A second
cut is to be made from the centre of the first incision to the tip of the auricular appendix, and
the flap raised.

The interior of the right auricle (Fig. 413) presents the follow-ing parts for

e.xamination:

Superior vena cava.

Inferior vena cava.

Coronarv sinus.

Foramina Thebesii.

Auriculoventricular.

Anterior cardiac veins.

Fossa ovalis.

Annulus ovalis.

Tuberculum Loweri.

Musculi pectinati.

Crista terminalis.

Openings Valves I
Eustachian.

I Coronary.

The superior vena cava (precava) returns the blood from the upper half of the
and opens into the upper and back part of the auricle, the direction of its

jrifice being downward and for-

ward. Its opening has no valves.

The inferior vena cava (post-

iva), larger than the superior

?ena cava, returns the blood from
le lower half of the body, and

jpens into the lowest part of the

luricle near the septum, the direc-

ion of its orifice being upward
md inward, and guarded by a

idimentary valve, the Eusta-

ian valve. The blood which
enters the auricle through the

Buperior vena cava is directed

lownward and forward, i. e., to-

irard the auriculoventricular ori-

ice, while that entering it through
le inferior vena cava is directed

upward and backward toward the

auricular septum. This is the

normal direction of the two cur-

rents in fetal life.

The coronary sinus {sinus coro-

narius) opens into the auricle, be-

tween the inferior vena cava and
the auriculoventricular opening.
It returns the blood from the sub-
stance of the heart, and is protected by an incomplete semicircular fold of the
lining membrane of the auricle, the coronary valve, or valve of Thebesius.

The foramina Thebesii {foramina venanim minimarinn) are depressions in the
walls of the auricle ; the majority of these are cuh-de-sac, but about one-third are
the orifices of minute veins {venae minimae cordis), which return the blood directly

from the muscle substance of the heart.

Fig.

BrifOe patted thrmuih
right anrieutoventrieular opening.

413.—The right auricle and ventricle laid open,
anterior walls of both being removed.

the
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The anterior cardiac veins open into the lower fore part of the right auricle.

The right auriculoventricular opening, or the tricuspid orifice {ostium venosum
dextrum), is the large oval aperture of communication between the right auricle

and the ventricle; it will be described with the right ventricle.

The Eustachian valve (valvula venae cavae inferioris [Eustachii]) is situated in

front of the orifice of the inferior vena cava. It is semilunar in form, its convex

margin being attached to the anterior margin of the inferior caval orifice; its con-

cave margin, which is free, terminates in two cornua, of which the left is continuous

with the anterior edge of the annulus oval is, while the right is lost on the wall of

Fig. 414.—Heart opened to show the interior of the right auricle and of the two veiitriclts, from in front.

The wall of the right auricle is turned back to show the musculi piectinati and the crista terminalis. The ven-
tricular walls and the ventricular septum have been cut. The aortic valve is made more prominently visible in

the drawing than it really is in nature.

auricle, containing a few muscle fibres. In the fetus this valve is of large size,

and tends to direct the blood from the inferior vena cava, through the foramen

ovale, into the left auricle. In the adult it is occasionally large, 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; occa-

sionally it is altogether wanting.

The coronary valve or valve of Thebesius (valvulae sinus coronarii [Thebesii])

is a semicircular fold of the lining membrane of the auricle, protecting the orifice

of the coronary sinus. It prevents the regurgitation of blood into the sinus during

the contraction of the auricle. This valve is occasionally double.
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The fossa ovalis is an oval depression corresponding to the situation of the

foramen ovale in the fetus. It is situated at the lower part of the interauricular

septum, above and to the left of the orifice of the inferior vena cava. In fetal Ufe

an opening, the foramen ovale, exists at this point between the two auricles; almost

immediately after birth the valve-like edge is pressed down by the increased

pressure in the left auricle, and by the tenth day it passes to the annulus and

closes the opening.

The annulus ovalis (limbtts fossae oralis [J'ieiissenii]) is the prominent oval

margin of the fossa ovalis. It is most distinct above and at the sides; below, it is

deficient. A small, slit-like, valvular opening is occasional!}^ found, at the upper

anterior margin of the fossa ovalis, which leads upward beneath the annulus into

the left auricle; it is the remains of the fetal aperture between the two auricles.

The tubercle of Lower (tuherculum intercenosvm {Lowen^ is a small projection on the inter-

auricular septum between the fossa ovalis and the opening of the superior vena cava. It 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 vena cava toward the auriculoventricular opening.

The internal surface of the right auricle is smooth, except in the appendix and
adjacent part of the anterior wall of the sinus venosus, where the muscular wall is

thrown into parallel ridges resembling the teeth of a comb, and hence named the

musculi pectinati. These end behind in a vertical smooth ridge, the crista tenni-

nalis {F\g. 414).

The Right Ventricle (ventriculus dexter) is pyramidal in form, and extends from

the right auricle to near the apex of the heart. Its antero-superior surface is rounded

and convex, and forms the larger part of the front of the heart. Its under surface

is flattened, rests upon the Diaphragm, and forms a small part of the postero-

inferior surface of the heart. Its posterior wall is formed by the septum between

the two ventricles, the interventricular septum (septum ventriculorum), which bulges

into the right ventricle, so that a transverse section of the cavity presents a semilunar

outline. The basal and inner angle of the ventricle is prolonged into a conical

pouch, the infundibulum (conns arteriosus), from which the pulmonary artery

arises. The balance of the ventricle, the body, is the portion into which the auriculo-

ventricular orifice opens. The conus arteriosus is marked off from the body of

the ventricle by a muscular projection (crista siipraventricidaris). The walls

of the right ventricle are thinner than those of the left, the proportion between

them being as 1 to 3. The wall is thickest at the base, and gradually becomes

thinner toward the apex.

To examine the interior of the right ventricle, its anterior wall should be turned downward
and to the right in the form of a triangular flap. This is accomplished bv making two incisions:

(1) From the pulmonary artery to the apex of the ventricle parallel to, but a little to the right

of, the anterior interventricular furrow; (2) another, starting from the upper extremity, of the

first and carried outward parallel to, but a little below, the auriculoventricular furrow, care

being taken not to injure the auriculoventricular valve.

The interior of the right ventricle presents for examination:

( Auriculoventricular.

Openings . Opening of the pulmonary artery.

( Foramina Thebesii.

Valves
{tricuspid.

(^ bemilunar.

Columnae carneae. Chordae tendineae.

The right auriculoventricular opening, or the tricuspid orifice (ostium venosum
ventriculi dextri), 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
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the heart. The plane of this opening is nearly vertical. It is oval and about

3.75 cm. (1.5 inches) in diameter from side to side, surrounded by a fibrous ring

(annidiis fihrosiis) and covered by the lining membrane of the heart; it is consider-

ably larger than the corresponding aperture on the left side, being sufficient to

admit the ends of four fingers. The circumference of the orifice is about 12 cm.

(4.8 inches) in the male, and 10.5 cm. (4.2 inches) in the female. It is guarded by
the tricuspid valve.

The opening of the pulmonary artery {ostium arieriosuvi pulmonis) is circular in

form, and is situated at the summit of the conus arteriosus, close to the ventricular

septum. It is placed above and to the left of the auriculoventricular opening, and
is guarded by the pulmonary valve.

Foramina Thebesii are scattered over the interior of the right ventricle.

The tricuspid valve {valvula tricuspidaUs) consists of three segments or cusps

{cuspides) of a triangular or trapezoidal shape, each formed by a duplicature of

the lining membrane of the heart, strengthened by intervening layers of fibrous

tissue. The largest and most movable segment is placed toward the left side of

the auriculoventricular opening, and is interposed between that opening and the

infundibulum; hence it is called the left or infundibular cusp (cvspis medialis).

Another segment is in relation with the right part of the front of the ventricle, the

right or marginal cusp (cuspis anterior), and a third with its posterior wall, the

posterior or septal cusp (cuspis posterior). The central part of each segment is

thick and strong; the lateral margins are thin and translucent. These segments

are connected by their bases to the oval fibrous ring surrounding the auriculoven-

tricular orifice {amndus fibrosns dexter), and by their sides with one another, so

as to form a continuous annular membrane, which is attached around the margin

of the auriculoventricular opening; their serrated free margins and ventricular

surfaces afford attachment to a number of delicate tendinous cords, the chordae

tendineae. The chordae tendineae are connected with the adjacent margins of the

principal segments of the valve, and are further attached to each segment in the

following manner: (1) Three or four reach the attached margin of each segment,

where they are continuous with the auriculoventricular tendinous ring. (2)

Others, four to six in number, are attached to the central thickened part of each

segment. (3) The most numerous and finest are connected with the marginal

portion of each segment.

The columnae cameae {traheculae carneae) are the rounded muscle columns

which project from nearly the whole of the inner surface of the ventricle, except-

ing near the opening of the pulmonary artery, where the wall is smooth. They
may be classified, according to their mode of connection with the ventricle, into

three sets. The first set merely forms prominent ridges on the inner surfaces 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, forming arches; while a third set {muscidi papiUares)

are continuous by their bases with the wall of the ventricle, while their apices

give origin to the chordae tendineae, the papillary muscles. There are usually

two papillary muscles or groups of muscles, the anterior and the posterior ; of these,

the anterior is the larger, its chordae tendineae are connected with the right and
left segments of the tricuspid valve. The posterior sometimes consists of two or

three muscle columns; its chordae tendineae are connected with the posterior and
the right segments of the tricuspid valve. In addition to these, some few chordae

spring directly from the ventricular septum, or from small eminences on it, and
pass to the left and posterior segments. A fleshy band, well marked in the sheep

and some other animals, is frequently seen passing from the base of the anterior

papillary muscle to the interventricular septum. From its attachments it may
assist in preventing overdistention of the ventricle, and so has been named the

moderator band.
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The pulmonary valve (Fig. 414) consists of three semilunar segments (rahukie

semilunarc-'i a. pulmonalis), two of which are anterior and one of which is posterior,

formed by dupHcatures of the lining membrane of the ventricle, strengthened by
fibrous tissue. They are attached, by their outer convex margins, to the wall of

the artery, at its junction with the ventricle, their inner borders being free, and
directed upward in the lumen of the vessel. The free and attached margins of

each are strengthened by a bundle of tendinous fibres, and the former presents,

at its middle, a small projecting thickened nodule, consisting of bundles of inter-

lacing connective-tissue fibres with branched connective-tissue cells and some few

elastic fibres. Such a nodule is called the corpus Arantii (nodulus valvniae semi-

lunaris [Araniii]). From this nodule tendinous fibres radiate through the valve

to its attached margin, but are absent from two narrow crescentic portions, the

lunulae {lunulae valvularum semUunariuni), placed one on either side of the nodule

immediately adjoining the free margin.

The basal end of the pulmonary artery presents three dilatations opposite to

the valve. These are the pulmonary sinuses of Valsalva. Similar sinuses exist

between the semilunar valves and the commencement of the aorta ; they are larger

than the pulmonary- sinuses.

In order to examine the interior of the left auricle, make an incision on the posterior smface

of the auricle from the pulmonary veins on one side to those on the other, the incision being

carried a little way into the vessels. Make another incision from the middle of the horizontal

one to the auricular appendix.

The Left Auricle (atrium sinistrum) is rather smaller than the right, but its walls

are thicker, measuring about 3 nun.; it consists, like the right, of two parts, a

principal cavity and an auricular appendix.

The principal cavity is cuboidal in form, and concealed in front by the pulmonary

artery and aorta; in front and to the right, it is separated from the right auricle

by the interauricular septum (septum airiorum); behind, it receives on either side

ts\o pulmonary veins.

The left auricular appendix (auricula sinistra) is somewhat constricted at its

junction with the principal cavity; it is longer, narrower, and more cur^•ed than

that of the right side, and its margins are more deeply indented. It is directed

forward and toward the right and overlaps the root of the pulmonary artery.

The interior of the left auricle presents the following parts for examination:

The openings of the four pulmonary veins.

Auriculoventricular opening.

Musculi pectinati.

Foramina Thebesii.

The pulmonary veins, four in number, open into the upper part of the posterior

surface of the left auricle—two on either side of its middle line. They are not

provided with valves. The two left veins frequently terminate by a common
opening.

The left auriculoventricular opening, or mitral orifice (ostium venos^im veniriculi

inistri), is the aperture of communication between the left auricle and the left

ventricle. It is rather smaller than the corresponding opening on the right side.

The musculi pectinati, fewer and smaller than in the right auricle, are confined

> the inner surface of the auricular appendix.

On the interauricular septmn may be seen a lunated impression bounded below
by a crescentic ridge the concavity of which is turned upward. The depression is

just above the fossa ovalis of the right auricle. The inner surface of the left

auricle also shows foramina Thebesii and venae minimae cordis.
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To examine the interior of the left ventricle, make an incision a little to the left of the anterior

interventricular groove from the base to the apex of the heart, and carry it up from thence,

a little to the left of the posterior interventricular groove, nearlv as far as the auriculoventricular

groove.

The Left Ventricle (ventricvlus sinister) is longer and more conical in shape than

the right ventricle, and on transverse section its cavity presents an oval or nearly

circular outline. It forms a small part of the anterior surface of the heart and a

considerable part of its postero-inferior 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 side, the proportion being as 3 to 1.

Its interior (Fig. 415) presents the following parts for examination:

( Auriculoventricular.

Openings < Aortic.

( Foramina Thebesii.

Chordae tendineae.

^. , / Mitral or Bicuspid.
> ai\ es So "1

t bemilunar.

Columnae carneae.

The left auriculoventricular opening, or the mitral orifice (ostium venosum ven-

triculi sinistri), is placed below and to the left of the aortic orifice. It is a little

smaller than the corresponding aperture of the opposite side, admitting only two

Bristle passed through left

auriculoventricular opening.

Passed through aortic opening.

Fig. 415.—The left auricle and ventricle laid open, the posterior walls of both being removed.

fingers ; but, like it, is broader in the transverse than in the antero-posterior diameter.

Its right, posterior, and left sides are surrounded by a dense horseshoe-shaped,

fibrous ring (annnlus fibrosus sinister). The orifice is guarded by the mitral

or bicuspid valve.

The aortic opening (ostium arteriosum) is a circular aperture, in front and to

the right side of the auriculoventricular opening, from which it is separated by

the aortic cusp of the mitral valve. Its orifice is guarded by the aortic valve, which
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consists of three semilunar segments. The portion of the ventricle immediately

below the aortic orifice is often termed the aortic vestibule, and possesses fibrous

instead of muscular walls.

The inner walls of the left ventricle are dotted with foramina Thebesii.

The mitral or bicuspid valve (valvula bicuspidaUs) is attached to the circumfer-

ence of the auriculoventricular orifice in the same way that the tricuspid valve is

on the opposite side. It consists of two triangular cusps, formed by duplicatures

of the lining membrane, strengthened by fibrous tissue, and containing a few

muscle fibres. The cusps are of unequal size, and are larger, thicker, and stronger

than those of the tricuspid valve. The larger segment, the anterior or aortic cusp

(cu.spis anterior), is placed in front and to the right l^etween the auriculoventricular

and aortic orifices; the smaller, the posterior or marginal cusp (cuspis posterior), is

placed to the left and behind the opening. Two smaller cusps are usually found at

the angles of junction of the larger. The cusps of the mitral valve are furnished

with chordae tendineae, which are attached in a manner similar to those on the

right side; they are, however, thicker, stronger, and less numerous.

The aortic valve consists of three semilunar segments (valvulae semilunares

aortae), which surround the orifice of the aorta; two are posterior (right and" left)

and one anterior. They are simi-

lar in structure and in their mode
of attachment to those of the

pulmonary valve, but are larger,

thicker, and stronger; the lunulae

are more distinct and the corpora

Arantii thicker and more promi-

nent. Opposite the segments the

wall of the aorta presents slight

dilatations, the sinuses of Val-

salva, which are larger than those

at the origin of the pulmonary
arter\-.

The columnae cameae are of

three kinds, like those upon the

right side; but they are more
numerous, and present a dense Fig, 416.-Base of ventn"c'es Exposed by renioval of the auricles.

interlacement, especially at the

apex, and upon the posterior wall. The musculi papillares are hco in number,
one being connected to the anterior, the other to the posterior wall; they are of
large size, and terminate by free rounded extremities, from which the chordae
tendineae arise. The chordae tendineae from each papillary muscle are con-
nected to both cusps of the mitral valve.

The interventricular septum (septum retitriculorum) is directed obliquely back-
ward and to the right, and is curved with the convexity toward the right ventricle;
its margins correspond with the interventricular grooves. The greater portion
of it is thick and fleshy (septum museulare retitriculorum), but its upper and
posterior part, which separates the aortic vestibule from the lower part of the right
auricle and upper part of the right ventricle is thin and fibrous, and is termed
the undefended or membranous part of the interventricular septum (septum mem-
branaceum ventriculorum) . It is derived from the lower part of the aortic septum
of the fetus, and an abnormal communication may exist at this part, owing to
defective development of this septum.

Capacity of the Cavities of the Heart.—Each of the ca\-ities of the heart
is capable of holding about 100 c.c, but this is subject to considerable variation
among different indi\-iduals.

36
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Size and Weight of the Heart.—The normal heart, in the adult, measures five

inches in length, three inches and a half in breadth at the broadest part, and
two inches and a half in thickness. The prevalent weight, in the male, varies

from ten to twelve ounces (average, eleven ounces) ; in the female, from eight to

ten; its proportions to the body being as 1 to 160 in males; 1 to 150 in females.

The heart continues to increase in weight and in size up to an advanced period of

life; this increase is more marked in men than in women.

Structure of the Heart.—The heart is a hollow muscular organ, and its walls are divisible

into three coats—the endocardium, myocardium, and epicardium, or visceral layer of the peri-

cardium (page 549).

The endocardium is a thin, smooth, serous membrane which lines and gives the glistening

appearance to the internal surface of the heart; it assists in forming the valves by reduplications

and is continuous with the endothelial coat of the bloodvessels which pass to and emerge from
the heart. It is composed of endothelial cells resting upon a fibro-elastic membrane which
contains some unstriated muscle cells. The endocardium is more opaque on the left than on the

right side of the heart, thicker in the auricles than in the ventricles, and thickest in the left auricle.

It is thin on the musculi pectinati and on the columnae carneae, but thicker on the smooth
parts of the auricular and ventricular walls and on the tips of the musculi papillares.

The fibrous rings (annuli fibrosi) surround the auriculoventricular and arterial orifices;

they are stronger upon the left than on the right side of the heart, and are composed of dense

white fibrous connective tissue. The auriculoventricular rings serve for the attachment of the

muscle fibers of the auricles and ventricles, and also for the mitral and tricuspid valves; the

ring on the left side is closely connected by its right margin with the aortic arterial ring. Be-

tween these and the right auriculoventricular ring is a mass of fibrous tissue (trigonum fibrosum),

and in some of the larger animals, as the ox and elephant, a nodule of bone, the os cordis.

The fibrous rings surrounding the arterial orifices serve for the attachment of the great vessels

and semilunar valves. Each ring receives, at its ventricular margin, the attachment of the

muscle 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)

Fig. 417.—The arrangement of the muscles of the auricles. (Poirier and Charpy.)

is firmly fixed, the attachment of the artery to its fibrous ring being strengthened by the thin

fibrous 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 endocardium by its

reduplication, strengthened by white fibrous tissue, forms the semilunar valves, the fibrous

structure of the ring being continued into each of the segments of the valve. The middle

coat of the artery in this situation is thin, and the sides of the vessels are dilated to form the

sinuses of Valsalva.

The myocardium of the heart consists of bands and layers of muscle tissue which present

an exceedingly intricate interlacement. It consists of (a) the fibres of the auricles, {b) the

fibres of the ventricles, and (c) the auriculoventricular bundle of His.

Fibres of the Auricles (Fig. 417).—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
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FiQ. 418.—The muscular arranRement of the apex of the heart.

(Poirier and Charpy )

direction, forming a thin but incomplete layer. Some of these fibres pass into the septum
atriorum. The internal or deep fibres proper to each auricle consist of two sets, looped and
annular fibres. The looped fibres pass upward over each auricle, being attached by two ex-

tremities to the corresponding auriculoventricular rings in front and behind. The «.TiTiplj^r

fibres siuTound the auricular ap-

pendices, and form annular bands
around the terminations of the

veins and around the fossa ovalis.

The fibres of the ventricles are

arranged in a complex manner, and
various accounts have been given

of their course and connections.

The following description is based
on the work of McCalliun.^ They
consist of superficial and deep
layers, all of which, with the ex-

ception of two, are inserted into

the papillarj' muscles of the ven-

tricles. The superficial layers con-

sist of the following: (a) Fibres

which spring from the tendon of

the conus arteriosus and sweep
downward and toward the left

across the anterior interventricular

furrow and around the apex of the

heart, where they pass upward and
inward to terminate in the papil-

lary muscles of the left ventricle.

Those which spring from the upp)er

half of the tendon of the conus ar-

teriosus pass to the anterior papil-

lary muscle, those from the lower

half to the posterior papillary mus-
cle and the papillary muscles of the

septum. (6) Fibres which arise

from the right auriculoventricular

ring and run diagonally across the

back of the right ventricle and
around its right border on to its

anterior siu^ace, where they dip
beneath the fibres just described,

and, crossing the interventricular

groove, wind around the apex of

the heart and terminate in the p>os-

terior papillary muscle of the left

ventricle, (c) Fibres which spring
from the left auriculoventricular
ring, and, crossing the posterior

interventricular furrow, pass suc-
cessively into the right ventricle

and end in its papillary muscles.
The deep layers are three in num-
ber; they arise in the papillan,- mus-
cles of one ventricle and, cur\-ing

in an S-shaped manner, turn in at

the interventricular furrow and end
in the papillary muscles of the
other ventricle. The layer which
is most superficial in the right ven-
tricle lies next the lumen of the
left, and tke versa. Those of the first layer almost encircle the right ventricle, and, crossing
in the septum to the left, unite with the sup)erficial fibres from the right auriculoventricular
ring to form the posterior papillary muscle. Those of the second layer have a less extensive
course in the wall of the right ventricle, and a correspondingly greater course in the left, where
they join with the superficial fibres from the anterior half of the tendon of the cOnus arteriosus

1 Johns Hopkins Ho^ital Reports, vol. ix.

Fig. 419.—The arrangement of the muscle of the ventricle.
(Poirier and Charpy.)
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to form the papillary muscles of the septum. Those of the third layer pass almost entirely

around the left ventricle and unite with the superficial fibres from the lower half of the tendon
of the conus arteriosus to form the anterior papillary muscle. Besides the layers just

described there are two bands which do not end in papillary muscles. One springs from the

right auriculoventricular ring and crosses in the auriculoventricular septum; it then encircles

the deep layers of the left ventricle and ends in the left auriculoventricular ring. The second
band is apparently confined to the left ventricle; it is attached to the left auriculoventricular

ring, and encircles the portion of the ventricles adjacent to the aortic orifice.

The auriculoventricular bundle of His {fasciculus atnoventricularis) (Fig. 420) is the only

direct muscle connection known to exist between the auricles and ventricles. It arises

near the opening of the coronary sinus, where it is connected with the annular and septal

fibres of the right auricle. These fibres converge, form a node {node of Tawara), and continue

\

Fig. 420.—Schematic representation of the auriculoventricular bundle of His. The bundle, represented in red,
originates near the orifice of the coronary sinus, undergoes slight enlargement to form a node, passes forward to
the interventricular septum, and divides into two limbs. The ultimate distribution cannot be completely shown
in this diagram.

as a compact bundle which passes forward in the lower part of the pars membranacea septi to

the upper limit of the muscle portion of the ventricular septum, and divides into right and

left fasciculi. These run down to the right and left ventricles, one on either side of the inter-

ventricular septum, the left limb being just covered by endocardium, while the right limb, for

a part of its course, is more deeply placed in the muscle layer. Each limb is enclosed in a

layer of connective tissue, which isolates it from the musculature of the interventricular sep-

tum, but in the lower parts of the ventricles each fasciculus separates into numerous strands

which enter the papillary muscles and spread over the entire internal surface of the ventricular

muscle and form histological connections with the true cardiac muscle fibres. The right limb

is the smaller of the two and usually reaches the anterior papillary muscle by passing along

the moderator band when this is present. The undivided portion of the auriculoventricular

bundle consists of narrow, somewhat fusiform fibres, but its two divisions and their terminal
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strands are composed of Purkinje fibres. The bundle is not always easily recognized in the

human heart, but is readily demonstrated in the heart of the sheep or calf.

A constant bursa or lubricating mechanism is in relation with the main bundle, according

to Curran,* and a special artery, arising from the right coronary, enters the bimdle at its begin-

ning and follows it in direction.

The PiU"kinje fibres are very much larger in size than the cardiac cells, and diflFer from them

in several wavs. In longitudinal section they are quadrilateral in shape, being about twice as

long as thev are broad. The central portion of each fibre contains one or more nuclei and is

made up of granular protoplasm, with no indication of striations, while the peripheral portion is

clear and has distinct transverse striations. The fibres are intimately connected with each other,

possess no definite sarcolemma, and do not branch.

The epicaxdium, or visceral layer of the pericardium, is a serous membrane analogous in

structiu* to the endocardium, but contains no smooth muscle tissue. It is thin, smooth, glisten-

ing, and transparent, and is reflected over the roots of the great vessels to the inner surface of the

pericardial sac, forming there the parietal layer of the pericardium.

Applied Anatomy.—Clinical and experimental evidence go to prove that the auriculoven-

tricular bundle conveys the impulse to systolic contraction from the auricular septum to the

ventricles, and much attention has recently been paid to it, because it appears to become

attacked by various disease processes and to lose much of its conducting power in many cases

of Stokes-Adams disease (heart block). This condition is characterized by a slow pulse, a

tendency to syncopal or epileptiform seizures, and the fact that while the cardiac auricles

beat at a normal rate, the ventricles contract much less frequently. The existence of a bursa

in relation with the bundle suggests the possibility of a bursitis, in view of which these cardiac

symptoms may be the result of acute rheiunatism or other febrile diseases.
'
Vessels and Nerves.

—

The arteries supplying the heart are the right and left coronary from

the aorta.

The veins terminate in the right auricle, and will be described with the general venous system.

The Ijrmphatics end in the thoracic and right lymphatic ducts.

The nerves are derived from the superficial and deep cardiac plexuses, and from these plexuses

obtain fibres of the vagus, spinal accessory, and sympathetic. The superficial cardiac plexus lies

imder the arch of the aorta. The deep cardiac plexus is in front of the tracheal bifurcation.

The nerves from the plexuses are freely distributed both on the surface and in the substance of

the heart, the separate filaments being furnished with small ganglia. A special system of gan-

glion cells and nerve fibres has been found" in the auriculoventricular bundle.

The Cardiac Cycle and the Action of the Valves.^—By the contractions and pnmpH
ing action of the heart the blood is forced through the arteries, capillaries and veins

of the systemic and pulmonic vascular systems. Normally, these contractions are

rhythmic in character and occur at the rate of about seventy per minute. Each
period of activity is followed by a period of rest, and during these two periods

certain events take place in the various parts of the heart in regular sequential

order. The period included between the occurrence of any one of these events

and the recurrence of the same event constitutes a cardiac cycle, or cardiac revolution.

The cardiac cycle may be conveniently divided into three phases, which succeed

one another, as follows: (1) A short, practically simultaneous contraction of both

auricles, termed the auricular systole, followed, after a slight pause, by (2) a simul-

taneous, but more prolonged, contraction of both ventricles, named the ventricular

systole, and (3) a period of rest during which the whole heart is relaxed, i. e.,insL

state of diastole. The contraction process begins at the venous openings or in an
area in the right auricle between the venae cavae, whence it spreads, in the form

of a wave, over the auricles and then to and over the ventricles. The quick

contraction of the auricles forces the blood contained in these chambers, through

the auriculoventricular openings into the relaxed ventricles, which become
fully distended. The contraction of the ventricles follows almost immediately.

There ensues a rapid compression of the contained mass of blood and a rela-

tively high pressure is thus developed which occasions the forcible closure of

the auriculoventricular valves. These are prevented from being everted into

the auricular cavities by their attachment to the papillary muscles through the

intermediation of the chordae tendineae. The diminution in size of the ventricular

•The Anatomical Record. December, 1909, vol. iii. No. 12.

'J. Gordon Wilson, Proceedings of the Royal Society, B., 1909, vol. IxzxL
* Re\Tsed by Dr. G. Bachmann.
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cavities might be followed by a slackening of these tendinous cords were it not

for the compensating effect of the active shortening of the papillary piuscles which
takes place shortly after the onset of the contraction of the general ventricular

musculature. The pressure in the ventricles soon rises above that in the pul-

monary artery and aorta. At that moment the valves at the orifices of these vessels

are forced open and the blood is driven, by a sustained contraction, from the right

ventricle into the pulmonary artery and from the left ventricle into the aorta.

As soon as the ventricular systole ceases and the pressure in the pulmonary artery

and aorta exceeds that in the ventricles the pulmonary and aortic valves close, thu?

preventing a regurgitation of the blood into the ventricles. While the ventricles

are contracting blood is flowing from the veins into the auricles, where it accumu-
lates and distends them. As the ventricles relax, the pressure of the blood in the

auricles opens the auriculoventricular valves and blood now flows passively from

the veins into the auricles and from these into the ventricles. The rapid accumu-
lation of the blood in the ventricles leads to a floating up of the auriculoventricular

valves which are shortly afterward pushed aside during the next succeeding

auricular contraction.

It will be observed that each set of chambers contracts and relaxes alternately.

However, the time occupied by the auricular contraction is short, while that occu-

pied by the relaxation is long in comparison with the time occupied by the similar

events in the ventricles. From the beginning of the ventricular diastole until the

beginning of the next auricular systole the entire heart is at rest—the so-called

common 'pause of the heart's chambers. The average duration of a cardiac cycle

is about Y*^ of a second, which may be divided, approximately, among its different

phases as follows:

Auricular systole, ^. Auricular diastole, ^.
Ventricular systole, ^. Ventricular diastole, -^.

Common pause 3^.

As mentioned before, the contraction process, which begins at the mouths of

the great veins, spreads with great rapidity over the auricles, and then to and
over the ventricles. A slight delay is experienced by the contraction wave in

passing from the auricles to the ventricles. This is due in all probability to the

circumstance that the contraction wave must be conducted along a narrow bridge

of muscle tissue which is more or less embryonic in character. This bridge of mus-

cle tissue connecting the auricles with the ventricles, morphologically and physio-

logically, is the auriculoventricular bundle of His (page 564). In accordance with

this view, the origin and conduction of the contraction process is a property of

the muscle tissue, and the theory which embodies this view is known as the myo-

genic theory of the heart beat. Inasmuch as nerve cells and their axones are

found in many parts of the heart, the auriculoventricular bundle included, it is

thought by some that the origin and conduction of the stimulus giving rise to

the contraction process is a property of the nerve tissue. The theory embodying

this view is known as the neurogenic theory of the heart beat. It must be said,

however, that many facts tend to demonstrate that the myogenic theory is the cor-

rect one. Whatever be the tissue in which the heart beat originates, the cause of

the contraction must be sought in the heart itself; for the mammalian heart can be

made to beat for a relatively long time when completely isolated from the body of

the animal.

The cardiac muscle, therefore, does not depend for its contractions on the dis-

charge of nerve impulses by the central nerve system, although the latter, through

the extracardiac nerves, exercises a regulative influence on the heart's action,

increasing or decreasing the rate or force of the heart beats in accordance with

the physiological needs of the body.
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Surface Form.—In order to show the extent of the heart in relation to the front of the thorax,

draw a line from a point in the second left intercostal space, 4.5 cm. (nearly two inches) from

the median line to the upper border of the third right costal cartilage, 3 cm. (one inch and a

quarter) from the median line. This represents the base line or upper limit of the organ. Take
a point in the fifth left intercostal space 8 cm. from the median line (about three and a quarter

inches) ; this represents the apex of the heart. Draw a line from this apex point, with a slight

convexity downward, to the junction of the seventh right costal cartilage to the sternum 2.5 cm.

from the median line. This represents the lower limit of the heart. Join the right extremity

of the first line—that is, the base line—with the right extremity of this line—that is, to the seventh

right chondrosternal joint—with a slight curve outward, so that it projects about 3.5 cm. (one

inch and a half) from the mid-line of the sternum. Lastly, join the left extremity of the base

line and the apex point by a line curved slightly to the left.

Fig. 421.—Front view of the thorax, showing relation of the heart, lungs, etc., to the riba and sternum. P. Pul-
monarj- orifice. Ao. Aortic orifice. M. Left auriculoventricular orifice. Tr. Right auricuioventricular orifice.

A portion of the area of the heart thus mapped out is uncovered by lung, and therefore gives
a dull note on percussion; the remainder, being overlapped by the lung, gives a more or less
resonant note. The former is known as the area of complete cardiac dulness. The area of
complete cardiac dulness is included between a line drawn from the centre of the sternimi, on a
level with the fourth costal cartilage, to the apex of the heart, and a line drawn from the same
point down the lower third of the midline of the sternum. Below, this area merges into the
dulness which corresponds to the liver.

Topography of the various orifices is as follows—viz., the pulmonary orifice is situated
in the upper angle formed by the articulation of the third left costal cartilage with the sternum;
the aortic orifice is a little below and internal to this, behind the left border of the sternum,
close to the articulation of the third left costal cartilage to this bone. The left auriculcreentricular
opening is behind the sternum, rather to the left of the median line, and opposite the fourth
costal cartilages. The right auricidorentricular opening is a little lower, opposite the fourth
mterspace and in the middle line of the body (Fig. 421).
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Applied Anatomy.—Wounds of the heart are often immediately fatal, but not necessarily

so. They may be nonpenetrating, when death may occur from hemorrhage, if one of the coro-

nary vessels has been wounded, or subsequently from pericarditis; or, on the other hand, the

patient may recover. Even a penetrating wound is not necessarily fatal, if the wound is a small

one. An attempt should be made to save the patient by means of a surgical operation. A
trap-door flaj) comprising the whole thickness of the thoracic wall should be made. The hinges

of the trap-door are the rib cartilages. The pericardium is exposed and freely opened, clots

are removed, the wound in the heart is sought for, and when discovered is sutured. In a pene-

trating wound the sutures include the whole thickness of the heart, except the endocardium.

Interrupted sutures should be used, and each one had better be tied during diastole. A nunabei

of successful operations of this character have been performed.

Peculiarities in the Vascular System of the Fetus (Fig. 423).

The chief peculiarities in the heart of the fetus are the direct communicatioD

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 1 to 50; at birth it is as 1 to 120; while

in the adult the average is about 1 to 160. At an early period of fetal life the auric-

ular portion of the heart iS larger than the ventricular, the right auricle being

more capacious than the left; but toward birth the ventricular portion becomes

the larger. The thickness of both ventricles is at first about equal, but toward

birth the left becomes much the thicker of the two.

CONUS
ARTERIOSUS

VALVC OF
FORAMEN OVALE

HIGHT AURICULOVENTRICULAB
OPENING

EUSTACHIAN VALVE OF
VALVE CORONARY SINUS

Fig. 422.—The right auricle of a fetal heart (eighth month). Enlarged. (Spalteholz.)

The foramen ovale (Fig. 422) is situated at the lower and back part of the inter-

auricular septum, forming a communication between the auricles. It remains as a

free oval opening until the middle period of fetal life. About this period a fold grows

up from the posterior wall of the auricle to the left of the foramen ovale, and

advances over the opening so as to form a sort of valve, which allows the blood

to pass only from the right to the left auricle, but not in the opposite direction.

The Eustachian valve (Fig. 422) projects upward in front of the opening of

the inferior vena cava, and tends to direct the blood from this vessel through

the foramen ovale into the left auricle.
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The peculiarities in the arterial system of the fetus are the communication
between the pulmonan* arten' and the descending aorta by means of the ductus

arteriosus, and the continuation of the internal iliac arteries as the umbilical

arteries to the placenta.

Duetnt arteriotnt.

Internal iliac arteries.

1/ \J

Fig. 423.—Plan of the fetal circulation. In this plan the figured arrows represent the kind of blood, as weD
as the direction which it takes in the vessels. Thus, arterial blood is figured >>—...•~-->; venous blood,
>> >; mixed (arterial and venous) blood, >>•••———>.

The ductus arteriosus (Fig. 423) is a short tube, about 10 mm. (half an inch) in

length at birth, and 2 mm. (one-twelfth of an inch) in diameter. In the early

condition it forms the continuation of the pulmona^^' arterj', and opens into the

descending aorta just below the origin of the left subclavian artery, and so con-
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ducts the greater part of the blood from the right ventricle into this vessel. When
the branches of the pulmonary artery have become relatively larger to the ductus
arteriosus, the latter is chiefly connected to the left pulmonary artery; and the
fibrous cord (ligamentum arteriosum) , which is all that remains of the ductus
arteriosus in later life, will be found to be attached to the root of that vessel.

Occasionally a small lumen persists in the ligamentum arteriosum. .

The umbilical or hypogastric arteries are continued from the internal iliacs,

along the sides of the bladder to its apex; they pass out of the abdomen at the

umbilicus and are carried in the umbilical cord to the placenta. They convey
the blood which has circulated in the system of the fetus to the placenta.

The peculiarities in the venous system of the fetus are the communications
established between the placenta and the liver and portal vein, through the umbil-
ical vein; and between the umbilical vein and the inferior vena cava through the

ductus venosus.

Fetal Circulation (Fig. 423).—^The blood destined for the nutrition of the

fetus is returned from the placenta to the fetus by the umbilical vein. This vein

enters the abdomen at the umbilicus, and passes upward 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 quadrate and Spigelian lobes. 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 outward, 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 vena cava in three different ways ; the greater quantity circu-

lates through the liver with the portal venous blood before entering the inferior

vena cava by the hepatic veins; some enters the liver directly, and is also returned

to the inferior vena cava by the hepatic veins ; the smaller quantity passes directly

into the inferior vena cava by the junction of the ductus venosus with the left hepatic

vein.

In the inferior vena cava (postcava) the blood carried by the ductus venosus and

hepatic veins becomes mixed with that returning from the lower extremities and

wall 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. From the left auricle it passes into the left ventricle, and from the left

ventricle into the aorta, by means of which it is distributed almost entirely to

the head and upper extremities, a small quantity being probably carried into the

descending aorta. From the head and upper extremities the blood is returned

by the tributaries of the superior vena cava to the right auricle, where it

becomes mixed with a small portion of the blood from the inferior vena cava.

From 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

fetus being inactive, only a small quantity of the blood of the pulmonary artery is

distributed to them by the right and left pulmonary arteries, and is returned by the

pulmonary veins to the left auricle; the greater part passes through the ductus

arteriosus into the commencement of the descending aorta, where it becomes

mixed with the blood transmitted by the left ventricle into the aorta. Through

this vessel it descends to supply the lower extremities and viscera of the abdomen

and pelvis, the chief portion being, however, conveyed by the umbilical arteries

to the placenta.

From the preceding account of the circulation of the blood in the fetus it will

be seen

—

1. That the placenta serves the purposes of nutrition, respiration, and excretion,
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recei\ing the impure blood from the fetus, and returning it charged with addi-
tional nutritive material.

2. That nearly the whole of the blood of the umbilical vein traverses the liver

before entering the inferior vena cava; hence the large size of this organ, especially

at an early period of fetal life.

3. That the right auricle is the point of meeting of a double current, the blood
in the inferior vena cava being guided by the Eustachian valve into the left auricle,

while that in the superior vena cava descends into the right ventricle. At an early

period of the fetal life it is somewhat probable that the two streams are distinct,

for the inferior vena cava opens almost directly into the left auricle, and the Eusta-
chian valve would tend to exclude the current along the vein from entering the

right ventricle. At a later period, as the separation between the two auricles

becomes more distinct, it seems more probable that mixture of the two streams
must take place.

4. The pure blood carried from the placenta to the fetus by the umbilical vein,

mLxed with the blood from the portal vein and the inferior vena cava, passes almost
directly to the arch of the aorta, and is distributed by the branches of that vessel

to the head and upper extremities; hence the large size ahd advanced development
of those parts at birth.

5. The blood contained in the descending aorta, largely derived from that

which has already circulated through the head and upper limbs, together with a
small quantity from the left ventricle, is distributed to the lower extremities;

hence the small size and less advanced development of these parts at birth

Changes in the Vascular System at Birth.—At birth, when respiration is

established, an increased amount of blood from the pulmonar}- arter\' passes
through the lungs, which now perform their office as respiratory- organs, and at

the same time the placental circulation is cut off. Soon after birth the foramen
ovale is closed by the valvular edge being pressed against the annulus ovalis, the
pressure being due to respiration, which increases the pressure in the left auricle.

The structures fuse, and closure is usually complete by about the tenth day after

birth. The valvular fold above mentioned becomes adherent to the margins of

the foramen for the greater part of its circumference, but above a slit-like opening
is left between the two auricles which sometimes remains persistent.

The ducfus arteriosus begins to contract immediately after respiration is estab-

hshed, usually becomes completely closed from the fourth to the tenth day, and
ultimately degenerates into an impervious cord (Ug. arteriosiim) which senses to
connect the left pulmonary artery to the arch of the aorta.

Of the umbilical or hypogastric arteries, the portion continued on to the bladder
from the trunk of the corresponding internal ihac remains pervious as the sujjerior

vesical artery, and the part extending from the side of the bladder to the umbilicus
becomes impervious between the second and fifth days after birth, and projects

as a fibrous cord toward the abdominal cavity, carrWng on it a fold of peritoneum.
The umbilical rein and the ductjis venosus become impervious 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 ligamentum venosum of
the fiver.
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The arteries are cylindrical tubular vessels which serve to convey blood from

both ventricles of the heart to every part of the body. These vessels were named
arteries (oajp, air; rr^fjetp, to contain) from the belief entertained by the ancients

that they contained air. Galen is believed to have been the first to show that

during life they contain blood.

The distribution of the 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 periphery of the body and the

contained organs. The arteries are found in nearly every part of the body, with

the exception of the hairs, nails, epidermis, cartilages, and cornea; and the larger

trunks usually occupy the most protected situations, running, in a limb, along the

flexor side, where they are less exposed to injury.

There is considerable variation in the mode of division of the arteries; occasion-

j

ally a short trunk subdivides into several branches at the same point, as we observe

in the celiac and thyroid axes; or the!

j^
B vessel may give off several branches in 1

succession, and still continue as the]

main trunk, as is seen in the arteries of
j

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 exter-^

nal and internal carotids.

A branch of an artery is smaller thai

the trunk from which it arises; but ii

an artery divides into two branches, thel

combined cross-section area of the twoj

vessels is, in nearly every instance,]

somewhat greater than that of thai

trunk; and the combined cross-section]

area of all the arterial branches greatly]

exceeds that of the aorta ; so that the]

arteries collectively may be regarded aaJ

a cone, the apex of which corresponds toj

the aorta, the base to the capillary]

system.

The arteries, in their distribution, communicate with one another, forming|

what are called anastomoses or inosculations (Fig. 424); and these comqiunications

are very free between the large as well as between the smaller branches. An anasto-j

mosis between trunks of equal size is found where great activity of the circulation

|

is requisite, as at the base of 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 ample anastomoses between their larger branches. In the limbs the anasto-

moses are most numerous and of largest size around the joints, the branches of an

artery above anastomosing with branches from the vessels below ; these anastomoses

are of considerable interest to the surgeon, as it is by their enlargement that a

(572)

Fig. 424.—Diagram showing the anastomosis of
arteries. (Poirier and Charpy.)
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collateral circalation is established after the application of a ligature to an arten.

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 penades nearly even' tissue of the body. A ter-

minal artery is one which forms no anastomoses. Such vessels are believed to exist

in the brain, spleen, kidneys, lungs, mesentery-, and papillar}' layer of the skin.

Throughout the body generally the larger arterial branches usually pursue a
-traight course, but in certain situations they are tortuous; thus, the facial arteries

in their 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.

The arteries are dense in structure, of considerable strength, highly elastic, and,
when divided, they usually preserve, although empty, their cylindrical form.

Histology of Arteries and Capillaries.—An artery consists of an endothelial tube covered
bv certain aecessorv coat.s.

The coats of an artery are: 1 1 ) internal coat, or tunica intima; (2) a middle coat, or tunica
media; and (3) an external coat, or tunica adventitia (Fig. 409).

1. The inner coat {tunica intima) consists of endothelial cells resting upon some subendo-
thelial fibroelastic tissue. Limiting the intima is a wa\y band of yellow elastic tissue called

the internal elastic lamina. In small arteries the endothehal cells rest upon the elastic lamina.
In large arteries (aorta, pulmonary a.)- the elastic tissue forms the fenestrated membrane of
Henle.

2. The middle coat (tunica media) consists of muscle, elastic tissue, and white fibrous tissue.

In medium-sized arteries the smooth muscle tissue is circularly arranged, with only a small
quantity of elastic tissue here and there. In small arteries the elastic tissue is absent; in the
large aneries the elastic tissue predomi-
nates; in some vessels (retinal, first part

of aorta, and pulmonarA- arterj') the A~;;^^^$58t5^*«;5^^v.,_^^

elastic tissue may entirely replace the B iT^^S^^^^^^^^^^^Sl
muscle tissue. Occasionally loiigitudi-

nally arranged muscle tissue is seen in

the media. In medium-sized arteries the

media is bounded by a layer of elastic

tissue called the external elastic lamina.

3. The external coat ( tunica adventitia)

is called the fibrous coat. It contains

fibroelastic tissues, and in some arteries yig. 42 : rt .: the wall of the
fibres of nonstriated muscle longitudi- posterior ubiJ .^nery. , , 75. A. Endothelial and sub-
„ 11 J T. _^ • ^1 , • ^ endothehal layers of inner coat. B. Elastic layer (fenes-
nally arranged. It contains the nutrient trated membrane) of inner coat, appearing as a bright line

vessels, nenes, and Ivmphatics of the "i section. C. Muscle layer (middle coat). D. Outer coat,

oi.Ti:>T-i'<^ Ao tV,o. t
' '^ A' V. :» consisting of connective-tissue bundles. In the interstices

anenes. .-\s ine arteries aiminisn m of the bundles are some connective-tissue nuclei, and, espe-
size the coats likewise become thinner. dally near the muscular coat, a number of elastic fibres cut

The endothelial cells rest upon the in-
*'^™^- ^^>

ternal elastic lamina : the media becomes
reduced to a few layers of muscle fibres, and the adventitia is represented by some bundles of
fibroelastic tissue. This represents the precapillary arteriole, and it gradually becomes the
capillary.

Capillaries are small endothelial tubes coimecting arterial and venous systems. Tliey vary
from 37^7?; to ^TiVo of an inch (o u to IZft) in diameter, and about -^ of an inch (5/06 fi) in

length. The endothelial cells are thin, flat, and irr^ular in outline; the darkly staining nucleus
usually causes a bulging of the cell, as it is thicker than the protoplasmic portion of the cells.

These cells are held together by a small amount of cement substance, and are considered by
many to have the property of phagocytosis. These cells are also said to be contractile. Small
openings called domata are frequently noted Ijetween these cells, but they are considered arti-

facts. Capillaries anastomose and form vast networks. Ampullse, sinusoids, retia mirabilia,

sinuses, and anastomoses are forms of capillaries seen in certain organs and tissues.

Bloodvessels of the Bloodvessel Wall.—Many small bloodvessels, the vasa vasorum,
enter the adventitia; from these vessels branches are sent into the media, but not the intima.
The latter is nourished by the blood that flows over it. They may arise from the vessels to
which they are distributed or take origin from an adjacent vessel. The blood is returned from
the walls of the vessels by small veins.
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Lymphatics.—Distinct lymphatic vessels may exist in the adventitia, but are represented

by lymph spaces in the other coats. Lymph capillaries often surround small bloodvessels, or a

small bloodvessel may lie in a perivasculax lymph space.

Nerves.—Arteries are supplied with nerves, myelinic and amyelinic. A network of nerve
fibres may surround a vessel, and usually capillaries are so surrounded. In the arteries a
network of nerves exists in the media. These nerves supply the muscle fibres, and are called

vasomotor nerves. According to Stohr, nerve endings are found in the endothelium of the

capillaries, giving them the power of contractility.

The Arterial Sheath {vagina vasts) surrounds the artery. It is composed of connective

tissue, and is attached to the vessel at numerous points by fibrous tissue.

ST

Fig. 426.—Capillaries from the Fig. 427.—Finest vessels on the arterial side. From the human
mesentery of a guinea-pig after brain. Magnified 300 times. 1. Small artery. 2. Transition vessel,

treatment with a solution of nitrate 3. (hoarser capillaries. 4. Finer fapillaries. a. Structureless mem-
of silver, o. Cells, b. Their nuclei. brane still with some nuclei, representative of the tunica adven-

titia. b. Nuclei of the muscle fibre cells. c. Nuclei within the
small artery; perhaps appertaining to an endothelium, d. Nuclei
in the transition vessels.

Applied Anatomy.— Arteries are liable to a degenerative process known as atheroma or ar-

teriosclerosis. It is essentially a senile change, although it may begin at any age and is predis-

posed by renal disease, gout, diabetes mellitus, and many other morbid states, and results in the

replacement of the arterial elastic tissue by fibrous tissue. The process results in the rise of the

arterial blood-pressure with a corresponding hypertrophy of the heart. The weakening of the

'vessel wall, with reduction of the calibre, renders such affected arteries liable to rupture.

THE PULMONARY ARTERY (A. PULMONALIS) (Figs. 429, 433).

The pulmonary artery conveys the venous blood from the heart to the lungs.

It is a short, wide vessel, about two inches (5 cm.) in length and one and one-

fifth inches (30 mm.) in diameter, arising from the left side of the base {comis

arteriosus) of the right ventricle, in front of the aorta. At its origin are three

dilatations, the sinuses of Valsalva, described on page 559. It extends obliquely

upward and backward, passing at first in front of and then to the left of the

ascending aorta, as far as the under surface of the arch, where it divides, about

on a level with the intervertebral disk between the fifth and sixth thoracic ver-_

tebrse, into right and left branches of nearly equal size.

Relations.—The whole of the vessel is contained, together with the ascending aorta, in the

pericardium. It is enclosed with the aorta in a single tube of the serous pericardium, which is

continued upward upon them from the base of the heart and connects them together. The
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fibrous layer of the pericardium becomes gradually lost upon the external coats of its two branches.

In front, the pulmonary- artery is separated from the anterior extremity of the second left inter-

costal space by the pleura and left lung, in addition to the pericardium; it rests at first upon
the ascending aona, and higher up lies in front of the left aiu"icle on a plane posterior to the

ascending aorta. On either side of its origin is the appendix of the corresponding auricle and
a coronary arten.-, the left coronar\- artery passing, in the first part of its course, behind the

vessel. The superficial cardiac plexus lies above its bifurcation, between it and the arch of

the aorta.

The right branch of the pulmonary artery (ramus dexter a. jndmonalis),

longer and larger than the left, runs horizontally outward to the root of the right

lung, where it divides into two branches, of which the lower and larger supplies

the middle and lower lobes; the upper and smaller is distributed to the upper lobe.

It has in front of it the ascending aorta, the superior vena cava, and the right phrenic

nerve. It has behind it the right bronchus. Above it is the arch of the aorta.

Below it is the right auricJe.

The left branch of the pulmonary artery [ramus sinister a. pvlmonalis),

shorter and somewhat smaller than the right, passes horizontally to the root of the

left lung, where it divides into two branches for the two lobes. In front of it and
l^elow it are the pulmonary veins of the left side. Behind are the descending aorta

and the left bronchus. Aboi^e it are the arch of the aorta, the left recurrent laryn-

geal nerve, and the ligamentum arteriosum. The left bronchus in a portion of

its course lies below as well as behind.

The root of the left pulmonary artery is connected to the under surface of the

arch of the aorta by a short fibrous cord, the ligamentnin arteriosom; this is the

remains of a vessel peculiar to fetal life, the ductus arteriosus.

The terminal branches of the pulmonary artery will be described with the

anatomy of the lung.

Applied Anatomy.—Stenosis of the pulmonary artery, either with, or, more rarely, without
defective formation of the interventricular septum, is one of the commonest congenital defects

of the heart. It may be due either to fetal endocarditis or to maldevelopment of the bulbus
cordis. As in most forms of congenital heart disease, the child is cyanosed (morbus coeruleus),

especially when excited or on exertion, and rarely lives to adolescence, conunonly dying of heart

failure in infancy, or of pulmonary tuberculosis or intercurrent disease in childhood. The
chief signs of the condition are the loud, harsh systolic cardiac murmur best heard over the

second left costal cartilage, cyanosis, clubbing of tie finger tips, and the presence of an excess

of red corpusc^les in the blood.

Embolism of the pulmonary artery- by a clot of blood coming from the right side of the heart

in patients with heart disease, or from a thrombosed vein in cases, for example, of influenza,

enteric fever, puerperal sepsis, or fractured Umbs, is a common cause of sudden or rapid death.

The patient may cri' out with sudden excruciating f>ain in the precordia when the detached
embolus lodges, and after a brief period of intense dyspnea, pallor, and anguish, die.

A few cases of surgical interference in embolism of the pulmonary arter}' are on record. Sev-

eral were in a measure successful, death being usually due to septic complications, such as

pleurisy and pericarditis. (Cf. Kreuzer, Centralblatt fiir Chirurgie, No. 21, 1909.)

THE AORTA (Figs. 428, 429).

The aorta, or arteria magna, is the main trunk of a series of vessels which convey
the oxygenated blood to the tissues of the body for their nutrition. It commences
at the upper part of the left ventricle, where it is about one and one-eighth inches

28 mm.) in diameter, and, after ascending for a short distance, arches backward
and to the left side, over the root of the left lung, then 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 dimin-
ished in size, about seven-tenths of an inch (17.5 mm.) in diameter, opposite the
lower border of the fourth lumbar vertebra, where it divides into the right and left

common iliac arteries. Hence, it is divided into the ascending aorta, the arch of

the aorta, and the descending aorta, which last is again divided into the thoracic

aorta and the abdominal aorta, from the position of these parts.
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THE ASCENDING AORTA (AORTA ASCENDENS).

The ascending aorta is about two inches (5 to 6 cm.) in length. It commences

at the base of the left ventricle, on a level with the lower border of the third costal

cartilage, behind the left half of the sternum; it passes obliquely upward, forward,

and to the right, as high as the upper border of the second right costal cartilage,

RDIAC NCRVe
PERIOR INTCR*
STAL VEIN

RDIAC NERVe
IGAMENTUM
RTERIOSUM

I

VENA AZYG08
MINOR

SYMPATHETIC
GANGLION

GREAT SPLANCHNIO
NERVE

FiQ. 428.—The thoracic aorta and its relations. (Poirier and Charpy.)

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. At its origin

it presents, opposite the segments of the aortic valve, three small dilatations called

the sinuses of Valsalva, described on page 561. At the union of the ascending

with the transverse part of the aorta the caliber of the vessel is increased, owing to a

dilatation of its right wall. This dilatation is termed the great sinus of the aorta

{bulbous aortae). A section of the aorta through this part is somewhat oval in

outline. The ascending aorta is contained within the pericardium, and, to-

gether with the pulmonary artery, is invested in a tube of serous membrane, con-

tinued on to them from the surface of the heart.

Relations.—The ascending aorta is largely covered (ventrad) at its commencement by the

trunk of the pulmonary artery and the right auricular appendix, and, higher up, is separated

from the sternum by the pericardium, the right pleura, and anterior margin of the right lung,



THE ASCENDIXG AORTA bll

some loose areolar tissue, and the remains of the thymus gland; behind, it rests upon the right

pulmonary artery, left auricle, and the right bronchus. On the right side it is in relation with

the superior vena cava and right auricle; on the left side, with the pulmonar}' arter}*.

Eight ragu».

Recurrent larijufjeal.

Left ragtu.

Left phrenic.

Thoracic duct.

Fig. 429.—The arch of the aorta and its branches.

Plax of the Rel.\tioxs of the Ascending Aorta.
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Pulmonary artery.

Right auricular appendix.
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Right pleura and lung.
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Right side.

Superior vena cava.

Right auricle.

/ Ascending \

Behind.

Right pulmonary artery.

Left auricle.

Right bronchus.

Left side.

Pulmonart' artery.

37
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VAGUS NERVE

Branches.—^The only branches of the ascending aorta are the coronary arteries

which supply the heart. They are two in number, right and left, arising near the

commencement of the aorta immediately above the attached margin of the semi-

lunar valves.

The Coronaxy Arteries (Fig. 429).—^The right coronary artery (a. coronoria

[cordis] dextra), about the size of a crow's quill, arises from the anterior sinus of

Valsalva. It passes forward between the pulmonary artery and the right auricular

appendix, then runs obliquely to the right side, in the groove between the right

auricle and ventricle, and, curving around the right border of the heart, runs to the

left along its postero-inferior surface as far as the postero-inferior interventricular

groove, where it divides into two branches, one of which, the transverse, continues

onward in the groove between the

left auricle and ventricle, and
anastomoses with the left coro-

nary; the other, the descending

(ramus descendens posterior a.

coronariae [cordis]dexfrae), courses

along the postero-inferior inter-

ventricular furrow, supplying

branches to both ventricles and

to the septum, and anastomosing

at the apex of the heart with the

descending branches of the left

coronary.

This vessel sends a large

branch, the marginal, along the

thin margin of the right ventricle,

to the apex, which in its course

gives off numerous small branches

to the sternal and diaphragmatic

surfaces of the right ventricle. It

also gives off a branch, the infundibular, which ramifies over the front part of the

conus arteriosus of the right ventricle. A small branch of the right coronary is

said to supply the auriculoventricular bundle of His (see page 564).

The left coronary artery (a. coronaria [cordis] sinistra), larger than the former,

arises from the left posterior sinus of Valsalva; it passes forward between the pul-

monary artery and the left auricular appendix, and divides into two branches.

Of these, one, the transverse, passes transversely outward in the left auriculo-

ventricular groove, and winds around the left border of the heart to its diaphrag-

matic surface, where it anastomoses with the transverse branch of the right

coronary; the other, the descending (ramus descendens anterior a. coronariae [cordis]

sinistrae), passes along the antero-superior interventricular groove to the apex of

the heart, where it anastomoses with the descending branches of the right coronary.

The left coronary supplies the left auricle and its appendix, gives branches to

both ventricles, and numerous twigs to the pulmonary artery and commencement
of the aorta.

Peculiarities.—These vessels occasionally arise 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.

Applied Anatomy.—The sudden blocking of a coronary artery by an embolus, or its more

gradual obstruction by arterial disease or thrombosis, are common causes of sudden death in

persons past middle age. If the obstruction to the passage of blood is incomplete, true Angina

pectoris may occur. In this condition the patient is suddenly seized Avith a spasm of agonizing

pain in the precordial region and down the left arm, together with an indescribable sense of

anguish. He may die in such an attack, or succumb a few hours or days later from heart failure,

or he may survive a number of attacks.

RIGHT AURICLE

Fig. 431.—Horizontal section through the sixth thoracic
vertebra—upper surface of the lower segment—showing the
ascending portion of the aortic arch, the thoracic aorta, and
related structures.
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THE ARCH OF THE AORTA (ARGUS AORTAE).

The arch, or transverse aorta, commences at the level of the upper border of the

second chondrosternal articulation of the right side, and passes at first upward,

backward, and to the left in front of the trachea; it is then directed backward on the

left side of the trachea, and finally passes downward on the left side of the body of

the fourth thoracic vertebra, at the lowerborder of which it becomes continuous with

the descending aorta. It thus

forms two cunatures, one with

its convexity upward, the other

with its convexity forward and
to the left. Its upper border

is usually about an inch below

the upper noargin of the ster-

num.

VENA AZYG08 MAJOR

THORACIC DUCT

JUST ABOVE DIVISION

SUPERIOR
VENA CAVA

HKSHT PtEURA

ASCENDING
PORTION OF ARC!

VAGUS NERVE

DESCENDING
PORTION OF ARCH

LEFT PLEURA

LEFT PHRENIC NERVE

Fig. 435.—Horizontal section through the fourth thoracic

vertebra—upF>er surface of the lower segment. The cut is made
at the lower part of the transveree portion of the aortic arch.

Relations.—The arch of the aorta

is covered in front by the pleurae and
anterior margins of the lungs, and
by the remains of the thymus gland.

As the vessel runs backward its left

side is in contact with the left lung

and pleura. Passing downward on
the left side of this part of the arch

are four nerves; in order from be-

fore backward these are the left

phrenic, the inferior cervical cardiac branch of the left vagus, the superior cardiac branch of the

left sympathetic, and the trunk of the left vagus. As the left vagus crosses the arch it gives off

its recurrent laryngeal branch, which hooks around below the vessel and then passes upward
on its right side. The left superior intercostal vein runs obliquely upward and fon\ard, on

the left side of the arch between the phrenic and vagus nerves. On the right are the deep car-

diac plexus, the left recurrent laryngeal nerve, the oesophagus, and thoracic duct; the trachea hes

behind and to the right of the vessel. Above are the innominate, left common carotid, and

left subclavian arteries, which arise from the convexity of the arch and are crossed close to their

origins by the left innominate vein. Below are the bifurcation of the pulmonary artery, the left

bronchus, the ligamentum arteriosum, the superficial cardiac plexus, and the left recurrent

lar\'ngeal nerve. As already stated, the ligamentum arteriosum connects the commencement
of the left pulmonary artery to the aortic arch.

Pl.a^x of the Relations of the Arch of the Aorta.

Above.

Left innominate vein.

Innominate artery.
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( Arch of 1

I Aorta. I
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Pleurae and lungs.

Remains of thymus gland.

Left vagus nerAC.

Left phrenic nene.
Superficial cardiac nen-es.

Left superior intercostal vein.

Behind.

Trachea.

Deep cardiac plexus.

(Esophagus.

Thoracic duct.

Left recurrent nerve.

Below.

Bifurcation of pulmonary artery.

Ligamentum arteriosum.

Superficial cardiac plexus.

Left recurrent nerve.

Left bronchus.
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Between the origin of the left subclavian artery and the attachment of the liga-""

mentum arteriosum the lumen of the fetal aorta is considerably narrowed, forming
what is termed the aortic isthmus {isthmus aortae), while immediately beyond the liga-

mentum arteriosus the vessel presents a fusiform dilatation which His has named the
aortic spindle {aortenspindel)—the point of junction of the two parts being marked
in the concavity of the arch by an indentation or angle. These conditions persist,

to some extent, in the adult, where His found that the average diameter of t

spindle exceeded that of the isthmus by 3 mm. (about one-eighth of an inch)

I

ito

ies

ite.

lutt

f•lal

Peculiarities.—The height to which the aorta rises in the thorax is usually about an ii

below the upper border of the sternum; but it may ascend nearly to the top of that bone. Occi

sionallv it is found an inch and a half, more rarely two or even three inches, below this point.

In Direction.—Sometimes in man, as is normal in birds, the aorta arches over the root of

the right instead of the left lung, and parses down on the right side of the vertebral column;
such an arrangement is usually found to be associated with transposition of other viscera.

Less frequently, the aorta, after arching over the root of the right lung, is directed to its usual
position on the left side of the vertebral column, this peculiarity not being accompanied by ai

transposition of the viscera.

In Conformation.—The aorta occasionally divides, as in some quadrupeds, into an ascendi
and descending trunk, the former of which is directed vertically upward, and subdivides into

three branches, to supply the head and upper extremities. Sometimes the aorta subdivides
soon after its origin into two branches, which soon reunite

In one of these cases the oesophagus and trachea were fou
to pass through the interval left by the division of the aon
this is the normal condition of the vessel in the reptilia

Applied Anatomy.—Of all the vessels of the arteria

system, the aorta, and more especially its arch, is most fn

quently the seat of disease; hence it is important to col

sider some of the consequences that may ensue fn

aneurism of this part. Aortic aneurisms usually occi

along a spiral line, the so-called "surf-line of the aorti

which begins at the anterior sinus of Valsalva and is lost

the dorsomesal wall of the descending aorta, as shown
Fig. 433.

It will be remembered that the ascending aorta is col

tained in the pericardium, just behind the sternum, bei

crossed at its commencement by the pulmonary artery ai

right auricular appendix, and having the right pulmonai
artery behind, the superior vena cava on the right side, a
the pulmonary artery and left auricle on the left side.

Aneurism, of the ascending aorta, in the situation of tl

sinuses of Valsalva, in the great majority of cases, affects the'

anterior sinus; this is mainly owing to the fact that the

regurgitation of blood upon the sinuses seems to take place

chiefly on the anterior aspect of the vessel. As the aneuris-

mal sac enlarges it may compress any or all of the structures

in immediate proximity to it, but chiefly project toward the
right anterior side, and, consequently, interferes mainly with those structures" which have a
corresponding relation with the vessel. In the majority of cases it bursts into the cavity of the
pericardium, the patient suddenly drops dead, and^ upon a postmortem examination, the
pericardial sac is found 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 or even rupture into the superior vena cava.
Aneurism of the ascending aorta, originating above the sinuses, most frequently implicati

the right anterior wall of the vessel, where, as has been explained, there exists a normal dilata-

tion, the great sinus of the aorta; this is probably mainly owing to the blood being impelled
against this part. The direction of the aneurism is also chiefly toward the right of the median
line. It attains a large size and projects forward, it may cause absorption of the sternum and
the cartilages of the ribs, usually on the right side, and appears as a pulsating tumor on the front
of the thorax, just below the manubrium; or it may burst into the pericardium, or may compri
or open into the right lung, the trachea, bronchi, or oesophagus.

Regarding the arch of the aorta, the student is reminded that the vessel lies on the trache
the oesophagus, and thoracic duct; that the left recurrent laryngeal nerve winds around it; at
that from its upper part are given off three large trunks, whicla supply the head, neck, and upf

Fia. 433.—The '"surf-line
aorta, '_' showing the commoner points
of origin of aneurisms.
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extremiUes. An aneurismal tumor, taking origin from the posterior part of the vessel, may

press upon the trachea, impede the breathing, or produce cough, hemoptysis, or stridulous

breathing, or it may uhimately burst into that tube, producing fatal hemorrhage. Again, its

pressure on the laryngeal nerves may give rise to symptoms which so acciu^tely resemble those

of laryngitis that the operation of tracheotomy has in some cases been resorted to, from the

supposition that disease existed in the larynx; or it may press upon the thoracic duct and destroy

life bv inanition; or it may involve the oesophagus, producing dysphagia; or may burst into

the oesophagus, when fatal hemorrhage will occur. Again, the innominate artery, or the sub-

clavian, or left carotid, may be so obstructed by clots as to produce a weakness, or even a disap-

pearan<;e, of the pulse in one or the other wrist or in the left temporal arten. ; or the tumor may

present itself at or above the manubrium, generally either in the median line or to the right of

the sternum, and may simulate an aneurism of one of the arteries of the neck.

Branches (Figs. 429 and 430).—The branches given off from the arch of the

aorta are three in number—the innominate, the left common carotid, and the left

subclavian arteries.
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Eight subciacian artery. Eight common carotid artery.

-Relation of great vessels at base of a fetal heart, seen from above (enlarged),
in the Museum of the Royal College of Suiigeons of England.)

(From a preparation

Peculiarities. Position of the Branches.—The branches, instead of arising from the

highest part of the arch (their usual position), may be moved more to the right, arising from the

commencement of the transverse or upper part of the ascending portion; or the distance from
one another at their origin may be increased or diminished, the most frequent change in this

respect being the approximation of the left carotid toward the innominate artery-.

The number of the primary branches may be reduced to a single vessel, or more commonly
two, the left carotid arising from the innominate artery, or (more rarely) the carotid and sub-

clavian arteries of the left side arising from the innominate artery. But the number may be

increased to foiu", 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 foimd

to arise from the left end of the arch ; in other cases it was the second or third branch given off

instead of the first. Another common form in which there are foiu- primary branches is that

in which the left vertebral arterA- arises from the arch of the aorta between the left carotid and
subclaWan arteries. Lastly, the number of trunks from the arch may be increased to five or

six; in these instances, the external and internal carotids arise separately from the arch, the

common carotid being absent on one or both sides. In some cases six branches have been
found, and this condition is associated with the origin of both vertebral arteries from the arch.

Ntimber Usual, Arrangement Different.—\Yhen the aorta arches over to the right side,

the three branches have an arrangement the reverse of that which is usual, the innominate sup-



582 THE VASCULAR SYSTEMS I
plying the left side, and the carotid and subclavian (which arise separately) the right side. In
other cases, where the aorta takes its usual course, the two carotids may be joined in a common
trunk, and the subclavians arise separately from the arch, the right subclavian generally arising

from the left end of the arch.

In some instances other arteries are found to arise from the arch of the aorta. Of these the

most common are the bronchial, one or both, and the thyroidea ima; also the internal mammar
and the inferior thyroid have been seen to arise from this part of the vessel.

The Innominate Artery (A. Anonyma) (Figs. 429 and 430).

The innominate or brachiocephalic artery is the largest branch given off from
the arch of the aorta. It arises, on a level with the upper border of the secon
right costal cartilage, from the commencement of the arch of the aorta in fro:

of the left carotid, and, ascending obliquely to the upper border of the right stern

clavicular articulation, divides into the right common carotid and right subclavi;

arteries. This vessel varies from an inch and a half to two inches in length.

I

Relations.—In front, it is separated from the first piece of the sternum by the Sternohyoid'
and Sternothyroid muscles, the remains of the thymus gland, the left innominate and rig."

inferior thyroid veins which cross its root, and sometimes the inferior cervical cardiac bram
of the right vagus. Behind, it lies upon the trachea, which it crosses obliquely, and continui:

upward it lies in the right pleura. On the light side is the right innominate vein, right vagus'
nerve, and the pleura; and on the left side, the remains of the thymus gland, the origin of t

left carotid artery, the left inferior thyroid vein, and the trachea.'

Plan of the Relations of the Innominate Artery.

In front.

Sternum.
Sternohyoid and Sternothyroid muscles.

Remains of the thymus gland.

Left innominate and right inferior thyroid veins.

Inferior cervical cardiac branch from right vagus nerve.

Right side.

Right innominate vein.

Right vagus nerve.

Pleura.

Left side.

Remains of thymus.
Left carotid.

Left inferior thyroid vein.

Trachea.

Behind.

Trachea.

Right pleura.

Branches.—The innominate usually gives off no branches, but occasionally
small branch, the thyroidea ima, is given off from this vessel. It also sometime
gives off a thymic or bronchial branch.

The thj^^oidea ima (a. thyroidea ma), which is occasionally present, ascends il

front of the trachea to the lower part of the thyroid body, which it supplies. A.
varies greatly in size, and appears to compensate for the deficiency or absence of

one of the other thyroid vessels. It occasionally is found to arise from the right

common carotid or from the aorta, the subclavian, or internal mammary vessels.

Applied Anatomy.—^Ligation of the innominate artery is an extremely grave operatioi
This was first done by Mott. The " operation of choice " seems to be that done by Burrell. "At
incision is made at the anterior edge of the right Sternomastoid muscle, extending from the lev«

of the cricoid cartilage to two inches below the upper border of the sternum. From this poiff

another incision, extendiiig outward four inches in length to the junction (right) of the outfl
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and middle thirds of the clavicle. The skin flap with the fascia and Platysma muscle is turned

i lack. The Sternomastoid is severed close to its insertion into clavicle and sternum. The Sterno-

vroid, Sternohyoid, and Omohyoid are also divided." The sternoclavicular joint and the

. .:ht side of the manubrium are honeycombed by means of a surgical engine or trephine. A
flat retractor is slid underneath the joint while the trephining is done to protect the underlying

parts. The block of bone is now removed. The right and left innominate veins going down
to form the superior vena cava, with the vagus and right recurrent laryngeal nerves resting on

the innominate artery, are all plainly to be seen. The sheath of the innominate artery is now
opened and a ligature is applied. Burrell states that the exposure which is given by the removal

of a part of the sternum is extremely satisfactory, and he fails to understand how a ligature

can be applied to the iimominate artery with any safety without a clear view of the anatomical

structures involved.

Peculiarities in Point of Division.—^^'hen the bifurcation of the innominate arten,* varies

from the point above mentioned it sometimes ascends a considerable distance above the sternal

Old of the clavicle; less frequently it divides below it. In the former class of cases its length

mav exceed two inches, and in the latter be reduced to an inch or less. These are points of con-

siderable interest for the surgeon to remember in connection with the operation of tying this

vessel. ^
-

Position.—\^'hen 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 ligation of the innominate arter}', by tying

and dividing that artery, after which, he says, " Even coarse injection, impelled into the aorta,

passes freely by the anastomosing branches into the arteries of the right arm, filling them and

all the vessels of the head completely." * The branches by which this circulation would be

carried on are ver\' 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 anastomosis between the superior intercostal of

the subclavian and the first aortic intercostal (see page 654 on the collateral circulation after ob-

literation of the thoracic aorta) would bring the blood, by a free and direct coiu-se, into the right

subclavian; the numerous connections, also, between the intercostal arteries and the branches

of the axillar}' and internal mammary arteriej would, doubtless, assist in the supply of blood to

the right arm, while the deep epigastric, from the external iliac, would, by means of its anasto-

mosis with the internal mammary, compensate for any deficiency in the va.scularity of the wall

of the thorax.

ARTERIES OF THE HEAD AND NECK.

The chief arterA' which supplies the head and neck on each side is the common
carotid; it ascends in the neck and divides into two branches: (1) The external

carotid, supplying the superficial parts of the head and face and the greater part

of the neck; (2) the internal carotid, supplying to a great extent the parts within

the cranial cavity.

THE COMMON CAROTID ARTERY (A. CAROTIS COMMUNIS) (Figs. 428, 429).

The common carotid arteries differ in length and in their mode of origin. The
right common carotid (a. carotis communis dextra) begins at the bifurcation of the

innominate artery, behind the right sternoclavicular articulation, and is confined

to the neck. The left common carotid (a. carotis communis sinistra) arises from
the highest part of the arch of the aorta to the left of and on a plane posterior to

the innominate artery, and therefore consists of a thoracic and a cervical portion.

The thoracic portion of the left common carotid artery ascends from the arch of

the aorta through the superior mediastinum to the level of the left sternoclavicular

joint, where it continues as the cenical portion.

Relations.

—

In froni, it is separated from the first piece of the sternum by the Sternohyoid
and Sternoth^Toid muscles, the anterior portions of the left pleura and lung, the left innominate
vein, and the remains of the thymus gland; behind, it lies on the trachea, oesophagus, thoracic

> Surgical Anatomy of the Head and Neck, p. 62.
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duct, and the left recurrent laryngeal nerve. To its ricjJd side, it is in relation with the innomi-

nate artery, inferior thyroid veins, and remains of the thymus gland. To its left side, with the

left vagus nerve, left pleura, and left lung. The left subclavian artery is posterior and slightly

external to it.

Plan of the Relations of the Left Common Caroth).
Thoracic Portion.

In front.

Sternum.

Sternohyoid and Sternothyroid muscles.

Left innominate vein.

Remains of the thymus gland.

Internally.

Innominate artery.

Inferior thyroid veins.

Remains of the thymus gland.

Externally.

Left vagus nerve.

Left pleura and lung.

Left subclavian artery.

Behind.

Trachea.
Esophagus.
Thoracic duct.

Left recurrent laryngeal nerve.

The cervical portions of the two common carotids resemble each other so closely

that one description will apply to both. Each vessel passes obliquely upward

from behind the sternoclavicular articulation to a level with the upper border of

the thyroid cartilage, opposite the fourth cervical vertebra, where it divides into

the external and internal carotid arteries.

At the lower part of the neck the two common carotid arteries are separated

from each other by a small interval, which contains the trachea; but at the upper

part, the thyroid body, the larynx, and pharynx project forward between the two

vessels, and give the appearance of their being placed farther back in this situa-

tion. The common carotid artery is contained in a sheath derived from the

deep cervical fascia, which also encloses the internal jugular vein and vagus nerve,

the vein lying on the outer side of the artery, and the nerve between the artery

and vein, on a plane posterior to both. On opening the sheath these three struc-

tures 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 integument, superficial fascia, Platysma, and deep cervical fascia, the

Sternomastoid, Sternohyoid, and Sternothyroid muscles, and by the Omohyoid, opposite the

cricoid cartilage; but in the upper part of its course, near its termination, it is more superficial,

being covered merely by the integument, the superficial fascia, Platysma, deep cervical fascia,

and inner margin of the Sternomastoid, and, when the latter is drawn backward, it is seen to

be contained in a triangular space, bounded behind by the Sternomastoid, above by the pos-

terior belly of the Digastric, and below by the anterior belly of the Omohyoid. This part of

the artery is crossed obliquely, from within outward, by the sternomastoid artery; it is crossed

also by the superior and middle thyroid veins, which terminate in the internal jugular; and,

descending on its sheath in front, is seen the descendens hypoglossi nerve, this filament bemg
joined by one or two branches from the cervical nerves, which cross the vessel from without

inward. Sometimes the descendens hypoglossi is contained within the sheath. The middle

thyroid vein crosses the artery about its middle, and the anterior jugular vein below; the latter,

however, is separated from the artery by the Sternohyoid and Sternothyroid muscles. Behind,

the artery is separated from the transverse processes of the vertebrae by the Longus colli and
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Rectus capitis anticus major muscles, the sympathetic cord being interposed between it and
the muscles. The recurrent laryngeal nerve and inferior thvroid artery cross behind the vessel

at its lower part. Internally, it is in relation with the trachea and th_\Toid gland, the latter

overlapping it, the inferior th\Toid artery and recurrent laryngeal nerve being interposed; higher

up, with the lar\Tix and pharynx. On its outer side are placed the internal jugular vein and
vagus nerve. At the lower part of the neck the internal jugular vein on the right side diverges

Fig. 435.— Applied anatomy of the arteries of the neck, showing the o„ ,.^ ^...v^ ^ubcla^•iaIl arteries.^

from the artery, but on the left side it approaches it, and often overlaps 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 arter\-. In this r^on the relation which the right and left recurrent
laryngeal nerves bear to the arteries is not identical. The left recurrent laryngeal nene lies

behind the thoracic portion of the left common carotid artery and internal to the cervical portion
of the vessel. The right nerve passes obliquely upward and inward behind the right common
carotid to reach its inner side.

> The hypoglossal nerve is not rightly placed in this drawing. It fonns the upper side of a triangle, the two
lower sides of which are the two bellies of the Diga-stric. The lingual artery would then run under the Hyoglossus
muscle, below the hypoglossal nerve. (.See Fig. 437.)
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Plan of the Relations of the Common Carotid Artery.

Integument and superficial fascia.

Deep cervical fascia.

Platysma.

Sternomastoid.

Sternohyoid.

Sternothyroid.

Externally.

Internal jugular vein.

Vagus nerve.

In front.

Longus colli.

Behind.

Rectus capitis anticus major.

Recurrent laryngeal nerve.

Omohyoid.
Descendens and communicans hypoglossi

nerves.

Sternomastoid artery.

Superior and middle thyroid veins.

Anterior jugular vein.

Internally.

Trachea.
Thyroid gland.

Recurrent laryngeal nerve.

Inferior thyroid artery.

Larynx.
Pharynx.

Sympathetic cord.

Inferior thyroid artery.

^ On the posterior aspect of the angle of bifurcation of the common carotid is a reddish-brown

val body known as the carotid gland. (See Ductless Glands.)

Peculiarities as to Origin.—The right common carotid may arise above or below the upper
border of the sternoclavicular articulation. This variation occurs in one out of about eight

cases and a half, and the origin is more frequently below than above; or the artery may arise

as a separate branch from the arch of the aorta or in conjunction with the left carotid. The
left common carotid varies more frequently in its origin than the right. In the majority of abnor-

mal cases it arises with the innominate artery, or, if the innominate artery is absent, the two
carotids arise usually by a single trunk. It rarely joins with the left subclavian, except in cases

of transposition of the arch.

Peculiarities as to Point of Division.—In the majority of abnormal cases this occurs higher

than usual, the artery dividing into two branches opposite the hyoid bone, or even higher; more
rarely it occurs below, opposite the middle of the larynx or the lower border of the cricoid car-

tilage; and one case is related by Morgagni where the common carotid, only an inch and a

half in length, divided at the root of the neck. Very rarely the common carotid ascends in the

neck without any subdivision, the internal carotid being wanting; and in a few cases the com-
mon carotid has been found to be absent, the external and internal carotids arising directly

from the arch of the aorta. This peculiarity existed on both sides in some instances, on one
side in others.

Occasional Branches.—Each common carotid usually gives off no branch previous to its

bifurcation; but it occasionally gives origin to the superior thyroid or its laryngeal branch, the

ascending pharyngeal, the inferior thyroid, or, more rarely, the vertebral artery.

Surface Marking.—The course of each common carotid artery is indicated by a line drawn
from the sternal end of the clavicle below, to a point midway between the angle of the mandible

and the mastoid process above. That portion of the line below the level of the upper border

of the thyroid cartilage would represent the course of the vessel.

Applied Anatomy.—The operation of tying the common carotid artery may be necessary

in a case of wound of that vessel or its branches, in aneurism, or in a case of pulsating tumor of

the orbit or skull. If the wound involves the trunk of the common carotid, it will be necessary

to tie the artery through the wound above and below the wounded part. If the wound is too

small to admit of safe and rapid work it must be enlarged. In cases of aneurism, or where one

of the branches of the common carotid is wounded in an inaccessible situation, 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, in the great majority of cases, the internal jugular

vein passes obliquely in front of it. Neither should the upper end be selected, for here the

superior thyroid vein and its tributaries would give rise to very considerable difficulty in the appli-

cation of a ligature. The point most favorable for the operation is that part of the vessel which

is at the level of the cricoid cartilage. It occasionally happens that the carotid artery bifurcates
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below its usual position; if the anen' 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 with the diseased area.

Ligation of the Carotid at the Level of the Cricoid Cartilage (Ligation in the Triangle

of Election).^—The triangle of election is boimded posteriorly by the anterior edge of the Ster-

nomastoid; is bounded abore by the posterior belly of the Digastric; is bounded below by
the anterior belly of the Omohyoid. In this operation the direction of the vessel and the

inner margin of the Sternomastoid are the chief guides to its performance. The patient should

be placed on his back with the head thrown back and turned slightly to the opposite side; an
incision is to be made, three inches long, in the direction of the anterior border of the Sterno-

mastoid, so that the centre corresponds to the level of the cricoid cartilage; after diWding the

integument, superficial fascia, and Platysma, 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 fon^ard so as to relax the parts somewhat, and the margins of the wound are

held asunder by retractors. The descendens h_\'poglossi nerve may now be exposed, and must
be avoided, and, the sheath of the vessel ha\-ing been raised by forceps, is to be opened to a small

extent over the artery at its inner side. The internal jugular vein may present itself altematelv

distended and relaxed; this should be compressed both above and below, and drawn outward,
in order to faciUtate the operation. The aneurism needle is passed from the outside, care

being taken to keep the needle in close contact with the arter}-, and thus avoid the risk of injuring

the internal jugular vein or including the vagus nene. Before the ligature is tied it should be
ascertained that nothing but the artery is included in it.

Ligation of the Common Carotid at the Lower Part of the Neck (Ligation in the Triangle

of Xecesgiti/).^—The triangle of necessity is bounded above by the anterior belly of the Omo-
hyoid; is bounded behind by the anterior margin of the Sternomastoid; is bounded in front
by the mid-line of the neck. This of>eration is sometimes required in cases of aneurism of the
upper part of the carotid, esjjecially lif the sac is of large size. It is best performed by di^•iding

the sternal origin of the Sternomastoid muscle, but may be done in some cases, if the aneurism
is not of xerv large size, by an incision along the anterior border of the Sternomastoid, extending
down to the stemoclaricular articulation, and by then retracting the muscle. The easiest and
best plan, however, is to make an incision two or three inches long down the lower part of the
anterior border of the Sternomastoid muscle to the stemocla\-icular joint, and a second incision,

starting from the termination of the first, along the upp)er border of the clavicle for about two
inches. This incision is made through the superficial and deep fascia, and the sternal origin
of the muscle is exposed. This is to be divided on a director, and turned up, with the super-
ficial structures, as a triangular flap. Some loose connective tissue is to be divided or torn
through, and the outer border of the Sternohyoid muscle exposed. In doing this care must
be taken not to wound the anterior jugular vein, which crosses the muscle to reach the external
jugular or subclavian vein. The Sternohyoid, and with it the Sternoth}Toid, are to be drawn
inward by means of a retractor, and the sheath of the vessel is exposed. This must be opened
with great care on its inner or tracheal side, so as to avoid the internal jugular vein. This is

especially necessary on the left side, where the artery is commonly overlapped by the vein.
On the right side there is usually an interval between the artery and the vein, and not the same
risk of wounding the latter.

The common carotid artery, being a long vessel without any branches, is particularly suitable
for the performance of Brasdor's operation for the cure of an aneurism of the lower part of the
vessel. Brasdor's procedure consists in ligating the arter\' on the distal side of the aneurism,
and in the case of the common carotid there are no branches given off from the vessel between
the aneurism and the site of the ligature; hence, the flow of blood through the sac of the aneurism
is diminished, and cure takes place in the usual way, by the deposit of laminated fibrin.

Collateral Circulation.—After ligation of the common carotid the collateral circulation can
l>e 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 thvroid from the external
carotid and the inferior th\Toid from the subclavian, the profunda cer\-icis from the subcla\-ian
and the superior intercostal with the arteria princeps cervicis of the occipital; the vertebral
taking the place of the internal carotid within the cranium.

' For description of the triangles of the neck, see page 602.
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The External Carotid Artery (A. Carotis Externa) (Figs. 434, 435).

The external carotid artery commences opposite the upper border of the thyroid

cartilage, and, taking a slightly curved course, passes upward and forward, and
then inclines backward to the space between the neck of the condyle of the man-
dible and the external meatus, where it divides into the superficial 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 origin this artery is more superficial and
placed nearer the middle line than the internal carotid, and is contained in the

triangular space bounded by the Sternomastoid behind, the anterior belly of the

Omohyoid below, and the posterior belly of the Digastric and the Stylohyoid

above (i. e., the superior carotid triangle).

Relations.—^It is covered by the skin, superficial fascia, Platysma, deep fascia, and anterior

margin of the Sternomastoid, and is crossed by the hypoglossal nerve, and by the lingual and
facial veins; it is afterward crossed by the Digastric and Stylohyoid muscles, and higher up
passes deeply into the substance of the parotid gland, where it lies beneath the facial nerve and
the junction of the temporal and internal maxillary veins. Internally is the hyoid bone, wall

of the pharynx, the superior laryngeal nerve, and the ramus of the mandible, from which it is

separated by a portion of the parotid gland. Externally, in the lower part of its course, is the

internal carotid artery. Behind it, near its origin, is the superior laryngeal nerve; and higher up,

it is separated from the internal carotid by the Styloglossus and Stylopharyngeus muscles, the

glossopharyngeal nerve, and part of the parotid gland.

Plan of the Relations of the External Carotid.

In front.

Skin, superficial fascia.

Platysma and deep fascia.

Anterior border of Sternomastoid.

Hypoglossal nerve.

Lingual and facial veins.

Digastric and Stylohyoid muscles.

Parotid gland with facial nerve and temporomaxillary

vein in its substance.

Internally.

Hyoid bone.

Pharynx.
Superior laryngeal nerve.

Parotid gland.

Ramus of mandible.

Externally.

Internal carotid artery

{lower part).

Behind.

Superior laryngeal nerve.

Styloglossus.

Stylopharyngeus.

Glossopharyngeal nerve.

Parotid gland.

Surface Marking.—The position of the external carotid artery may be marked out with

sufficient accuracy by a line drawn from the front of the meatus of the external ear to the side

of the cricoid cartilage, slightly arching the median line.

Applied Anatomy.—The application of a ligature to the external carotid may be required

in case of wounds of this vessel, or of its branches when these cannot be tied, and in some cases

of pulsating tumor of the scalp or face. The operation has not received the attention which it
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deserves, owing to the fear which surgeons have entertained of secondary hemorrhage, on account
of the number of branches given off from the vessel. This fear, however, has been shown by
Mr. Cripps not to be well founded.' Ligation is often very useful as a means of preventing
excessive hemorrhage in operations about the face, jaws, and mouth. It is sometimes employed
with the hope of lessening the growth of tumors by cutting off the blood supply, but ligation is

useless for this purpose. | Ligation of one external carotid artery arrests the circulation for only
a brief period, and within a very few days the circulation is practically freely reestablished.%

This result is seen to be inevitable when we recall the numerous branches of the external carotid,

their free anastomoses, and the fact that a very great number of extremely minute vessels in

the middle line join the external carotid system of one side to that of the other side. Robert
H. ^L Dawbarn points out that ligation of both external carotids produces only temporary
anemia, for "inside of a week or ten days thereafter the pulse can again be felt in the temporals
and facials upon both sides."' Dawbarn points out that even after excision of the external
carotids, with separate ligation of each of the eight branches, blood can still reach the nose, \

tongue, etc., from outside systems by twenty-nine distinct routes. Whereas ligation of even both 1

carotids will not prevent the growth of a malignant tumor, excision of each external carotid, 1

with separate control of its eight branches, will sometimes prove of great value in retarding the 1

progress of a growth. It "starves" the growth and may cause it to shrink (Dawbarn's oper- /

ation). To tie the external carotid near its origin, below the point where it is crossed by the /

Digastric, an incision about three inches in length should be made along the margin of the Sterno- /
mastoid, from the angle of the mandible to the upper border of the thjToid cartilage. The ligature /

should be applied between the lingual and superior thjToid branches. To tie the vessel above /
the Digastric, between it and the parotid gland, an incision should be made, from the lobe of the

'

ear to the greater cornu of the hyoid bone, dividing successively the skin, Platysma, and fascia.

By drawing the Sternomastoid outward, the posterior belly of the Digastric and Stylohyoid
muscles downward, and separating them from the parotid gland, the vessel will be exposed,
and a ligature may be applied to it. The circulation is at once reestablished by the free com-
munication between most of the large branches of the artery (facial, lingual, superior thyroid,
occipital) and the corresponding arteries of the opposite side and by the anastomosis of its

branches with those of the internal carotid, and of the occipital with the branches of the sub-
clavian, etc.

Branches.—The external carotid artery gives off eight branches, which, for

convenience of description, may be divided into four sets. (See Fig. 436, Plan of

the Branches.)

Anterior.

Superior Th}Toid.

Lingual.

Facial.

Posterior.

Occipital.

Posterior Auric-

ular.

Ascending.

Ascending Phar-

yngeal.

Terminal.

Superficial Temporal,
Internal Maxillary.

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.

1. The superior thyroid artery (a. thyroidea superior) (Figs. 435 and 436)
arises from the external carotid artery, just below the greater cornu of the hyoid
bone, and terminates in the thyroid gland.

Relations.—From its origin under the anterior border of the Sternomastoid it runs upward
and forward for a short distance in the superior carotid triangle, where it is covered by the
integument, fascia, and Platysma; it then arches downward and forward beneath the Omo-
hyoid, Sternohyoid, and Sternothyroid muscles. To the inner side are the Inferior constrictor
of the pharynx and the external branch of the lar^^lgeal nerve. It distributes numerous branches
to the upper part of the gland, anastomosing with its fellow of the opposite side and with the
inferior thvToid arteries. The terminal branches supplying the gland are generally two in
number; one, the largest, the anterior branch (ramus anteriar), descends at the anterior border
of the lateral lobe of the gland, reaches the upper border of the isthmus, and then passes in the
suVjstance of the isthmus to the middle line of the neck, where it anastomoses with the corre-
sponding artery of the opposite side; the posterior branch {ramus posterior) descends along

" Med.-Chir. Trans., Ixi, 229.
' The Treatment of Certain Malignant Growths.
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the posterior border of the lateral lobe of the gland, the anterior and posterior branches anasto-

mose with each other and with branches of the inferior thyroid, and both of them send branches

to the thjToid gland {rami glandidares). Besides the arteries distributed to the muscles by

which it is covered and to the substance of the gland.

Branches.—The branches. of the superior thyroid are the^following:

Infrahyoid.

Sternomastoid.

Superior Laryngeal.

Cricothyroid.

The infrahyoid branch {ramus hyoideus) is small, and runs along the lower border

of the hyoid bone beneath the Thyrohyoid muscle; after supplying the muscles

connected to that bone, it forms an arch, by anastomosing with the vessel of the

opposite side.

The sternomastoid branch (ramus stemocleidorrmstoideus) runs downward and out-

ward across the sheath of the common carotid artery, and supplies the Sterno-

mastoid and neighboring muscles and integument. There is frequently a separate

branch from the external carotid distributed to the Sternomastoid muscle.

The superior larsmgeal (a. laryngea superior), larger than either of the preceding,

accompanies the internal branch of the superior laryngeal nerve, beneath the

Thyrohyoid muscle; it pierces the thyrohyoid membrane, and supplies the muscles,

mucous membrane, and glands of the larynx, anastomosing with the branch from

the opposite side.

The cricothyroid (ramus cricothyreoideus) is a small branch which runs trans-

versely across the cricothyroid membrane, and communicates with the artery of

the opposite side.

Applied Anatomy. — The superior thyroid, or one of its branches, is often divided in

cases of cut throat, giving rise to considerable hemorrhage. In such cases the artery should

be secured, the wound being enlarged for that pur-

pose, 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 superior

and inferior thyroid arteries of the involved side are

ligated before extirpating a goitrous lobe of the

thyroid gland.

The position of the superficial descending branch

is of importance in connection with the operation ofj

ligation of the common carotid artery. It crosse

and lies on the sheath of this vessel, and may
wounded in opening the sheath. The position of

the cricothyroid branch should be remembered, as it

may prove the source of troublesome hemorrhag

during the operation of laryngotomy. In performing*

the operation of quick laryngotomy the cricothyroid

membrane should be incised transversely in order

to avoid this vessel.

2. The lingual axtery (a. lingualis) (Figs.

435 and 436) arises from the external carotid

between the superior thyroid and facial; it

first runs obliquely upward and inward to the

great cornu of the hyoid bone; it then curves

downward and forward, forming a loop which

is crossed by the hypoglossal nerve, and pass-

ing beneath the Digastric and Stylohyoid muscles, it runs horizontally forward,

beneath the Hyoglossus, and finally, ascending almost perpendicularly to the

tongue, turns forward on its under surface as far as the tip, under the name of

the ranine artery.

Fig. 437.—Showing the relation of the
lingua] artery and hypoglossal nerve. Leaser's
triangle is bounded above by the nerve, below
by the posterior belly of the Digastric, and in
front by the posterior border of the Mylohyoid,
indicated by a solid line. The floor of the
triangle is occupied by the Hyoglossus.
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Relations.—Its first, or oblique, portion is superficial, being contained in the same triangular

space as the superior thyroid artery, resting upon the Middle constrictor of the phar\-nx, and

covered by the Platysma and fascia of the neck. Its second, or curved, portion also Ues upon the

Middle constrictor," being covered at first by the tendon of the Digastric and the Stylohyoid

muscle, and afterward by the Hyoglossus, the latter muscle separating it from the hypoglossal

nerve. Its third, or horizontal, portion lies between the Hyoglossus and (xeniohyoglossus

muscles. The fourth, or terminal, part, under the name of the ranine, runs along the under

surface of the tongue to its tip; it is very superficial, being covered only by the mucous mem-
brane, and rests on the Lingualis on the outer side of the Geniohyoglossus. The hypoglossal

nerve crosses the lingual artery, and then becomes separated from it, in the second part of its

course, by the Hyoglossus muscle.

Branches.
—

^The branches of the lingual artery are the

Suprahyoid. Sublingual.

Dorsalis Linguae. ^ Ranine.

The suprahyoid branch (ramus hyoideus) runs along the upper border of the

hyoid bone, supplying the muscles attached to it and anastomosing with its fellow

of the opposite side.

The dorsalis linguae {ramus dorsalis linguae) (Fig. 496) arises from the lingual

artery beneath the Hyoglossus muscle; it ascends to the back of the dorsum of

the tongue, and supplies the mucous membrane, the tonsil, soft palate, and
epiglottis, anastomosing with its fellow from the opposite side. This artery is

frequently represented by two or three small branches.

The sublingual (a. sublingualis), which may be described as a branch of bifur-

cation of the lingual artery, arises at the anterior margin of the Hyoglossus muscle,

and runs forward between the Geniohyoglossus and the sublingual gland. It

supplies the substance of the gland, giving branches to the Mylohyoid and neigh-

boring muscles, the mucous membrane of the mouth and gums. One branch runs

behind the alveolar process of the mandible in the substance of the gum to anas-

tomose with a similar artery from the other side.

The ranine, or deep lingual (a. profunda linguae), may be regarded as the other

branch of bifurcation. It is usually described as the continuation of the lingual

artery; it runs along the under surface of the tongue, resting on the Inferior lin-

gualis, and covered by the mucous membrane of the mouth; it lies on the outer side

of the Geniohyoglossus, accompanied by the lingual nene. On arriving at the

tip of the tongue it is said to anastomose with the artery of the opposite side, but

this is denied by Hyrtl. In the mouth these vessels are placed one on either side

of the frenum.

Applied Anatomy.—The lingual artery may be di\-ided near its origin in cases of cut throat,

a complicaiion that not infrequently happens in this class of wounds; or severe hemorrhage
which cannot be restrained by ordinary means may ensue from a wound or deep ulcer of the

tongue. In the former case the primary wound may be enlarged if necessary, and the bleeding

vessels secured. In the latter case it has been suggested that the lingual artery should be tied

near its origin. Ligation of the lingual artery is also occasionally practised, as a palliative

measiu-e, in cases of cancer of the tongue, in order to check the progress of the disease by starving

the growth and it is often tied as a preliminary measure to removal of the tongue. The operation

is a somewhat difficult one, on accoimt of the depth of the artery, the number of important
structures 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 in a curved direc-

tion from a point one finger's breadth external to the symphysis of the mandible downward to the

cornu of the hyoid bone, and then upward to near the angle of the mandible. Care must be taken
not to carry this incision too far backward, for fear of endangering the facial vein. In the first

incision the skin, superficial fascia, and Platysma will be divided, and the deep fascia exposed.
The deep fascia is then to be incised, and the submaxillar^' gland exposed and pulled upward by
retractors. A triangular space is now exposed. Lesser s triangle (Fig. 437), bounded internally

by the posterior border of the Mylohyoid muscle; below and externally, by the tendon of the

Digastric; and above, by the hypoglossal nerve. The floor of the space is formed by the
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Hyoglossus muscle, beneath which the arterv Hes. The fibres of this muscle are now to be cut

through horizontally and the vessel exposed, care being taken, while near the vessel, not to

open the pharynx.
Troublesome hemorrhage may occur in .the division of the frenum in children if the ranine

arteries, which lie on each side of it, are wounded. The student should remember that the oper-

ation 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 toward the floor of the mouth. Any further liberation of the tongue
which may be necessary can be effected by tearino'.

3. The facial artery (a. maxillaris externa) (Figs. 435 and 438) arises a little

above the lingual, and passes obliquely upward, beneath the Digastric and Stylo-

hyoid muscles, and frequently beneath the hypoglossal nerve; it now runs forward

rteria septi nasi,

nor coronary

Inferior coronary.

Inferior labial.

Fig. 438.—The arteries of the face and scalp. The muscle tissue of the lips must be supposed to have been
cut away, in order to show the course of the coronary arteries.

under cover of the body of the mandible, lodged in a groove on the posterior surface

of the submaxillary gland; this may be called the cervical part of the artery. It

then curves upward over the body of the mandible at the anterior inferior angle

of the Masseter muscle; passes forward and upward across the cheek to the angle

of the mouth, then upward along the side of the nose, and terminates at the inner

canthus of the eye, under the name of the angular artery. The facial artery, both

in the neck and on the face, is remarkably tortuous; in the former situation its tor-

tuosity enables it to accommodate itself to the movements of the pharynx in deglu-

tition, and in the latter to the movements of the mandible and the lips and cheeks.
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Relations.—In the neck its origin is superficial, being covered by the int^ument, Platysma,

and fascia; it then passes beneath the Digastric and StA'lohyoid muscles and part of the sub-

maxillary gland. It lies ujx)n the Middle constrictor of the pharynx, and is separated from

the Styloglossus and Hyoglossus muscles by a portion of the submaxillar^- gland. On ihe face,

where' it passes over the body of the mandible, it is comparatively superficial, lying immediately

beneath the Platysma. In this situation its pulsation may be distinctly felt, and compression

of the vessel against the bone can be effectually made. In its course over the face it is covered

bv the integument, the fat of the cheek, and, near the angle of the mouth, by the Platysma,

Risorius, and Zygomatic muscles. It rests on the Buccinator, the Levator anguli oris, and the

Levator labii superioris (sometimes piercing or else passing under this last muscle). The
facial vein lies to the outer side of the arter}', and takes a more direct course across the face,

where it is separated from the artery by a considerable interval. In the neck it lies superficial

to the arter}'. The branches of the facial nerve cross the artery, and branches of the infra-

orbital nerve lie beneath it.

Branches.—The branches of this vessel may be divided into two sets—those

given oti' l)elow the mandible (cervical), and those on the face (facial).

Cervical Branches. Facial Branches.

Ascending Palatine. Inferior labial.

Tonsillar. Inferior labial coronan'.

Submaxillarv. Superior labial coronary.

Submental. Lateral nasal.

Angular.

Muscular.

The ascending palatine (a. palatine ascendens) passes up between the Styloglossus

and Stylopharyngeus to the outer side of the pharynx, along which it is continued

between the Superior constrictor and the Internal pterygoid to near the base of

the skull. It divides, near the Levator palati, into two branches; one follows

the course of the Levator palati, and, winding over the upper border of the Superior

constrictor, supplies the soft palate and the palatal glands, anastomosing with its

fellow of the opposite side and with the posterior palatine branch of the internal

maxillary artery; the other pierces the Superior constrictor and supplies the tonsil

and Eustachian tube, anastomosing with the tonsillar and ascending pharyngeal

arteries.

The tonsillar branch (ramus tonsillaris) passes up between the Internal pterygoid

and Styloglossus, and then ascends along the side of the pharynx, perforating the

Superior constrictor, to ramify in the substance of the tonsil and root of the tongue.

The submaxillary or glandular branches (rami glandnlares) consist of three or

four large vessels, which supply the submaxillarv gland, some being prolonged to

the neighboring muscles, lymph nodes, and integument.

The submental (a. s^ubmeiitalis) (Fig. 435), the largest of the cervical branches,

is given off from the facial artery- just as that vessel emerges from the submaxillary

gland; it runs forward upon the Mylohyoid muscle, just below the body of the

mandible and beneath the Digastric; after supplying the surrounding muscles,

and anastomosing with the sublingual artery- by branches which perforate the

Mylohyoid muscle, it arrives at the symphysis of the mandible, where it turns

over the border of the mandible and divides into a superficial and a deep branch;

the former passes between the integument and Depressor labii inferioris, supplies

both, and anastomoses with the inferior labial. The deep branch passes between

the latter muscle and the bone, supplies the lip, and anastomoses with the inferior

labial and mental arteries.

The inferior labial (a. labialis inferior) (Fig. 438) passes beneath the Depressor

anguli oris, to supply the muscles and integument of the chin and lower lip, anasto-

mosing with the inferior labial coronary and submental branches of the facial, and
with the mental branch of the inferior dental artery.

38
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The inferior labial coronary (Figs. 438 and 439) is derived from the facial artei

near the angle of the mouth ; it passes upward and inward beneath the Depressor

anguli oris, and, penetrating the Orbicularis oris muscle, runs in a tortuous course

along the edge of the lower lip between this muscle and the mucous membrane,

anastomoses with the artery of the opposite side. This artery supplies the labial

glands, the mucous membrane, and muscles of the lower lip, and anastomoses

with the inferior labial from the facial and the mental branch of the inferior

dental artery.

The superior labial coronary (a. lahialis superior) (Figs. 438 and 439) is larger and

more tortuous in its course than the preceding. It follows the same course along

the edge of the upper lip, lying between the mucous membrane and the Orbicu-

laris oris, and anastomoses with the artery of the opposite side. It supplies the

tissues of the upper lip, and gives off in its course two or three vessels which ascend

to the nose. One, named the inferior artery of the septum, ramifies on the septum

of the nostrils as far as the point of the nose; another, the artery of the ala, 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, anastomosing with

its fellow, the nasal branch of the ophthalmic, the inferior artery of the septum,

the artery of the ala, and the infraorbital.

Fig. 439.'—The labial coronary arteries, the glands of the lips, and the nerves of the right side seen from tKHf
posterior surface after removal of the mucous membrane. (Poirier and Charpy.) i.

The angular artery (a. angularis) is the termination of the trunk of the facial; tii

it ascends to the inner angle of the orbit, embedded in the fibres of the Levator '

labii superioris alaeque nasi, and accompanied by a large vein, the angular vein; >

it distributes some branches on the cheek which anastomose with the infraorbital. I|.

After supplying the lacrimal sac and Orbicularis palpebrarum muscle, the angular

artery terminates by anastomosing with the nasal branch of the ophthalmic artery.

The muscular branches are distributed to the Internal pterygoid and Stylohyoid

in the neck, and to the Masseter and Buccinator on the face.

The anastomoses of the facial artery are very numerous, not only with the

vessel of the opposite side, but, in the neck, with the sublingual branch of the lingual;

with the ascending pharyngeal; and with the posterior palatine, a branch of the

internal maxillary, by its ascending palatine and tonsillar branches; on the face,

with the mental branch of the inferior dental as it emerges from the mental foramen,

with the transverse facial, a branch of the temporal ; with the infraorbital, a branch

of the internal maxillary, and with the nasal branch of the ophthalmic.

Peculiarities.—The facial artery not infrequently arises by a common trunk with the lingui

This vessel is also subject to some variations in its size and in the extent to which it supplies

the face. It occasionally terminates as the submental, and not infrequently supplies the face

PlaL
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only as high as the angle of the mouth or nose. The deficiency is then supplied by enlargement

of one of the neighboring arteries.

Applied Anatomy.—The passage of the facial artery over the body of the mandible would
appear to afford a favorable position for the application of pressure in case of hemorrhage from the

lips, the result either of an accidental wound or during an operation; but its application is useless,

except for a very short time, on account of the free communication of this vessel with its fellow

and with numerous branches from different sources. In a wound involving the lip it is better

to seize the part between the fingers, and evert it, when the bleeding vessel may be at once secured

with pressure forceps. In order to prevent hemorrhage in cases of removal of diseased growths

from the part, the lip should be compressed on each side between the fingers and thumb or by

a pair of specially devised clamp forceps, while the surgeon excises the diseased part. In order

to stop hemorrhage where the lip has been divided in an operation, it is necessary, in uniting

the edges of the wound, to pass the sutures through the cut edges from the skin almost as deep
as the mucous surface; by these means not only are the cut surfaces more neatly and securely

adapted to each other, but the possibility of hemorrhage is prevented by including in the suture

the divided artery. If the suture is, on the contrar^•,

passed through merely the cutaneous portion of the wound,

hemorrhage occurs into the cavity of the mouth. Lastly,

the relation of the angular artery to the lacrimal sac should

be observed, and it will be seen that, as the vessel passes up

along the inner margin of the orbit, it ascends on the

nasal side. In operating ior fistula lacrimalis the sac should

alwavs be opened on its outer side, in order that this vessel

may be avoided.

4. The occipital artery (a. occipitalis) (Figs.

435 and 440) arises from the posterior part of the

external carotid, opposite the facial, near the lower

margin of the Digastric muscle.

Relations.—At its origin it is covered by the posterior

belly of the Digastric muscle and the Stylohyoid muscle,

and the hypoglossal nerve winds around it from behind

forward; higher up, it passes across the internal carotid

artery, the internal jugular vein, and the vagus 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 backward in the

occipital groove on the mastoid portion of the temporal,

being covered by the Sternomastoid, Splenius, Trachelo-

mastoid, and Digastric muscles, and resting upon the

Rectus lateralis, the Superior oblique, and Complexus
muscles; it then changes its course and passes vertically gio^ n^vVlnd th^'brLch^ of^
upward, pierces the fascia which connects the cranial external carotid artery,

attachment of the Trapezius with the Sternomastoid, and
ascends in a tortuous course over the occiput, as high as the vertex, where it divides into

numerous branches. It is accompanied in the latter part of its course by the great occipital

nerve, and occasionally by a cutaneous filament from the suboccipital nerve.

Branches.—^The branches given off from this vessel are:

Muscular. Meningeal or dural.

Sternomastoid. Mastoid.

Auricular. Arteria princeps cervicis.

Cranial branches.

The muscular branches (rami muscvlares) sup^ply the Digastric, Stylohyoid,

Splenius, and Trachelomastoid muscles.

The sternomastoid (a. sternocleidomasioidea) is a large and constant branch,
generally arising from the artery close to its commencement, but sometimes spring-

ing directly from the external carotid. It first passes downward and backward
over the hN-poglossal nerve, and enters the substance of the muscle in company
with the spinal accessory nerve.

DCSCCNDI
BRANCH OF.

HYPOGLOSSAL
NERVE
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The auricular branch (ramus auricularis) supplies the back part of the concha.

It frequently gives off a branch, which enters the skull through the mastoid foramen

and supplies the dura, the diploe, and the mastoid cells.

The meningeal or dural branch [ramus meningeus) ascends with the internal

jugular vein, and enters the skull through the foramen lacerum posterius, or

through the anterior condylar foramen, to supply the dura in the posterior fossa.

The mastoid branch (ramus mastoideus) is a small vessel, by no means constant.

It passes into the skull through the mastoid foramen and is distributed upon the

dura of the posterior fossa.

The arteria princeps cervicis (ramus desceridens), the largest branch of the

occipital, descends along the back part of the neck and divides into a superficial

and a deep branch. The superficial branch runs beneath the Splenius, giving off

branches which perforate that muscle to supply the Trapezius, and then anasto-

mose with the superficial cervical artery, a branch of the transversalis colli; the

deep branch passes beneath the Complexus between it and the Semispinalis colli,

and anastomoses with branches from the vertebral and with the deep cervical

artery, a branch of either the superior intercostal or the subclavian. The
anastomosis between these vessels helps to establish the collateral circulation

after ligation of the carotid or subclavian artery.

The cranial branches (rami occipitales) 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 auricula

and temporal arteries. They supply the back part of the Occipitofrontalis muse
the integument, and pericranium.

5. The posterior auricular artery (a. au/ricularis posterior) (Figs. 436 and 4c

is a small vessel which arises from the external carotid, above the Digastric an(

Stylohyoid muscles, opposite the apex of the styloid process. It ascends, unck

cover of the parotid gland, on the styloid process of the temporal bone, to

groove between the cartilage of the ear and the mastoid process, immediate

above which it divides into its two terminal branches, the auricular and masto^

Just before arriving at the mastoid process, this artery is crossed by the faci

nerve, and has beneath it the spinal accessory nerve.

Branches.—Besides several small branches to the Digastric, Stylohyoid, a^

Sternomastoid muscles and to the parotid gland, this vessel gives off three branche

Stylomastoid. Auricular. Mastoid.

The stylomastoid branch (a. stylomastoidea) enters the stylomastoid foramei

and supplies the tympanum, mastoid cells, and semicircular canals. In the young

subject a branch from this vessel forms, with the tympanic branch from the in-

ternal maxillary, a vascular circle, which surrounds the tympanic membrane,

and from which delicate vessels ramify on that membrane. It anastomoses with

the petrosal branch of the middle meningeal artery by a twig, which enters the

hiatus Fallopii.

The auricular branch (ramus auricularis), one of the terminal branches, ascends

behind the ear, beneath the Retrahens aurem muscle, and is distributed to the back

part of the cartilage of the ear, upon which it ramifies minutely, some branches

curving around the margin of the fibrocartilage, others perforating it, to supply

its anterior surface. It anastomoses with the posterior branch and also with the

anterior auricular branches of the superficial temporal.

The mastoid branch (ramus mastoideus) passes backward, over the Sternomastoid

muscle, to the scalp above and behind the ear. It supplies the posterior belly of

the Occipitofrontalis muscles and the scalp in this situation. It anastomoses

with the occipital artery.
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6. The ascending pharjmgeal artery (a. j^haryngea ascendens) (Figs. 435 and

436), the smallest branch of the external carotid, is a long, slender vessel, deeply

seated in the neck, beneath the other branches of the external carotid and the

Stvlopharyngeus 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 phannx, to the under surface of the base of the skull,

Iving on the Rectus capitis anticus major muscle.

Branches.—Its branches may be subdivided as follows:

I
Prevertebral. Palatine.

Pharyngeal. Tympanic.
Meningeal or dural.

The prevertebral branches are numerous small vessels which supply the Recti

capitis antici and Longus colli muscles, the sympathetic, h^'poglossal, and vagus

nerves, and the lymph nodes. They anastomose with the ascending cervical

artery, a branch of the inferior thyroid.

The pharjmgeal branches (rami pharyngei) are three or four in number. Two
of these descend to supply the Middle and Inferior constrictors and the Stylo-

pharyngeus, ramifying in the substance of the muscles and in the submucous

tissue of the mucous membrane lining them.

The palatine branch varies in size, and may take the place of the ascending

palatine branch of the facial artery, when that vessel is small. It passes inward

upon the Superior constrictor, and sends ramifications to the soft palate and tonsil,

and supplies a branch to the Eustachian tube.

The tympanic branch (a. tympanica inferior) is a small artery which passes

through a minute foramen in the petrous portion of the temporal bone, in com-
pany with the tympanic branch of the glossopharyngeal nerse to supply the inner

wall of the tympanum and anastomose with the other tympanic arteries.

The meningeal or dural branches consist of several small vessels, which pass

through foramina in the base of the skull, to supply the dura. One, the posterior

meningeal or postdural (a. meningea posterior), enters the cranium through the

foramen lacerum posterius; a second passes through the foramen lacerum medium;
and occasionally a third through the anterior condylar foramen.

Applied Anatomy.—The ascending pharyngeal artery has been wounded from the throat*

as in the case in which the stem of a tobacco-pipe was driven into the vessel, causing fatal hemor-
rhage. After removal of the tonsil there is sometimes severe bleeding. This is almost never

due to wounding of the internal carotid artery, as the latter vessel, if normally placed, is too

far away to be damaged. The bleeding comes from the branches of the ascending pharyngeal,

tonsillar, or ascending palatine arteries.

7. The superficial temporal artery (a. temporalis superficialis) (Figs. 435 and
438), 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, behind the neck of the mandible, and crosses over the posterior

root of the zygoma, passes beneath the Attrahens aurem muscle, lying on the tem-
poral fascia, and divides, about two inches above the zygomatic arch, into two
branches, an anterior and a posterior. This vessel is accompanied by the auriculo-

temporal nene.

Relations.—The superficial temporary artery, as it crosses the zygoma, is covered by the
Attrahens aurem muscle, and by a dense fascia given off from the parotid gland; it is crossed
by the temporofacial division of the facial nerve and one or two veins, and is accompanied by
the auriculotemporal nerve, which lies behind it.
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Besides some twigs to the parotid gland, the articulation of the mandible, an(

the Masseter muscle, its branches are:

Transverse facial. Anterior auricular.

Middle temporal. Anterior temporal.

Orbital. Posterior temporal.

The transverse facial branch (a. transversa faciei) is given off from the tern'

poral before that vessel quits the parotid gland; running forward through i

substance, it passes transversely across the face, between the parotid duct ani

the lower border of the zygoma, and divides on the side of the face into numerou
branches, which supply the parotid gland, the Masseter muscle, and the integu

ment, anastomosing with the facial, masseteric, and infraorbital arteries. Thi
vessel rests on the Masseter, and is accompanied by one or two branches of t

facial nerve. It is sometimes a branch of the external carotid.

The middle temporal artery (a. temporalis media) arises immediately abovj

the zygomatic arch, and, perforating the temporal fascia, gives branches to thi

Temporal muscle, anastomosing with the deep temporal branches of the interni

maxillary. It occasionally gives off an orbital branch, which runs along the upp
border of the zygoma, between the two layers of the temporal fascia, to the out

angle of the orbit. This branch, which may arise directly from the superficii

temporal artery, supplies the Orbicu4aris palpebrarum, and anastomoses wi
the lacrimal and palpebral branches of the ophthalmic artery.

The orbital artery (a. zygomaticoorhitalis) comes off from the temporal jui

above the zygoma and is distributed to the upper orbital margin.

The anterior auricular branches (rami auriculares anteriores) are distributed

the anterior portion of the pinna, the lobule, and part of the external meatui

anastomosing with branches of the posterior auricular.

The anterior temporal runs tortuously upward and forward, to the forehea

supplying the muscles, integument, and pericranium in this region, and anast

moses with the supraorbital and frontal arteries. The terminal portion of t

anterior branch is called the frontal artery (ramus frontalis).

The posterior temporal, larger than the anterior, curves upward and backwa
along the side of the head, lying superficial to the temporal fciBcia, and inosculat

with its fellow of the opposite side, and with the posterior auricular and occipit

arteries. The terminal portion of the posterior branch is named the parie

artery (ramus parietalis).

Applied Anatomy.—The temporal artery, as it crosses the zygoma, lies immediately beneat

the skin, and its pulsations may be readily felt during the administration of an anesthetic,

under circumstances where the radial pulse is not available; or it may be easily compresse

against the bone in order to check bleeding from the temporal region of the scalp. When a flaj

is raised from this part of the head, as in the operation of trephining, the incision should be

shaped like a horseshoe, with its convexity upward, so that the flap shall contain the temporal

artery which insures a sufficient supply of blood. The same principle is applied, as far as

possible, in making incisions to raise flaps in other parts of the scalp.

8. The internal maxillary artery (a. maxillaris interna) (Figs. 441 and 442),

the larger of the two terminal branches of the external carotid, arises behind the

neck of the mandible, and is at first embedded in the substance of the parotid gland;

it passes inward between the ramus of the mandible and the internal lateral liga-

ment, and then upon the outer surface of the External pterygoid muscle to the

sphenomaxillary fossa to supply the deep structures of the face. For convenience^
of description it is divided into three portions—a maxillary, a pterygoid, and WKKt
sphenomaxillary.

The first or maxillary portion passes horizontally forward and inward, between

the ramus of the mandible and the internal lateral ligament, where it lies parallel
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to and a little below the auriculotemporal nene; it crosses the inferior dental nerve,

and lies along the lower border of the External pterygoid muscle.

The second or pterygoid portion runs obliquely for\\ard and upward under cover

of the ramus of the mandible, on the outer (xerx frequently on the inner) surface of

the External pterygoid muscle; it then passes between the two heads of origin

of this muscle and enters the sphenomaxillary' fossa.

Ant. temp, artery

Pott. temp, artery.

luciaor.

Fig. 441.—The internal maxillary artery and its branchea.

X

Anterior deep temporal

Ertemdl pterygoid'

POKterior deep temporal

Small meninoeat,

Middle meminoeal

Tympanic

Deep auricular.

Pterygopaiatine

Vidian

Deaeending paUitine

Spkenopalat iTie

Jnfraorbttal

Sjiikemowuueillart Div.

rie ^Buccal

Inferior dental^
I I W Internalpterygoid

Fig. 442.—Plan of the branches of the internal maxillary artery.

E. A. S.

The third or sphenomaxillaxy portion lies in relation with Meckel's ganglion.

The branches of this vessel may be divided into three groups, corresponding

with its three divisions.

Branches of the maxillary portion (Fig. 442)

:

Anterior tympanic. ^ Middle meningeal or Medidural.

Deep auricular. Small meningeal or Panidural.

Inferior dental.
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The anterior tympanic branch (a. tympanica anterior) passes upward behind
the articulation of the mandible, enters the tympanum through the Glaserian

fissure, and ramifies upon the membrana tympani, forming a vascular circle

around the membrane with the stylomastoid artery, and anastomosing with the

Vidian and the tympanic branch from the internal carotid.

The deep auricular branch (a. auricularis profunda) often arises in common
with the preceding. It ascends in the substance of the parotid gland, behind the

temporomaxillary articulation, pierces the cartilaginous or bony wall of the external

auditory meatus, and supplies its cuticular lining and the outer surface of the
tympanic membrane. It gives a branch to the temporomandibular joint.

The middle meningeal or medidural branch (a. meningea viedia) is the largest

of the branches which supply the dura. It ascends between the internal lateral

ligament and the neck of the mandible, and passes vertically upward between
the two roots of the auriculotemporal nerve to the foramen spinosum of the sphe-

noid bone, through which it enters the cranium; it then runs upward and forward
in a groove on the greater wing of the sphenoid bone and divides into two branches,

anterior and posterior. The anterior branch, the larger, crosses the greater winf

of the sphenoid, and reaches the groove, or canal, in the antero-inferior angle

the parietal bone, and then divides into two, branches which spread out between thJ

dura and internal surface of the cranium, some passing upward as far as the vei

tex, and others backward to the occipital region. The posterior branch crosses th^

squamous portion of the temporal, and on the inner surface of the parietal boni
divides into branches which supply the posterior part of the dura and craniui

The branches of this vessel are distributed partly to the dura, but chiefly to thJ

bones; they anastomose with the arteries of the opposite side, and with the anterio^

and posterior meningeal arteries.

The middle meningeal on entering the cranium gives off the following collateral branche

(1) Numerous small vessels to the Gasserian ganglion, and to the dura in this situation. (^

A branch, the petrosal branch {ramus petrosus suferjicialis), which enters the hiatus Fallopii

supplies the facial nerve, and anastomoses with the stylomastoid branch of the posterior auricula]

artery. (3) A minute superior tsnnpanic branch {a. tympanica superior), which runs in thl

canal for the Tensor tympani muscle, and supplies this muscle and the lining membrane of th

canal. (4) Orbital branches, which pass through the sphenoidal fissure, or through separat
canals in the greater wing of the sphenoid to anastomose with the lacrimal or other branches c

the ophthalmic artery. (5) Temporal or anastomotic branches, which pass through the fora

mina in the greater wing of the sphenoid bone and anastomose in the temporal fossa with th^

deep temporal arteries.

Applied Anatomy.—The middle meningeal is an artery of considerable surgical importance
as it may be injured in fractures of the temporal region of the skull. The vessel may be rupture
by traumatism, even though the skull escape fracture. Rupture of the middle meningeal arter

will be followed by considerable hemorrhage between the bone and dura, which may caua
compression of the brain and require the operation of trephining for its relief. This arter

crosses the anterior inferior angle of the parietal bone at a point 1 \ inches (3.75 cm.) behinS

the external angular process of the frontal bone, and If inches (4.5 cm.) above the zygoms
From this point the anterior branch passes upward and slightly backward to the sagittal sutureJ

lying about J inch (12 mm.) to f inch (18 mm.) behind the coronal suture. The posterioi

branch passes upward and backward over the squamous portion of the temporal bone. Il

order to expose the artery as it lies in the groove in the parietal bone, a semilunar incision, witl

its convexity upward, should be made, commencing an inch behind the external angular process,

and carried backward for two inches. The structures cut through are: (1) Skin; (2) superficial

fascia, with branches of the superficial temporal vessels and nerves; (3) the fascia continued

down from the aponeurosis of the Occipitofrontalis; (4) the two layers of the temporal fascia;

(5) the Temporal muscle; (6) the deep temporal vessels; (7) the pericranium. The bone is

trephined, the clot removed, and the vessel secured by ligatures, suture ligatures, or gauze
packing.

The small meningeal or parvidural branch {ramus meningens accessorius) is some-

times derived from the preceding. It enters the skull through the foramen

ovale, and supplies the Gasserian ganglion and dura.
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The inferior dental branch (a. alveolaris inferior) descends with the inferior dental

nen-e to the foramen on the inner side of the ramus of the mandible. It runs

alone the dental canal in the substance of the bone, accompanied by the ne^^•e,

and opposite the first bicuspid tooth divides into two branches, the incisor and

mental ; the incisor branch is continued forward beneath the incisor teeth as far as

the svmphvsis, where it anastomoses with the artery of the opposite side; the

mental branch (a. mentalis) escapes with the nerve at the mental foramen, supplies

the structures composing the chin, and anastomoses with the submental, inferior

labial , and inferior coronary arteries. Near its origin the inferior dental arterv gives

off a lingual branch, which descends with the lingual nerve and supplies the mucous

membrane of the mouth. As the inferior dental arterj- enters the foramen it gives

off a mylohyoid branch (ramus mylohyoideiis), which runs in the mylohyoid groove,

and ramifies on the under surface of the ^Mylohyoid muscle. The inferior dental

artery and its incisor branches 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.

Branches of the pterygoid portion (Fig. 442):

Deep temporal. IVIasseteric,

Pterygoid. Buccal.

These branches are distributed, as their names imply, to the muscles in the

maxillary region.

The deep temporal branches, two in number, anterior (a. temporalis profunda

anterior) and posterior (a. temporalis profunda posterior), each occupy that part

of the temporal fossa indicated by its name. Ascending between the Temporal

muscle and pericranium, they supply the muscle and anastomose with the middle

temporal artery. The anterior branch communicates with the lacrimal arterv

by means of small branches which perforate the malar bone and greater wing of

the sphenoid.

The pterygoid branches (rami pterygoidei), irregular in their number and origin,

supply the Pterygoid muscles.

The masseteric (a. masseterica) is a small branch which passes outward, above

the sigmoid notch of the mandible, to the deep surface of the Masseter muscle.

It supplies that muscle, and anastomoses with the masseteric branches of the facial

and with the transverse facial arterj'.

The buccal (a. huccbiatoria) is a small branch which runs obliquely forward

between the Internal pterygoid and the ramus of the mandible, to the outer surface

of the Buccinator, to which it is distributed, anastomosing with branches of the

facial artery.

Branches of the sphenomaxillary portion (Fig. 442)

:

Alveolar or Posterior dental. Vidian.

Infraorbital. Pterygopalatine.

Descending palatine. Naso- or sphenopalatine.

The alveolar or posterior dental branch (a. alveolaris superior posterior) is given

off from the internal maxillary in conjunction with the infraorbital, and just as

the trunk of the vessel is passing into the sphenomaxillary fossa. Descending
upon the tuberosity of the maxilla, it divides into numerous branches, some of which
enter the posterior dental canals, to supply the upper molar and bicuspid teeth

and the lining of the antrum, while others are continued forw^ard on the alveoiah

process to supply the gums.
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The infraorbital (a. infraorhitalis) appears, from its direction, to be the con-

tinuation of the trunk of the internal maxillary, but often it arises from that vessel

in conjunction with the preceding branch. It runs along the infraorbital canal

with the superior maxillary nerve, and emerges upon the face at the infraorbital

foramen, beneath the Levator labii superioris muscle. While in the canal, it

gives off (a) branches which ascend into the orbit, and assist in supplying the

Inferior rectus and Inferior oblique muscles and the lacrimal gland, and (6) the

anterior dental branches {aa. alveolares superiores anteriores), which descend through

the anterior dental canals in the bone to supply the mucous membrane of the

antrum and the front teeth of the maxilla. On the face, some branches pass

upward to the inner angle of the orbit and the lacrimal sac, anastomosing with

the angular branch of the facial artery; others run inward toward the nose, anas-

tomosing with the nasal branch of the ophthalmic; and others descend beneath the

Levator labii superioris muscle, and anastomose with the transverse facial and

buccal arteries.

The four remaining branches arise from that portion of the internal maxillary

which is contained in the sphenomaxillary fossa.

The descending palatine (a. palatina descendens) descends through the posterior

palatine canal with the anterior palatine branch of the sphenopalatine (Meckel's)

ganglion, and, emerging from the posterior palatine foramen, runs forward in a

groove on the inner side of the alveolar border of the hard palate to the anterior

palatine canal, where the terminal branch of the artery passes upward through the

incisive canal (foramen of Stenson) to anastomose with the nasopalatine artery.

Branches are distributed to the gums, the mucous membrane of the hard palate,

and the palatine glands. In the palatine canal it gives off branches which descend

in the accessory palatine canals to supply the soft palate and tonsil, anastomosing

with the ascending palatine artery.

Applied Anatomy.—The position of the descending palatine artery on the hard palate

should be borne in mind in performing an operation for the closure of a cleft in the hard palate,

as the vessel is in danger of being wounded, and may give rise to formidable hemorrhage. In

case it should be wounded it may be necessary to plug the posterior palatine canal in order to

arrest the bleeding.

The Vidian branch (a. caiudis perygoidei) passes backward 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 tympanum, which anasto-

moses with the other tympanic arteries.

The pterygopalatine, a very small branch, runs backward through the pterygo-

palatine canal with the pharyngeal nerve, and is distributed to the upper part of

the pharynx and Eustachian tube.

The naso- or sphenopalatine (a. sphejiopalatma) passes through the spheno-

palatine foramen into the cavity of the nose, at the back part of the superior meatus,

and divides into several branches. One, the nasopalatine, or artery of the septum,

courses obliquely downward and forward along the septum nasi, supplies the

mucous membrane, and anastomoses in front with the terminal branch of the de-

scending palatine; the other branches, two or three in number, are distributed to

the lateral wall of the nose, the antrum, and to the ethmoidal and sphenoidal cells.

THE TRIANGLES OF THE NECK (Fig. 4420.

The student having considered the relative anatomy of the large arteries of tb

neck and their branches, and the relations they bear to the veins and nerves, should

now examine these structures collectively, as they present themselves in certain

"
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regions of the neck, in each of which imponant operations are constantly being

performed.

The side of the neck presents a somewhat quadrilateral outline, limited, above,

bv the lower border of the body of the mandible, and an imaginary- line extending

from the angle of the mandible 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 margin of the Trapezius muscle. This space is subdivided into two

large triangles by the Sternomastoid muscle, which passes obliquely across the

neck, from the sternum and clavicle below to the mastoid process above. The
triangular space in front of this muscle is called the anterior triangle; and that

behind it, the posterior triangle.

Suprahyoid triangle

Submaxillary triangle.

Superior carotid
triangle.

Inferior carotid
triangle.

Occipital triangU.

Subclai-ian triangle.

Fig. 443.—The triangles of the neck.

The anterior triangle is bounded, in front, by a line extending from the symphy-
sis menti to the sternum; behind, by the anterior margin of the Sternomastoid; its

base, directed upward, is formed by the lower border of the body of the mandible
and a line extending from the angle of the mandible to the mastoid process; its

apex is below, at the sternum. This space is subdivided into four smaller tri-

angles by the Digastric muscle above and the anterior belly of the Omohyoid below.
These smaller triangles are named from below upward, the inferior carotid, the

superior carotid, the submaxillary, and the suprahyoid triangles.

The inferior carotid triangle, or the triangle of necessity, is bounded, in front, by
the median line of the neck; behind, by the anterior margin of the Sternomastoid;
above, by the anterior belly of the Omohyoid; and is covgred by the integument,
superficial fascia, Platysma, and deep fascia, ramifying^tween which are some
of the descending branches of the superficial cenical plexus^ Beneath these
superficial structures are the Sternohyoid and Sternothyroiclmuscles, which,
together with the anterior margin of the Sternomastoid, conceal the lower part of
the common carotid artery.^ The floor of this triangle is formed by the Longus

' Therefore, the common carotid arterj- and internal jugular vein are not, strictly speaking, contained in this

f ^k
smce they are covered by the Sternomastoid muscle; that is to say, lie behind the anterior border

K- k*
™"^'''^- ^hich forms the posterior border of the triangle. But, as they lie ver\- close to the structures

which are really contained in the triangle, and whose position it is essential to remember in operating on this
part of the artery, it has seemed expedient to study the relations of all these parts together.
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colli muscle below and by the Scalenus anticus muscle above, between which
muscles the vertel^ral artery and vein will be found passing into the foramen of

the transverse process of the sixth cervical vertebra. A small portion of the origin

of the Rectus capitis anticus major may also be seen on the floor of the space.

The common carotid artery is enclosed within its sheath, together with the

internal jugular vein and vagus nerve; the vein lying on the outer side of the

artery on the right side of the neck, but overlapping it below on the left side;

the nerve lying between the artery and vein, on a plane posterior to both. In

front of the sheath are a few filaments descending from the loop of communication

between the descendens and communicans hypoglossi; behind the sheath are seen

the inferior thyroid artery, the recurrent laryngeal nerve, and the sympathetic

cord; 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 Sternomastoid muscle

the common carotid artery may be tied below the Omohyoid muscle.

The superior carotid triangle, or the triangle of election, is bounded, behind , by
the Sternomastoid; below, by the anterior belly of the Omohyoid; and above,

by the posterior belly of the Digastric muscle. It is covered by the integument,

superficial fascia, Platysma, and deep fascia, ramifying between which are branches

of the facial and superficial cervical nerves. Its floor is formed by parts of the

Thyrohyoid and Hyoglossus muscles, and the Inferior and Middle constrictor

muscles of the pharynx. This space, when dissected, is seen to contain 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 external and internal carotid 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 forward and downward, the lingual directly forward, the facial forward

and upward, the occipital backward, and the ascending pharyngeal directly up-

ward 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 some-

times the occipital, all of which accompany their corresponding arteries and ter-

minate in the internal jugular. The nerves in this space are the following: In

front of the sheath of the common carotid is the descendens hypoglossi. The hypo-

glossal nerve crosses both the internal and external carotids above, curving around

the occipital artery at its origin. Within the sheath, between the artery and vein,

and behind both, is the vagus nerve; behind the sheath, the sympathetic cord.

On the outer side of the vessels the spinal accessory nerve runs for a short dis-

tance before it pierces the Sternomastoid muscle; and on the inner side of the

external carotid, just below the hyoid bone, may be seen the internal branch of

the superior laryngeal nerve; and, still more inferiorly, the external branch of the

same nerve. The upper part of the larynx and lower part of the pharynx are

also found in the front part of this space.

The submaxillary triangle corresponds to the part of the neck immediately beneath

the body of the mandible. It is bounded, above, by the lower border of the body of

the mandible and a line drawn from its angle to the mastoid process; below, by the

posterior belly of the Digastric muscle and the Stylohyoid muscle; in front, by the

anterior belly of the Digastric. It is covered by the integument, superficial fascia,

Platysma, and deep fascia, ramifyingnjetween which are branches of the facial

and ascending filaments of the supenicial cervical nerves.^ Its floor is formed

by the Mylohyoid and Hyoglossus muscles. This space contains, in front, the

I
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submaxillarv gland, superficial to which is the facial vein, while embedded in it are

the facial arterv, and its glandular branches; beneath this gland, on the surface of

the Mylohyoid muscle, are the submental arten' and the mylohyoid arten- and
nene. The posterior part of this triangle is separated from the anterior part

by the stylomaxillary ligament; it contains the external carotid artery, ascending

deeply in the substance of the parotid gland; this vessel here lies in front of, and
superficial to, the internal carotid, being crossed by the facial nerve, and gives off in

its course the posterior auricular, temporal, and internal maxillary branches; more
deeply are the internal carotid artery, the internal jugular vein, and the vagus

nerve, separated from the external carotid by the Styloglossus and Stylopharyn-

geus muscles and the glossopharyngeal nen-e.^

The suprahyoid triangle is limited behind by the anterior belly of the Digastric,

in front by the middle line of the neck between the symphysis menti and the hyoid

bone, hehic by the body of the hyoid bone; its floor is formed by the ^Mylohyoid.

It contains one or two lymph nodes and some small veins; the latter unite to

form the anterior jugular vein.

The posterior triangle is bounded, in front, by the Stemomastoid muscle;

behind, by the anterior margin of the Trapezius; its base corresponds to the middle

third of the clavicle; its apex, to the occiput. The space is crossed, about an inch .

above the clavicle, by the posterior belly of the Omohyoid, which divides it un-

equally into two, an upper or occipital and a lower or subclavian triangle.

The occipital triangle, the larger division of the posterior triangle, is bounded,
in front, by the Stemomastoid; behind, by the Trapezius; below, by the Omo-
hyoid. Its floor is formed from above downward by the Splenius, Levator anguli

scapulae, and the Middle and Posterior scaleni muscles. It is covered by the

integument, the Platysma below, the superficial and deep fasciae; the spinal

accessory nerve is directed obliquely across the space from the Stemomastoid,
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 lymph nodes is also found running along the posterior

border of the Stemomastoid, from the mastoid process to the root of the neck.

The subclavian triangle, the smaller of the two posterior triangles, is bounded,
above, by the posterior belly of the Omohyoid; below, by the clavicle, its base,

directed forward, being formed by the Stemomastoid. The size of the subclavian

triangle varies according to the extent of attachment of the clavicular portion of the

Stemomastoid and Trapezius muscles, and also according to the height at which
the Omohyoid crosses the neck above the clavicle. Its height also varies much
according to the position of the arm, being much diminished by raising the limb,

on account of the ascent of the clavicle, and increased by drawing the arm down-
ward, when that bone is depressed. This space is covered by the integument,
the Platysma, the superficial and deep fasciae, and crossed by the descending
branches of the cervical plexus. Just above the level of the clavicle the third

portion of the subclavian artery curves outward and downward from the outer
margin of the Scalenus anticus, 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 inter-

mediate 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 nen^es lies above the artery-, and
m close contact with it. Passing transversely behind the clavicle are the supra-

]
yhe. remark made about the carotid trianele applies also to this one. The structures enumerated as con-

tained m its posterior part lie, strictly speaking, beneath the muscles which form the posterior boundary of
the triangle; but as it is very important to bear in mind their close relation to the parotid gland, all these partB
are spoken of together.
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scapular vessels, and traversing its upper angle in the same direction, the trans-

versalis colli artery and vein. The external jugular vein runs vertically downward
behind the posterior border of the Sternomastoid muscle, to terminate in the

subclavian vein; it receives the transverse cervical and suprascapular veins, which
occasionally form a plexus in front of the artery, and a small vein which crosses

the clavicle from the cephalic. The small nerve to the Subclavius muscle also

crosses this triangle about its middle. A lymph node is also found in the space.

Its floor is formed by the first rib with the first digitation of the Serratus magnus.

\

Isl Aortic Jnif^^'^

Fia. 444.—The internal carotid and vertebral arteries. Right side.

The Internal Carotid Artery (A. Carotis Interna).

The internal carotid artery supplies the anterior part of the brain, the eye and

its appendages, and sends branches to the forehead and nose. Its size in the
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adult is equal to that of the external carotid, though in the child it is larger than

that vessel. It is remarkable for the number of cunatures that it presents in

different parts of its course. It occasionally has one or two flexures near the base

of the skull, while in its passage through the carotid canal and along the side of

the bodv of the sphenoid bone it describes a double curve which resembles some-

what the letter S.

In considering the course and relations of this vessel it may be conveniently

divided into four portions—the cervical, petrous, cavernous, and cerebral portions.

Cervical Portion.—^This portion of the internal carotid commences at the

bifurcation of the common carotid, opposite the upper border of the thyroid

cartilage, and runs perpendicularly upward, in front of the transverse processes

of the upper three cenical vertebrae, to the carotid canal in the petrous portion

of the temporal bone. It is comparatively superficial at its commencement,

where it is contained in the superior carotid triangle, and lies behind and to the

outer side of the external carotid, overlapped by the Sternomastoid and covered

bv the deep fascia, Platysma, and integument; it then passes beneath the parotid

gland, being crossed by the hypoglossal nerve, the Digastric and Stylohyoid muscles,

and the occipital and posterior auricular arteries. Higher up, it is separated from

the external carotid by the Styloglossus and Stylopharvngeus muscles, the tip of

the styloid process and the stylohyoid ligament, the glossopharyngeal nerve, and
pharyngeal branch of the vagus.

Relations.—It is in relation, behind, with the Rectus capitis anticus major, the superior

cervical ganglion of the sympathetic, and superior laryngeal nerve; externally, with the internal

jugular vein and vagus nerve, the nerve Mng on a plane posterior to the artery; internally,

with the pharynx, tonsil, the superior lar\Tigeal nerve, and ascending pharyngeal artery. At
the base of the skull the glossophar^•ngeal, vagus, spinal accessory, and hj'poglossal ner\'es lie

between the artery and the internal jugular vein.

Plan of the Relations of the Internal Carotid Artery in the Neck.

In front.

Skin, superficial and deep fascia.

Platysma.

Sternomastoid.

Occipital and posterior auricular arteries.

Hypoglossal nerve.

Parotid gland.

Styloglossus and Stylopharvngeus muscles.

. Glossopharyngeal ner\'e.

Pharyngeal branch of the vagus.

Externally. y^ "X Internally.

Internal jugular vein. / '^^'^ \ Vhaxynx.
Vagus nerve. y Artety. / Superior laryngeal nerve.

Ascending pharyngeal artery.

Tonsil.

Behind.

Rectus capitis anticus major.

S\Tnpathetic.

Superior lar\Tigeal nerve.

Petrous Portion.—\Mien the internal carotid artery- enters the canal in the
petrous portion of the temporal bone, it first ascends a short distance, then cur\-es

forward and inward, and again ascends as it leaves the canal to enter the cavity of
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the skull between the lingula and petrosal process. In this canal the artery lies

at first below and in front of the cochlea and tympanum; behind and internal to

the canals for the Eustachian tube and Tensor tympani ; from the tympanum it is

separated by a thin, bony lamella. Farther forward it is separated from the

Gasserian ganglion by a thin plate of bone, which forms the floor of the fossa for

the ganglion and the roof of the horizontal portion of the canal. Frequently this

bony plate is more or less deficient, and then the ganglion is separated from the

artery by a fibrous membrane. The artery is separated from the bony wall of

the carotid canal by a prolongation of the dura, and is surrounded by a number of

small vein's and by filaments of the carotid plexus, derived from the ascending

branch of the superior cervical ganglion of the sympathetic.

Cavernous Portion.—The internal carotid artery in this part of its course is

situated between the layers of the dura forming the cavernous sinus, but is covered

by the lining membrane of the sinus. It at first ascends to the posterior clinoid

process, then passes forward by the side of the body of the sphenoid bone, and

again curves upward on the inner side of the anterior clinoid process, and perfor-

ates the dura forming the roof of the sinus. In this part of its course it is sur-

rounded by filaments of the sympathetic nerve, and has in relation with it ex-

ternally the abducent nerve.

Cerebral Portion.—Having perforated the dura, on the inner side of the anterior

clinoid process, the internal carotid passes between the optic and oculomotor

nerves to the anterior perforated substance at the inner extremity of the sylvian

fissure, where it gives off its terminal or cerebral branches. This portion of the

artery has the optic nerve on its inner side, and the oculomotor nerve externally.

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 been found to be

placed nearer the middle line of the neck than the external carotid, as far upward as the larynx,

when the latter vessel crossed the internal carotid. The course of the vessel, instead of being

straight, may be very tortuous. A few instances are recorded in which this vessel was altogether

absent; in one of these the common carotid passed up the neck, and gave off the usual branches

of the external carotid, the cranial portion of the internal carotid being replaced by two branches

of the internal maxillary, which entered the skull through the foramen rotundum and the foramen
ovale and joined to form a single vessel.

Applied Anatomy.—The cervical part of the internal carotid is very rarely wounded. Mr.
Cripps, in an interesting paper in the Medico-Chinirgical Transactions, compares the rareness

of a wound of the internal carotid with one of the external carotid or its branches. It is, however,

sometimes injured by a stab or gunshot wound in the neck, or even occasionally by a stab from
within the mouth, as when a person receives a thrust from the end of a parasol or falls down
with a tobacco-pipe in his mouth. It used to be believed that the internal carotid was occa-

sionally wounded in the removal of the tonsil. Such an accident cannot happen if the artery is

normally placed. The severe and sometimes fatal hemorrhage which has followed this oper-

ation in a few instances probably had as its source enlarged branches of the ascending pharyn-

geal, tonsillar, or ascending palatine arteries. Recently, however, Dr. Gwilym G. Davis, of

Philadelphia, demonstrated a specimen in which the internal carotid could have been wounded
by incision of the tonsil. The indications for ligation are wounds, when the vessel should be

exposed by a careful dissection and tied above and below the bleeding point; and aneurism,

which if non-traumatic may be treated by ligation of the common carotid, but if traumatic in

origin by exposing the sac and tying the vessel above and below. The incision for ligation of

the cervical portion of the internal carotid should be made along the anterior border of the

Sternomastoid, from the angle of the mandible to the upper border of the thyroid cartilage. The
superficial structures being divided and the Sternomastoid defined and drawn outward, the

cellular tissue must be carefully separated and the posterior belly of the Digastric muscle and
the hypoglossal nerve sought for as guides to the vessel. When the artery is found the external

carotid should be drawn inward and the Digastric muscles upward, and the aneurism needle

passed from without inward.

Obstruction of the internal carotid by embolism or thrombosis may give rise to symptoms of

cerebral anemia and softening if the collateral circulation is ill-developed. The patient suffers

from giddiness, with failure of mental powers, and convulsions, coma, or hemiplegia on the

opposite side of the body, may be observed.
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The branches given off from the internal carotid arterj' are:

^ ^ . { Tympanic (internal or deep).
From the Petrous Portion < y\^^^

( Arteriae Receptaculi.

Frcrni the Cavernous Portion ^ Anterior ^leningeal.

( Ophthalmic.

C Anterior Cerebral.
'

^ 1 ^ T , n .• J Middle Cerebral.
From the Cerebral Portion < p^^t^j^. Communicating.

t Anterior Choroid or Prechoroid.

The cer\ical portion of the internal carotid gives off no branches.

1. The tjmipanic (ramus caroticotympanicus) is a small branch from the petrous

portion, which enters the cavity of the tympanum through a minute foramen in

the carotid canal, and anastomoses with the tympanic branch of the internal

maxillar}', and with the stylomastoid artery.

Nasal. Palpebral.

Frontal. Supraorbital.

Anterior ethmoidal.

Posterior ethmoidal.
Temporal branches

of lacrimal.

Muscular.
Ophthalmic-

Internal carotid.

Fig. 445.—The ophthalmic artery and its branches, the roof of the orbit having been removed.

2. The Vidian is a small, inconstant branch which passes through the Vidian

canal and anastomoses with the Vidian branch of the internal maxillarj- artery.

3. The arteriae receptaculi are numerous small vessels, derived from the inter-

nal carotid in the cavernous sinus; they supply the h\^ophysis (pituitary body),

the Gasserian ganglion, and the walls of the cavernous and inferior petrosal

sinuses. Some of these branches anastomose with branches of the middle

meningeal.

4. The anterior meningeal (a. meningea anterior) is a small branch which
passes over the lesser wing of the sphenoid to supply the dura of the anterior

39



610 THE VASCULAR ,SY,STE3LS'

fossa; it anastomoses with the dural branch from the posterior ethmoidal

artery.

5. The ophthalmic artery (a. ophthalmica) arises from the internal carotid,

just as that vessel is emerging from the cavernous sinus, on the inner side of the

anterior clinoid process, and enters the orbit through the optic foramen, below and

on the outer side of the optic nerve. It then passes over the nerve to the inner wall

of the orbit and thence horizontally forward, beneath the lower border of the

Superior oblique muscle, to a point behind the internal angular process of the

frontal bone, where it divides into two terminal branches, the frontal and nasal

branches. As the artery crosses the optic nerve it is accompanied by the nasal

nerve, and is separated from the frontal nerve by the Rectus superior and Levator

palpebrae superioris muscles.

Branches.—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:

Orbital Group. Ocular Group.

Lacrimal. Short ciliary.

Supraorbital. Long ciliary.

Posterior ethmoidal. Anterior ciliary.

Anterior ethmoidal. Central artery of the retina.

Internal palpebral. Muscular.

Frontal.

Nasal.

The lacrimal (a. lacrimalis) is one of the largest branches derived from tl

ophthalmic, arising close to the optic foramen; not infrequently it is given off froi

the ophthalmic artery before it enters the orbit. It accompanies the lacrims

nerve along the upper border of the External rectus muscle, and is distributed

the lacrimal gland. Its terminal branches, escaping from the gland, are distribute

to the eyelids and conjunctiva; of those supplying the eyelids, two are of considei

able size and are named the external palpebral {aa. palpehrales laierales) ; they v\xi

inward in the upper and lower lids respectively, and anastomose with the interm

palpebral arteries, forming an arterial circle in this situation. The lacrimal artei

gives off one or two malar branches, one of which passes through a foramen i^

the malar bone, to reach the temporal fossa, and anastomoses with the deep tei

poral arteries; the other appears on the cheek through the malar foramen, and

anastomoses with the transverse facial. A recurrent branch passes backwai

through the sphenoidal fissure to the dura, and anastomoses with a branch

the middle meningeal artery.

Peculiarities.—The lacrimal artery is sometimes derived from one of the anterior branche

of the middle meningeal artery.

The supraorbital artery (a. supraorbitalis) arises from the ophthalmic as thai

vessel is crossing over the optic nerve. Ascending so as to arise above all the muscle

of the orbit, it passes forward, with the supraorbital nerve, between the periosteui

and Levator palpebrae muscle; and, passing through the supraorbital foramei

divides into a superficial and deep branch, which supply the integument, tl

muscles, and the pericranium of the forehead, anastomosing with the frontal, tl

anterior branch of the temporal, and the supraorbital artery of the opposite side

This artery in the orbit supplies the Superior rectus and the Levator palpebra

muscles, and sends a branch inward, across the pulley of the Superior oblique

muscle, to supply the parts at the inner canthus. At the supraorbital foramen

it frequently transmits a branch to the diploe.
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The ethmoidal branches are two in number—posterior (a. ethmoidalis posterior)

and anterior (a. ethmoidalis anterior). The posterior ethmoidal artery, which is

the smaller, passes through the posterior ethmoidal foramen, supplies the posterior

ethmoidal cells, and, entering the cranium, gives off a meningeal or dural branch.

Fig. 446.—The arteries of the base of the brain. The right half of the cerebeUum and pons have been
removed. N. B.—It will be noticed that the two anterior cerebral arteries have been drawn at a considerable
distance from each other; this makes the anterior communicating artery appear very much longer than it

really is.

which supplies the adjacent dura; and nasal branches which descend into the

nose through apertures in the cribriform plate, anastomosing with branches of the

sphenopalatine. The anterior ethmoidal artery accompanies the nasal ner\-e through

the anterior ethmoidal foramen, supplies the anterior ethmoidal cells and frontal
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sinuses, and, entering the cranium, gives off a dural branch which supplies the

adjacent dura; and nasal branches, which descend into the nose, through the slit

by the side of the crista galli, and, running along the groove on the under surface

of the nasal bone, supply the skin of the nose.

The internal palpebral arteries (aa. palpebrales mediales), two in number, supe-

rior and inferior, arise from the ophthalmic, opposite the pulley of the Superior

oblique muscle; they leave the orbit to encircle the eyelids near their free margin,

forming a superior tarsal arch (arcus tarseus superior) and an inferior tarsal arch

(arcus tarseus inferior), which lie between the Orbicularis muscle and the tarsal

plates. The superior palpebral anastomoses, at the outer angle of the orbit, with

the orbital branch of the temporal artery, and with the upper of the two external

palpebral branches from the lacrimal artery; the inferior palpebral anastomoses,

Fig. 447.—Vascular area of the upiJer surface of the cerebrum. I. The part supplied by the external
inferior frontal artery. 11. The part supplied by the ascending frontal. III. The part supplied by the ascenc
parietal. IV. The part supplied by the sphenoparietal artery. (After Duret.)

at the outer angle of the orbit, with the lower of the two external palpebral branchi

from the lacrimal and with the transverse facial artery, and at the inner side of the

lid with a branch from the angular artery. From this last anastomosis a branch

passes to the nasal duct, ramifying in its mucous membrane, as far as the inferior

meatus.

The frontal artery (a. frontalis), one of the terminal branches of the ophthalmic,

leaves the orbit at its inner angle with the supratrochlear nerve, and, ascending

on the forehead, supplies the integument, muscles, and pericranium, anastomosing

with the supraorbital artery and with the frontal artery of the opposite side.

The nasal artery (a. dorsalis nasi), the other terminal branch of the ophthalmic,

emerges from the orbit above the tendo oculi, and, after giving a branch to the

upper part of the lacrimal sac, divides into two branches, one of which crosses
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the root of the nose, the transverse nasal, and anastomoses with the angular artery;

the other, the dorsalis nasi, runs along the dorsum of the nose, supplies its outer

surface, and anastomoses with the artery of the opposite side and with the lateral

nasal branch of the facial.

The ciliary arteries (a. cUiares) are divisible into three groups—the short, long,

and anterior. The short ciliary arteries (aa. ciliares posteriores breves), from six

to twelve in number, ari^e from the ophthalmic or some of its branches; they sur-

round the optic nerve as they pass forward to the posterior part of the eyeball,

pierce the sclera around the entrance of the nene, and supply the choroid coat

and ciliary processes. The long ciliary arteries (aa. ciliares posieriores longae),

two in number, pierce the posterior part of the sclera at some little distance from

the optic nerse, and run forward, along each side of the eyeball, between the

sclera and choroid, to the ciliary muscle, where they divide into two branches;

these form an arterial circle, the' circulus major, around the circumference of the

iris, from which numerous radiating branches pass forv\ard, in its substance, to

its pupillary aperture, where they form a second arterial circle, the circulus minor.

Central Fissure

Oedpital
issure

Fig. 448.—^\'ascular area of the internal surface of the cerebrum, I. The part supplied by the anterior

internal frontal. II. The part supplied by the middle internal frontal. III. The part supplied by the posterior

interna] frontal. IV. The part supplied by the posterior temporal. V. The part supplied by the occipital, both
terminal branches of the posterior cerebral. (After Duret.)

The anterior ciliary arteries (au. ciliares anteriores) are derived from the muscular

branches (see below) ; they pass to the front of the eyeball in company with the

tendons of the Recti muscles, form a vascular zone beneath the conjunctiva, and

then pierce the sclera a short distance from thecornea and terminate in the circu-

lus major of the iris.

The central artery of the retina {arteria centralis retinae) is the first and one of the

smallest branches of the ophthalmic artery. It runs for a short distance within

the dural sheath of the optic ners'e, but about half an inch behind the eyeball it

pierces the optic nerve obliquely, and runs forward in the centre of its substance,

and enters the globe of the eye through the porus opticus. Its mode of distribu-

tion will be described in the section on the anatomy of the eye.

The muscular branches {rami musculares) , two in number, superior and inferior,

frequently spring from a common trunk. The superior, the smaller, often want-

ing, supplies the Levator palpebrae, Superior rectus, and Superior oblique. The
inferior, more constant in its existence, passes forward between the optic ner\e and
the Inferior rectus muscle, and is distributed to the External, Internal, and Inferior

recti, and Inferior oblique. This vessel gives off most of the anterior ciliary
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arteries. Additional muscular branches are given off from the lacrimal and supra-

orbital arteries or from the ophthalmic itself.

(For the Circulus or Circle of Willis, the posterior cerebral artery, and the

bloodvessels of the cerebellum, see page 617.)

The anterior cerebral (a. cerebri anterior) arises from the internal carotic

at the inner extremity of the sylvian fissure. It passes forward and inwai

across the anterior perforated substance, above the optic nerve, to the commence
ment of the intercerebral fissure. Here it comes into close relationship witl

the anterior cerebral artery of the opposite side, and the two vessels are con-

nected by a short anastomosing trunk, about two lines, \ inch (4 mm.) in length,i

the anterior communicating artery. From this point the two vessels run side bj

side in the intercerebral fissure, curve around the genu of the corpus callosumJ

and, turning backward, continue along its upper surface to its posterior partj

where they terminate by anastomosing with the posterior cerebral arteries.

Fig. 449.—Vascular area of the inferior surface of the cerebrum. I. The part supplied by the anterior tem-
poral from the posterior cerebral artery. II. The part supplied by the posterior temporal from the posteriori
cerebral artery. III. The part supplied by the occipital from the posterior cerebral artery. (After Duret.)!

Branches.-

branches:

-In their course the anterior cerebral arteries give off the following

Antero-median ganglionic. Anterior internal frontal.

Inferior internal frontal. Middle internal frontal.

Posterior internal frontal.

The antero-median ganglionic are a group of small arteries which arise at th<

commencement of the anterior cerebral artery; they pierce the anterior perforatec
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substance and lamina terminalis, and supply the rostrum of the corpus callosum,

the septum kicidum, and the head of the caudate nucleus.

The inferior internal frontal branches, two or three in number, are distributed

to the orbital surface of the frontal lobe, where they supply the olfactorj' lobe,

g\Tus rectus, and internal orbital (mesorbital) convolution.

The anterior internal frontal supply a part of the mesal surface of the prefrontal

region, and send branches over the edge of the hemisphere to the superfrontal

and medifrontal gyre and upper part of the precentral gyre.

The middle internal frontal supplies the corpus callosum, the callosal gyre, the

FRONTAL
LOBE

MiDOLE CEREBRAL
ARTERY

ANTERIOR CHOROID
ARTERY
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EXT GENICULATE
BODY

INT. GENICULATE
BODY

PULVINAR
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Fig. 450.—The anterior cerebral and choroid arteries. (Spaltehols.)

mesal surface of the superfrontal convolution, and the dorsal part of the pre-
central gyre.

The posterior internal frontal supplies the precuneus and adjacent outer sur-
face of the hemisphere.
The anterior communicating artery (a. communicans anterior, a. praecommuni-

cans) is a short branch, about 4 mm. in length, but of moderate size, connecting
the two anterior cerebral arteries across the intercerebral fissure. Sometimes
this vessel is wanting, the two arteries joining to form a single trunk, which
aftenvard divides. Or the vessel may be wholly or partially divided into two;
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frequently it is longer and smaller than usual. It gives off some of the anterc
median ganglionic group of vessels, which are, however, principally derived froi

the anterior cerebral.

SUPERCALLOSAL
FISSURE

OCCIPITAL
FISSURE

ANTERIOR CERE
BRAL ARTERY

OPTIC
NERVE

ANTERIOR COMMU
NICATING ARTERY

INTERNAL

CALCARINE
FISSURE

POSTERIOR POSTERIOR
CAROTID COMMUNICATING CEREBRAL
ARTERY ARTERY ARTERY

Fig. 451.—The arteries of the medial surface of the right cerebral hemisphere. (Spalteholz.)

The middle cerebral artery (a. cerebri media) (Fig. 452), the largest branch

the internal carotid, passes obliquely outward along the sylvian fissure, an^

divides on the surface of the insula into its terminal branches.

ANTtROUTEBAL
6AII6U0NIC Oil fCI)'

FODATING eiMNCHn
MIDDLE CEREBRAL ARTERY

Fig. 452.—The distribution of the middle cerebral artery. The trunk of the middle cerebral artery lies in

depths of the sylvian cleft. (After Charcot.)

Branches.—The branches of the middle cerebral artery are:

Antero-lateral ganglionic.

Inferior external frontal.

Ascending frontal.

Ascending parietal.

Parietotemporal.

Temporal.
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The antero-lateral ganglionic branches, a group of small arteries which arise at

the commencement of the middle cerebral artery, are arranged in two sets; one,

the internal striate, passes upward through the inner segment of the lenticular

nucleus, and supplies it, the caudate nucleus, and the internal capsule; the other,

the external striate, ascends through the outer segment of the lenticular nucleus,

and supplies the caudate nucleus and the thalamus. One artery of this group

(also called lenticulostriate artery) is of larger size than the rest, and is of special

importance, as being the artery in the brain most frequently ruptured; it has been

termed bv Charcot the artery of cerebral hemorrhage. It passes up between the

lenticular nucleus and the external capsule, and ultimately ends in the caudate

nucleus.

The inferior external frontal supplies the subfrontal convolution (Broca's convolu-

tion) and the outer part of the orbital surface of the frontal lobe.

The ascending frontal supplies the precentral g}'re.

The ascending parietal is distributed to the postcentral convolution and the

lower part of the superior parietal convolution.

The parietotemporal supplies the supramarginal and angular gyres, the super-

temporal, and part of the meditemporal gyre.

The temporal branches, two or three in number, are distributed to the outer

surface of the temporal lobe.

The posterior communicatiiig artery (a. communicans posterior) runs backward
from the internal carotid, and anastomoses vdth 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 aris-

ing from the internal carotid rather than from the basilar. It is frequently larger

on one side than on the other. From the posterior half of this vessel are given

off a number of small branches, the postero-median ganglionic branches, which,

^^•ith similar vessels from the posterior cerebral, pierce the p>osterior perforated

substance and supply-the internal surfaces of the thalami and the walls of the

third ventricle.

The choroid artery (a. chorioidea) is a small but constant branch which arises

from the back part of the internal carotid, near the posterior communicating
arter>'. Passing backward and outward between the temporal lobe and the cms,
it enters the descending horn of the lateral ventricle through the choroidal fis-

sure and ends in the choroid plexus. It is distributed to the hippocampus,
fimbria, velum interpositum, and choroid plexus.

THE ARTERIES OF THE BRAIN.

Investigations show that the mode of distribution of the vessels of the brain has

an important bearing upon a considerable number of the anatomical lesions of

which this part of the nerve system may be the seat; it is therefore important to

consider a little more in detail the manner in which the cerebral vessels are

distributed.

The cerebral arteries are derived from the internal carotid and the vertebral,

which at the base of the brain form a remarkable anastomosis known as the circle

of Willis (circiilus arteriosus) (Fig. 453). It is formed in front by the anterior

cerebral arteries, branches of the internal carotid, which are connected by the ante-

rior communicating; behind by the two posterior cerebrals, branches of the basilar,

which are connected on each side to the internal carotid by the posterior communi-
cating (Fig. 446). The parts of the brain included within this arterial circle

are the lamina terminalis, the chiasm or commissure of the optic ner%'es, the tuber

cinereum, the corpora albicantia, and the posterior perforated substance. This
arrangement of the vessels of the circle is not invariable; according to Windle, it
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is maintained in little more than half the recorded cases. In the other cases

there are different variations.

The three trunks which together supply each cerebral hemisphere arise from

the circle of Willis. From its anterior part proceed the two anterior cerebrals,

from its antero-lateral part the middle cerebrals, and from its posterior part the

posterior cerebrals. Each of these principal arteries gives origin to two very dif-

ferent systems of secondary vessels. One of these systems has been named the

central ganglionic system, and the vessels belonging to it supply the central ganglia

of the brain ; the other has been named the cortical arterial system, and its vessels

ramify in the pia and supply the cortex and subjacent medullary substance. These

two systems, although they have a common origin, do not communicate at any

point of their peripheral distribution, and are entirely independent of each other,

representing terminal arteries. Though some of the arteries of the cortical system

approach, at their terminations, the regions supplied by the central ganglionic

system, no communic2tion between the two sets of vessels takes place, and there

is between the parts supplied by the two systems a borderland of diminished

nutritive activity. In the brains of old people softening is especially apt to occur

this ill-nourished territory.in

Anterior communicating

Anterior cerebral

Middle cerebral-

Anterior choroid

Posterior communicating

Posterior cerebral

Superior cerebellar

Basilar

Anterior inferior cerebellar

Interior auditory

Posterior inferior cerebellar

Vertebral

E. A. S.

Posterior spinal Anterior spinal

Fig. 453.—Diagram of the arteries at the base of the brain, including the circle of Willis. I. Antero-median
:

group of ganglionic branches. II. Postero-median group. III. Right and left antero-lateral group. IV. Right
^

and left postero-lateral group.

The Central Ganglionic System.—All the vessels belonging to this system
are given off from the circle of Willis or from the vessels immediately after their

origin from it, so that if a circle is drawn at a distance of about an inch from the

circle of Willis, it will include the origin of all the arteries belonging to this system

(Fig. 453) . The vessels of this system form four principal groups : (I) The antero-
j

median group, derived from the anterior cerebrals and anterior communicating;

(II) the postero-median group, from the posterior cerebrals and posterior communi-
cating; (III) the right and left antero-lateral group, from the middle cerebrals;

and (IV) the right and left postero-lateral group, from the posterior cerebrals, after

they have w^ound around the crura. The vessels belonging to this system are larger

than those of the cortical system, and are what Cohnheim has termed terminal

arteries—that is to say, vessels which from their origin to their termination neither
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supply nor receive any anastonjotic branches, so that by one of the small vessels

only a limited area of the central ganglia can be injected ; and the injection cannot

be driven bevond the area of the part supplied bv the particular vessel which is

the subject of the experiment.

The Cortical Arterial System.—The vessels forming this system are the ter-

minal branches of the anterior, middle, and posterior cerebral arteries, described

above. These vessels divide and ramify in the substance of the pia, and give off

nutrient arteries which penetrate the cortex perpendicularly. These nutrient ves-

sels are divisible into two classes—the long and short. The long—or, as they are

sometimes called, the medullary—arteries pass through the gray substance to pene-

trate the centrum ovale to the depth of about an inch and a half, without intercom-

municating otherwise than by very fine capillaries, and thus constitute so many

Fig. 454.—Distribution of the cortical arteries. 1. Medullary arteries. 1'. Group of medullary arteries in
the sulcus between two adjacent convolutions. 1". Arteries situated among the short association fibres. 2, 2.
Cortical arteries, a. Capillary network with fairly wide meshes, situated beneath the pia. h. Network with
more compact, polygonal meshes, situated in the cortex, c. Transitional network, with wider meshes, d.
Capillary network in the white substance, (.\fter Charcot.)

independent small systems. The short vessels are confined to the cortex, where
they form with the long vessels a compact network in the middle zone of the gray
substance, the outer and inner zones being sparingly supplied with blood (Fig. 454).

The vessels of the cortical arterial system are not so strictly terminal as those of

the central ganglionic system, but they approach this tvpe very closely, so that

injection of one area from the ves.sel of another area, though it may be possible,

is frecjuently very difficult, and is only effected through vessels of small caliber.

As a result of this, obstruction of one of the main branches or its divisions may have
the effect of producing softening in a very limited area of the cortex.

The Vertebral Artery (A. Vertebralis).

The vertebral artery (a. xertehralis) (Figs. 444 and 455) is generajly the first and
largest branch of the subcla\'ian; in rare instances it springs independently from
the arch of the aorta. It arises from the upper and back part of the first portion
of the vessel, and, passing upward, enters the foramen in the transverse process of
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the sixth cervical vertebra/ and ascends through the foramina in the transverse

processes of all the vertebrae above this. Above the upper border of the axis it

inclines outward and upward to the foramen in the transverse process of the atlas,

through which it passes; it then winds backward behind its articular process,

runs in a deep groove on the upper surface of the posterior arch of this bone (Fig.

16), and, passing beneath the posterior occipito-atlantal ligament (Figs. 224 and

227), pierces the dura and arachnoid, and enters the skull through the foramen

magnum. It then passes forward and upward, inclining from the lateral aspect

to the front of the medulla oblongata. It unites in the middle line with the vessel

of the opposite side at the lower border of the pons to form the basilax artery

(Fig. 426).

Relations.—At its origin it is situated behind the internal jugular and vertebral veins, and
is crossed by the inferior thyroid artery; it lies between the Longus colli and Scalenus anticus

muscles, having the thoracic duct in front of it on the left side. It rests on the transverse process

of the seventh cervical vertebra and the sympathetic cord. Within the foramina formed by

the transverse processes of the vertebrje it is accompanied by a plexus of nerves from the inferior

cervical ganglion of the sympathetic, and is surrounded by a dense plexus of veins which unite

to form the vertebral vein at the lower part of the neck. It is situated in front of the cervical

nerves, as they issue from the intervertebral foramina. While winding around the articular

process of the atlas, it is contained in the suboccipital triangle—a triangular space formed by
the Rectus capitis posticus major, the Obliquus capitis superior and the Obliquus capitis

inferior muscles. The suboccipital nerve here lies between the artery and the posterior arch of

the atlas. Within the skull, as the artery winds around the oblongata, it is placed between the

hypoglossal nerve and the anterior root of the suboccipital nerve, beneath the first digitation of

the ligamentum denticulatum, and finally ascends between the basilar process of the occipital

bone and the anterior surface of the medulla oblongata.

Applied Anatomy.—The vertebral artery has been tied in several instances. (1) For wounds
or traumatic aneurism; (2) after ligation of the innominate, either immediately to prevent hem-
orrhage, or later on to arrest bleeding where it has occurred at the seat of ligation. The oper-

ation of ligation of the vertebral is performed by making an incision along the posterior border

of the Sternomastoid muscle, just above the clavicle. The muscle is pulled to the inner side,

and the anterior tubercle of the transverse process of the sixth cervical vertebra is sought for.

A deep layer of fascia being now divided, the interval between the Scalenus anticus and the

Longus colli muscles just below their attachment to the tubercle is defined, and the artery and
vein are found in the interspace. The vein is to be drawn to the outer side, and the aneurism

needle is passed from without inward. Drs. Ramskill and Bright have pointed out that severe ^
pain at the back of the head may be symptomatic of disease of the vertebral artery just before

it enters the skull. This is explained by the close connection of the artery with the/suboccipital

nerve in the groove on the posterior arch of the atlas.N Disease of the same artery has been also

said to affect speech, from pressure on the hypogldSsal nerve w'here it is in relation with the j
vessel, leading to paralysis of the muscles of the tongue.

Branches.—These may be divided into two sets—those given off in the neck

and those within the cranium.

Cervical Branches. Cranial Branches.

Spinal rami, or Lateral spinal. Posterior meningeal.

Muscular. Anterior spinal, or Ventral spinal.

Posterior spinal, or Dorsal spinal.

Posterior inferior cerebellar.

Bulbar.

The spinal branches {rami spiimles) enter the vertebral canal through the inter-

vertebral foramina and divide 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 arteries of the spinal cord; the other divides into an ascending and

• 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, found it, in one of bis dissections, passing into the foramen
in the seventh vertebra.
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a descending branch, which unite with similar branches from the artery above

and l^elow, so that two lateral anastomotic chains are formed on the posterior

surface of the vertebrae near the attachment of the pedicles. From these anasto-

motic chains branches are given off to supply the periosteum and the bodies of the

vertebrae, and to communicate with similar branches from the opposite side; from

these communicating branches small branches are given off which join similar

branches above and below, so that a central anastomotic chain is formed on the

posterior surface of the bodies of the vertebrae.

Muscular branches are given off to the deep muscles of the neck, where the ver-

tebral arterv cunes around the articular process of the atlas. They anastomose

with the occipital and with the ascending and deep cer^•ical arteries.

The posterior meningeal {ramus meningeus) is a small branch given off from

the vertebral opposite the foramen magnum. It ramifies between the bone and

dura in the cerebellar fossa^, and supplies the falx cerebelli. It is frequently repre-

sented by two small branches.

The anterior or ventral spinal (a. spinalis anterior) is a small branch which

rises near the termination of the vertebral, and, descending ventrad of the

medulla oblongata, unites with its fellow on the opposite side at about the

level of the foramen magnum. One of these vessels is usually larger than the

other, but occasionally they are about equal in size. The single trunk thus formed

descends on the front of the spinal cord, and is reinforced by a succession of small

branches which enter the vertebral canal through the intenertebral foramina;

these branches are derived from the vertebral artery and the ascending cer\ical

branch of the inferior thyroid arterv in the neck; from the intercostal in the

thoracic region; and from the lumbar, iliolumbar, and lateral sacral arteries in

the lower part of the vertebral column. They unite, by means of ascending and
descending branches, to form a single terminal artery, which extends as far as

the lower part of the spinal cord. This vessel is placed in the pia along the

anterior median fissure; it supplies that membrane and the substance of the cord,

and sends off branches at its lower part to be distributed to the cauda equina,

and ends on the central fibrous prolongation of the cord.

The posterior or dorsal spinal (a. spinalis posterior) arises from the vertebral

at the side of the medulla oblongata; passing backward to the dorsal aspect

of the spinal cord, it descends on each side, lying behind the dorsal roots of the

spinal nerses, and is reinforced by a succession of small branches which enter

the vertebral canal through the intervertebral foramina, and by which it is con-

tinued to the lower part of the cord and to the cauda equina. Branches from
the posterior spinal arteries form a free anastomosis around the dorsal roots

of the spinal nerves, and communicate, by means of ver>' tortuous transverse

branches, with the vessel of the opposite side. Close to its origin each gives off

an ascending branch, which terminates at the side of the fourth ventricle.

Applied Anatomy.—Bleeding into the spinal membranes or into the substance of the spinal

cord itself is not common, but may occur from injuries received at birth when labor is unduly
prolonged or instruments are used. It is also met with in chronic insanity, and in tetanus and
strjchnine poisoning.

The posterior inferior cerebellar artery (a. cerebelli inferior posterior) (Fig. 446),
the largest branch of the vertebral, winds backward aroimd the upper part
of the medulla oblongata, passing between the origin of the vagus and spinal

accessory- nerves, over the restiform body to the under surface of the cerebel-

lum, where it divides into two branches—an internal, which is continued back-
ward to thejiotch between the two hemispheres of the cerebellum; and an ex-

ternal, which supplies the under surface of the cerebellum as far as its -outer
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border, where it anastomoses with the anterior inferior cerebellar and the supe-

rior cerebellar branches of the basilar artery. Branches from this artery supply

the choroid plexus of the fourth ventricle.

The bulbar arteries comprise several minute vessels which spring from the

vertebral and its branches and are distributed to the medulla oblongata.

The basilar artery (a. basilaris) (Fig. 446), 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, lying in the median
pontile groove, under cover of the arachnoid. It ends by dividing into the two
posterior cerebral arteries.

Branches.—Its branches on either side are the following:

Transverse. Anterior inferior cerebellar.

Internal auditory. Superior cerebellar.

Posterior cerebral.

The transverse or pontile branches (rami ad pontem) are a number of small vessels

which come off at right angles on either side of the basilar artery and supply the

pons and adjacent parts of the brain.

The internal auditory (a. anditiva interna), a long slender branch, arises from

near the middle of the artery; it accompanies the corresponding auditory nerve

into the internal auditory meatus and is distributed to the internal ear.

The anterior inferior cerebellar artery (a. cerebelli inferior anterior) passes back-

ward to be distributed to the anterior part of the under surface of the cerebellum,

anastomosing with the posterior inferior cerebellar branch of thc' vertebral.

The superior cerebellar artery (a. cerebelli superior) arises near the termination

of the basilar. It passes outward, immediately behind the oculomotor nerve,

which separates it from the posterior cerebral artery, winds around the crus, close

to the trochlear nerve, and, arriving at the upper surface of the cerebellum,

divides into branches which ramify in the pia and, reaching the circumference of

the cerebellum, anastomose with the branches of the' inferior cerebellar artery.

Several branches are given to the epiphysis, the superior medullary velum, and

the velum interpositum.

The posterior cerebral artery (a. cerebri posterior) (Figs. 446 and 453) is larger

than the preceding, from which it is separated near its origin by the oculomotor

nerve. Passing outward, parallel to the superior cerebellar artery, and receiving

the posterior communicating from the internal carotid, it winds around the crus,

and passes to the under surface of the temporal lobe of the cerebrum, and divides

up into branches for the supply of the temporal and occipital lobes.

The branches of the posterior cerebral artery are:

( Postero-median ganglionic. ( Anterior temporal.

Ganglionic < Posterior choroid. Cortical < Posterior temporal.

( Postero-lateral ganglionic. ( Occipital.

Ganglionic.—The postero-median ganglionic branches (Fig. 453) are a group of

small arteries which arise at the commencement of the posterior cerebral artery;

these, with similar branches from the posterior communicating, pierce the posterior

perforated substance, and supply the internal surfaces of the thalamus and the

walls of the third ventricle. The posterior choroid enters the interior of the brain

beneath the splenium of the corpus callosum, and supplies the velum interpositum

and the choroid plexus. The postero-lateral ganglionic branches are a group of

small arteries which arise from the posterior cerebral artery, after it has turned

around the crus; they supply a considerable portion of the thalamus.
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Cortical.—The cortical branches are the anterior temporal branches, to the basal

surface of the anterior portion of the temporal lobe; the posterior temporal branches,

to the external surface of the occipital lobe and the subtemporal convolution;

and the occipital branches, to the mesal and lateral surfaces of the occipital lobe.

ARTERIES OF THE UPPER EXTREMITY.

The arterv 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

rilj is termed the subclavian artery; beyond this point to the lower border of the

axilla it is termed the axillary artery; and from the lower margin of the axillary

space to the bend of the elliow it is termed the brachial artery; here the single trunk
terminates by dividing into two branches, the radial and ulnar.

THE SUBCLAVIAN ARTERY (A. SUBCLAVIA) (Fig. 456).

On the right side the subclavian artery arises from the innominate arterv opposite

the right sternoclavicular articulation; on the left side it arises from the arch
of the aorta. The two vessels, therefore, in the first part of their course, differ

in length, direction, and relation with neighboring structures.

In order to facilitate the description of these vessels, more especially from a
surgical point of view, each subclavian artery has been divided into three parts.

The first portion, on the right side, passes

upward and outward from the origin of the f]

vessel to the inner border of the Scalenus //

anticus. On the left side it ascends nearly x^iz3
vertically, to gain the inner border of that ^
muscle. The second part passes outward, C5^2>~- ill kI
behind the Scalenus anticus; and the third ^^^^^^N^ 'M ^
part passes from the outer margin of that

^"rr?^^^---~7^t|/~-V7 \ \
muscle, beneath the clavicle, to the outer ^^^X**^ / -^e^/^sA \
border of the first rib, where it becomes the /^<^*°li^^^^r\T~~^ ^°^<r^ \
axillary arterv. The first portion of these" /^

-^y^^p''\\\ -^ fx"* \
two vessels differs so much in its course and ^"~"~^'^ '

' Ju '^^\ \ \

in its relations with neighboring parts ^*
l\j \ J

that it will be described separatelv. The ^

second and third parts are alike on 'the two ^°- ^^"^Ma^fe^^'i^r^ °^ "^^ "^^^

sides.

First Part of the Right Subclavian Artery (Fig. 456).—The first part of the

right subclavian artery arises from the innominate artery, opposite the upper
part of the right sternocla\iciilar articulation, and passes upward and outward
to the inner margin of the Scalenus anticus muscle (Fig. 456). It ascends a little

above the clavicle, the extent to which it does so varying in different cases.

Relations.—It is covered, in front, by the int^rument, superficial fascia, Platysma, deep
fascia, the clavicular origin of the Sternomastoid, the Sternohyoid, and the Sternoth\Toid muscles,
and another layer of deep fascia. It is crossed by the internal jugular and vertebral veins,

and bv the vagus nerve and the cardiac branches of the vagus and s\Tnpathetic nerves. A loop
of the sympathetic nerve itself also crosses the arterv, forming a ring {ansa suhclavia) aroimd
the vessel. The anterior jugular vein passes outward in front of the artery, but is not in contact
with it. being separated from it bv the Sternohyoid and Sternoth\Toid muscles. Below and
behind the arterj- is the pleura; behind is the gangliated cord of the sjTnpathetic, the Longus colli

muscle and the first thoracic vertebra. The right recurrent larj-ngeal nerve winds around the
lower and back part of the vessel.
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h-enic nerve. Vertebral artery.
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Fia. 456.

—

The subclavian artery, showing its relations. (From a preparation in the Museum of the Royal
College of Surgeons of England.)

Plan of the Relations of First Portion of the Right Subclavian Artery,

In front.

Skin, superficial fascia,

Platysma, deep fascia.

Clavicular origin of Sternomastoid.

Sternohyoid and Sternothyroid.

Anterior jugular, internal jugular, and vertebral veins.

Vagus and cardiac nerves.

Loop from the sympathetic.

Beneath.

Pleura.

Recurrent laryngeal nerve.

Behind.

Recurrent laryngeal nerve.

Sympathetic.

Pleura and apex of lung.

Longus colli.

First thoracic vertebra.



THE SUBCLAVIAN ARTERY 625

First Part of the Left Subclavian Artery (Figs. 428 and 429).—The first

part of the left subclavian artery arises from the arch of the aorta, behind the

left common carotid, and at the level of the fourth thoracic vertebra; it ascends
nearly vertically to the root of the neck and then arches outward to the inner
margin of the Scalenus anticus muscle.

Relations.—It is in relation, in front, with the vagus, cardiac, and phrenic nerves, which
lie parallel with it, the left carotid artery, left internal jugular and vertebral veins, and the com-
mencement of the left innominate vein, and is covered by the Sternothyroid, Sternohyoid, and
Stemomastoid muscles. A loop of the sympathetic encircles the artery, forming the ansa sub-
clavia. Behind, it is in relation with the oesophagus, thoracic duct, inferior cer\ical ganglion
of the sympathetic, and Longus colli muscle; higher up, however, the oesophagus and thoracic
duct lie to its right side; the latter ultimately arching over the vessel to join the angle of union
between the subcla^ian and internal jugular veins. To its inner side are the oesophagus, trachea,
thoracic duct, and left reciu-rent laryngeal nen-e; to its outer side, the left pleura and lung.

Plan of the Relations of First Portion of the Left Subclavian Artery.
In front.

Vagus, cardiac, and phrenic nerves.

Left carotid arterA*.

Thoracic duct.

Left internal jugular, vertebral, and innominate veins.

SternothAToid, Sternohyoid, and Stemomastoid muscles.

Inner side.

rr. u / \ Older side.
1 rachea. / Left

(Esophagus. I ^""^^ I Pleura and left lung.
Thoracic duct, \ J
Left recurrent larj'ngeal nerve. ^-^^^__^^^ *

Behind.

CE^phagus and thoracic duct.
Inferior cervical ganglion of sj-mpathetic.
Longus colli.

Second and Third Parts of the Subclavian Artery (Figs. 432 and 456).—
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 skin, superficial fascia, Platysma, deep cervical
fascia, the Stemomastoid and the Scalenus anticus muscles. On the right side the phrenic
ner%-e is separated from the second part of the arterj- by the Scalenus anticus muscle, while on
the left side the nerve crosses the first part of the arten- immediately to the inner edge of the
muscle. Behind, it is in relation with the pleura and the Scalenus medius muscle. Above, is
the brachial plexus of nerves; below, the pleura. The subclavian vein lies below and in front
of the arterv, separated from it by the Scalenus anticus muscle.

Plan of the Relations of Secont) Portion of Subclavian Artery.
In front.

Skin and superficial fascia.

Platysma and deep cervical fascia.

Stemomastoid.
Phrenic nerve.

Scalenus anticus.

Subclavian vein.

Above. I SnbclaTian \ BelmjD.
I Arterv.

|

Brachial plexus. I ^^ I Pleura.

Behind.

Plem^ and Middle Scalenus.
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The third portion of the subclavian artery passes downward and outward from

the outer margin of the Scalenus anticus muscle to the outer border of the first

rib, where it becomes the axillary artery. This portion of the vessel is the most

superficial, and is contained in the subclavian triangle (see page 606).

Relations.—It is covered, in front, by the skin, the superficial fascia, the Platysma, the

descending clavicular branches of the cervical plexus, and the deep cervical fascia; by the

clavicle, the Subclavius muscle, the suprascapular artery and vein, and the transverse cervical

vein; the nerve to the Subclavius muscle passes vertically downward in front of the artery.

The external jugular vein crosses the artery at its inner side, and receives the suprascapular

and transverse cervical veins, which frequently form a plexus in front of it. The subclavian

vein is below and in front of the artery, lying close behind the clavicle. Behind, it Hes on the

Middle Scalenus muscle and the lowest cord of the brachial plexus, formed by the union of

the last cervical and first thoracic nerves. Above and to its outer side are the upper trunks

of the brachial plexus and the Omohyoid muscle. Belaio, it rests on the upper surface of the

first rib, or on the cervical rib if one be present.

Plan of the Relations of Third Portion of Subclavian Artery.

In front.

Skin and superficial fascia.

Platysma and deep cervical fascia.

Descending branches of cervical plexus. Nerve to Subclavius muscle.

Subclavius muscle, suprascapular artery, and vein.

The external jugular and transverse cervical veins.

The clavicle.

Above. / Subclavian \ BcloW

Brachial plexus.
\ ^}^_^^ j

First rib.

Oraohvoid.

Behind.

Scalenus medius.

Lower cord of brachial plexus.

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, in some cases, above the

sternoclavicular articulation, and occasionally, but less frequently, in the cavity of the thorax,

below that point. 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

first branch, it occupies the ordinary position of the innominate artery; when the second or third,

it gains its usual position by passing behind the right carotid; and when the last branch, it arises

from the left extremity of the arch, at its upper or back part, and passes obliquely toward the

right side, usually behind the trachea, oesophagus, and right carotid, sometimes between the

oesophagus and trachea to the upper border of the first rib, whence it follows its ordinary course.

Its manner of development is such that the inferior laryngeal nerve is not looped under the ves-

sel, but passes in a nearly straight course on its way to the larynx. In very rare instances this

vessel arises from the thoracic aorta, as low down as the fourth thoracic vertebra. Occasionally

it perforates the Scalenus anticus muscle; more rarely it passes in front of that muscle. Some-
times the subclavian vein passes with the artery behind the Scalenus anticus muscle. The
artery may ascend as high as an inch and a half above the clavic-le 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 common carotid.

Surface Marking.—The course of the subclavian artery in the neck may be mapped out

by describing a curve, with its convexity upward at the base of the posterior triangle. The inner
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end of this curve corresp)onds to the sternoclavicular joint, the outer end of the centre of the

lower border of the clavicle. The curve is to be drawn with such an amount of convexity that

its mid-point reaches half an inch above the upper border of the clavicle. The left subclavian

arterv is more deeply placed than the right in the first part of its course, and, as a rule, does not

reach quite as high a level in the neck. It should be borne in mind that the posterior border of

the Sternomastoid muscle corresponds to the outer border of the Scalenus anticus muscle, so

that the third portion of the arterv, that part most accessible for operation, lies inmiediately

external to the posterior border of the Sternomastoid muscle.

Applied Anatomy.—The relations of the subclavian arteries of the two sides having been
examined, the student should direct his attention to a consideration of the best position in which
mpression of the vessel may be effected, or in what situation a ligature may be best applied in

of aneurism or wound.
Compression of the subclavian artery is required in cases of operation about the shoulder,

in the axilla, or at the upper f)art of the arm; and the student will obser\-e that there is only

one situation in which it can be effectually appHed—viz., where the artery passes across the

upper siu^ace of the first rib. In order to compress the vessel in this situation, the shoulder

should be depressed, and the surgeon, grasping the side of the neck, should press with his thimib

in the angle formed by the posterior border of the Sternomastoid with the upper border of the

clavicle, downward, backward, and inward against the rib; if from any cause the shoulder

cannot be sufficiently depressed, pressure may be made from before backward, so as to compress
the arterv against the Scalenus medius muscle and the transverse process of the seventh cervical

vertebra. In appropriate cases a preliminary incision may be made through the ce^^•ical fascia,

and the finger may be pressed down directly uf)on the artery.

Ligation of the subclavian artery may be required in cases of woimds or of aneurism in the

axilla, or in cases of aneurism on the cardiac side of the point of ligation; and the third part of

the arterv is that which is most favorable for an operation, on account of its being compara-
tively superficial and most remote from the origin of the lai^e branches. In those cases where
the clavicle is not displaced, this operation may be performed with comparative facihty; but
where the clavicle Is pushed up by a large aneurismal timior in the axilla the arter\' is placed at

a great depth from the surface, which materially increases the difficulty 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 it is as high as an inch and a half, and sometimes so low as to be on a level with
the upper border of the clavicle. If the clavicle is displaced, these variations will necessarily

make the operation more or less difficult, according as the vessel is more or less accessible.

The procedure in the operation of tying the third portion of the subclavian arterv is as fol-

lows: The patient being placed on a table in the supine position, with the head drawn over to

the opposite side and the shoulder depressed as much as possible, the integument should be
drawn downward over the clavicle, and an incision made through it, uf>on that bone, from the

anterior border of the Trapezius to the posterior border of the Sternomastoid, to which may be
added a short vertical incision meeting the inner end of the preceding. The object in drawing
the skin downward is to avoid any risk of wounding the external jugular vein, for as it perforates

the deep fascia above the clavicle, it cannot be drawn downward with the skin. The soft f>arts

should now l>e allowed to glide up, and the cervical fascia should be divided upon a director,

and if the interval between the Trajjezius and Sternomastoid muscles be insufficient for the per-

formance of the operation, a portion of one or both may be divided. The external jugular vein

will now be seen toward the inner side of the wound; this and the suprascapular and transverse

ervical veins, which terminate in it, should be held aside. If the external jugular vein is at all

.a the way and exposed to injury, it should be tied in two places and divided. The suprascapular
artery should be avoided, and the Omohyoid muscle held aside if necessary. In the space
beneath this muscle careful search must be made for the vessel; a layer of deep fascia and some
)nnective tissue having been divided carefully, the outer margin of the Scalenus anticus muscle

iiiust be felt for, and. the finger being guided by it to the first rib, the pulsation of the subclavian
artery will he felt as it passes over the rib. The sheath of the vessels having been opened,
the aneurism needle may then be passed around the artery from above downward and inward, so
IS to avoid including any of the branches of the brachial plexus. If the clavicle is so raised by
he tumor 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 anticus muscle; the difficulties of the
operation in such a case will be materially increased, on accoimt of the greater depth of the artery
and the alteration in position of the surrounding parts.

The second pari of the subclavian artery, from being that portion which rises highest in the
neck, has been considered favorable for the application of the ligature when it is difficult to tie

the arterv in the third part of its course. There are, however, many objections to the oper-
ation in this situation. It is necessarv to divide the Scalenas anticus muscle, upon which lies

the phrenic nerve, and at the inner side of which is situated the internal jugular vein; and a
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wound of either of these structures might lead to the most dangerous consequences. Again,

the artery is in contact, below, with the pleura, which must also be avoided; and, lastly, the
proximity of so many of its large branches arising internal to this point must be a still further

objection to the operation. In cases, however, where the sac of an axillary aneurism encroaches

on the neck, it may be necessary to divide the outer half or two-thirds of the Scalenus anticus

muscle, so as to place the ligature on the vessel at a greater distance from the sac. The oper-

ation is performed exactly in the same way as a ligation of the third portion, until the Scalenus

anticus is exposed, when it is to be divided on a director (never to a greater extent than its outer

two-thirds), and it immediately retracts. The operation is therefore merely an extension of

ligation of the third portion of the vessel.

In those cases of aneurism of the axillary or subclavian artery in which the aneurism encroaches

upon the outer portion of the Scalenus muscle to such an extent that a ligature cannot be applied

in that situation, it may be deemed advisable, as a last resource, to tie the first portion of the

subclavian artery. On the left side this operation has been regarded as almost impracticable;

the great depth of the artery from its surface, its intimate relation with the pleura, and its close

proximity to the thoracic duct and to so many important veins and nerves, presents a series of

difficulties which it is very difficult to overcome. Nevertheless, it has been successfully done
several times. The main objection to the operation in this situation is the smallness of the

interval which usually exists between the commencement of the vessel and the origin of the

nearest branch. The operation may be performed in the following manner: The patient being

placed on the table in the supine position with the neck extended, an incision should be made
along the upper border of the inner part of the clavicle, and a second along the inner border of

the Sternomastoid, meeting the former at an angle. The attachment of both heads of the

Sternomastoid must be divided on a director and turned outward; a few small arteries and
veins, and occasionally the anterior jugular vein, must be avoided, or, if necessary, ligated in

two places and divided, and the Sternohyoid and Sternothyroid muscles are to be divided in

the same manner as the preceding muscle. After tearing through the deep fascia, 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 upward, by which the pleura is more effectually

avoided. The exact position of the vagus, the recurrent laryngeal, the phrenic and sympathetic

nerves should be remembered, and the ligature should be applied near the origin of the verte-

bral, in order to afford as much room as possible for the formation of a coagulum between the

ligature and the origin of the vessel. It should be remembered that the right subclavian artery

is occasionally deeply placed in the first part of its course when it arises from the left side of the

aortic arch, and passes in such cases behind the oesophagus or between it and the trachea.

Branches.—The branches given off from the subclavian artery are:

Vertebral. Internal mammary.
Superior intercostal.

( Inferior thyroid.

Thyroid axis < Suprascapular.

(.Transverse cervical.

On the left side all four branches generally arise from the first portion of the

vessel, but on the right side the superior intercostal usually arises from the second

portion of the vessel. On both sides of the body the first three branches arise close

together at the inner margin of the Scalenus anticus; in the majority of cases a

free interval of from half an inch to an inch exists between the commencement

of the artery and the origin of the nearest branch. The vertebral artery

arises from the upper and posterior part of the subclavian artery, the internal

mammary from the lower part of the artery; the thyroid axis from in front and

the superior intercostal from behind.

The vertebral artery, the first branch of the subclavian, is distributed entirely

to the head and neck, chiefly supplying the posterior portion of the brain. It

has been described on pages 619 to 623.

The thyroid axis {truncus thyreocervicalis) (Figs. 435 and 458) is a short thick

trunk which arises from the fore part of the first portion of the subclavian artery,
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close to the inner border of the Scalenus anticus muscle, and divides, almost

immediately after its origin, into three branches—the inferior thyroid, supra-

scapular, and transverse cervical.

The inferior thyroid artery (a. thyreoidea inferior) (Fig. 435) passes upward, in

front of the vertebral artery and Longus colli muscle ; then turns inward behind the

sheath of the common carotid artery and internal jugular vein, and also behind

the sympathetic cord, the middle cer%ical ganglion resting upon the vessel, and,

reacliino' the lower border of the lateral lobe of the th}Toid gland, it divides into

o branches, which supply the postero-inferior parts of the gland, and anasto-

lose with the superior thyroid and with the corresponding artery of the opposite

side. The recurrent laryngeal nen e passes upward, generally behind, but occa-

sionally in front of, the artery. Its branches are

:

Inferior laryngeal. (Esophageal.

Tracheal. Ascending cer\ical.

Muscular.

The inferior laryngeal branch (a. laryngea inferior) ascends upon the trachea

to the back part of the larynx, in company with the recurrent laryngeal ner^'e,

and supplies the muscles and mucous membrane of this part, anastomosing with

the inferior laryngeal branch from the opposite side and with the laryngeal branch

from the superior thyroid artery.

The tracheal branches [rami tracheales) are distributed upon the trachea, anasto-

mosing below with the bronchial arteries.

The oesophageal branches (rami oesophagei) are distributed to the oesophagus,

and anastomose with the oesophageal branches of the aorta.

The ascending cervical (a. cervicalis ascendens) is a small branch which arises

from the inferior thyroid just where that vessel is passing behind the common
carotid artery, and runs up on the anterior tubercles of the transverse processes

of the cenical vertebrae in the interval between the Scalenus anticus and Rectus

capitis anticus major muscles. It gives branches to the muscles of the neck,

which anastomose with branches of the vertebral, and sends one or two branches

into the vertebral canal through the intervertebral foramina to be distributed to

the spinal cord and its membranes, and to the bodies of the vertebrae in the same

manner as the lateral spinal branches from the vertebral. It anastomoses with

the ascending pharyngeal and occipital arteries.

The muscular branches supply the Depressors of the hyoid bone, the Longus
olli, the Scalenus anticus, and the Inferior constrictor of the pharynx. One
of the muscular branches passes between the transverse processes of the fourth

and fifth cervical vertebrae and reaches the deep muscles of the neck. It is called

the ramus profundus.

The suprascapular artery (a. transversa scapulae) (Figs. 435 and 457) passes

at first downward and outward across the Scalenus anticus and phrenic nerve,

being covered by the Sternomastoid; it then crosses the subclavian artery and the

cords of the brachial plexus, and runs outward, behind and parallel with the

davicle and Subclavius muscle, and beneath the posterior belly of the Omohyoid,
to the superior border of the scapula, where it passes over the transverse ligament
of the scapula, which separates it from the suprascapular ner\e, and reaches the

supraspinous fossa. In this situation it lies close to the bone, and ramifies be-

tween it and the Supraspinatus muscle, to which it supplies branches. It then

passes downward behind the neck of the scapula, to reach the infraspinous fossa,

where it anastomoses with the dorsalis scapulae branch of the subscapular artery

and branches of the posterior scapular arteries. Besides distributing branches
to the Sternomastoid, Subcla\'ius, and neighboring muscles, it gives off a supra-



630 THE VASCULAR SYSTEMS

sternal branch, which crosses over the sternal end of the clavicle to the skin of the

upper part of the thorax; and a supra-acromial branch {ramus acromialis), which
piercing the Trapezius muscle, supplies the skin over the acromion, anastomosing

with a branch of the acromiothoracic artery, A small subscapular branch is given

off as the artery passes over the transverse ligament of the scapula ; it descends into

the subscapular fossa, ramifies beneath the Subscapular muscle, and anastomoses

with the posterior and subscapular arteries. The suprascapular artery also sends

branches to the acromioclavicular and shoulder-joints, and a nutrient artery to

the clavicle.

Posterior scapular.
Suprascapular. Acromial branch of

acromiothoracic

Anterior

circumflex.

I

^Termination of
S'lhscapular.

Fig. 457.—The scapular and circumflex arteries.

The transverse cervical artery (a. transversa colli) (Fig. 435), larger than the

suprascapular, passes transversely outward, across the upper part of the sub-

clavian 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 phrenic nerve, Scaleni

muscles, and the brachial plexus, between the divisions of which it sometimes

passes, and is covered by the Platysma, Sternomastoid, Omohyoid, and Trapezius

muscles.

The superficial cervical (ramus ascendens) ascends beneath the anterior margin

of the Trapezius, distributing branches to it and to the neighboring muscles and

lymph nodes in the neck, and anastomosing with the superficial branch of the

arteria princeps cervicis.

The posterior scapular (ramus descendens) (Fig. 435) passes beneath the Levator

anguli scapulae muscle to the superior angle of the scapula, and then descends

along the posterior border of that bone as far as the inferior angle. In its course

it is covered by the Rhomboid muscles, supplying them and the Latissimus dorsi

and Trapezius, and anastomosing with the suprascapular an^ subscapular arteries,

and with the posterior branches of some of the intercostal arteries.

Peculiarities.—The superficial cervical frequently arises as a separate branch from the thy-

roid axis; and the posterior scapular, from the third, more rarely from the second, part of the

subclavian.
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The internal ma.mTna.Ty artery (a. mammaria interna) (Fig. 458) arises from

the under surface of the first portion of the subclavian artery, opposite the thyroid

ScaleHHS
atUiau.

Thyroid axi*.

Common candid.

Innominate.

Internal mam-
mary.

Anterior intercostal

branches.

Perforating

branches.

Museulo-
phrettic.

Superior epi-

gastric.

Fig. 458.—The internal mammarj' arter>' and its branches.

axis. It descends behind the cartilages of the upper six ribs at a distance of
about half an inch from the margin of the .sternum; and at the level of the sixth

intercostal space divides into the musculophrenic and superior epigastric arteries.
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Relations.—At its origin it is covered by the internal jugular and subclavian veins, and as

it enters the thorax is crossed from without inward by the phrenic nerve, and then passes for-

ward close to the outer side of the innominate vein. In the upper part of the thorax it lies behind

the costal cartilages and Internal intercostal muscles, and is crossed by the terminations of the

upper six intercostal nerves. Behind it lies upon "the pleura, as far as the third costal cartilage;

below this level upon the Triangularis sterni muscle. It is accompanied by two venae comites;

these unite into a single vein, which passes to the inner side of the artery and ends .in the corre-

sponding innominate vein.

Branches.—The branches of the internal mammary are:

Comes nervi phrenici. Anterior intercostal.

Mediastinal. Perforating.

Pericardiac. Musculophrenic.

Sternal. Superior epigastric.

The comes nervi phrenici (a. pericardiacophrejiica) is a long slender branch

which accompanies the phrenic nerve, between the pleura and pericardium, to

the Diaphragm to which it is distributed; it anastomoses with the other phrenic

branches from the internal mammary and with phrenic branches of the abdominal

aorta.

The mediastinal branches (aa. mediastinales anteriores) are small vessels which

are distributed to the areolar tissue and lymph nodes in the anterior medias-

tinum and to the remains of the thymus gland.

The pericardiac branches supply the upper part of the anterior surface of the

pericardium, the lower part receiving branches from the musculophrenic artery.

The sternal branches (rami sternales) are distributed to the Triangularis sterni

and to the posterior surface of the sternum.

The mediastinal, pericardiac, and sternal branches, together with some twigs

from the comes nervi phrenici, anastomose with branches from the intercostal and
bronchial arteries, and form a minute plexus beneath the pleura, which has been

named by Turner the subpleural mediastinal plexus.

The anterior intercostal arteries (rami intercosiales) supply the five or six upper

intercostal spaces. The branch corresponding to each space soon divides into

two, or the two branches may come off separately from the parent trunk. The
small vessels pass outward in the intercostal spaces, one, the larger, lying near

the lower margin of the rib above, and the other, the smaller, near the upper

margin of the rib below, and anastomose with the intercostal arteries from the

aorta. They are at first situated between the pleura and the Internal intercostal

muscles, and then between the Internal and External intercostal muscles. They
supply the Intercostal muscles, and, by branches which perforate the External

intercostal muscle, reach the Pectoral muscles and the mammary gland.

The perforating arteries (rami perforantes) correspond to the five or six upper

intercostal spaces. They arise from the internal mammary, pass forward through

the intercostal spaces, and, curving outward, supply the Pectoralis major and the

integument. Those which correspond to the second, third, and fourth spaces are

distributed to the mammary gland. In females, during lactation, these branches

are of large size.

The musculophrenic artery (a. muscidophrejiica) is directed obliquely down-

ward and outward, behind the cartilages of the false ribs, perforating the Dia-

phragm at the eighth or ninth rib, and terminating, considerably reduced in size,

opposite the last intercostal space. It gives off 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
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the anterior intercostals from the internal mammary. The musculophrenic also

ct'wes. branches to the lower part of the pericardium, and others which run back-

ward to the Diaphragm and downward to the Abdominal muscles.

The superior epigastric (a. epigastrica superior) continues in the original direc-

tion of the internal mammary; it descends through the cellular interval between

the costal and sternal attachments of the Diaphragm, and enters the sheath of the

Rectus abdominis muscle, at first lying behind the muscle, and then perforating

it and supplying it, and anastomosing with the deep epigastric artery from the

ternal iliac. Some branches perforate the sheath of the Rectus and supply the

uscles of the abdomen and the integument, and a small branch, which passes

ward upon the side of the ensiform appendix, anastomoses in front of that

rtilage with the superior epigastric arter}' of the opposite side. It also gives

me twigs to the Diaphragm, while from the artery of the right side small branches

extend into the falciform ligament of the liver and anastomose with the hepatic

artery.

The superior intercostal (truncus costocervicalis) (Figs. 444 and 464) arises from

the upper and back part of the subclavian artery, behind the Scalenus anticus mus-

cle on the right side and to the inner side of that muscle on the left side. Passing

backward, it gives off the deep cervical branch, and then descends behind the

pleura in front of the necks of the first two ribs, and anastomoses with the first

aortic intercostal. As it crosses the neck of the first rib it lies to the inner side

of the anterior division of the first thoracic nerve and to the outer side of the first

thoracic ganglion of the sympathetic cord.

In the first intercostal space it gives off a branch which is distributed in a manner

similar to the distribution of the aortic intercostals. The branch for the second

intercostal space usually joins with one from the highest aortic intercostal. Each

intercostal gives off a branch to the posterior spinal muscles, and a small branch

which passes through the corresponding intervertebral foramen to the spinal cord

and its membranes.

The deep cervical branch (a. cervicalis profunda) arises, in most cases, from

the superior intercostal, and is analogous to the posterior branch of an aortic

intercostal artery; occasionally it arises as a separate branch from the subclavian

arterv. Passing backward, above the eighth cer\ical nen'c and between the

transverse process of the seventh cer\'ical vertebra and the first rib, it runs up the

back part of the neck, between the Complexus and Semispinalis colli muscles,

as high as the axis vertebra, supplying these and adjacent muscles, and anasto-

mosing with the deep branch of the arteria princeps cervicis of the occipital,

and with branches which pass outward from the vertebral. It gives off a special

t)ranch which enters the vertebral canal through the inter\ertebral foramen

l)etween the seventh cervical and first thoracic vertebrse.

THE AXILLA.

The axilla or armpit is a pyramidal space, situated between the upper and lateral

part of the thorax and the inner side of the arm.

Boundaries.—Its apex, which is directed upward toward the root of the neck,

corresponds to the interval between the first rib, the upper edge of the scapida,

and the clavicle, through which the axillary vessels, the brachial plexus of nerves,

and the long thoracic nerve pass. This interval is the cervico-axillary passage.

The base, directed downward, is formed by the integument and a thick layer of

fascia, the axillary fascia (fascia axillaris) (Fig. 346), extending between the lower

border of the Pectoralis major in front and the lower border of the Latissimus



634 THE VASCULAR SYSTEMS

dorsi behind (page 406). The axilla is broad internally at the thorax, but narrow

and pointed externally at the arm. The anterior wall 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 costocoracoid membrane,
the clavicle, and the Subclavius muscle. The posterior boundary, which extends

somewhat lower than the anterior, is formed by the Subscapularis above, the Teres

major and Latissimus dorsi below. On the inner side are the first four ribs with

their corresponding Intercostal muscles, and part of the Serratus magnus. On
the outer side, where the anterior and posterior boundaries converge, the space is

narrow, and bounded by the humerus, the Coracobrachialis and Biceps muscles.

Contents.—It contains the axillary vessels, and the brachial plexus of nerves,

with their branches, some branches of the intercostal nerves, and a large number
of lymph nodes, all connected by a quantity of fat and loose areolar tissue.

Position of the Contents.—The axillary artery and vein, with the brachial plexus

of nerves, extend obliquely along the outer boundary of the axilla, from its apex

to its base, and are placed much nearer the anterior than the posterior wall, the

vein lying to the inner or thoracic side of the artery and partially concealing

it. At the fore part of the axilla, in contact with the Pectoral muscles, and along

the anterior margin are the thoracic branches of the axillary artery, and along

the lower margin of the Pectoralis minor the long thoracic artery extends to the

side of the thorax. At the back part, in contact with the lower margin of the !Sub-

scapularis muscle, are the subscapular vessels and nerves; winding around the

outer border of this muscle is the dorsalis scapulae artery and vein^; and, close

to the neck of the humerus, the posterior circumflex vessels and the circumflex

nerve are seen curving backward 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 long thoracic 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 intercostohumeral 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 and a large

number of small arteries and veins, all of which are, however, of inconsideraWe

size, and numerous lymph nodes, the position and arrangement of which are

described on a subsequent page.

Applied Anatomy.—The axilla is a space of considerable surgical importance. It trans-

raits the large vessels and nerves to the upper extremity, and these may be the seat of injury or

disease; it contains numerous lymph nodes which may require removal when diseased; in

it is a quantity of loose connective and adipose tissue which may be readily infiltrated with blood

or pus. The axilla may be the seat of rapidly growing tumors. Moreover, it is covered at its

base by thin skin, largely supplied with sebaceous and sweat glands, which is frequently the

seat of small cutaneous abscesses and bails, and of eruptions due to irritation.

In suppuration in the axilla the arrangement of the fasciae plays a very important part in the

direction which the pus takes. As described on p. 456, the costocoracoid membrane, after

covering in the space between the clavicle and the upper border of the Pectoralis minor, splits

to enclose this muscle, and, reblending at its lower border, becomes incorporated with the axillary

fascia at the anterior fold of the axilla. Suppuration may take place either superficial to or

beneath tnis layer of fascia; that is, either between the Pectorals or beneath the Pectoralis minor;

in the former case the pus would point either at the anterior border of the axillary fold or in

the groove between the Deltoid and the Pectoralis major; in the latter instance, the pus would^

have a tendency to surround the vessels and nerves and ascend into the neck, that being the direr

lion in which there is least resistance. Its progress toward the skin is prevented by the axillar

fascia; its progress backward, by the Serratus magnus; forward, by the costocoracoid fascia

inward, by the wall of the thorax; and outward, by the upper limb. The pus in these casea
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after extending into the neck, has been known to spread through the superior opening of the

thorax into the mediastinum.

In opening an axillary abscess the knife should be entered in the floor of the axilla, midway

between the anterior and posterior margins and near the thoracic side of the space. It is well

to use a director and dressing forceps after an incision has been made through the skin and fascia

in the manner directed bv the late Mr. Hihon.

The relations of the vessels and nerves in the several parts of the axilla are important, for it is

the universal plan to remove the nodes from the axilla in operating for cancer of the breast.

Fig. 459.—^The axillary artery and its branches.

The Axillary Artery (A. Axillaris) (Fig. 459).

The axillary artery, the continuation of the subclavian, commences at the

outer border of the first rib, and terminates at the lower border of the tendon

of the Teres major muscle, where it takes the name of brachial. Its direction

varies with the position of the limb; when the arm lies bv the side of the thorax,

the vessel forms a gentle cune, the convexity being upward and outward; when

the arm is directed at right angles with the trunk, the vessel is nearly straight;

and when the arm is elevated still higher, the arteries describe a curve the con-

cavity of which is directed upward. At its commencement the artery is very deeply

situated, but near its termination it is superficial, being covered only by the skin

and fascia. The description of the relations of this vessel is facilitated by its

di\'ision into three portions, the first portion being above, the second portion be-

hind, and the third below the Pectoralis minor.

Relations.

—

The first portion of the axillary- arterj- is in relation, in front, with the clavicular

portion of the Pectoralis major, the costocoracoid membrane, the external anterior thoracic nerve,

and the acromiothoracic and cephalic veins; behind, with the first intercostal space, the corre-
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spending Intercostal muscle, the first and second digitations of the Serratus magnus, and the

Long thoracic nerve; on its outer side, with the brachial plexus, from which it is separated by
a little areolar tissue; on its inner or thoracic side, with the axillary vein, which overlaps the

artery. It is enclosed, together with the axillary vein and the brachial plexus, in a fibrous

sheath—the axillary sheath—continuous above with the cervical fascia.

Relations of the First Portion of the Axillary Artery.

In front.

Pectoralis major.

Costocoracoid membrane.
External anterior thoracic nerve.

Acromiothoracic and cephalic veins.

Outer side.

Brachial plexus.

Inner side.

Axillary vein.

Behind.

First Intercostal space and Intercostal muscle.

First and Second digitations of Serratus magnus.
Long thoracic and internal anterior thoracic nerves.

The second portion is covered, in front, by the Pectoralis major and minor muscles; hehii

it is the posterior cord of the brachial plexus and some areolar tissue which intervenes betweer

it and the Subscapularis; on the ijinir side is the axillary vein, separated from the artery by the

inner cord of the brachial plexus and the internal anterior thoracic nerve; on the outer side is

the outer cord of the brachial plexus. The brachial plexus of nerves thus surrounds the arterj

on three sides, and separates it from direct contact with the vein and adjacent muscles.

Relations of the Second Portion of the Axillary Artery.

In front.

Pectoralis major and minor.

Outer side.

Outer cord of brachial plexus.

Inner side.

Axillary vein.

Inner cord of brachial plexus.

Internal anterior thoracic nerve.

Behind.

Subscapularis.

Posterior cord of brachial plexus.

The third portion of the axillary artery extends from the lower border of the Pectoralis!

minor to the lower border of the tendon of the Teres major. It is in relation, in front, withi

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 dorsij

and Teres major; on its outer side, with the Coracobrachialis; on its inner or thoracic side, wit!

the axillary vein. The nerves of the brachial plexus bear the following relation to the arteryl

in this part of its course; on the outer side is the median nerve and the rhusculocutaneous for al

short distance; on the inner side, the ulnar nerve (between the vein and artery) and the lesser!

internal cutaneous nerve (to the inner side of the vein) ; in front are the inner head of the median]
and the internal cutaneous nerve, and behind, the musculospinal and circumflex, the latter

extending only as far as the lower border of the Subscapularis muscle.
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Relations of the Third Portion of the Axillary Artery.

In front.

Integument and fascia.

Pectoralis major.

Inner head of median nen"e.

Internal cutaneous nerve.

Outer side.
/^

N. Inner side.

Coracobrachialis. / Anery^ ) Ulnar ner\e.

Median nerve. I Third portion,
y Axillary vein,

^lusculocutaneous nerve. V / Lesser internal cutaneous nerve.

Behind.
Subscapularis.

Tendons of Latissimus dorsi and Teres major.

Musculospiral and circumflex nerves.

Peculiarities.—The axillary artery, in about one case out of every ten, gives off a large

branch, which forms either one of the arteries of the forearm or a lai^e muscular trimk. In the

first set of cases this artery is most frequently the radial (1 in 33), sometimes the ulnar (1 in 72)

and, very rarely, the interosseous (1 in 506). In the second set of cases the trunk has been
found to give origin to the subscapular, circimiflex, and profunda arteries of the arm. Some-
times only one of the circumflex, or one of the profunda arteries, arises from the trunk. In

these cases the brachial plexus surrounded the trimk of the branches and not the main vessel.

Suiface Marking.—The course of the axillary artery may be marked out by raising the

arm to a right angle with the body and drawing a line from the middle of the clavicle to the

point where the tendon of the Pectoralis major crosses the prominence caused by the Coraco-

brachialis as it emerges from under cover of the anterior fold of the axilla. The third portion

of the artery can \)e felt pulsating beneath the skin and fascia, at the junction of the anterior

with the middle third of the space between the anterior and posterior folds of the axilla, close to

the inner border of the Coracobrachialis muscle.

Applied AjX&tomj.—Cotnpression of the vessel may be required in the removal of tumors

or in amputation of the upper part of the arm; and the only situation in which this can be effect-

ually made is in the lower part of its course; by pressing on it in this situation from within

outward against the himaerus the circulation may be effectually arrested.

With the exception of the popliteal, the axillary artery is perhaps more frequently lacerated

thsm any other artery in the body by violent movements of the extremity, especially in those

cases where its coats are diseased. It has occasionally been ruptured in attempts to reduce old

dislocations of thfe shoulder-joint. This accident is most likely to occur during the preliminary

breaking down of adhesions, in consequence of the artery having become fixed to the capsule

of the joint. Aneurism of the axillary artery is of frequent occiurence, a large percentage of

the cases being traumatic in their origin, due to the \T:olence to which the vessel is exposed in

the varied, extensive, and often violent movements of the limb.

The application of a ligature to the axillary artery may be required in cases of aneurism of

the upper part of the brachial or as a distal operation for aneurism of the subclavian; and there

are only two situations in which the vessel can be secured—viz., in the first and in the third

parts of its course; for the axillarj' arterj* at its central part is so deeply seated, and, at the same
time, so closely surrounded with large nerve trunks, that the application of a ligature to it in

that situation would be almost impracticable.

In the third part of its course the of>eration is most simple, and may be performed in the

following manner: The patient being placed on a bed and the arm separated from the side, with

the hand supinated, an incision about two inches in 'length is made through the integiunent

forming the floor of the axilla, the cut being 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 displaced 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 around the arter}- from the

ulnar to the radial side.

This portion of the artery h occasionally crossed by a muscular slip, the axillary arch, derived

from the Latissimus dorsi, which may mislead the surgeon dm-ing an operation. The occasional

existence of this muscle fasciculus was spoken of in the description of the muscles. It may
easily be recognized by the transverse direction of its fibres.
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The first portion of the axillary artery may be tied in cases of aneurism encroaching so far

upward that a ligature cannot be applied in the lower part of its course. Notwithstanding that

this operation has been performed in some few cases, and with success, its performance is attended

with much difficulty and danger. The student will remark that in this situation it would be

necessary to divide a thick muscle, and, after incising the costocoracoid membrane, the artery

would be exposed at the bottom of a more or less deep space, with the cephalic and axillary!

veins in such relation with it as must render the application of a ligature to this part of the vessel^

particularly hazardous. Under such circumstances it is an easier, and at the same time more
advisable, operation to tie the subclavian artery in the third part of its course.

The vessel in the first part of its course can best be secured through a curved incision the

convexity of which is downward. This incision passes from a point half an inch external to

the sternoclavicular joint to a point half an inch internal to the coracoid process. The limb

is to be well abducted and the head inclined to the opposite side, and this incision is carried

through the superficial structures, care being taken to avoid the cephalic vein at the outer

angle of the incision. The clavicular origin of the Pectoralis major is then divided in the whole

extent of the wound. The arm is now to be brought to the side, and the upper edge" of the

Pectoralis minor defined and drawn downward. The costocoracoid membrane is to be care-

fully divided close to the coracoid process, and the axillary sheath exposed; this is to be opened

with especial care, on account of the vein overlapping the artery. The needle should be passed

from below, so as to avoid wounding the vein.

In a case of wound of the vessel the general practice of cutting down upon and tying it above

and below the wounded point should be adopted in all cases.

Branches.—The branches of the axillary artery are:

n ^ J ^ f Superior thoracic. i^ j ^ f Long thoracic.
t rom first part i * ^ • , i

• /* rom second part < » , ®,

,

[ Acromiothoracic. ^ [ Alar thoracic.

{Subscapular.

Posterior circumflex.

Anterior circumflex.

The superior thoracic (a. thoracalis supreTna) is a small artery which arisei

from the axillary separately or by a common trunk with the acromiothoracic!

Running forward and inward along the upper border of the Pectoralis minor, it

passes between it and the Pectoralis major to the side of the thorax. It supplies

these muscles and the parietes of the thorax, anastomosing with the internal mam-
mary and intercostal arteries.

The acromiothoracic (a. tlioracoacromialis) is a short trunk which arisei

from the fore part of the axillary artery, its origin being generally overlappec

by the upper edge of the Pectoralis minor. Projecting forward to the uppei

border of the Pectoralis minor, it divides into four sets of branches—thoracic^

acromial, descending, and clavicular.

The thoracic branches (rami pectorales), two or three in number, are distributee

to the Serratus magnus and Pectoral muscles, anastomosing with the intercostal

branches of the internal mammary.
The acromial branch (ramus acromialis) is directed outward toward the acre

mion, supplying the Deltoid muscle, and anastomosing, on the surface of the

acromion, with the suprascapular and posterior circumflex arteries.

The descending or humeral branch (ramus delfoideus) runs in the space betweei

the Pectoralis major and Deltoid, in the same groove as the cephalic vein, am
supplies both muscles.

The clavicular branch (ramus clavicularis), which is very small, rinis upwarc

to the Subclavius muscle.

The long thoracic or the external mammary (a. thoracalis lateralis) passes

downward and inward along the lower border of the Pectoralis minor to the side

of the thorax, supplying the Serratus magnus, the Pectoral muscles, and mammai
gland, and sending branches across the axilla to the axillary nodes and Sul

scapularis; it anastomoses with the internal mammary and intercostal arteriesj

it

^ 1
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M\isada-
spiral nerve.

The alar thoracic is a small branch which supplies the nodes and areolar

tissue of the axilla. Its place is frequently supplied by branches from some of

the other thoracic arteries.

The subscapular (a. »ubscapulaiis), the largest branch of the axillary arter}-,

arises opposite the lower border of the Subscapularis muscle, and passes down-

ward and backward along its lower margin to the inferior angle of the scapula,

where it anastomoses with the long thoracic and intercostal arteries and with the

posterior scapular branch of the trans-

verse cenical, and terminates by sup-

plying branches to the muscles in the

neighborhood. About an inch and a

half from its origin it gives off a large

branch, the dorsalis scapulae.

The dorsalis scapulae (a. circumflexa

scapulae) is generally larger than the

continuation of the subscapular. It

curves around the axillary border of the

scapula, leaving the axilla through the

spac-e between the Teres minor above,

the Teres major below, and the long

head of the Triceps externally (Fig.

457), and enters the infraspinous fossa

by passing under cover cf the Teres

minor, where it anastomoses with the

posterior scapular and suprascapular

arteries. In its course it gives off two

branches: one ( infrascapular) enters the

subscapular fossa beneath the Subscap-

ularis, which it supplies, anastomosing

with the posterior scapular and supra-

scapular arteries; the other is continued

along the axillary border of the scapula,

between the Teres major and minor,

and, at the dorsal surface of the inferior

angle of the bone, anastomoses with the

posterior scapular. In addition to these,

small branches are distriljuted to the

back part of the Deltoid muscle and the

long head of the Triceps, anastomosing

with an ascendingbranch of the superior

profunda of the brachial.

The circumflex arteries wind around
the surgical neck of the humerus. The
posterior circumflex (a. circumflexa hum-
eri posterior) (Fig. 457), the larger of

the two, arises from the back part of the

axillary opposite the lower border of

the Subscapularis muscle, and, passing backward with the circumflex veins and
nene through the quadrangular space bounded by the Teres major and minor, the

scapular head of the Triceps and the humerus, winds around the neck of that bone
and is distributed to the Deltoid muscle and shoulder-joint, anastomosing with the

anterior circumflex and acromial thoracic arteries, and with the superior profunda
branch of the brachial arter}\ The anterior circumflex (a. circvmflexa humeri ante-

rior) (Figs. 457 and 459), considerably smaller than the preceding, arises nearly

Inferior
' profunda.

Anastomotica
magna.

Fig. 460.—The brachial artery.
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opposite that vessel from the outer side of the axillary artery. It passes horizon-

tally outward beneath the Coracobrachialis 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 upward along the groove

to supply the head of the bone and the shoulder-joint. The trunk of the vessel

is then continued outward beneath the Deltoid, which it supplies, and anasto-

moses with the posterior circumflex artery.

The Brachial Artery (A. Brachialis) (Fig. 460).

The brachial artery (a. brachialis) commences at the lower margin of the tendon

of the Teres major, and, passing down the inner and anterior aspect of the arm,

terminates about half an inch below the bend of the elbow, where it divides into

the radial and ulnar arteries. At first the brachial artery lies internal to the humerus,

but as it passes down the arm it gradually gets in front of the bone, and at the bend
of the elbow it lies midway between the two condyles.

Relations.—This artery is superficial throughout its entire extent, being covered, in front,

by the integument, the superficial and deep fascije; the bicipital fascia separates it- opposite the

elbow from the median basilic vein; the median nerve crosses it at its middle; behind, it is

separated from the long head of the Triceps by the musculospiral nerve and superior profunda

artery. It then lies upon the inner head of the Triceps, next upon the insertion of the Coraco-

brachialis, and lastly on the Brachialis anticus. By its outer side, it is in relation with the

commencement of the median nerve and the Coracobrachialis and Biceps muscles, the two
muscles overlapping the artery to a considerable extent. By its inner side, its upper half is in

relation with the internal cutaneous and ulnar nerves, its lower half with the median nerve.

The basilic vein lies on the inner side of the artery, but is separated from it in the lower part

of the arm by the deep fascia. The brachial artery is accompanied by two venae comites,

which lie in close contact with the artery, being connected at intervals by short transverse

communicating branches.

Plan of the Relations or the Brachial Artery.

In front.

Integument and fasciae.

Bicipital fascia, median basilic vein.

Median nerve (in middle portion).

Overlapped by Coracobrachialis and Biceps.

Outer side.
/^ ^\ Inner side.

Median nerve (above).
j

Br^hiai
j Internal cutaneous and ulnar nerves.

Coracobrachialis. \ «
ery.

; Median nerve (below).

Biceps. ^v y Basilic vein

BehiTid.

Triceps (long and inner heads).

Musculospiral nerve.

Superior profunda artery.

Coracobrachialis.

Brachialis anticus.
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THE ANATOMY OF THE BEXD OF THE ELBOW (ANTECUBITAL
FOSSA).

At the bend of the elbow the brachial arterv sinks deeply into a triangular inter-

val, the antecubital fossa, the base of which is directed upward, and may be repre-

sented by a line connecting the two condyles of the humerus; the sides are bounded,

externally, bv the inner edge of the Brachioradialis; internally, by the outer mar-

gin of the Pronator teres; its floor is formed by the Brachialis anticus and Supi-

nator [brevis]. This space contains the brachial artery with its accompanying

veins, the radial and ulnar arteries, the median and musculospiral nenes, and the

tendon of the Biceps. The brachial arter}- occupies the middle line of this space,

and divides opposite the neck of the radius into the radial and ulnar arteries; it is

covered, in front, by the integument, the superficial fascia, and the median basilic

vein, the vein being separated from direct contact with the artery by the bicipital

fascia. Behind, it lies on the Brachialis anticus, which separates it from the

elbow-joint. The median nene lies on the inner side of the artery, close to it

above, but separated from it below by the coronoid origin of the Pronator teres.

The tendon of the Biceps lies to the outer side of the space, and the musculospiral

nerve still more externally, situated upon the Supinator [bre\-is] and partly con-

cealed by the Brachioradiahs.

Peculiarities of the Brachial Artery as Regards its Conrse.—The brachial artery, accom-
panied by the median nerve, may leave the inner border of the Biceps and descend toward the

inner condyle of the humerus, where it usually ciu-ves around a prominence of bone, the supra-

condylar process. From this process, in most subjects, a fibrous arch is thrown over the artery.

The vessel then inclines outRard, beneath or through the substance of the Pronator teres

muscle, to the bend of the elbow. The variation bears considerable homology to the normal
condition of the arterj* in some of the carnivora; it has been referred to in the description of the

himierus (page 181).

As Regards its Division.—Occasionally, the artery is divided for a short distance at its upper
pan into two trunks which are united above and below. A similar peculiarity occius in the

main vessel of the lower limb.

The vessels concerned in the high division of the brachial artery are three—viz., radial, ulnar,

and interosseous. Most frequently the radial is given off high up, the other limb of the bifurca-

tion consisting of the ulnar and interosseous. In some instances the ulnar arises from the

brachial above the ordinary level, and the radial and interosseous form the other limb of the

division; and occasionally the interosseous arises high up.

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 sUps derived from the Coracobrachialis, Biceps,

Brachialis anticus, and Pronator teres muscles.

Surface Marking.—The direction of the brachial arterj- is marked by a line drawn along

the inner edge of the Biceps from the jimction of the anterior and middle thirds of the axillarj'

outlet to the middle of the front of the elbow-joint.

Applied 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 obsers'ed that it may be effected

in almost any part of the course of the arterv. If pressure is made in the upper part of the

limb, it should be directed from within outward, and if in the lower part, from before backward,
as the artery lies on the inner side of the himierus above and in front of the hmnerus below.

The most favorable situation is about the middle of the arm, where it lies on the tendon of the

Coracobrachialis on the inner flat side of the hmnerus.
The application of a ligature to the brachial artery may be required in case of woimd 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 arterv may be
secured in any part of its course. The chief guides in determining its position are the sur-

face markings produced by the inner margin of the Coracobrachialis and Biceps, the known

* See Struther's Anatomical and Physiological Obeervatkms.
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course of the vessel, and its pulsation, which should be carefully felt for before any operation is

performed, as the vessel occasionally deviates from its usual position in the arm. In whatever

situation the operation is performed, great care is necessary, on account of the extreme thinness

of the parts covering the artery and the intimate connection which the vessel has throughout its

whole course with important nerves and veins. Sometimes a thin layer of muscle 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 supine 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 inner side of the

Coracobrachialis muscle, and the subjacent fascia cautiously divided, so as to avoid wounding
the internal cutaneous nerve or basilic vein, which sometimes runs on the surface of the artery

as high as the axillary. The fascia having been divided, it should be remembered that the ulnar

and internal cutaneous nerves lie on the inner side of the artery, the median on the outer side,

the latter nerve being occasionally superficial to the artery in this situation, and that the venae

comites are also in relation with the vessel, one on either side. These being carefully separated,

the aneurism needle should be passed around the artery from the inner to the outer side.

In the case of a high division, the two arteries are usually placed side by s'de; and if they

are exposed in an operation, the surgeon should endeavor to ascertain, by alternately pressing

on each vessel, which of the two communicates with the wound or aneurism, when a ligature

may be applied accordingly; or if pulsation or hemorrhage ceases only 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

toward 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 lying upon the artery (sometimes beneath); this being drawn inward and the muscle
outward, the artery should be separated from its accompanying veins and secured. In this

situation the inferior profunda may be mistaken for the main trunk, especially if enlarged, from
the collateral circulation having become established; this may be avoided by directing the

incision externally toward the Biceps, rather than inward or backward toward the Triceps.

The lower part of the brachial artery is of interest from a surgical point of view, on account of the

relation which it bears to the veins most commonly opened in venesection. Of these vessels,

the median 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 care should be taken in opening
the vein not to carry the incision too deeply, so as to endanger the artery.

Collateral Circulation.—After the 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 sub-

scapular 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.

Branches.—The branches of the brachial artery are:

Superior profunda. Inferior profunda.

Nutrient. Anastomotica magna.
Muscular.

The superior profunda artery (a. profunda hrachii) arises from the inner and

back part of the brachial, just below the lower border of the Teres major, and

passes backward to the interval between the outer and inner heads of the Triceps

muscle; accompanied by the musculospiral nerve it winds around the back part of

the shaft of the humerus in the spiral groove, between the outer head of the Triceps

and the bone, to the outer side of the humerus, where it reaches the external inter-

muscular septum and divides into two terminal branches. One of these pierces

the external intermuscular septum, and descends, in company with the musculo-
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Sadial reeHtrent.

spiral ner\'e, to the space between the Brachialis ant'icus and Brachioradialis,

where it anastomoses with the recurrent branch of the radial artery; while the

other, much the larger of the two,

descends along the back of the exter-

nal intermuscular septum to the back

of the elbow-joint, where it anasto-

moses with the posterior interosseous

recurrent, and across the back of the

humerus with the posterior ulnar re-

current, the anastomotica magna, and

inferior profunda (Fig. 464). The
superior profunda supplies the Tri-

ceps muscle and gives off a nutrient

arterv which enters the bone at the

upper end of the musculospiral

crroove. Near its commencement it

sends off a branch which passes up-

ward l^etween the external and long

heads of the Triceps muscle to anas-

tomose with the posterior circumflex

arterv, and, while in the groove, a

small branch which accompanies

a branch of the musculospiral ner\e

through the substance of the Tri-

ceps muscle and ends in the Anco-

neus below the outer condyle of the

humerus.

The nutrient artery (a. mtiricia

humeri) of the shaft of the humerus

arises from the brachial, about the

middle of the arm. Passing down-

ward it enters the nutrient canal of

that bone near the insertion of the

Coracobrachialis mucle.

The inferior profunda (a. collat-

eralis idnaris superior), of small size,

arises from the brachial, a little below ^P^fi^^ ~^
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 anastomos-

ing with the posterior ulnar recurrent

and anastomotica magna. It some-
times supplies a branch to the front

of the internal condyle, which anas-

tomoses with the anterior ulnar re-

current.

The anastomotica magna (a. coUat-

eralis vluaris inferior) arises from the

brachial about two inches above the elbow-joint. It passes transversely inward upon
the Brachialis anticus, and, piercing the internal intermuscular septum, winds

Derp brauA
of ulnar.

Fig. 461.—The radial and ulnar arteries.
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Anterior hra'nch of
superior profunda

Posterior branch of
superior profunda.

Hadial recurr-ent

Interosseous
recurrent.

Superior profunda.

Inferior profunda.

The branches anasto-

in front of the internal

around the back of the humerus between the Triceps and the bone, forming an arch

above the olecranon fossa by its junction with the posterior articular branch of

the superior profunda. As this vessel lies on the Brachialis anticus, branches

ascend to join the inferior profunda, and others descend in front of the inner

condyle to anastomose with the anterior ulnar recurrent. Behind the internal

condyle an offset is given off which anastomoses with the inferior profunda and
posterior ulnar recurrent arteries and supplies the Triceps.

The musculax (rami musculares) 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. 462),—The vessels engaged

in this anastomosis may be conveniently divided into those situated in front and
behind the internal and external

condyles

mosing
condyle are the anastomotica

magna, the anterior ulnar recur-

rent, and the anterior terminal

branch of the inferior profunda.

Those behind the internal condyle

are the anastomotica magna, the

posterior ulnar recurrent, and the

posterior terminal branch of the

inferior profunda. The branches

anastomosing in front of the ex-

ternal condyle are the radial re-

current and the anterior terminal

branch of the superior profunda.

Those behind the external condyle

(perhaps more properly described

as being situated between the ex-

ternal condyle and the olecranon)

are the anastomotica magna, the

interosseous recurrent, and the

posterior terminal branch of the

superior profimda. There is also

a large arch of anastomosis above

the olecranon, formed by the in-

terosseous recurrent, joining with

the anastomotica magna and

posterior ulnar recurrent.

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 in front of the external condyle.

Anastomotica
magna.

Anterior ulnar
recurrent.

Posterior ulnar
recurrent.

Fio. 462.

Interosseous.
Posterior

interosseous.

Anterior
interosseous.

-Diagram of the anastomosis around the right
elbow-joint.

The Radial Artery (A. Radialis) (Figs. 461, 463).

The radial 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 bifurcation

of the brachial, just below the bend of the elbow, and passes along the radial side of

the forearm to the wrist; it then winds backward, around the outer side of the

carpus, beneath the Extensor tendons of the thumb, to the upper end of the
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space between the metacarpal bones of the thumb and index finger, and finally

passes forward, 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 anastomoses with

the profunda branch of the ulnar artery. The* relations of this vessel may thus

be conveniently divided into three parts—viz., in the forearm, at the back of the

wrist, and in the hand.

Relations.—In the forearm this vessel extends from opposite the neck of the radius to the

fore part of the styloid process, being placed to the inner side of the shaft of the bone above and
in front of it below. It is overlapped in the upper part of its com-se bv the fleshy belly of the

Brachioradialis muscle; throughout the rest of its course it is superficial, being covered by the

integument, the superficial and deep fasciae. In its course downward it lies upon the tendon

of the Biceps, the Supinator [brevis], the Pronator teres, the radial origin of the Flexor sublimis

digitorum, the Flexor longus poUicis, the Pronator quadratus, and the lower extremity of the

radius. In the upper third of its course it Ues between the Brachioradialis and the Pronator

teres; in the lower two-thirds, between the tendons of the Brachioradialis and the Flexor carpi

radialis. The radial nerve lies close to the outer side of the artery in the middle third of its

course, and some filaments of the musculocutaneous nerve, after piercing the deep fascia, run

along the lower part of the artery as it winds around the wrist. The vessel is accompanied by
venae comites throughout its whole coiu^e.

Pl.\x of the Relations of the Radial Artery in the Forearm.

In front.

Skin, superficial and deep fasciae.

Brachioradialis.

Inner side. / \ Outer side.

Pronator teres. I p^r^Si^ /
Brachioradialis.

Flexor carpi radialis. \ y Radial nerve (middle third).

Behind.

Tendon of Biceps.

Supinator [brevis].

Pronator teres.

Flexor sublimis digitorum.

Flexor longus pollicis.

Pronator quadratus.

Radius.

At the wrist, as it winds around the outer side of the carpus from the styloid process to the

first interosseous space, it lies ujx)n the external lateral ligament, and then upon the scaphoid
bone and trapezium, being covered by the Extensor tendons of the thumb, subcutaneous veins,

some filaments of the radial nerve, and the integument. It is accompanied by two veins and a
filament of the musculocutaneous nerve.

In the hand it passes from the upper end of the first interosseous space, between the heads
of the Abductor indicis or First dorsal interosseous muscle, transversely accross the palm, to

the base of the metacarpal bone of the little finger, where it anastomoses with the communi-
cating branch from the ulnar artery, forming the deep palmar arch.

The deep palmar arch (arcnis volaris 'profundus) (Fig. 463) lies upon the

carpal extremities of the metacarpal bones and the Interossei muscles, being

covered by the Adductor obliquus pollicis, the Flexor tendons of the fingers, the

Lumbricales, the Opponens, and Flexor brevis minimi digiti. Alongside of it,

but running in the opposite direction—that is to say, from within outward—is
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the deep branch of the ulnar nerve. The branches of the deep palmar arch are the

palmar interosseous, perforating and palmar recurrent vessels (page 648).

Peculiarities.—The origin of the radial artery, according to Quain, is, in nearly one case in

eight, higher than usual; more frequently arising from the axillary or upper part of the brachial

than from the lower part of this vessel. The variations in the position of this vessel in the arm
and at the bend of the elbow have been already mentioned. In the forearm it deviates less fre-

quently from its position than the ulnar. It has been found lying over the fascia instead of

beneath it. It has also been observed superficial to the Brachioradialis, instead of under its

inner border; and in turning around the wrist it has been seen lying over, instead of beneath,

the Extensor tendons of the thumb.
Surface Marking.—The position of the radial artery in the forearm is represented by a line

drawn from the outer border of the tendon of the Biceps in the centre of the hollow in front

of the elbow-joint with a straight course to the inner side of the forepart of the styloid process

of the radius.

Al^Iied Anatomy.—The radial artery is much exposed to injury in its lower third, and is

frequently wounded. The injury is often followed by a traumatic aneurism, for which the

operation of extirpation or laying open the sac after securing the vessel above and below is

required.

The operation of tying the radial artery is required in cases of wounds either of its trunk or

of some of its branches, or for anem-ism; and it will be observed that the vessel may be exposed

in any part of its course through the forearm without the division of any muscle 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 Brachioradialis muscle.

To tie the artery in the upper third an incision three inches in length should be made through

the integument, in a line drawn from the centre of the bend of the elbow to the front of the styloid

process of the radius, avoiding the branches of the median vein; the fascia of the arm being

divided and the Brachioradialis drawn a little outward, the artery will be exposed. The venae

comites should be carefully separated from the vessel, and the ligature passed from the radial to

the ulnar side.

In the middle third of the forearm the artery may be exposed by making an incision of similar

length on the inner margin of the Brachioradialis. 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 fascia in the

interval between the tendons of the Brachioradialis and Flexor carpi radialis muscles.

Branches (Figs. 461 and 463).—The branches of the radial artery may be

divided into three groups, corresponding with the three regions in which the vessel

is situated.

r Radial recurrent. f Posterior radial carpal.

In the
J
Muscular. At the

J
First dorsal interosseous.

Forearm
]
Anterior radial carpal. Wrist

]
Dorsales pollicis.

t Superficialis volae. L Dorsalis indicis.

^ Princeps pollicis.

Radialis indicis.

In the Hand \ Perforating.

Palmar interosseous.

Palmar recurrent.

The radial recurrent (a. recurrens radialis) (Fig. 463) is given off imme-

diately below the elbow. It ascends between the branches of the musculospiral

nerve lying on the Supinator [brevis], and then between the Brachioradialis and

Brachialis anticus, supplying these muscles and the elbow-joint, and anastomosing

with the anterior terminal branch of the superior profunda.

The muscular branches (rami musculares) are distributed to the muscles on

the radial side of the forearm.
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The anterior radial carpal (ramus carpeus volaris) (Fig. 463) is a small vessel

uhich arises from the radial artery near the lower border of the Pronator quad-

ratus, and, running inward in front of the radius, anastomoses with the ante-

rior carpal branch of the ulnar artery. In this way an arterial anastomosis, the

anterior carpal arch (rete carpi volare) is formed in front of the \NTist; it is joined by

branches from the anterior interosseous above, and by recurrent branches from

the deep palmar arch below, and gives off branches which descend to supply the

articulations of the wrist and carpus.

The superficialis volae (ramus volaris superficialis) (Fig. 463) arises from the

radial artery, just where this vessel is about to wind around the wrist. Running

forward, it passes between, occasionally over, the muscles of the thumb, which it

supplies, and sometimes anastomoses with the palmar portion of the ulnar artery,

completing the superficial palmar arch. This vessel varies considerably in size;

usually it is ver^- small, and terminates in the muscles of the thumb; sometimes

it is as large as the continuation of the radial.

The posterior radial carpal (ramus carpeus dorsalis) (Fig. 464) is a small

vessel which arises from the radial artery beneath the Extensor tendons of the

thumb; crossing the carpus transversely to the inner border of the hand, it anasto-

moses with the posterior carpal branch of the ulnar, forming the posterior carpal

arch (rete carpi dorsale), which is joined by the termination of the anterior inter-

osseous artery. From this arch are given off descending branches, the dorsal

interosseous arteries (aa. metacarpeae dorsales) for the second, third, and fourth

interosseous spaces, which run forward on the Second, Third, and Fourth dorsal

interossei muscles, and divide into dorsal digital branches (aa. digitales dorsales),

which supply the adjacent sides of the index, middle, ring, and little fingers,

respectively, communicating with the digital arteries of the superficial palmar

arch. The dorsal interosseous arteries anastomose with the perforating branches

from the deep palmar arch.

The first dorsal interosseous arises beneath the Extensor tendons of the thumb,

sometimes with the posterior radial carpal; running forward on the Second dorsal

interosseous muscle, it divides into two dorsal digital branches, which supply the

adjoining sides of the index and middle fingers; it forms anastomoses similar

to those of the two other dorsal interosseous arteries.

The dorsales pollicis (Fig. 464) are two vessels which run along the sides of

the dorsal aspect of the thumb. They usually arise separately, but occasionally

by a common trunk, near the base of the first metacarpal bone.

The dorsalis indicis (Fig. 464), also a small branch, runs along the radial side

of the back of the index finger, sending a few branches to the Abductor indicis.

The princeps pollicis (a. princeps pollicis) (Fig. 463) arises from the radial just as

it turns inward to the deep part of the hand; it descends between the Abductor
indicis and Adductor obliquus pollicis, then between the Adductor transversus

pollicis and Adductor obliquus pollicis, along the ulnar side of the metacarpal

bone of the thumb, to the base of the first phalanx, where it lies beneath the tendon

of the Flexor longus pollicis and divides into two branches. These make their ap-

pearance between the inner and outer insertions of the Adductor obliquus pollicis,

and run along the sides of the palmar aspect of the thumb, forming on the palmar
surface of the last phalanx an arch, from which branches are distributed to the

integument and subcutaneous tissue of the thumb.
The radialis indicis (a. volaris indicis radialis) (Fig. 463) arises close to the pre-

ceding, descends between the First dorsal interosseous and Adductor transversus

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 transversus pollicis this vessel anastomoses with the

princeps pollicis, and gives a communicating branch to the superficial palmar arch.
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Anastomotica
magna.

The perforating arteries (rami perforantes) (Fig. 463), three in number, pass

backward from the deep palmar arch through the second, third, and fourth inter-

osseous spaces and between the

heads of the corresponding Inter-

ossei, to anastomose with the

dorsal interosseous arteries.

The palmar interosseous (aa.

metacarpeae volares) (Fig. 463),

three or four in number, arise

from the convexity of the deep

palmar arch; they run downward
upon the Interossei muscles, and

anastomose at the clefts of the

fingers with the digital branches

of the superficial arch.

The palmar recurrentbranches

arise from the concavity of the

deep palmar arch. They ascend

in front of the wrist, supplying

the carpal articulations and anas-

tomosing with the anterior carpal

arch.

Posterior

interosseous.

Anterior ulnar
recurrent.

Posterior ulnar

recurrent.

Muscular.

Anterior carpal.

Superfidalts volae.

Anterior carpal.

Deep branch of
ulnar.

The Uhiar Artery (A. Ulnaris)

(Figs. 461, 463).

The ulnar axtery, the larger of

the two terminal branches of the

brachial, commences a little below

the bend of the elbow, and passes

obliquely across the inner side of

the forearm to a point about mid-

way between the elbow and the

wrist. It then runs along the

ulnar border to the wrist, crosses

the annular ligament on the radial

side of the pisiform bone, and

immediately beyond this bone

divides into two branches which

enter into the formation of the

superficial and deep palmar

arches.

Fig. 463.—Ulnar and radial arteries. Deep view. Relations.—In the Forearm.— In

its upper half it is deeply seated, being

covered by all the superficial Flexor muscles, excepting the Flexor carpi ulnaris; the median

nerve is in relation with the inner side of the artery for about an inch and then crosses the vessel,

being separated from it by the deep head of the Pronator teres; 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 fascite, and is

placed between the Flexor carpi ulnaris and Flexor sublimis digitorum muscles. It is accom-

panied by two venae comites; the ulnar nerve lies on its inner side for the lower two-thirds of

its extent, and a small branch from the nerve descends on the lower part of the vessel to the

palm of the hand.
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Plan of Relations of the Ulnar Artery in the Forearm.

In front.

jj ry 7/. j Superficial layer of Flexor muscles.
Upper nalj

j^]\jejjjan nerve.

Lower Half—Superficial and deep fasciae.

Inner side.
Outer side.

Flexor carpi ulnaris.
,

.
, ,,..,..

Ulnar nerve (lower two-thirds). V
^''"^"^-

J
Flexor sublimis digitorum.

Behind.

Brachialis anticus.

Flexor profimdiis digitorum.

At the wrist (Fig. 461) the ulnar artery is covered by the integument and fascia, and lies

upon the anterior annular ligament. On its inner side is the pisiform bone, and somewhat
behind the artery, the ulnar nerve. The nene and artery are crossed by a band of fibres, which
extends from the pisiform bone to the anterior annular ligament.

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 other cases much higher, the brachial being a more frequent source

of origin than the axillary.

\'ariations 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. \Mien it arises high up it is almost in-

variably superficial to the Flexor muscles in the forearm, 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, subaponeurotic in the lower part.

Suitace Marking.—On account of the curved direction of the ulnar artery the line on the

surface of the body which indicates its course is somewhat complicated. First, draw a line from
the front of the internal condyle of the humerus to the radial side of the pisiform bone; the

lower two-thirds of this line represents the course of the middle and lower third of the ulnar

artery. Secondh/, draw a line from the centre of the antecubital fossa to the junction of the

upper and middle third of the first line; this represents the coiu*se of the upper third of the

artery.

Applied Anatomy.—The application of a ligature to this vessel is required in cases of wound
of the artery or of its branches, or in consequence of aneurism. In the upper half of the fore-

arm the artery is deeply seated beneath the Sup>erficial Flexor muscles, and the application of a

ligature in this situation is attended with some difiiculty. An incision is to be made in the

course of a line drawn from the front of the internal condyle of the humerus to the outer side

of the pisiform bone, so that the centre of the incision is three fingers' breadth below the internal

condyle. The skin and superficial fascia having been divided and the deep fascia exposed,

the white line which separates the Flexor carpi ulnaris from the other Flexor muscles is to be

sought for, and the fascia incised in this line. The Flexor carpi ulnaris is now to be carefully

separated from the other muscles, when the ulnar nerve will be exposed, and must be drawn
aside.

Some little distance below the nerve the artery will be found accompanied by its venae

comites, and it may be ligated by passing the needle from within outward. In the middle and
lower third of the forearm this vessel may be easily secured by making an incision on the radial

side of the tendon of the Flexor carpi ulnaris; the deep fascia being divided, and the Flexor

carpi ulnaris and its companion muscle, the Flexor sublimis, being separated from each other,

the vessel will be exposed, accompanied by its venae comites, the ulnar nerve lying on its inner

side.

The veins being separated from the arterj', the ligature should be passed from the ulnar to

the radial side, taking care to avoid the ulnar ner\-e.
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Branches (Figs. 463 and 464).—The branches of the ulnar artery may be
arranged in th^ following groups:

Anterior ulnar recurrent.

Posterior ulnar recurrent.

Forearm i r . i Anterior interosseous.
Interosseous ^ t> ^ • • .

(^
rostenor interosseous.

L Muscular.

jrr ' . J Anterior ulnar carpal.

\ Posterior ulnar carpal.

j Profunda.

\ Superficial palmar arch.
Hand

The anterior ulnar recuri'ent (a. recurrentes idnaris anterior) (Fig. 463) arises im-

mediately below the elbow-joint, passes upward and inward between the Brachialis

anticus and Pronator teres, supplies twigs to those muscles, and, in front of the

inner condyle, anastomoses with the anastomotica magna and inferior profunda.

The posterior ulnar recurrent (a. recurrentes ulnaris 'posterior) (Figs. 463 and

464) is much larger, and arises somewhat lower than the preceding. It passes

backward and inward, beneath the Flexor sublimis, and ascends behind the inner

condyle of the humerus. In the interval between this process and the olecranon

it lies beneath the Flexor carpi ulnaris, and ascending between the heads of that

muscle, in relation with the ulnar nerve; it supplies the neighboring muscles and
joint, and anastomoses with the inferior profunda, anastomotica magna, and
interosseous recurrent arteries.

The interosseous artery (a. interossea communis) (Fig. 463) is a short trunk

about half an inch in length, and of considerable size, which arises immediately

below the tuberosity of the radius, and, passing backward to the upper border of

the interosseous membrane, divides into two branches, the anterior and posterior

interosseous.

The anterior interosseous (a. interossea volaris) (Fig. 463) passes down the fore-

arm on the anterior surface of the interosseous membrane, to which it is connected

by a thin aponeurotic arch. It is accompanied by the interosseous branch of the

median nerve, and overlapped by the contiguous margins of the Flexor profundus

digitorum and Flexor longus pollicis muscles, giving off in this situation muscular

branches and the nutrient arteries of the radius and ulna. At the upper border

of the Pronator quadratus a branch, anterior communicating artery, descends

beneath the muscle to anastomose in front of the carpus with the anterior carpal

arch. The continuation of the artery passes behind the Pronator quadratus, and,

piercing the interosseous membrane, reaches the back of the forearm, and anasto-

moses with the posterior interosseous artery (Fig. 464). It then descends to the

back of the wrist to join the posterior carpal arch. The anterior interosseous gives

off a long, slender branch, the comes nervi mediana artery {a. mediana), which

accompanies the median nerve and gives branches to its substance. This artery

is sometimes much enlarged, and accompanies the nerve into the palm of the hand.

The posterior interosseous artery (a. interossea dorsales) (Figs. 463 and 464)

passes backward through the interval between the oblique ligament and the

upper border of the interosseous membrane. It appears between the contiguous

borders of the Supinator [brevis] and the Extensor ossis metacarpi pollicis, and

runs down the back part of the forearm, between the superficial and deep layer

of muscles, to both of which it distributes branches (Fig. 464). Where it lies

upon the Extensor ossis metacarpi pollicis and the Extensor brevis pollicis, it is

accompanied by the posterior interosseous nen^e. At the lower part of the forearm

it anastomoses with the termination of the anterior interosseous artery and with

the posterior carpal arch. Then, continuing its course over the head of the ulna,
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Anaitomotiea
VMgna.

Posterior ulnar
recurrent.

Posterior inierossemu.

it joins the posterior carpal branch of the ulnar arterv. This arter}^ gives off,

near its origin, the interosseous recurrent branch.

The interosseous recurrent artery (a. interossea recurrent) (Fig. 464) is a lai^
vessel which ascends to the interval between the external condyle and olecranon,

on or through the fibres of the Supinator [brevis], but beneath the Anconeus,
anastomosing with a branch

from the superior profunda, / m . Descending branch from

and with the posterior ulnar / ^^ mperiorprofnnda.

recurrent and anastomotica

magna.
The muscular branches

(rami musciilares) are dis-

tributed to the muscles along

the ulnar side of the forearm.

The anterior ulnar carpal

ramus carpeus volaris) (Fig.

463) is a small vessel which
crosses the front of the car-

pus beneath the tendons of

the Flexor profundus and in-

osculates with a correspond-

ing branch of the radial arter^'.

The posterior ulnar carpal

(ramus carpeus dorsal is) (Fig.

464) arises immediately above
the pisiform bone, and winds

backward beneath the tendon

of the Flexor carpi ulnaris;

it passes across the dorsal

surface of the carpus be-

neath the Extensor tendons

to anastomose with a corre-

sponding branch of the radial

artery and complete the pos-

terior carpal arch {rete carpi

dorsale) (Fig. 464). Imme-
diately after its origin it gives

off a small branch, which runs

along the ulnar side of the fifth

metacarpal bone, and supplies

the ulnar side of the dorsal sur-

face of the little finger.

The profunda branch {ram-

us volaris profundus) (Fig.

463) passes deeply inward be-

tween the Abductor mininii

digiti and Flexor brevis min-
imi digiti, near their origins;

it anastomoses with the termi-

nation of the radial artery,

completing the deep palmar
arch.

The continuation of the trunk of the ulnar artery in the hand forms the greater
part of the superficial palmar arch.

Posterior carpal
{ulnar

Termination «f an-
terior interosseous.

Posterior carpal
[radial).

Radial.

Dorsalis poUids.
Dorsalis indicis.

Fig. 464.—Artenea of the back of the forearm and hand.
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The superficial palmar arch {amis volaris superficidlis) (Fig. 461) is formed
by the ulnar artery in the hand, and is usually completed on the outer side by

a branch from the radial is indicis, but sometimes by the superficialis volae or the

princeps pollicis of the radial artery. The arch passes across the palm, describing

a curve, with its convexity downward.

Relations.—The superficial palmar arch is covered by the skin, the Palmaris brevis, and
the palmar fascia. It Hes upon the annular ligament, the Flexor brevis and Opponens minimi

digiti, the tendons of the Flexor sublimis digitorum, the Lumbrical muscles, and the divisions

of the median and ulnar nerves.

Plan of the Relations of the Superficial Palmar Arch.

In front.

Skin.

Palmaris brevis.

Palmar fascia.

Behind.

Annular ligament.

Flexor brevis minimi digiti.

Opponens minimi digiti.

Tendons of Flexor sublimis digitorum.

Lumbrical muscles.

Branches of median and ulnar nerves.

Branches.—The branches of the Superficial palmar arch are:

Four Digital Arteries.

Four digital arteries (aa. digitales volares communes) (Fig. 461) are given off

from the convexity of this arch. The innermost accompanies the inner digital

branch of the ulnar nerve, and runs along the ulnar side of the little finger; it is

joined by a twig from the deep palmar arch or from the innermost palmar inter-

osseous artery. The three outer run downward in front of the three inner inter-

osseous spaces, superficial to the corresponding nerves and Lumbrical muscles.

A little above the interdigital clefts they are joined by the palmar interosseous

arteries, and by the inferior perforating branches of the dorsal interosseous arteries.

Each then divides into collateral digital arteries (aa. digitales volares propriae)

for the supply of the contiguous sides of the index, middle, ring, and little fingers.

These collateral benches lie behind the corresponding digital nerves; they

anastomose freely in the subcutaneous tissue of the finger tip and by smaller

branches near the interphalangeal joints. Each supplies a couple of dorsal

branches which anastomose with the dorsal digital arteries, and supply the soft

parts on the back of the second and third phalanges, including the matrix of the

finger nail.

Surface Marking.—^The superficial palmar arch is represented by a curved line, starting

from the outer side of the pisiform bone and carried downward as far as the middle third of

the palm, and then curved outward on a level with the upper (proximal) end of the cleft between

the thumb and index finger. The deep palmar arch is situated about half an inch nearer to the

carpus.

Applied Anatomy.—Wounds of the palmar arches are of special interest, and are always

difficult to deal with. When the superficial arch is wounded it is generally possible, by enlarging

the wound if necessary, to secure the vessel and tie it; or in cases where it is found impossible to
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encircle the vessel with a ligature, a pair of hemostatic forceps may be applied and left on for

twentv-four or forty-eight hours. Wounds of the deep arch are not so easily dealt with. It may
be possible to secure the vessel by ligature or by forcipressure forceps, which may be left on;

or, failing in this, the wound may be carefully plugged with gauze and an outside cfressing care-

fullv bandaged on. The plug should be allowed to remain untouched for three or four days.

In wounds of the deep palmar arch a ligature may be applied to the bleeding points from the

dorsum of the hand by resection of the upper part of the third metacarpal bone. It is useless

in these cases to ligate one of the arteries of the forearm alone, and, indeed, simultaneous liga-

tion of both radial and ulnar arteries above the wrist is often unsuccessful, on account of the

anastomosis carried on by the carpal arches. Therefore, if unable to ligate the divided ends

of the arch, upon the failiu-e of pressure to arrest hemorrhage, it is expedient to apply a ligature

to the brachial arterv.

ARTERIES OF THE TRUNK.

THE DESCENDING AORTA (Figs. 465, 466).

The descending aorta is divided into two portions, the thoracic and abdominal,

in correspondence with the two great ca\'ities of the trunk in which it is situated.

The Thoracic Aorta {aorta thoracalis) (Fig. 465).—The thoracic aorta is

contained in the back part of the posterior mediastinum and commences at the

lower border of the fourth thoracic vertebra, on the left side, and terminates at

the aortic opening in the Diaphragm, in front of the lower border of the last

thoracic vertebra. At its commencement it is situated on the left side of the

vertebral column; it approaches the median line as it descends, and at its

termination lies directly in front of the vertebral column. The direction of this

vessel being influenced bv the vertebral column, upon which it rests, it describes

a curve which is concave forward in the thoracic region. As the branches given

off from it are small, the diminution in the size of the vessel is inconsiderable.

Relations.—It is in relation, in front, from above downward, with the root of the left lung,

the pericardium, the oesophagus, and the Diaphragm; behind, with the vertebral column and
the azygos minor veins; on the right side, with the vena azA'gos major and thoracic duct; on the

left side, with the left pleura and lung. The oesophagus, with its accompanj-ing nerves, lies on
the right side of the aorta above; but at the lower part of the thorax it passes in front of the

aorta, and close to the Diaphragm is situated to its left side.

Flax of the Rel.a.tions of the Thoracic Aorta.

In front.

Root of left lung.

Pericardium.

CEsophagus (middle).

Diaphragm.

I Aorta. 1

Behind.

Vertebral column.
Sujjerior and inferior azygos minor veins.

Peculiarities.—^The aorta is occasionally found to be obliterated at a particular spot—\-iz.,

at the junction of the arch with the thoracic aorta just below the ligamentmn arteriosum. WTiether
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 circidation.

Right side.

(Esophagus (above).

Vena azygos major.

Thoracic duct.

Left side.

Pleiu^.

Left lung.

CEsophagus (below).
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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 Patho-

logical Transaction.^, vols, viii and x. In the former (p. 162) ^Ir. Sydney Jones thus sums up
the detailed description of the anastomosing vessels: "The principal communications by Avhich

the circulation was carried on were: First, the internal mammary, anastomosing with the

intercostal arteries, with the phrenic of the abdominal aorta by means of the musculophrenic
and comes nervi phrenici, and largely with the deep epigastic. Secondly, the superior inter-

costal, 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 thyroid,

by means of a branch about the size of an ordinary radial, formed a communication with the

first aortic intercostal. Fourthly, the transverse cervical, by means of very large communi-
cations with the posterior branches of the intercostals. Fifthly, the branches (of the subclavian

and axillary) going to the side of the thorax were large, and anastomosed freely with the lateral

branches of the intercostals." In the second case also (vol. x, p. 97) Mr. Wood describes the

anastomoses in a somewhat similar manner, adding the remark that "the blood which was
brought into the aorta through the anastomoses of the intercostal arteries appeared to be ex-

pended principally in supplying the abdomen and pelvis, while the supply to the lower extremities

had passed through the internal mammary and epigastrics."

Applied 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 easily be conceived what a variety of obscure symptoms may arise from dis-

ease 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 backward along the left

side of the vertebral column, producing absorption of the bodies of the vertebrae, with curvature

of the spine; while the irritation or pressure on the spinal cord will give rise to pain, either in

the thorax, back, or loins, with .radiating pain in the left upper intercostal spaces, from pressure

on the intercostal nerves; at the same time the tumor may project backward on each side of the

vertebral column, 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 tumor extend forward, it may press upon and displace the heart, giving rise

to palpitation and other symptoms of disease of that organ; or it may displace, or even com-
press, the oesophagus, causing pain and difficulty of swallowing, as in stricture of that tube; and
ultimately even open into it by ulceration, producing fatal hemorrhage. If the disease extends

to the right side, it may press upon the thoracic duct; or it may burst into the pleural cavity

or into the trachea or lung; and, lastly, it may open into the posterior mediastinum. The
diagnosis of thoracic aneurism is facilitated by the use of the .r-rays.

Branches of the Thoracic Aorta.—
Bronchial.

Visceral
^ , , r Intercostal.

r, • J- 1

*

Parietal { Subcostal,
rencardial. J ^ • i

Mediastinal.
I Superior phrenic.

The bronchial arteries {aa. hmnchiales) are the nutrient vessels of the lungs,

and vary in number, size, and origin. There is, as a rule, only one right bronchial

artery, which arises from the first aortic intercostal, or from the l^ft bronchial.

The left bronchial arteries, usually two in number, arise from the thoracic aorta,

one a little lower than the other. Each vessel runs along the back part of the

corresponding bronchus, dividing and subdividing along the bronchial tubes,

supplying them, the cellular tissue of the lungs, the bronchial nodes, and the

oesophagus.

The oesophageal arteries (aa. oesophageae), usually four or five in number,

arise from the front of the aorta, and pass obliquely downward to the oesophagus,

forming a chain of anastomoses along that tube, anastomosing with the oesopha-

geal branches of the inferior thyroid arteries above, and with ascending branches

from the phrenic and gastric arteries below.

The pericardial (rami pericardiaci) are a few small vessels, irregular in their

origin, distributed to the pericardium.

The mediastinal branches (rami mediastinales) are numerous small vessels

which supply the nodes and loose areolar tissue in tne posterior mediastinum.
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The intercostal arteries {aa. intercostales) (Fig. 465) arise from the back of the

aorta. The aortic intercostals are usually nine in number on each side, the two

superior intercostal spaces being supplied by the superior intercostal, a branch

of the subclavian. The right aortic intercostals are longer than the left, on account

of the position of the aorta on the left

side of the vertebral column; they pass

across the bodies of the vertebrae, behind

the oesophagus, thoracic duct, and the

vena azygos major, and are covered by the

right lung and pleura. The left aortic

intercostals run backward on the sides

of the vertebrae and are covered by the

left lung and pleura; the two upper are

crossed by the left superior intercostal

vein, the lower vessels by the azygos minor

veins. Opposite the heads of the ribs

the sympathetic cord passes downward
in front of them, and the splanchnic

nerves also descend in front of the lower

arteries. Each artery crosses the cor-

responding intercostal space obliquely

toward the angle of the upper rib and
thence is continued forward in the sub-

costal groove. It is placed at first be-

tween the pleura and the posterior inter-

costal membrane, then pierces this

membrane and lies between it and the

External intercostal muscle as far as the

rib angle; from this onward it runs be-

tween the External and Internal inter-

costal muscles and anastomoses with the

anterior intercostal branches of the inter-

nal mammary or musculophrenic. Each
intercostal artery is accompanied by a
vein and nene, the former being above,
and the latter below, except in the upper
intercostal spaces, where the ner\e is at

first above the artery. The first aortic

intercostal anastomoses with the superior intercostal branch of the subclavian,
and the last two intercostals continue anteriorly from the intercostal spaces into

the abdominal wall, anastomosing with the superior epigastric, subcostal and
lumbar arteries.

Branches,—Each intercostal artery gives off numerous muscular and cutaneous
branches.

Fig. 465.—Thoracic aorta. (Testut.)

Posterior or dorsal.

Muscular.
Collateral intercostal.

Lateral cutaneous.

The posterior or dorsal branch (ramus posterior) runs with the posterior division
of a spinal nene and passes backward through a small opening which is bounded
aboi^e and below by the necks of the ribs and adjacent transverse processes,
internally by the vertebral body, and externally by the anterior costotrans\'erse
ligament. It gives off a spinal branch, which enters the vertebral canal through
the intenertebral fommen, is distributed to the spinal cord and its membranes.
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and to the bodies of the vertebrae in the same manner as the lateral spina!

branches from the vertebral.

The collateral intercostal branch comes off from the intercostal artery near the

angle of the rib, and descends to the upper border of the rib below, along which it

courses to anastomose with the anterior intercostal branch of the internal mam-
mary.

Fia. 466.—The abdominal aorta and its branches.

Muscular branches (rami muscvlares) are given to the Intercostal and Pectoral

muscles and to the Serratus magnus; they anastomose with the superior and

long thoracic branches of the axillary artery.

The lateral cutaneous branches (rami cutanei laterales) accompany the lateral

cutaneous branches of the intercostal nerves, and divide into anterior and posterior

branches.
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Mammary branches are given off by the intercostal arteries in the third, fourth,

and fifth spaces. They supply the manamary gland, and increase considerably

in size during the period of lactation.

Applied Anatomy.—The position of the intercostal vessels should be borne in mind in

performing the operation of paracentesis thoracis. The puncture should never be made nearer

the middle line posteriorly than the angle of the rib, as the artery crosses the space internal to

this point. In the lateral portion of the thorax, where the puncture is usually made, the artery

lies at the upper part of the intercostal space, and therefore the puncture should be made just

above the upper border of the rib forming the lower boundary of the space.

The Abdominal Aorta (aorta ahdominalis) (Fig. 466).—^The abdominal aorta

commences at the aortic opening of the Diaphragm, in front of the lower border

of the body of the last thoracic vertebra, and, descending a little to the left side of

the vertebral column, terminates on the body of the fourth lumbar vertebra,

usually a little to the left of the middle line,^ by dividing into the two common
iliac arteries. It diminishes rapidly in size, in consequence of the many large

branches which it gives off. As it lies upon the bodies of the vertebrae, the

cune which it describes is convex forward, the greatest convexity corresponding

to the third lumbar vertebra, which is a little above and to the left side of the

umbilicus.

Relations.—It is covered, in front, by the lesser omentum and stomach, behind which are
the branches of the coeliac axis and the solar plexus; below these, by the splenic vein, the pan-
creas, the left renal vein, the transverse portion of the duodenum, the mesenterv", and aortic

plexus. Behind, it is separated from the liunbar vertebrae and intervening disks by the anterior

common ligament and left lumbar veins. On the right side it is in relation with the inferior

vena cava (the right crus of the Diaphragm being interposed above), the vena azygos major,
thoracic duct, and right semilunar ganglion; on the left side, with the gangliated "cord of the
sj-mpathetic and left semilunar ganglion the fourth part of the duodenimi and some coils of the
small intestine.

Plan of the Relations of the Abdominal Aorta.

In front.

Lesser omentum and stomach.
Branches of the coeliac axis and solar plexus.

Splenic vein.

Pancreas.

Left renal vein.

Transverse duodenum.
Mesentery.

Aortic plexus.

Right side. — Left side.

Right crus of Diaphragm. / X Gangliated cord.
Inferior vena cava. / Abdominal

J

Left semilunar ganglion.
Vena azygos major. \ Aorta.

Thoracic duct.

Right semilunar ganglion.

Behind.

Left lumbar veins.

Vertebral column.

Surface Marking.—In order to map out the abdominal aorta on the surface of the abdomen,
a line must be drawn from the middle line of the body, on a level with the costal extremity of
the seventh costal cartilage, downward and slightly to the left, so that it just skirts the umbilicus,
to a zone drawn around the body opposite the highest point of the crest of the ilium. This point

?
Lord Lister, ha\-ing accurately examined 30 bodies in order to 'ascertain the exact point of termination of

tnis vessel, found it "either absolutely, or almost absolutely, mesal in 15. while in 13 it de^-iated more or less
to the left, and m 2 was slightly to the right" (System of Surgery, edited by T. Holmes. 2d ed., vol. v, p 652).

42
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is generally half an inch below and to the left of the umbilicus, but as the position of this struc-

ture varies with the obesity of the individual, it is not a reliable landmark as to the situation oi

the bifurcation of the aorta.

Applied Anatomy.—Aneurisms of the abdominal aorta near the coeliac axis communicate in

nearly equal proportion with the anterior and posterior parts of the artery.

When an aneurismal sac is connected with the back part of the abdominal aorta, it usually

produces absorption of the bodies of the vertebrae, and forms a pulsating tumor that presents

itself in the left hypochondriac or epigastric regions, and is accompanied by symptoms of dis-

turbance in the alimentary canal. Pain is invariably present, and is usually of two kinds—

a

fixed and constant pain in the back, caused by the tumor 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 tumor; 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 hypo-

chondriac region; or it may form a large aneurismal sac, extending down as low as Poupart's

ligament; hemorrhage 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 coeliac axis it forms

a pulsating tumor in the left hypochondriac or epigastric region, usually attended with symjitoms

of disturbance of the alimentary canal, as nausea, dyspepsia, or constipation, and is accom-

panied 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 seldom extends backward
so as to affect the vertebral column.

The abdominal aorta has been tied several times, and although none of the patients perma-

nently recovered, still, as Prof. Keen's lived forty-eight days, the possibility of the reestablish-

ment of the circulation is proved. In the lower animals this artery has been often successfully

tied. The chief difficulty consists in isolating the artery in consequence of its great depth ; and
the embarrassment resulting from the proximity of the aneurismal tumor, and the great prob-

ability of disease in the vessel itself, add to the dangers and difficulties of this formidable opera-

tion.

The collateral circulation would be carried on by the anastomosis between the internal mam-
mary and the deep epigastric; by the free communication between the superior and inferior

mesenteries if the ligature were placed above the latter vessel: or by the anastomosis between

the inferior mesenteric and the internal pudic when (as is more common) the point of ligation

is below the origin of the inferior mesenteric; and possibly by the anastomoses of the lumbar
arteries with the branches of the internal iliac.

Branches.—The branches of the abdominal aorta comprise visceral, parietal, and

terminal arteries. The branches in order of origin are as follows

:

1. Right and left inferior phrenics (p).

{Gastric
^

Hepatic ^{v.).

Splenic j

3. Right and left suprarenals (v.).

4. Right and left first lumbars (p.).

5. Superior mesenteric (v.).

6. Right and left renal (v.).

7. Right and left spermatics or ovarian (v.).

8. Right and left second lumbars (p.).

9. Inferior mesenteric (v.).

10. Right and left third lumbars (p.).

11. Right and left fourth lumbars (p.).

12. Right and left common iliac {t.).

13. Middle sacral (p.).

(p.), Parietal; (v.), visceral; (t.), terminal.

The inferior phrenic arteries (aa. phreiiicae inferiores) (Fig. 466) are two small

vessels which present much variety in their origin. They may arise separately
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from the front of the aorta, immediately above the coeliac axis, or by a common

trunk, which mav spring either from the aorta or from the coeliac axis. Some-

times one is derived from the aorta, and the other from one of the renal arteries.

In only one out of thirtv-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 upward and outward upon the under surface

of the Diaphragm. The left phrenic passes behind the oesophagus and runs for-

ward on the left side of the oesophageal opening. The right phrenic passes behind

the inferior vena cava, and ascends along the right side of the aperture for trans-

mitting that vein. Near the back part of the central tendon each vessel divides

into two branches. The internal branch runs forward to the front of the thorax,

supplving the Diaphragm, and anastomosing with its fellow of the opposite side,

and with" the musculophrenic and comes nervi phrenici branches of the internal

mammary. The external branch passes toward the side of the thorax and anasto-

moses with the intercostal arteries and with the musculophrenic. 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 glandular

CV*<i« artery

m'
Fig. 467.—The cceliac axis and its branches, the liver having been raiaed and the lesser omentum removed.

branches {rami suprarenales superior) to the suprarenal glands of its own side.

The spleen and the liver also receive a few branches from the left and right

vessels respectively.

The coeliac axis, or artery (a. coeliaca) (Figs. 467 and 468), is a short, thick

trunk, about half an inch in length, which arises from the aorta, close to the

margin of the opening in the Diaphragm, behind the posterior parietal perito-
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neum, above the pancreas, and below the twelfth thoracic vertebra, and, passing

nearly horizontally forward (in the erect posture), divides into three large

branches, the gastric, hepatic, and splenic, occasionally giving off one of the

phrenic arteries.

Relations.—It is covered by the lesser omentum. On the right side it is in relation with

the right semilunar ganglion; 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.

Braru^T^ *" ^^^«' Omentum.

Fig. 468.—The coeliac axis and its branches, the stomach having been raised and the transverse mesocolon removed
(semidiagrammatic )

.

The gastric or coronary artery (a. gastrica sirmtra) (Figs. 467 and 468), the small-

est of the three branches of the coeliac axis, passes upward and to the left side,

behind the peritoneum of the lesser peritoneal cavity. It continues this course

until it nearly reaches the lesser curvature of the stomach just below the cardia.

It then turns to the front and curves forward, distributing branches to the oesoph-

agus which anastomose with the aortic oesophageal arteries; others supply the

cardiac end of the stomach, anastomosing with branches of the splenic artery;

it then passes from left to right, along and upon the lesser curvature of the

stomach and beneath the peritoneum to the pylorus, lying in its course between
the layers of the lesser omentum, and sometimes dividing into two vessels, which

run along each side of the lesser curvature. One vascular arch gives branches to

the antero-superior wall of the stomach and the other to the postero-inferior wall;

at its termination it anastomoses with the pyloric branches of the hepatic. The
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oesophageal branches {rami oesophagei) anastomose with the oesophageal branches

from the thoracic aorta and the inferior phrenic. Occasionally the gastric artery

gives off an hepatic branch of variable size, which is usually distributed to the

left lobe of the liver.

The hepatic artery (a. hepatica) (Figs. 467 and 468) in the adult is intermediate

in size between the gastric and splenic; in the fetus it is the largest of the three

branches of the coeliac axis. It runs fon\ard and to the right, to be distributed

to the upper margin of the pyloric end of the stomach; in its course it forms the

lower boundary of the foramen of Winslow. It then passes upward between the

layers of the lesser omentum, and in front of the foramen of Winslow, to the trans-

verse fissure of the liver, where it divides into two branches, right and left, which
supply the corresponding lobes of that organ, accompanying the ramifications of

the portal vein and hepatic duct. The hepatic artery, in its course along the right

border of the lesser omentum, is in rela*:ion with the common bile duct and portal

vein, the duct lying to the right of the artery and the portal vein behind.

Its branches (Figs. 467 and 468) are:

Pyloric.

Gastroduodenal [
Right gastroepiploic^

I bupenor pancreaticoduodenal.

Cystic.

The pyloric (a. gastrica dextrd) arises from the hepatic, above the pylorus,

descends between the layers of the lesser omentum to the pyloric end of the

stomach, and passes from right to left along its lesser curvature, suppljang it with
branches and anastomosing with the terminal branches of the gastric artery.

The gastroduodenal (a. gasiroduodenalis) (Fig. 468) is a short but large branch,
which descends near the pylorus, behind the first portion of the duodenum, and
diWdes at the lower border of this viscus into two branches, the right gastro-

epiploic (a. gastroepiphica dextra) and the superior pancreaticoduodenal. Previous
to its division, it gives off two or three small inferior pyloric branches, to the
pyloric end of the stomach and pancreas.

The right gastroepiploic runs from right to left along the greater curvature of

the stomach, between the layers of the great omentum, anastomosing about the
middle of the greater curvature of the stomach with the left gastro-epiploic from the
splenic artery. This vessel gives off numerous branches, some of which ascend
to supply both surfaces of the stomach, while others descend to supply the great

omentum (rami epiploici).

The superior pancreaticoduodenal (a. pancreaticoduodenalis superior) descends
between the contiguous margins of the duodenum and pancreas. It supplies

the head of the pancreas by means of the rami pancreatica, and the duodenum bv
means of the rami duodenalis, and anastomoses with the inferior pancreatico-

duodenal branch of the superior mesenteric arter}^ and with the pancreatic branches
of the splenic.

The cystic artery (a. cystica) (Fig. 467), usually a branch of the right hepatic,

passes downward and forward along the cystic duct to the gall-bladder and divides

into two branches, one of which ramifies on its free surface beneath the peritoneum,
the other between the gall-bladder and the substance of the liver.

The splenic artery (a. lienali^) (Figs. 467 and 468), 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 peritoneum and
along the upper border of the pancreas, accompanied by the splenic vein, which
lies below it ; it crosses in front of the upper part of the left kidney, and on arriving
near the spleen divides into branches, some of which enter the hilum of that
organ between the two layers of the lienorenal ligament to be distributed to its
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structure; some branches, given off along its course, are distributed to the pan-
creas, while others pass to the greater curvature of the stomach between the two
layers of the gastrosplenic omentum. Its branches are:

Pancreatic. Vasa brevia.

Left gastroepiploic.

The pancreatic branches {rami jpancreatici) 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 sometimes

given oft' 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 pancreaticoduodenal arteries, derived from

the hepatic on the one hand and the superior mesenteric on the other.

The vasa brevia {aa. gastricae breves) consist of from five to seven small branches,

which arise either from the end of the splenic artery or from its terminal branches.

They pass from left to right, between the layers of the gastrosplenic omentum,
are distributed to the greater curvature of the stomach, anastomosing with branches

of the gastric and left gastroepiploic arteries.

The left gastroepiploic (a. gastroepiploica sinistra), the largest branch of the

splenic, runs from left to right along but distinctly below the greater curvature

of the stomach, between the layers of the great omentum, and anastomoses with

the right gastroepiploic. In its course it distributes several ascending branches

to both surfaces of the stomach; others descend to supply the greater omentum.

Applied Anatomy.—The operation of pylorectomy can be made an almost bloodless pro-

cedure by tying the gastric, the pyloric, and the right and left gastroejiiploic arteries. "The
gastric is doubly, tied about one inch below the cardiac orifice at a point where it joins the lesser

curvature and is divided between the ligatures. The pyloric is doubly tied and divided. The
fingers are passed beneath the pylorus, raising the gastrocolic omentum from the transverse

mesocolon, and in this way safe ligation behind the pylorus of the right gastro-epiploic artery,

or in most cases its parent vessel, the gastroduodenal, is secured. The left gastro-epiploic is

now tied at an appropriate point, and the necessary amount of gastrocolic omentum doubly

tied and cut."^ Embolism of branches of the splenic artery is not uncommon in heart disease,

the embolus coming from the left side of the heart. It is characterized by the occurrence of a

sudden sharp pain or "stitch" in the splenic region, with subsequent local enlargement of the

spleen from the formation of an infarct in its substance.

The suprarenal artery (a. suprarenalis media) (Fig. 466), or capsular artery,

arises, one from each side of the aorta, opposite the superior mesenteric artery.

It is a small vessel which passes obliquely upward and outward, over the corre-

sponding crus of the Diaphragm, to the under surface of the suprarenal gland,

to which it is distributed, anastomosing with capsular branches from the phrenic

and renal arteries. In the adult these arteries are of small size; in the fetus they

are as large as the renal arteries.

The lumbar arteries (aa. lumhales) are in series with the intercostals. They

are usually four in number on either side, and arise from the back part of the aorta

opposite the bodies of the upper four lumbar vertebrae. A fifth pair, small in

size, is occasionally present; it arises from the middle sacral artery. They rim

outward and backward on the bodies of the lumbar vertebrae, behind the sympa-

thetic cord, to the intervals between the adjacent transverse processes, and are

then continued into the abdominal wall. The arteries of the right side pass behind

the inferior vena cava, and the upper two on each side run behind the corresponding

crus of the Diaphragm. The arteries of both sides pass beneath the tendinous

arches which give origin to the Psoas magnus, and are then continued behind this

'William J. Mayo, Annals of Surgery, March, 1904.
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muscle and the lumbar plexus. They now cross the Quadratus lumborum, the

upper three arteries running behind, the last usually in front of the muscle. At

the outer border of the Quadratus lumborum they pierce the posterior aponeurosis

of the Transversalis abdominis and are carried forward between this muscle

and the Internal oblique. They anastomose uith the lower intercostals, the sub-

costal, the iliolumbar, the deep circumflex iliac, and the deep epigastric arteries.

Branches.—In the interval between the adjacent transverse processes each

lumbar artery gives off a dorsal branch {ramus dorsalis), which is continued back-

ward between the transverse processes and is distributed to the muscles and skin

of the back. It gives off a spinal branch (ramus spinalis) which enters the verte-

bral canal and is distributed in a similar manner to the lateral spinal branches of

the vertebral (page 620). Muscular branches are supplied from each lumbar

artery and from its dorsal branch to the neighboring muscles.

The superior mesenteric artery (a. mesenierica superior) (Figs. 466 and 470)

is a vessel of large size which supplies the whole length of the small intestine,

except the first part of the duodenum; it also supplies the cecum and the ascending

and transverse parts of the colon. It arises from the front of the aorta about half

an inch below the coeliac axis, and is covered at its origin by the splenic vein and
the neck of the pancreas. It passes downward and forward in front of the lower

part of the head of the pancreas—processus uncinatus—and the third portion of

the duodenum, and descends between the layers of the mesentery to the right

iliac fossa, where, considerably diminished in size, it anastomoses with one of its

own branches—viz., the ileocolic. In its course it forms an arch, the convexity of

which is directed forward and downward to the left side, the concavity backward
and upward to the right. It is accompanied by the superior mesenteric vein, and
is surrounded by the superior mesenteric plexus of nen'es.

Dissection.—In order to expose the superior mesenteric artery raise the great omentum and
transverse colon, draw down the small intestines, and cut through the peritoneimi where the

transverse mesocolon and mesentery join; the artery will then be exposed just as it issues from
over the unciform process of the head of the pancreas.

Branches.—Its branches are:

Inferior pancreaticoduodenal. Ileocolic.

Vasa intestini tenuis. Right colic.

Middle colic.

The inferior pancreaticoduodenal (a. pancreaticoduodeualis inferior) is given off

from the superior mesenteric, or from its first intestinal branch behind the pan-
creas. It courses to the right between the head of the pancreas and duodenum,
and then ascends to anastomose with the superior pancreaticoduodenal artery.

It distributes branches to the head of the pancreas and to the second and third

portions of the duodenum.
The vasa intestini tennis (aa. intestinales) 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 (aa. jejunal^s) and ileum (aa. ileae). They
run parallel with one another between the layers of the mesenter}', each vessel

dividing into two branches, which unite with similar branches on each side,

forming a series of arches the convexities of which are directed toward the intes-

tine. 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 a fifth, series of arches is constituted,

diminishing in size the nearer they approach the intestine. From the terminal
arches numerous small straight vessels arise which encircle the intestine, upon
which they are distributed, ramifying between its coats. Throughout their
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course small branches are given off to the nodes and other structures between
the layers of the mesentery, (See the description of the vascular loops in the

section upon the Intestines.)

The ileocolic artery (a. ileocolicd) is the lowest branch given off from the con-

cavity 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 division anastomoses with the termination of the superior mesen-

teric artery, forming with it an arch, from the convexity of which branches

proceed to supply the termination of the ileum, the cecum, the vermiform appen-

dix, and the ileocecal valve. The superior division anastomoses with the right

colic and supplies the commencement of the colon.

ILEOCOLIC ARTERY
AND VEIN

POSTERIOR
ILEOCECAL

ARTERY
AND VEIN

ILIAC BRANCH

APPENDICULAR
ARTERY AND

VEIN

ASCENDING
COLON

Fig. 469.—Arteries and veins of the cecum and vermiform appendix seen from behind. (Poirier and CharpyJ

The descending branch of the ileocolic runs toward the upper border of the

ileocecal junction and gives off the following branches:

(a) Colic, which passes upward on the ascending colon; (6) anterior and

posterior cecal (or ileocecal), which are distributed to the front and back of the

cecum; (c) appendicular (a. appendicidaris) , w^hich passes downward behind the

terminal part of the ileum and runs in the mesoappendix close to its free margin

for the supply of the appendix; and (d) ileal, which runs upward and to the left

on the terminal part of the ileum and anastomoses with the termination of the

superior mesenteric (Fig. 469).

The right colic artery (a. colica dextra) arises from about the middle of the

concavity of the superior mesenteric artery; it passes to the right behind the

peritoneum to the middle of the ascending colon, and divides into two branches—

a

descending branch, which anastomoses w ith the ileocolic, and an ascending branch,

which anastomoses with the middle colic. These branches form arches, from the

convexity of which vessels are distributed to the ascending colon.

The middle colic artery (a. colica media) arises from the upper part of the

concavity of the superior mesenteric, and, passing downward and forward between

the layers of the transverse mesocolon, divides into two branches, the one on the

right side anastomosing with the right colic; that on the left side, with the left

colic, a branch of the inferior mesenteric. From the arches formed by their

anastomosis branches are distributed to the transverse colon. The branches of

this vessel lie between the two layers of the transverse mesocolon.
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The renal arteries {aa. renales) (Fig. 466) are two large trunks which arise

from the sides of the aorta immediately below the superior mesenteric arterj'.

Each is directed outward across the corresponding cms of the Diaphragm, so as

to form nearl\- 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. Before reaching the hilum of the kidney,

each artery usually divides into four branches. Two of these vessels enter the

anterior portion and two the posterior portion of the kidney. The anterior

branches supply three-fourths of the kidney, the posterior supply one-fourth.

Each vessel gives off a small branch to the suprarenal gland (a. suprarenalis

inferior) and branches to the ureter, ureteral branches, and to the surrounding cel-

lular tissue and muscles, perirenal branches. The two circulations are distinct

and do not anastomose even at the periphery. Between these two sets of vessels

is a nearly bloodless zone, the exsanguinated renal rone of Hyrtl, which does not

correspond to the lateral border, but is one-half inch dorsal to the external

border of the kidney. The ventral or anterior segment is much the larger. In

ver>' rare instances the bloodless zone corresponds to the lateral border (Kmnmel).

Applied Anatomy.—An incision of the middle third of the kidney exactly at the junction of

the two segments does not di\-ide large vessels. As the incision approaches either p)ole there is

danger of cutting a large branch (Schede). Frequently there is a second renal arterj-, which is

given off from the abdominal aorta either above or below the renal artery proper, the former

being the more common position. Instead of entering the kidney at the hilum, one or more

accessory renal arteries often pierce the upper or the lower part of the gland.

The spermatic arteries (aa. spermaticae intemae) (Fig. 466) are distributed

to the testes. 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 outward and do\\Tiward behind the peritoneum, resting on the Psoas

muscle, the right spermatic h"ing in front of the inferior vena cava, the left behind

the sigmoid flexure of the colon. It then crosses obliquely over the ureter (to

which it sends a few branches) and the lower part of the external iliac artery to

reach the internal abdominal ring, through which it passes, and accompanies

the other constituents of the spermatic cord along the inguinal canal to the scrotum,

where it becomes tortuous and divides into several branches. Two or three of

these accompany the vas deferens, anastomosing with the artery of the vas defer-

ens, and are distributed to the epididymis; others pierce the back part of the tunica

albuginea and supply the substance of the testis. The spermatic a^te^^' in the

inguinal canal gives off cremasteric branches to supply the Cremaster muscle.

In the canal and scrotum the arter\- lies behind the pampiniform plexus and in

front of the vas deferens.

The oyarian arteries (aa. oraricae) (Fig. 473) in the female correspond to the

spermatic arteries in the male. They supply the ovaries, and are shorter than the

spermatic. The origin and course of the first part of each arterj' are the same as

the spermatic in the male, but on arri\-ing at the margin of the pehHs the ovarian

artery passes inward, between the two layers of the broad ligament of the uterus,

to be distributed to the ovarj'. Small branches go to the Fallopian tube, the

ureter, and the broad ligament; and one passes on to the side of the uterus and

anastomoses with the uterine artery. 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 fetal life, when the testes or ovaries lie at the side of the

vertebral column below the kidneys, the spermatic or ovarian arteries are short;

but as these organs descend from the abdomen into the scrotum or pehns, the

arteries gradually become lengthened.
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The inferior mesenteric artery (a. mesenterica inferior) (Figs. 466 and 471)

supplies the descending colon, the sigmoid flexure of the colon, and the greater

part of the rectum. It is smaller than the superior mesenteric, and arises from

the front and toward the left side of the aorta, between one and two inches above

the division of that vessel into the common iliacs. It passes downward to the

left iliac fossa, and then descends between the layers of the mesorectum, into the

pelvis, under the name of the superior hemorrhoidal artery. It lies at first in close

relation with the left side of the aorta, and then passes as the superior hemor-

rhoidal in front of the left common iliac artery.

Fig. 470.—The superior mesenteric artery and its branches.

Dissection.—In order to expose the inferior mesenteric artery draw the small intestines and]

mesentery over to the right side of the abdomen, raise the transverse colon toward the thorax,!

and divide the peritoneum covering the front of the aorta.

Branches.—Its branches are:

Left colic.

Superior hemorrhoidal.

Sigmoid.

The left colic artery (a. colica sinistra) passes behind the peritoneum, in front]

of the left kidney, to reach the descending colon; it divides into an ascending!
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branch which anastomoses with the middle colic, and a descending branch which

anastomoses with the upper sigmoid artery. From the arches formed by these

anastomoses, branches are distributed to the descending colon.

The sigmoid arteries (aa. sigmoideae) run obliquely downward and outward

behind the peritoneum across the Psoas muscle to the sigmoid flexure of the colon,

Thev divide into branches which supply the lower part of the descending colon and

the sigmoid flexure, anastomosing above with the left colic, and below with the

superior hemorrhoidal artery.

Middle hemorrhoi

Inferior hemorrlundaJ.

Fig. 471.—The inferior meaenteric and its branches.

The superior hemorrhoidal artery (a. hemorrhoidalis superior) (Figs. 471 and 472),

the terminal portion of the inferior mesenteric, descends into the pehis between

the layers of the mesorectum, crossing, in its course, the left ureter and left common
iliac ves-sels. Opposite the middle of the sacrum it divides into two branches,

which descend one on either side of the rectum, and about five inches from the

anus break up into several small branches, which pierce the muscular coat of the

bowel and run downward, as straight vessels, placed at regular intenals from

each other in the wall of the intestine between its muscular and mucous coat, to the

level of the Internal sphincter; here they form a series of loops around the lower

end of the rectum, and communicate with the middle hemorrhoidal arteries, which

are branches of the internal iliac, and with the inferior hemorrhoidal branches of

the internal pudic.
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THE COMMON ILIAC ARTERIES (AA. ILIACAE COMMUNES) (Figs. 466, 472).

The abdominal aorta divides on the left side of the body of the fourth lumbar

vertebra into the two common iliac arteries. Each is about two inches in length.

They diverge from the termination of the aorta, pass downward and outward to

the margin of the pelvis, and divide, opposite the intervertebral disk, between the

last lumbar vertebra and the sacrum, into two branches, the internal and external

iliac arteries, the latter supplying the lower extremity; ihe former, the viscera and

parietes of the pelvis.

The right common iliac is somewhat longer than the left, and passes more

obliquely across the body of the last lumbar vertebra. In front of it are the peri-

toneum, the small intestines, branches of the sympathetic cord, and, at its point

of division, the ureter. Behind, it is separated from the bodies of the fourth and

fifth lumbar vertebrae, and the intervening intervertebral disk, by the two common
iliac veins. On its outer side, it is in relation above with the inferior vena cava

and the right common iliac vein ; and below, with the Psoas magnus muscle. On
its inner side, above, is the left common iliac vein.

The left common iliac is in relation, in front, with the peritoneum, small intes-

tines, branches of the sympathetic cord, and the superior hemorrhoidal artery;

and is crossed at its point of bifurcation by the ureter. It rests on the bodies of the

fourth and fifth lumbar vertebrae, with the intervening disk. The left common
iliac vein lies partly on the inner side, and partly behind the corresponding artery;

on its outer side, the artery is in relation with the Psoas magnus muscle.

Plan of the Relations of the Common Iliac Arteries.

In front.

Peritoneum.

Small intestines.

Sympathetic cord.

Ureter.

In front.

Peritoneum.

Sympathetic cord.

Superior hemorrhoidal artery.

Ureter.

i

Older side.

Psoas magnus
muscle.

Behind.

Fourth and fifth lumbar vertebrsR

Left common iliac vein.

I

Older side. Inner side.

Inferior vena cava. Left common
Right common iliac vein.

iliac vein.

Psoas muscle.

Behind.

Fourth and fifth lumbar vertebrae.

Right and left common iliac veins.

Branches.—The common iliac arteries give off small branches to the perito-

neum. Psoas magnus, ureters, and the surrounding areolar tissue, and occasionally

give origin to the iliolumbar or to the accessory renal arteries.

Peculiarities.—The point of origin varies according to the bifurcation of the aorta. In

three-fourths of a large number of cases the aorta bifurcated either upon the fourth lumbar
vertebra or upon the intervertebral disk 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 foint of division is subject to great variety. In two-thirds of a large number of cases

it was between the last lumbar vertebra and the upper border of the sacrum, being above that

point in one case out of eight and below it in one case out of six. The left common iliac artery

divides lower down more frequently than the right.

The relative lengths, also, of the two common iliac arteries vary. The right common iliac

was the longer in sixty-three cases, the left in fifty-two, while 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
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to three inches; in about half of the remaining cases the artery was longer and in the othei- half

shorter, the minimiun length being less than half an inch, the maximum four and a half inches.

In two instances the right common iliac has been found wanting, the external and internal

iliacs arising directly from the aorta.

Surface Marking.—Draw a line between the highest points of the iliac crests; this is usually

half an inch below the umbilicus; in this line take a point half an inch to the left of the middle

line. From this draw two lines to points midway between the anterior superior spines of the

ilium and the symphysis pubis. These two diverging lines will represent the course of the

common and external iliac arteries. Draw a second line corresponding to the level of the ante-

rior superior spines of the ilium; the portion of the divei^ing lines between these two levels will

represent the course of the common iliac artery; the portion below the lower zone, that of the

external iliac artery.

Applied Anatomy.—^The application of a ligature to the common iliac artery may be re-

quired on account of aneurism or hemorrhage implicating the external or internal iliacs. The
abdomen is opened by an incision in either the semilunar line or the linea alba; the intestines

are drawn to one side and the p>eritoneum covering the artery divided. The sheath is then

opened, and the needle passed from within outward. On the right side great care must be

exercised in passing the needle, since both the common iliac veins lie behind the arterk*. After

the vessel has been tied the incision in the peritoneum over the artery should be sutured. In

amputation of the hip-joint the common iliac can be compressed most certainly and safely by
opening the abdomen and compressing the vessel by means of the fingers against the Psoas

muscle (McBurney's method).

CJollateral Circulation.—The principal agents in carrv'ing on the collateral circulation after

the application of a ligature to the common iliac are the anastomoses of the hemorrhoidal

branches of the internal iliac with the superior hemorroidal from the inferior mesenteric; the

anastomoses of the uterine and ovarian arteries and of the vesical arteries of opposite sides; of

the lateral sacral with the middle sacral artery; of the epigastric with the internal mammary
inferior intercostal, and lumbar arteries; of the circumflex iliac with the lumbar arteries; of the

iliolumbar with the last lumbar artery; of the obturator artery, by means of its pubic branch,

with the vessel of the opposite side and with the deep epigastric.

From the back part of the aorta, just at its bifurcation, arises the middle

sacral artery (a. sacralis media) (Fig. 472). It is a small vessel, and descends upbn
the last lumbar vertebra, along the middle hne of the front of the sacrtun, to the

upper part of the cocc\'x, where it anastomoses with the lateral sacral arteries,

and terminates in the coccygeal body. From it minute branches arise which run

through the mesorectum to supply the posterior surface of the rectum. Other

branches are given off on each side, which anastomose \s"ith the lateral sacral

arteries, and send branches into the anterior sacral foramina. It is crossed by the

left common iliac vein, and is accompanied by a pair of venae comites; these

unite to form a single vessel which opens into the left common iliac vein.

This artery and its lateral branches probably represent fused segmental arteries

(see page 763).

The Internal Hiac Artery (Figs. 466, 472).

The internal iliac or hypogastric artery (a. hypogasirica) supplies the walls and
viscera of the pelvis, the buttock, the generative organs, and inner side of the

thigh. It is a short thick vessel, smaller in the adult than the external iliac, and
about an inch and a half in length. It arises at the bifurcation of the common
iliac, opposite the lumbosacral articulation, and, passing downward to the upper

margin of the great sacrosciatic foramen, divides into two large trunks, an anterior

and a posterior. From its anterior division a partially impervious cord, a part of the

fetal hypogastric artery, extends forward to the bladder.

Relations.—In front, with the ureter, which is between the artery and the peritoneum.

Behind, with the internal iHac vein, the lumbosacral cord, and P^Titormis muscle. On its outer

side, near its origin with the external iliac vein, which lies between it and the Psoas magnus
muscle; lower down, with the obturator nerve.
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Plan of the Relations of the Internal Iliac Artery.

In front.

Peritoneum.

Ureter.

Outer side.

Psoas magnus.

Behind.

Internal iliac vein.

Lumbosacral cord.

Pyriformis muscle.

Iliolumbar

Fig. 472.—Arteries of the pelvis.

In the fetus the hypogastric artery is twice as large as the external iliac, and

appears to be the continuation of the common iliac. Instead of dipping into the

pelvis, it passes forward to the bladder, and ascends along the sides of that viscus

to its summit, to which it gives branches; it then passes upward along the back

part of the anterior wall of the abdomen to the umbilicus, converging toward

its fellow of the opposite side. Having passed through the umbilical opening,
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the two arteries, now termed umbilical, enter the umbilical cord, where they are

coiled around the umbilical vein and ultimately ramify in the placenta.

At birth, when the placental circulation ceases, the portion of the hypogastric

artery which extends from the summit of the bladder to the umbilicus, contracts,

and ultimately dwindles to a solid fibrous cord, the impervious hypogastric artery

(//^. umbilicale laierale), 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 ser^'es to convey blood to the bladder

under the name of the superior vesical artery.

Peculiarities as Regards Length.—In two-thirds of a large number of cases the length of

the internal iliac varied between an inch and an inch and a half; in the remaining third it was
more frequently longer than shorter, the maximum length being three inches, the minimum
half an inch.

The lengths of the common and internal iliac arteries bear an inverse proportion to each

other, the internal iliac artery being long when the common iliac is short, and vice versa.

As Regards its Place of Division.—The place of division of the internal iliac varies between
the upper margin of the sacrum and the upper border of the sacrosciatic foramen.

The arteries of the two sides in a series of cases often differed in length, but neither seemed
constantly to exceed the other.

Applied Anatomy.—The application of a ligature to the internal iliac artery may be required

in cases of aneurism or hemorrhage affecting one of its branches. The best method of tying the

internal iliac artery is by an abdominal section in the median line and reaching the vessel through

the peritoneal cavity. This plan has }>een advocated by Dennis, of New York, on the following

grounds: (1) It in no way increases the danger of the operation; (2) it prevents a series of acci-

dents which have occurred diu"ing ligature of the artery by the older methods; (3) it enables the

surgeon to ascertain the exact extent of disease in the main arterial trunk, and select his spot for

the application of the ligature; and (4) it occupies much less time.

Collateral Circulation.—The circulation after ligature of the internal iliac artery' is carried

on by the anastomoses of the uterine and ovarian arteries; of the opposite vesical arteries; of

the hemorrhoidal branches of the internal iliac with those from the inferior mesenteric; of the

obturator 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 perforating branches of the profunda
femoris with the sciatic; of the gluteal with the posterior branches of the sacral arteries; of the

iliolumbar with the last lumbar; of the lateral sacral with the middle sacral ; and of the cir-

cumflex iliac with the iliolumbar and gluteal.

Branches (Fig. 472).—^The branches of the internal iliac are:

From the Anterior Trunk. From the Posterior Trunk,

Superior vesical. Iliolumbar.

Middle vesical. Lateral sacral.

Inferior vesical. Gluteal.

Middle hemorrhoidal.

Obturator.

Internal pudic.

Sciatic.

vlginTl } I'^t^f^^^^'

The superior vesical (a. vesicalis superior) (Fig. 472) represents the pervious
portion of the fetal h\-pogastric artery. It extends to the side of the bladder,
distributing numerous branches to the apex and^body 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.

' For a description of a case in which Owen made a dissection ten j-ears after ligature of the internal iliac
«rten-, see Medico-Chirurgical Transactions, vol. ivi.
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The middle vesical (a. vesicalis mediaUs) (Fig. 472), usually a branch of the

superior, is distributed to the base of the bladder and under surface of the

seminal vesicles.

The inferior vesical (a. vesicalis inferior) (Fig. 472) frequently arises in com-
mon with the middle hemorrhoidal, and is distributed to the base of the bladder,

the prostate gland, and seminal vesicles. The branches distributed to the pros-

tate communicate with the corresponding vessel of the opposite side.

The middle hemorrhoidal artery (a. haemorrhoidalis media) (Fig. 472) usually

arises together with the preceding vessel. It is distributed to the rectum, anasto-

mosing with the superior and inferior hemorrhoidal arteries. It gives branches

to the seminal vesicle and prostate gland.

\

Branches to tube.

Branches to fundus.

i

Vufjiiiul arteries.

Fig. 473.—The arteries of the internal organs of generation of the female, seen from behind. (After Hyrtl.j

The uterine artery (a. uterina) (Fig. 473) arises from the anterior division*

of the internal iliac and runs inward on the Levator ani to the neck of the uterus.

About three-quarters of an inch from the cervix it crosses the front of the ureter,

to which it supplies a small branch. Ascending in a tortuous course on the side

of the uterus, between the layers of the broad ligament, it distributes branches
to its substance and to the round ligament and the Fallopian tube (ramus tubarius),

anastomosing near its termination with the ovarian artery. It gives a branch to

the ovary (ramus ovarii), which anastomoses with a branch from the ovarian

branches to the cervix of the uterus, cervicouterine, and a branch which descends
on the vagina, the cervicovaginal, and, joining with branches from the vaginal

arteries, form a median longitudinal vessel both in front and behind; these

descend on the anterior and posterior surfaces of the vagina, and are named
the azygos arteries of the vagina.

The vaginal artery (a. vaginalis) usually corresponds to the inferior vesical

in the male; it descends upon the vagina, supplying its mucous membrane, and sends
branches to the bulb of the vestibule, the neck of the bladder, and the contiguous
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part of the rectum. It assists in forming the azygos arteries of the vagina, which

are anterior and posterior vessels, running longitudinally, and due to anastomoses

of the branches of the vaginal from each side and the cenicovaginal artery. The
vaginal artery is frequently represented by two or three branches.

Luschka, Hml, Waldever, Robinson, and others, instead of describing the ovarian and
uterine arteries as two distinct vessels, regard them as constituting the chief parts of one vessel,

the arteria uterina ovarica. What has been called "the circle of Robinson" is composed of a
spiral segment (the arteria uterina ovarica), with a portion of the abdominal aorta, common
iliacs, and internal iliacs.

Robinson' has made a careful study of this vascular circle; he shows that it is of great impor-
nce in certain surgical procedures, and that its remarkable "capacity for extension" saves it

m damage when the uterus is enormously distended by pr^nancy, or when it is "drawn
through the pudendum with traction forceps for palpation, inspection, or repair."

The author just quoted says further that the utero-ovarian artery has three origins, because
it develops from the Wolffian body: The ovarian segment arises from the abdominal aorta.

The uterine segment arises from the anterior branch of tne internal iHac artery. The artery

of the round ligament arises from the deep epigastric. The arteria uterina ovarica secures

nutrition to the uterus by bringing blood from three sources. It is spiral throughout its entire

course, in certain parts is convoluted or looped, and it is accompanied by the pampiniform
plexus of veins.

The three origins of this vessel are freely united by anastomoses, and rami laterales are given

off, which unite the bilateral vessels in the median line. Robinson describes three bifurcations

of the utero-ovarian artery. The distal bifurcation, which is "about midway between the uterus

and the pelvic wall," forms an acute angle with the main vessel. This bifurcation indicates

the point of division of the external from the internal genitals. The cervicovaginal arterv

supplies the external genitals. The proximal bifurcation marks the situation of the ovary.

The artery bifurcates at an acute angle into two branches to supply the ovary and Fallopian
tulie. The middle bifurcation consists of (1) the division of the uterine segment at the angle
formed by the uterus and oviduct ("forming the ramus oviductus and ramus ovarii"), and (2)
"the bifurcation of the ramus oviductus forming the ramus oviductus and the ramus ligamenti
toreti;. or the segment of the roimd ligament."'

Applied Anatomy.—As pointed out by Robinson, the source of bleeding after vaginal hys-
terectomy is usually the torn and undamped cervicovaginal arterj*.

As previously mentioned, the spiral and convoluted course of the utero-ovarian artery allows

the uterus, ovary, and tube to be drawn into the vagina without injiu^- to the vessels. Robinson
points out that in vaginal hysterectomy the genital circle is not di\-ided and only the rami laterales

which go to the uterus are cut, the ovaries retaining a normal blood supply and continuing to

functionate.

The obturator artery (a. obtiiratoria) (Fig. 472) passes forward and down-
ward on the lateral wall of the pelvis, to the upper part of the obturator foramen,
and, escaping from the pelvic cavity through a short canal, formed by a groove
on the under surface of the ascending ramus of the os pubis and the arched border
of the obturator membrane, it divides into an internal and external branch. In
the pelvic cavity this vessel is in relation, externally, with the obturator fascia;

internally, with the ureter, vas deferens, and peritoneum; while a little below it is

the obturator ner\-e.

Branches.

—

Within the pelvis, the obturator artery gives off an iliac branch {ramus
iliacus) to the iliac fossa, which supplies the bone and the Iliacus muscle, and
anastomoses with the iliolumbar arterv; a vesical branch {ramus vesicalis), which
runs backward to supply the bladder; and a pubic branch {ramus pubicus), which
is given off from the vessel just before it leaves the pelvic cavity. The pubic
branch ascends upon the back of the pubis, communicating with offshoots from
the deep epigastric arterv and with the corresponding vessel of the opposite side;

It is sometimes placed on the inner side of the femoral ring.

Oiiiside the pelvis, the obturator arterv divides into an internal and an external
branch, which are deeply situated between the Obturator extemus and the pehis.

' F. B\Ton Robinson. The Utero-ovarian Arter\-, or the Genital Vaacular Circle, 1903.
- Ibid.

43
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The internal branch (ramus anterior) curves backward along the inner margin

of the obturator foramen, lying between it and the Obturator externus muscle; it

distributes branches to the Obturator externus, Pectineus, Adductors and Gracilis,

and anastomoses with the external branch, and with the internal circumflex artery.

The external branch (ramus posterior) curves backward around the outer margin

of the obturator foramen, also lying between the obturator foramen and the

Obturator externus muscle, to the space between the Gemellus inferior and
Quadratus femoris, where it divides into two branches. One, the smaller,

courses inward around the lower margin of the foramen and anastomoses with the

internal branch and with the internal circumflex; the other inclines outward in

the groove below the acetabulum (a. acetabulis), and supplies the muscles attached

to the tuberosity of the ischium and anastomoses with the sciatic artery. It

sends through the cotyloid notch a branch to the hip-joint, which ramifies on

the ligamentum teres as far as the head of the femur.

Peculiarities (Figs. 474 and 475).—The obturator artery sometimes arises from the main

stem or from the posterior trunk of the internal iUac, from the deep epigastric (28 per cent.),

or it may arise from the external ihac (1.2 per cent.).

Figs. 474 and 475.—Variations in origin and course of the obturator artery.

When the obturator artery arises at the front of the pelvis from the deep epigastric, it descends

almost vertically to the upper part of the obturator foramen. The artery in this course usually

lies in contact with the external iliac vein and on the outer side of the femoral ring (Fig. 474);

in such cases it would not be endangered in the operation for femoral hernia. Occasionally,

however, it curves inward along the free margin of Gimbernat's ligament (Fig. 475), and under

such circumstances woidd almost completely encircle the neck of the hernial sac, and would

be in great danger of being wounded if an operation were f>erformed for strangulation. ^^H

The internal pudic artery (a. pudenda interna) (Figs. 476 and 477) is tn?*

smaller of the two terminal branches of the anterior trunk of the internal iliac,

and supplies the external organs of generation. Though the course of the artery

is the same in the two sexes, the vessel is much smaller in the female than in the

male, and the distribution of its branches somewhat different. The description of
'

its arrangement in the male will first be given, and subsequently the differences

which it presents in the female will be mentioned.

The internal pudic artery in the male passes downward and outward to the

lower border of the great sacrosciatic foramen, and emerges from the pelvis be-

tween the Pyriformis and Coccygeus muscles; it then crosses the spine of the

ischium and enters the pelvis through the lesser sacrosciatic foramen. The
artery now crosses the Obturator internus muscle along the outer wall of the ischio-

rectal fossa, being situated about an inch and a half above the lower margin of
j

the ischial tuberosity. It gradually approaches the margin of the ramus of the

ischium, passes forward between the two layers of the triangular ligament of the

perineum; it then runs forward along the inner margin of the ramus of the pubis '

and about half an inch behind the subpubic ligament it pierces the superficial

layer of the triangular ligament and divides into its two terminal branches, tin

dorsal artery of the penis and the artery of the corpus cavemosum.
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Relations.—Within the pelvis, at its beginning, it lies in front of the Pjiiformis muscle and

sacral plexus of nerves, and the sciatic artery, 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 over-

lapped by the great sacrosciatic ligament. Here the pudic nerve lies to the inner side and the

nerve to the Obturator internus to the outer side of the vessel. On entering the pel\-is it lies

on the outer side of the ischiorectal fossa, upon the siuface of the Obturator internus muscle,

contained in a fibrous canal (Alcock's canal), formed by the splitting of the obturator fascia.

It is accompanied by the pudic veins and the pudic nerve.

Peculiarities.—The internal pudic is 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
additional vessel, the accessory pudic, which generally arises from the internal pudic artery

fore its exit from the great sacrosciatic foramen. It passes forward along the lower part of

le bladder and across the side of the prostate gland to the root of the penis, where it perforates

the triangular ligament and 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 dorsal artery- of the penis being derived from the

accessory pudic. Or the pudic may terminate as the superficial perineal, the artery of the bulb

being derived, with the other two branches, from the accessory vessel. Occasionally the acces-

sory pudic artery is derived from one of the other branches of the internal ihac, most frequendy
the inferior vesical or the obturator.

Branches.—The branches of the internal pudic artery are:

Muscular. Artery of the bulb.

Inferior hemorrhoidal. Urethral artery.

Superficial perineal. Artery of the corpus cavernosum.
Transverse perineal. Dorsal artery of the penis.

The muscular branches consist of two sets—one given off in the pelvis, the

other as the vessel crosses the ischial spine. The former are several small offshoots

which supply the Levator ani, the Obturator internus, the P\Tiformis, and the

Coccygeus muscles. The branches given off outside the pelvis are distributed to

the adjacent part of the Gluteus maximus and External rotator muscles. They
anastomose with branches of the sciatic artery.

The inferior hemorrhoidal artery (a. haemorrhoidalis inferior) arises from
the internal pudic as it passes above the tuberosity of the ischium. Crossing
the ischiorectal fossa it is distributed by two or three terminal branches to the

muscles and integument of the anal region. Instead of one inferior hemor-
rhoidal artery two or three small vessels may arise from the internal pudic.

The superficial perineal artery (a. perinei) (Fig. 476) supplies the scrotum and the

muscles and integument of the perineum. It arises from the internal pudic in

front of the preceding branches, and turns upward, crossing either over or under
the Transversus perinei superficialis muscle, and runs forward, parallel to the

pubic arch, in the interspace between the Accelerator urinae (m. bulbocavernosus)

and Erector penis (m. ischiocavernosus) muscles, both of which it supplies, and is

finally distributed to the skin and dartos of the scrotum. In its passage through
the perineum it lies beneath the superficial perineal fascia.

The transverse perineal artery is a small branch which arises either from the
internal pudic or from the superficial perineal artery as it crosses the Transversus
perinei muscle. It runs transversely inward along the cutaneous surface of the
Transversus perinei superficialis muscle and anastomoses with the like vessel
of the opposite side, and with the superficial perineal and inferior hemorrhoidal
arteries. It supplies the Transversus perinei and the structures between the
anus and bulb of the urethra.

The artery of the bulb (a. hulhi itrefhrae) is a short vessel of large caliber which
arises from the internal pudic between the two layers of the triangular ligament;
it passes nearly transverseh' inward, through the fibres of the Compressor urethrae
muscle, pierces the superficial layer of the triangular ligament, and gives off
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branches which ramify in the bulb of the urethra. It is then continued forward

in the corpus spongiosum to the glans penis. It gives off a small branch to

Cowper's gland.

The urethral artery (a. urethralis) is a small vessel which passes to the corpus

spongiosum at the angle of the converging crura of the penis. It reaches the glans

penis and anastomoses with the artery of the corpus cavernosum and the dorsal

artery of the penis. This vessel is quite often absent.

The artery of the corpus cavernosum (a, 'profunda fenis), one of the terminal

branches of the internal pudic, arises just after that vessel has perforated the

superficial triangular ligament, and, quickly entering the crus penis obliquely,

runs forward in the centre of the corpus cavernosum, to which its branches are

distributed.

Transverstis perinei

superficialis

GREAT SACRO-
8CIATIC LIGAMENT

l_

I
Superficial perineal artery.

Superficial perineal nerve.

Internal pudic nerve.

Internal pudic artery.

Fig. 476.—The superficial muscles and vessels of the perineum.

The dorsal artery of the penis (a. dorsalis penis) ascends between the crus and
''

pubic symphysis, and passes between the two layers of the suspensory ligament ij

of the penis, and runs forward 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, between the dorsal nerve

and the deep dorsal vein, the former being on its outer side. It supplies the inte*;-

ument and fibrous sheath of the corpus cavernosum, sending branches through

the sheath to anastomose with the preceding vessel.

The internal pudic artery in the female is smaller than in the male. Its origin

and course are similar, and there is considerable analogy in the distribution ot

its branches. The superficial perineal artery supplies the labia pudendi; the'

artery of the bulb supplies the bulbi vestibuli and the erectile tissue of the vagina;

the artery of the corpus cavernosum (a. profunda clitoridis) supplies the cavernous

body of the clitoris; and the dorsal artery of the clitoris (a. dorsalis clitoridis

supplies the dorsum of that organ, and terminates in the glans and in the mem-
branous fold corresponding to the prepuce of the male.'
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The sciatic artery {a. glufaea inferior) (Fig. 477), the larger of the two terminal

branches of the anterior trunk of the internal iliac, is distributed chiefly on the

buttock and back of the thigh. It passes down to the lower part of the great

sacrosciatic foramen behind the internal pudic artery, resting on the sacral plexus

of nenes and Pyriformis muscle, and escapes from the pelvis through this foramen

between the Pyriformis and

Coccygeus. It then descends

in the intenal between the tro-

chanter major and tuberosity

of the ischium, accompanied

bv the sciatic nerves, and
covered by the Gluteus maxi-

raus, and is continued down
the back of the thigh supplying

the skin, and anastomosing

with branches of the perfora-

ting arteries.

tVithin the pelvis it distrib-

utes branches to the Pyriformis,

Coccygeus, and Levator ani

muscles; some hemorrhoidal

branches, which supply the

rectum, and occasionally take

the place of the middle hemor-

rhoidal artery; and vesical

branches to the base and neck

of the bladder, seminal vesicles,

and prostate gland. Outside

the pelvis it gives off the fol-

lowing branches:

Muscular.

Coccygeal.

Comes ner\i ischiadic!.

Anastomotic.

Articular.

Cutaneous.

The muscular branches sup-

ply the Gluteus maximus,
anastomosing with the gluteal

artery in the substance of the

muscle; the External rotators,

anastomosing with the internal

pudic artery; and the muscles

attached to the tuberosity of the

ischium, anastomosing with the

external branch of the obturator

and the internal circumflex

arteries.

The coccygeal branch runs inward, pierces the great sacrosciatic ligament, and
supplies the Gluteus maximus, the integument, and other structures on the back
of the coccyx.

The comes nervi ischiadic! (a. comitans n. ischiadici) 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.

Terminatimi

of inteniat

circumflex.

^Superior
perforating.

Middle
perforating.

Inferior

perforating.

Termination of
profunda.

Superior muscular.

Superior external

articidar.

Inferior muscular

Fig. 477.—The arteries of the gluteal and posterior femoral
regions.

Superior interna^

articular.
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The anastomotic artery is directed downward across the External rotators and
assists in forming the so-called crucial anastomosis by anastomosing with the

superior perforating and the internal and external circumflex arteries.

The articular branch, generally derived from the anastomotic, is distributed to

the capsule of the hip-joint.

The cutaneous branches are distributed to the skin of the buttock and back of

the thigh.

The iliolumbar artery (a. Uiolumhalis), given off from the posterior trunk of

the internal iliac, turns upward and outward between the obturator nerve and
lumbosacral cord, to the inner margin of the Psoas muscle, behind which it divides

into a lumbar and an iliac branch.

The lumbar branch (ramus lumbalis) supplies the Psoas and Quadratus lum-

borum muscles, anastomosing with the last lumbar artery, and sends a small

spinal branch (ramus spinalis) through the interv'ertebral foramen, between the

last lumbar vertebra and the sacrum, into the vertebral canal, to supply the

Cauda equina.

The iUac branch (ramus iliacus) descends to supply the Iliacus muscle; so

offshoots, running between the muscle and the bone, anastomose with the iliac

branch of the obturator; one of these enters an oblique canal to supply the diploe,

while others run along the crest of the ilium, distributing branches to the Gluteal

and Abdominal muscles, and anastomose in their course with the gluteal circu

flex iliac, and external circumflex arteries.

The lateral sacral arteries (a. sacralis lateralis) (Fig. 472) are usually t

in number

—

superior and inferior.

The superior, which is of large size, passes inward, and, after anastomosi

with branches from the middle sacral, enters the first or second anterior sac

foramen, supplies branches to the contents of the sacral canal, and, escaping

the corresponding posterior sacral foramen, is distributed to the skin and muscl
on the dorsum of the sacrum, anastomosing with the gluteal.

The inferior passes obliquely across the front of the Pyriformis muscle a

sacral nerves to the inner side of the anterior sacral foramina, descends on ti

front of the sacrum, and anastomoses over the coccyx with the middle sacral a

opposite lateral sacral artery. In its course it gives off branches which enter t

anterior sacral foramina (rami spinales); these, after supplying the contents of th"^

sacral canal, escape by the posterior sacral foramina, and are distributed to th|

muscles and skin on the dorsal surface of the sacrum, anastomosing with the glute

The gluteal artery (a. glutaea superior) (Fig. 477) is the largest branch

the internal iliac, and appears to be the continuation of the posterior division of

that vessel. It is a short, thick trunk which runs backward between the lumbo-

sacral cord and the first sacral nerve, and, passing out of the pelvis above the

upper border of the Pyriformis muscle, immediately divides into a superficial

and a deep branch. Within the pelvis it gives off a few muscular branches to the

Iliacus, Pyriformis, and Obturator internus, and, just previous to emerging from

that cavity, a nutrient artery which enters the ilium.

The superficial branch enters the deep surface of the Gluteus maximus, and
divides into numerous branches, some of which supply the muscle, while others per-

forate its tendinous origin, and supply the integument covering the posterior sur-

face of the sacrum, anastomosing with the posterior branches of the sacral arteries.

The deep branch lies under the Gluteus medius and almost immediately sub-

divides into two. Of these, the superior division (ramus superior), continuing the

original course of the vessel, passes along the upper border of the Gluteus mini-

mus to the anterior superior spine of the ilium, anastomosing with the circumflex

iliac and ascending branches of the external circumflex artery. The inferior

division (ramus inferior) crosses the Gluteus minimus obliquely to the trochanter

OT^
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major, distributing branches to the Gluteus muscles, and anastomoses with the

external circumflex artery. Some branches pierce the Gluteus minimus to supply

the hip-joint.

Surface Marking.—The position of the three main branches of the internal iliac, the

sciatic, internal pudic, and gluteal, which may occasionally be the object of surgical interference,

is indicated on the surface in the following way: A line is to be drawn from the posterior supe-

rior iliac spine to the posterior superior angle of the great trochanter, with the limb slightly

flexed and rotated inward; the point of emergence of the gluteal artery from the upper part of

the sciatic notch will correspond with the junction of the upper with the middle third of this

line. A second line is to be drawn from the same point to the outer part of the tuberosity of

ischium; the junction of the lower with the middle third marks the point of emergence of

sciatic and pudic arteries from the great sciatic notch.

Applied Anatomy.—Any of these three vessels may require ligating for a wound or for

aneurism, which is generally traumatic. The gluteal arterv' is ligated by turning the patient

two-thirds over on his face and making an incision from the posterior superior spine of the ilium

to the upper and posterior angle of the great trochanter. This must expose the Gluteus maxi-
mus muscle, and its fibres are to be separated through the whole thickness of the muscle and
pulled apart with retractors. The contiguous margins of the Gluteus medius and Pj-riformis

are now to be separated from each other, and the arterj- will be exposed emerging from the

sciatic notch. In ligation of the sciatic arteri-, the incision should be made parallel with that

for ligation of the gluteal, but one inch and a half lower down. After the fibres of the Gluteus
maximus have been separated, the vessel is to be sought for at the lower border of the P^•ri-

formis; the CTeat sciatic nerve, which lies just above it, forms the chief guide to the artery.

The internal pudic can be reached through the incision used to reach the sciatic.

The External Hiac Artery (L. Hiaca Externa) (Fig. 472).

The external iliac artery is larger in the adult than is the internal iliac. It

passes obliquely downward and outward along the inner border of the Psoas
muscle, from the bifurcation of the common iliac to a point beneath Poupart's

ligament, midway between the anterior superior spine of the ilium and the sym-
physis pubis, where it enters the thigh and becomes the femoral artery.

Relations.

—

In front, the artery is in relation with the peritoneum, subperitoneal areolar
tissue, the termination of the ileum on the right side, and the sigmoid flexure on the left, and a
thin layer of fascia derived from the iliac fascia, which surrounds the arterv and vein. At its

origin it is crossed by the ovarian arterj- in the female, and occasionally by the ureter. The
spermatic vessels descend for some distance upon it near its termination, and it is crossed in

this situation by the genital branch of the genitofemoral nerve and the deep circumflex iliac

vein; the vas deferens in the male, and the round ligament in the female, curve down along its

inner side. Behind, it is in relation with the inner border of the Psoas muscle, from which it is

separated by the iliac fascia. At the upper part of its course, the external iliac vein lies partly
behind it. but lower down lies entirely to its inner side. Extemalli/, it rests against the Psoas
muscle, from which it is separated by the Uiac fascia. Numerous lymphatic vessels and nodes
are foimd lying on the front and inner side of the vessel.

Plan of the Relations of the External Iliac Artery.

In front.

Peritoneum, intestines, and fascia.

Near ( L^™phatic vessels and nodes.

Poupart's I
Sprniatic vessels.

Litrament )
Genitofemoral nerve (genital branch).

'^ ' V Deep circumflex iliac vein.

Outer side.
/^ \ Inner side.

Psoas magnus. I iijac. I External iliac vein and vas deferens
Iliac fascia, V J near Poupart's ligament.

Behind.

External iliac vein.

Psoas magnus.
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Surface Marking.—The surface line indicating the course of the external iliac artery has
been already given (see page 669).

Applied Anatomy.—The application of a ligature to the external iliac may be required in

cases of aneurism of the femoral artery or for a wound of the artery. This vessel may be secured

in any part of its course, excepting near its upper end, which is to be avoided on account of the

proximity of the internal iliac, and near its lower end, which should also be avoided, on account
of the proximity of the deep epigastric and circumflex iliac vessels. The patient having been
placed in the supine 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 run-
ning upward and outward, parallel to Poupart's ligament, to a point one inch internal and one
inch above the anterior superior spine of the ilium. When the artery is deeply seated more
room will be required, and may be obtained by curving the incision from the point last named
inward toward the umbilicus for a short distance. The Abdominal muscles and transversalis

fascia having been cautiously divided, the peritoneum should be separated from the iliac fossa

and raised toward the pelvis; and on introducing the finger to the bottom of the wound, the artery

may be felt pulsating along the inner border of the Psoas muscle. The external iliac vein 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 aneurism needle should be introduced on the inner side,

between the artery and the vein.

Ligation of the external iliac artery is also performed by a transperiioneal method. An incis-

ion four inches in length is made in the semilunar line, commencing about an inch below the um-
bilicus and carried through the abdominal wall into the peritoneal cavity. The intestines are

then pushed upward and held out of the way by a broad abdominal retractor, and an incision is

made through the peritoneum at the brim of the pelvis in the coiu-se of the artery, and the

vessel is secured in any part of its course which may seem desirable to the operator. The advan-
tages of this operation appear to be that if it is found necessary the common iliac artery can be
ligated instead of the external iliac without extension or modification of the incision; and secondly,

that the vessel can be ligated without in any way interfering with the coverings of the sac

of an aneurism. Possibly a disadvantage may exist in the greater risk of hernia after this

method.

Collateral Circulation.—The principal anastomoses in carrying on the collateral circulation,

after the application of a ligature to the external iliac, are the iliolumbar with the circumflex

iliac; the gluteal with the external circumflex; the obturator with the internal circumflex; tl

sciatic with the superior perforating and circumflex branches of the profunda artery; and
internal pudic with the external pudic. When the obturator arises from the epigastric it

supplied with blood by branches, either from the internal iliac, the lateral sacral, or the interr

pudic. The epigastric receives its supply from the internal mammary and inferior intercost

arteries, and from the internal iliac by the anastomoses of its branches with the obturator.'

Branches.—Besides several small branches to the Psoas muscle and the neigl:

boring lymph nodes, the external iliac gives off two branches of considerabl

size—the deep epigastric and deep circumflex iliac arteries.

The deep epigastric artery (a. epigastrica inferior) (Fig. 472) arises froi^

the external iliac above Poupart's ligament. It curves forward below the per

toneum, and then ascends obliquely along the inner margin of the internal al

dominal ring, lying between the transversalis fascia and peritoneum; continuin£

its course upward, it pierces the transversalis fascia, and passing over the seraij

lunar fold of Douglas, ascends between the Rectus and the posterior lamella

its aponeurotic sheath. It finally divides into numerous branches which anastc

mose, above the umbilicus, with the superior epigastric branch of the interns

mammary and with the lower intercostal arteries (Fig. 458). As the deep epl

gastric artery passes obliquely upward and inward from its origin it lies along tl

lower and inner margin of the internal abdominal ring and behind the commen(
ment of the spermatic cord. This part of the vessel is crossed by the vas deferei

in the male and the round ligament of the uterus in the female.

Branches.—The branches of this vessel are: The cremasteric (a. sperinatica

externa in the male, a. ligamenti teretis uteri in the female) , which accompanies the

spermatic cord, and supplies the Cremaster muscle and other coverings of the

' Sir Astley Cooper describes the dissection of a limb eighteen years after successful ligation of the external iliac

artery in Vol. I of Guy's Hospital Reports.
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spermatic cord, anastomosing with the spermatic arterv in the male, and which

accompanies the round ligament in the female; a pubic branch {ramus jpubicus),

which runs along Poupart's ligament, and then descends behind the os pubis

to the inner side of the femoral ring, and anastomoses with offshoots from the

obturator arterv ; muscular branches, some of which are distributed to the Abdominal
muscles and peritoneum, anastomosing with the lumbar and circumflex iliac

arteries; cutaneous branches, which perforate the tendon of the External oblique,

and supply the integument, anastomosing with branches of the superficial epi-

gastric.

Fig. 478.—Femoral sheath laid open to show its three compartments. Iliac portion of fascia lata removed.

Peculiarities.—The origin of the deep 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 common femoral or from the deep femoral. 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 be
formed by two branches, one derived from the external iliac, the other from the internal iliac.

Applied Anatomy.—The deep epigastric arteri- follows a line drawn from the middle of

Poupart's ligament toward the umbilicus; but shortly after this line crosses the linea semilunaris
the direction changes, and the course of the vessel is directly upward in the line of junction of
the inner third with the outer two-thirds of the Rectus muscle. It has important surgical rela-

tions, in addition to the fact that it is one of the principal means, through its anastomosis with
the internal mammary, in establishing the collateral circulation after ligation of either the com-
mon or external iliac arteries. It lies close to the internal abdominal ring, and is therefore
internal to an oblique inguinal hernia, but external to a direct inguinal hernia, as the herni?
emerges from the abdomen. It forms the outer boundary of Hesselbach's triangle. It is ii.

clo.se relationship with the spermatic cord, which lies in front of it in the inguinal canal, separated
only by the transversalis fascia. The vas deferens curves roimd its outer side.
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The deep circumflex iliac artery (a. circumflexa ilium profunda) (Fig. 471]
arises from the outer side of the external iliac nearly opposite the epigastric arteryJ

It ascends obliquely outward behind Poupart's ligament, contained in a fibrous

sheath formed by the junction of the transversalis and iliac fasciffi, to the anterio|j

superior spinous process of the ilium. It then runs along the inner surface of thi

crest of the ilium to about its middle, where it pierces the Transversalis, an(
runs backward between that muscle and the Internal oblique, to anastomose wit(

the iliolumbar and gluteal arteries. Opposite the anterior superior spine of thi

ilium it gives off a large branch which ascends between the Internal oblique ant

Transversalis muscles, supplying them, and anastomosing with the lumbar am
epigastric arteries. It also gives off cutaneous branches.

External

Femoral cutaneous nerve.
Poupart's ligament branch Femoral nerve.

of genito-

femoral.

Iliac portion of Sheath of
fascia lata

Femoral vein.

Femoral ririg.

Gimbernafs
ligament.

Femoral aHery.

Fig. 479.—Structures which pass beneath the crural arch.

ARTERIES OF THE LOWER EXTREMITY

The artery which supplies the greater part of the lower extremity is the direcj

continuation of the external iliac. It continues as a single trunk from Poupart'i

ligament to the lower border of the Popliteus muscle, and here divides into twc

branches, the anterior and posterior tibial. For convenience of description, the

upper part of the main trunk is named femoral, the lower part, popliteal.
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THE FEMORAL ARTERY (A. FEMORALIS) (Figs. 481 and 482).

The femoral artery commences immediately behind Poupart's ligament, midway
l>etween the anterior superior spine of the ilium and the symph;. sis 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

thifjh, where it becomes the popliteal artery. The vessel, at the upper part of

the thigh, lies in front of the hip-joint, on a line with the innermost part of the

D^nhead of the femur; in the lower part of its course it is in close relation with the

^^nner side of the shaft of the bone, and between these two parts the vessel is some

^Hpiistance from the bone. The first inch and a half of the vessel is enclosed,

^together with the femoral vein, in a fibrous sheath—the femoral sheath. In the

I^Bipper third of the thigh it is contained in a triangular space called Scarpa's triangle,

and in this space it gives off its largest branch, the deep femoral. In the middle

third of the thigh it is contained in an aponeurotic canal called Hunter's canal.

That portion of the femoral artery which extends from Poupart's ligament to the

origin of the deep femoral is sometimes called the common femoral; its continua-

tion is the superficial femoral.

Fig. 480.—-The relations of the femoral and internal abdominal rings, seen from within the abdomen.
Right side.

The femoral or crural sheath (Fig. 479) is a continuation downward 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 fasciae are directly

continuous on the iliac side of the femoral artery, but a small space exists between
the femoral vein and the point where they are continuous on the pubic side of that

vessel, which constitutes the femoral or crural canal (Fig. 479). The femoral
sheath is closely adherent to the contained vessels about an inch below the saphe-
nous opening, being blended with the sheath of the vessels, but opposite Pou-
part'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 perfo-

rated by the femoral 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.
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The anterior wall of the sheath is a thickened band of fascia continuous abov«

Poupart's ligament with the transversalis fascia, called the deep crural arch. Froi

it stretch two septa, one between the femoral artery and the vein, the other lyini

just internal to the vein, and cutting off a small space between the vein am
the inner wall of the sheath. The septa are stretched between the anterior ant

posterior walls of the sheath, so that each vessel is enclosed in a separate compart-]

ment. The interval left between the vein and the inner wall of the sheath is nc

SUPERFICIAL
EPIGASTRIC

SUPERFICIAL CIR-
CUMFLEX ILIAC
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Fig. 481.—Scheme of the femoral artery. (Poirier and Charpy.)

filled up by any structure, excepting a little loose areolar tissue, a few lymphatij

vessels, and occasionally by a small lymph node; this is the femoral or cr

canal through which the intestine descends in femoral hernia.

The femoral or crural canal (canalis femoralis) (Figs. 479 and 480) is th^

narrow interval between the femoral vein and the inner wall of the femoral sheathj

It exists as a distinct canal only when the sheath has been separated from the veil

by dissection or by the pressure of a hernia or tumor. Its length is from a quarte
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I

Scrotum.

to half an inch, and it extends from the femoral ring to the upper part of the

saphenous opening.

This canal has two orifices—an upper one. the femoral or crural ring, closed bv
the septum crurale; and a lower one, the saphenous opening, closed by the cribri-

form fascia.

The femoral or crural ring (an?mlus femoralis) (Figs. 462 and 463) is the upf)er

opening of the femoral canal, and leads into the cavity of the abdomen. It 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.

Scarpa's triangle (frigonum

femorale) corresponds to the de-

pression seen immediately below

the fold of the groin. It is a

triangular space, the apex of

which is directed downward, and
the sides formed externally by the

Sartorius, internally by the inner

margin of the Adductor longus,

and above by Poupart's ligament.

The floor of the space is formed

from without inward by the Ilia-

cus. Psoas, Pectineus (in some
cases a small part of the Adduc-
tor brevis), and the Adductor
longus 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 superficial and pro-

funda branches, the vein receiving

the deep femoral and internal

saphenous. On the outer side of

the femoral artery is the femoral

nerve dividing into its branches.

In the outer corner of the space

is the external cutaneous nerve.

Within the sheath of the artery,

and lying upon the outer side of

the vessel, is the femoral branch
of the genitofemoral ner^e. At
the base of the triangle the vein

is to the inner side of the arterv;

at the apex of the triangle it is

passing behind the artery. Besides
the vessels and nerves, this space
contains some fat and lymphatics.

Hunter's canal, or the adductor canal (canalis adductorius [Hunieri]) (Fig.

381 ), is the aponeurotic space in the middle third of the thigh, extending from

f.ong saphenoua
tierre.

Superior external

articular.

Inferior external

articular.

Anterior tibial

recurrent.

Anastomotiea
magna.

Superior internal

articular.

Inferior internal

articular.

Fig. 482.—The femoral artery.
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the apex of Scarpa's triangle to the femoral opening in the Adductor magnus
muscle. It is bounded, externally, by the Vastus internus; internally, by the

Adductors longus and magnus muscles; and is covered in by a strong aponeurosis

which extends transversely from the Vastus internus across the femoral vessel!

to the Adductor longus and magnus; lying on which aponeurosis is the Sartoriuil

muscle. It contains the femoral artery and vein enclosed in their own sheath o^

areolar tissue, the vein being behind and on the outer side of the artery, and the

internal or long saphenous nerve lying at first on the outer side and then in fron|

of the vessels.

Relations.—The relations of the artery differ along its course. In Scarpa's triangle the

femoral artery is very superficial, being covered by the skin and superficial fascia, superficial

inguinal lymph nodes, the iliac portion of the fascia lata, and the anterior part of the femora

sheath. The femoral branch of the genitofemoral nerve courses for a short distance within th^

outer compartment of the femoral sheath and lies at first in front and then on the outer side ol

the artery. Near the apex of Scarpa's triangle the internal cutaneous nerve crosses the arteri

from without inward.

Behind the artery are the posterior part of the femoral sheath, the pubic portioi

of the fascia lata, the inner part of the tendon of the Psoas, the Pectineus am
Adductor longus. The artery is separated from the capsule of the hip-joint bj

the tendon of the Psoas, from the Pectineus by the femoral vein and profunda

vessels, and from the Adductor longus by the femoral vein. The nerve to the

Pectineus passes inward behind the artery. On the outer side of the artery, bui

separated from it by some fibres of the Psoas, is the femoral nerve. The femoral

vein is on the inner side of the upper part of the artery, but is behind the vesst

in the lower part of Scarpa's triangle.

Plan of the Relations of the Femoral Artery in Scarpa's Triangli

In front.

Skin and superficial fascia.

Superficial inguinal nodes.

Iliac portion of fascia lata.

Prolongation of transversalis fascia.

Femoral branch of genitofemoral nerve.

Superficial circumflex iliac vein.

Superficial epigastric vein.

Inner side.

Femoral vein.

Outer side.

Small part of Psoas muscleJ

separating the artery frot

the femoral nerve.

Behind.

Prolongation of fascia covering the Iliacus muscle.

Pubic portion of fascia lata.

Nerve to Pectineus.

Tendon of Psoas muscle.

Pectineus muscle.

Capsule of hip-joint.

In Hunter's canal the femoral artery is more deeply situated, being covere

by the integument, the superficial and deep fasciae, the Sartorius and the fibroi

roof of the canal; it is crossed from without inward by the long saphenous nerve

Behind the artery are the Adductores longus et magnus; in front and to its outej

side is the Vastus internus. The femoral vein lies behind the upper part, and oi

the outer side of the lower part of the artery. As the artery passes out of Scarpa's
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triangle into Hunter's canal, the Iliacus and Peetineus muscles lie behind it for

a short distance (Fig. 482).

That portion of the femoral artery which e:rtends from Poupart's ligament

to the origin of the profunda is sometimes named the common femoral.

Plax of the Relations of the Femoral Artery in Hunter's Canal.

In front.

Skin, superficial and deep fasciae.

Internal cutaneous nerve.

Sartorius.

Aponeurotic covering of Hunter's canal.

Internal saphenous nen'e.

Inner side. /^^^\ Outer side.

Adductor longus.
'

Femoral )
Long saphenous nerve.

- - ^' .-^-- I JNerve to Vastus mternus.

Vastus internus.

Femoral vein (below).

Adductor magnus. \. Artery. /
.>er>e lo vaMus

Sartorius. \ ^ \astus internus.

Behind,

Femoral vein (above).

Profunda artery and vein.

Peetineus and Iliacus (high up).

Adductor longus.

Adductor magnus.

Peculiarities, Double Femoral Reunited.—Several cases are recorded in which the femoral

artery divided into two trunks below the origin of the profunda, and became reunited near the

opening of the Adductor magntis so as to form a single popliteal artery. One of them occurred

in a patient operated upon for popliteal aneurism.

Change of Position.—A few cases have been recorded in which the femoral artery was
situated at the back of the thigh, the vessel being continuous alxjve with the internal iliac, escap-

ing from the pelvis through the great sacrosciatic foramen, and accompanying the great sciatic

nerve to the popliteal space, where its division occurred in the usual manner. The external

iliac in these cases was small, and terminated in the profunda.

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 diNided so that a large

vein is placed on each side of the artery for a greater or less extent.

Surface Marking.—The upper two-thirds of a line drawn from a point midway between
the anterior superior spine of the ilium and the symphysis pubis to the adductor tubercle on
the inner condyle of the femur, with the thigh abducted and rotated outward, will indicate the

course of the femoral artery.

Applied Anatomy.—Compression of the femoral arterj-, which is constantly requisite in

amputations and other operations on the lower limbs, and also for the cure of popliteal aneurisms,

is most effectually made immediately below Poupart's ligament. In this situation the artery is

very superficial, and is merely separated from the ascending ramus of the os pubis by the Psoas

muscle; so that the surgeon, by means of his thumb or a compressor, may effectually control the

circulation through it. This vessel may also be compressed in the middle third of the thigh by
placing a compress over the artery-, beneath the tourniquet, and directing the pressure from
within outward, so as to compress the vessel against the inner side of the shaft of the femur.

The application of a ligatiire to the femoral artery may be required in the 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 con-

nection with important structures, and the density of its sheath render the operation in this

situation one of much greater diflBculty than the application of a ligature at its up[>er part, where
it is more superficial.

Ligation of the common femoral artery is usualh' considered unsafe, on account of the con-

nection of large branches with it—viz., the deep epigastric and the deep circumflex iliac arising

just above Poupart's ligament; on account of the number of small branches which arise from
it in its short course; and on account of the uncertainty of the origin of the profimda femoris,

which, if it arise high up, would be too close to the ligature for the formation of a firm coag-
ulum. The profunda sometimes arises higher than the point above mentioned, and rarely

• Ligation of the femoral artery has been also recommended and performed for elephantiasis of the leg and
acute inflammation of the knee-joint (Maunder, Qin. See. Trans., vol. ii, p. 37).
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between two or three inches (in one case four) below Poupart's ligament. It would appear, then,

that the most favorable situation for the application of a ligature to the femoral is on the super-

ficial femoral at the apex of Scarpa's triangle. In order to expose the artery in this situation,

an incision between three and four inches long should be made in the course of the vessel, the

patient lying in the recumbent position, with the limb slightly flexed and abducted, and rotated

outward. A large vein is frequently met with, passing in the course of the artery to join the

internal saphenous vein; this must be avoided, and the fascia lata having been cautiously divided

and the Sartorius exposed, that muscle must be drawn outward in order to expose fully the

sheath of the vessels. The finger being introduced into the wound and the pulsation of the

artery felt, the sheath should be opened on the outer side of the vessel to a sufficient extent to

allow of the introduction of the ligature, but no farther; 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 the long saphenous nerve and the nerve

to the Vastus internus, which is in close relation with 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 Hunter's canal, an incision should be made between three and foi

inches in length, a finger's breadth internal to the line of the artery, in the middle of the thigj

—
i. e., midway between the groin and the knee. The integument is first divided. The fascia

lata having been divided, and the outer border of the Sartorius muscle exposed, it should
"

drawn inward, when the strong fascia which is stretched across from the Adductors to the Vasti

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 veiJ

and artery in the direction from without inward. The femoral vein in this situation lies on i\

outer side of the artery and the long saphenous nerve on the anterior and outer side of the arteri^

It has been seen that the femoral artery occasionally divides into two trunks below the origii

of the profunda. If in the operation for tying the femoral two vessels are met with, the surgeoi

should alternately compress each, in order to ascertain which vessel is connected with tl

aneurismal tumor or with the bleeding froin the wound, and that one only should be tied whicj

controls the pulsation or hemorrhage. If, however, it is necessary to compress both vessel

before the circulation in the tumor is controlled, both should be tied, as it would be probable tha

they became reunited, as in the instances referred to above.

In wounds of the femoral artery the question of the mode of treatment is of considerable

imjjortance. If the wound in the superficial structures is a large one, the injured vessel mi
be exposed and tied; but if the wound is a punctured one and the bleeding has ceased, the ques

tion will arise whether to cut down upon the artery or to trust to pressure. Mr. Cripps advise

that if the wound is in the " upper part of the thigh—that is to say, in a position where the feu

oral artery is comparatively superficial—the surgeon may enlarge the opening with a goc

prospect of finding the wounded vessel without an extensive or prolonged operation. If thl

wound be in the lower half of the thigh, owing to the greater depth of the artery and the possf

bility of its being the popliteal that is wounded, the search is rendered a far more severe an^

hazardous operation, and it should not be undertaken until a thorough trial of pressure ha

proved ineffectual."

Great care and attention are necessary for the successful application of pressure. The lim|

should be carefully bandaged from the foot upward to the wound, which is not covered, and thei!

onward to the groin. The wound is then dusted with iodoform or boracic powder and a conica

pad applied over the wound. Rollers the thickness of the index finger are then placed alor

the course of the vessel above and below the wound, and the whole carefully bandaged to a bacS

splint with a foot piece

Collateral Circulation.—After ligation of the femoral artery, the main channels for carryJ

Jng on the circulation are the anastomoses between (1) the gluteal and sciatic branches o^

the internal iliac with the internal and external circumflex and superior perforating branche

of the profunda femoris; (2) the obturator branch of the internal iliac with the internal circumfle:|

of the profunda; (3) the internal pudic of the internal iliac with the superficial and deep external

pudic of the common femoral; (4) the deep circumflex iliac of the external iliac with the externaf

circumflex of the profunda and the superficial circumflex iliac of the femoral; and (5) the sciatic

and comes nervi ischiadici of the internal iliac with the perforating branches of the profunda.

Branches (Figs. 481 and 482).—^The branches of the femoral artery are:

Superficial epigastric.

Superficial circumflex iliac.

Superficial external pudic.

Deep external pudic.

Muscular.

{External circumflex.1

Internal circumflex.

,

Three perforating.

Anastomotica magna.
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The superficial epigastric (a. epigastrica superficial^) arises from the fem-

oral about half an inch below Poiipart's ligament, and, passing through the

saphenous opening in the fascia lata, ascends on the abdomen in the superficial

fascia covering the External oblique muscle, nearly as high as the umbilicus. It

distributes branches to the superficial inguinal nodes, the superficial fascia, and
the integument, anastomosing with branches of the deep epigastric.

The superficial circumflex iliac (a. circumflexa ilium superficialis), the smallest

of the cutaneous branches, arises close to the preceding, and, piercing the fascia

lata, runs outward, parallel with Poupart's ligament, as far as the crest of the

ilium, dividing into branches which supply the integument of the groin, the

superficial fascia, and the superficial inguinal lymph nodes, anastomosing with

the deep circumflex iliac and with the gluteal and external circumflex arteries.

The superficial external pudic (a. pudenda externa superficialis) arises from

the inner side of the femoral artery, close to the preceding vessels, and, after

passing through the saphenous opening, courses inward, across the spermatic

cord or round ligament, to be distributed to the integument on the lower part of

the abdomen, the penis and scrotum in the male, and the labium majus in the

female, anastomosing with branches of the internal pudic.

The deep external pudic (a. pudenda externa profunda), more deeply seated

than the preceding, passes inward across the Pectineus and Adductor longus

muscles, covered by the fascia lata, which it pierces at the inner border of the

thigh, its branches being distributed, in the male, to the integument of the scrotum

and perineum; and in the female to the labium majus, anastomosing with branches

of the superficial perineal artery.

Muscular branches {rami museulares) are supplied by the femoral to the

Sartorius, Vastus internus, and Adductors.

The deep femoral, or the profunda femoris (a. profunda femmis) (Fig, 481

and 482), is a large vessel arising from the 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 the superficial femoral, and then passes behind it and the femoral

vein to the inner side of the femur, and, passing downward beneath the Adductor
longus, terminates at the lower third of the thigh in a small branch which pierces

the Adductor magnus (and from this circumstance is sometimes called the fourth

perforating artery), and is distributed to the Flexor muscles on the back of the thigh,

anastomosing with branches of the popliteal and inferior perforating arteries.

The deep femoral supplies all the tissues on the back and outer side of the thigh

not supplied by the sciatic and gluteal arteries.

Relations.

—

Behind, it lies first upon the Iliacus, and then on the Pectineus, Adductor
bre\-is, and Adductor magnus muscles. In front, it is separated from the superficial femoral

arterv, 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.

Pl.\n' of the Relatioxs^ of the Profunda Artery.

In front.

Superficial femoral arterv.

Femoral and profunda veins.

Adductor longus.

Outer side. I \
I

Profunda i \

Vastus internus. V
Femoris. I

Behind.

Iliacus.

Pectineus.

Adductor brevis.

Adductor magnus.
44



690 THE VASiJULAR SYSTEMS

Peculiarities of 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,

from a surgical point of view, is that which relates to the height at which the vessel arises from the
femoral. In three-fourths of a large number of cases it arose between one to two inches below
Poupart's ligament; in a few cases the distance was less than an inch; more rarelv, opposite the
ligament; and in one case, above Poupart's ligament, from the external iliac. Occasionally,
the distance between the origin of the vessel and Poupart's ligament exceeds two inches, and In

one case it was found to be as much as four inches.

Branches.—The profunda gives off the following-named branches:

External circumflex. Four perforating.

Internal circumflex. Muscular.

The external circumflex artery (a. circumflexa femoris lateralis) supplies the

muscles on the front of the thigh. It arises from the outer side of the profunda,

passes horizontally outward, between the divisions of the femoral nerve and
behind the Sartorius and Rectus muscles, and divides into three sets of branches

—

ascending, transverse, and descending.

The ascending branch (ramus ascendens) passes upward, beneath the Tensor
fasciae femoris muscle, to the outer side of the hip, anastomosing with the terminal

branches of the gluteal and deep circumflex iliac arteries. It sends out muscular

branches.

The descending branch (ramus descendens) passes downward, behind the Rectus,

upon the Vasti muscles, to which its branches are distributed, one or two passing

beneath the Vastus externus as far as the knee, anastomosing with the superior

articular branches of the popliteal artery. These are accompanied by the branch

of the femoral nerve to the Vastus externus.

The transverse branch, the smallest, passes outward over the Crureus, pierces

the Vastus externus, and winds around the femur to its back part, just below the

great trochanter, anastomosing at the back of the thigh with the internal circum-

flex, sciatic, and superior perforating arteries.

The internal circumflex artery (a. circumflexa femoris medialis), smaller than

the external, arises from the inner and back part of the profunda, and winds

around the inner side of the femur, between the Pectineus and Psoas muscles. On
reaching the upper border of the Adductor brevis it gives off two muscular branches,

one of which passes inward to be distributed to the Adductor muscles, the Gracilis,

and Obturator externus, anastomosing with the obturator artery; the other

descends, and passes beneath the Adductor brevis, to supply it and the great

Adductor; while the continuation of the vessel passes backward and divides into

an ascending and a transverse branch (Fig. 386). The ascending branch (ramus

profundus) passes obliquely upward upon the tendon of the Obturator externus

and under cover of the Quadratus femoris toward the digital fossa, where it

anastomoses with twigs from the gluteal and sciatic arteries. The transverse

branch (ramus superficialis), larger than the ascending, appears between the

Quadratus femoris and upper border of the iVdductor magnus, anastomosing with

the sciatic, external circumflex, and superior perforating arteries, the crucial anas-

tomosis. Opposite the hip-joint the artery gives off an articular vessel (rainiis

acetabuli), which enters the joint beneath the transverse ligament; and, after sup-

plying the adipose tissue, passes along the round ligament to the head of the bone.
' The perforating arteries (Figs. 481 and 482), usually three in number, are

so called from their perforating the tendon of the Adductor magnus muscle to

reach the back of the thigh. They pass backward close to the linea aspera of the

femur, under cover of small tendinous arches in the Adductor magnus. The
first is given off above the Adductor brevis, the second in front of that muscle,

and' the third immediately below it
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The first perforating artery (a. perforans prima) passes backward between the

i'ectineus and Adductor brevis (sometimes perforates the latter); it then pierces

the Adductor magnus close to the linea aspera. It gives off branches which supply

the Adductor brevis, the Adductor magnus, the Biceps, the Gluteus maximus
muscles, and anastomoses with the sciatic, internal and external circumflex, and

second perforating arteries.

The second perforating artery (a. perforans secunda), larger than the first, pierces

the tendons of the Adductor brevis and Adductor magnus muscles, and divides

into ascending and descending branches, which supply the Flexor muscles of the

thigh, anastomosing with the first and third perforating arteries. The second

arterv frequently arises in common with the first. The nutrient artery of the

femur (a. nutricia femoris) is usually given off from this branch.

The third perforating artery (a. perforans tertia) 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 above with the higher perforating

arteries, and below with the terminal branches of the profunda and the muscular

branches of the popliteal.

A fourth perforating artery is represented by the termination of the profunda

femoris artery.

Numerous muscular branches arise from the profunda ; some of these end in the

Adductor muscles, others pierce the Adductor magnus, give branches to the Ham-
string muscles, and anastomose with the internal circumflex artery and with the

upper muscular branches of the popliteal.

The anastomotica magna (a. genu suprema) (Figs. 481 and 482) arises from

the femoral artery just Ijefore it passes through the tendinous opening in the

Adductor magnus muscle, and immediately divides into a superficial and deep

branch.

The superficial branch (ramus saphenus) pierces the aponeurotic covering of

Hunter's canal, and accompanies the long saphenous nen'e to the inner side of the

thigh. It passes between the Sartorius and Gracilis muscles, and, piercing the

fascia lata, is distributed to the integument of the upper and inner part of the leg,

anastomosing with the inferior internal articular artery.

The deep branch [ramus musculoarticidaris) 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 the anterior recurrent branch of the anterior tibial. A branch from this

vessel crosses outward above the articular surface of the femur, forming an anas-
tomotic arch with the superior external articular artery, and supplies branches to

the knee-joint.

THE POPLITEAL ARTERY (A. POPLITEA) (Figs. 477 and 481).

The popliteal arter}' commences at the termination of the femoral at the opening
in the Adductor magnus, and, passing obliquely downward and outward behind
the knee-joint to the lower border of the Popliteus muscle, divides into the anterior

and posterior tibial arteries. A portion of the artery lies in the popliteal space;
but above and l>elow, to a considerable extent, it is covered by the muscles which
form the boundaries of the space, and is therefore beyond the confines of the space.

The Popliteal Space (Fig. 483).

Dissection.—A vertical incision about eight inches in length should be made along the back
part of the knee-joint, connected above and below bv 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. 3S3, p. 518.
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-Sural arteries.

Boundaries.—The popliteal space is a lozenge-shaped space, widest at the

back part of the knee-joint, and deepest above the articular 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 Gastroc-

nemius. 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 Gas-

trocnemius. The floor is formed by the lower

part of the posterior surface of the shaft of

the femur, the posterior ligament of the

knee-joint, the upper end of the tibia, and
the fascia covering the Popliteus muscle, and
the space is covered in by the fascia lata.

Contents.—It contains the popliteal vessels

and their Ijranches, together with the termi-

nation of the external saphenous vein, the

internal and external popliteal nerves and
some of their branches, the lower extremity

of the small sciatic nerve, the articular branch

from the obturator nerve, a few small lymph
nodes, and a considerable quantity of loose

adipose tissue.

Position of Contained Parts.—The in-

ternal popliteal nerve descends in the middle

line of the space lying superficial and cross-

ing the artery from without inward. The
external popliteal nerve descends on the

outer side of the upper part 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 to the artery, to which it is closely

united by dense areolar tissue; it is a thick-

walled vessel, and lies at first to the outer

side of the artery, and then crosses it to gain

the inner side below; sometimes the vein is

double, the artery lying between the two

venae comites, which are usually connected

by short transverse branches. More deeply

and, at its upper part, 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 artic-

ular filament from the great sciatic nerve.

The popliteal lymph nodes, four or five

Fig. 483.—The popliteal, posterior tibial, and in uumbcr, are fouud surrouudiug the artci'v

;

peroneal arteries. The external popliteal (or per- ii i« n ' ^ ± J^^ 1.
oneal) nerve has been removed. (See Fig. 776.) OUC USUally llCS Superficial tO tllC VCSSCl

,

-Anterior peroneal.
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I another is situated between it and the bone, and the rest are placed on either

side of it.

The popliteal artery, in its course downward from the aperture in the Adductor

mapnus to the lower border of the Popliteus muscle, rests first on the inner surface

of the femur, and is then separated by a little fat from the hollowed popliteal

sulface of the bone; in the middle of its course it rests on the posterior ligament

of the knee-joint, and below on the fascia covering the Popliteus muscle. Super-

ficially, it is covered above by the Semimembranosus; in the middle of its course,

bv a quantity of fat, which separates it from the deep fascia and integument; and

lielow it is overlapped by the Gastrocnemius, Plantaris, and Soleus muscles, the

poplitedl vein, and the internal popliteal nerve. The popliteal vein, which is

intimately attached to the artery, lies superficial and external to it above; it then

crosses it and lies to its inner side. The internal popliteal nene is still more super-

ficial and external above, but below the joint it crosses the artery and lies on its

inner side. iMierally, the artery is bounded by the muscles which are situated on

either side of the popliteal space.

Plan of the Relations of the Popliteal Artery.

In front.

Femur.
Posterior ligament.

Popliteus.

Inner side.

Semiiaembranosus.
Internal condyle.

Gastrocnemius (inner head).

Outer side.

Biceps.

External condyle.

Gastrocnemius (outer head).

Plantaris.

Behind.

Semimembranosus.
Fascia.

Popliteal vein.

Internal popliteal nerve.

Gastrocnemius.

Plantaris.

Soleus.

Peculiarities in Point of Division.—Occasionally the popliteal artery divides prematurely
into its terminal branches; this unusual division occurs most frequently opposite the knee-joint.

The anterior tibial under these circumstances may pass in front of the Popliteus muscle.
Unusual Branches.—The artery sometimes divides into the anterior tibial and peroneal, the

posterior tibial being wanting or very small. Occasionally the popliteal is found to divide into

three branches, the anterior and posterior tibial and peroneal.

Surface Marking.—The course of the upper part of the popliteal artery is indicated bv
a line drawn from the outer border of the Semimembranosus muscle at the junction of the middle
and lower third of the thigh obliquely downward to the middle of the popliteal space, exactly
behind the knee-joint. From this point it passes vertically downward to the level of a line

drawn through the lower part of the tubercle of the tibia.

Applied Anatomy.—The popliteal arteri- is not infrequently the seat of injury. It mav be
torn by direct violence, as by the passage of a cart-wheel over the knee or bv h\'perextension of
the knee; and in the dead body, at all events, the middle and internal coats may be ruptured by
extreme flexion. It may also be lacerated by fracture of the lower part of the shaft of the femur
or by antero-posterior dislocation of the knee-joint. It has been torn in breaking down adhesions
in cases of fibrous ankylosis of the knee, and is in danger of being wounded, and, in fact, has been
wounded, in performing Macewen's operation for osteotomy of the lower end of the femur for
genu valgum. In addition, Spencer records a case in which the popliteal artery was wounded
from in front by a stab just below the knee, the knife passing through the interosseous space.
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The popliteal artery is more frequently the seat of aneurism than is any other artery in the

body, with the exception of the thoracic aorta. This is due, no doubt, in a great measure, to

the amount of movement to which it is subjected, and to the fact that it is supported by loose and
lax tissue only, and not by muscles, as is the case with most arteries.

Ligation of the popliteal artery is required in cases of wound of that vessel, but for aneurism
of the posterior tibial it is preferable to tie the superficial femoral. The popliteal may be tied

in the upper or lower part of its course; but in the middle of its course the operation is attended

with considerable difficulty, from the great depth of the artery and from the extreme degree of

tension of the lateral boundaries of the space.

In order to expose the vessel in the upper part of its course, the patient should be placed in

the supine position, with the knee flexed and the thigh rotated outward, so that it rests on its

outer surface; an incision three inches in length, beginning at the junction of the middle and
lower third of the thigh, is to be made parallel to and immediately behind the tendjjn of the

Adductor magnus, and the skin, superficial and deep fascia divided. The tendon of the muscle
is thus exposed, and is to be drawn forward and the Hamstring tendons backward. A quantity

of fatty tissue will now be exposed, in which the artery will be felt pulsating. This is to be
separated with the point of a director until the artery is exposed. The vein and nerve will not

be seen, as they lie to the outer side of the artery. The sheath is to be opened and the aneurism
needle passed from before backward, keeping its point close to the artery for fear of injuring the

vein. The only structure to avoid is the long saphenous vein in the superficial incision. The
upper part of the popliteal artery may also be tied by an incision on the back of the limb, along

the outer margin of the Semimembranosus, but the operation is a more difficult one, as the

internal popliteal nerve and the popliteal vein are first exposed, and great care has to be exercised

in separating them from the artery.

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 prone position with the limb

extended. An incision should then be made througn the integument in the middle line, com-
mencing 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 Gastroc-

nemius. Some muscular branches of the popliteal should be avoided if possible, or, if divided,

tied immediately. The leg being now flexed, in order the more effectually to separate the two

heads of the Gastrocnemius, the nerve should be drawn inward and the vein outward, and the

aneurism needle passed between the artery and vein from without inward.

Branches.—The branches of the popliteal artery are:

^_ , J Superior. Superior external articular.
uscu ar

^ Inferior or sural. Azygos articular.

Cutaneous, Inferior internal articular.

Superior internal articular. Inferior external articular.

The superior muscular branches, two or three in number, arise from the

upper part of the popliteal artery, and are distributed to the lower part of the

Adductor magnus and Flexor muscles of the thigh, anastomosing with the fourth

perforating branch of the profunda.

The inferior muscular or sural {aa. surahs) are two large branches which are

distributed to the two heads of the Gastrocnemius and to the Plantaris muscle

They arise from the popliteal artery opposite the knee-joint.

The cutaneous branches arise separately from the popliteal artery or from

some of its branches; they descend between the two heads of the Gastrocnemius

muscle, and, piercing the deep fascia, are distributed to the integument of the

calf. One branch usually accompanies the short, or external, saphenous vein,

the superficial sural artery.

The superior articular arteries, two in number, arise one on each side of the

popliteal, and wind around the femur immediately above its condyles to the front

of the knee-joint. The internal branch {a. genu superior medialis) winds inward

beneath the Hamstring muscles, to which it supplies branches, above the inner

head of the Gastrocnemius, and, passing beneath the tendon of the Adductor

magnus, divides into two branches, one of which supplies the Vastus internus,



THE POPLITEAL ARTERY 695

anastomosing with the anastoraotica magna and inferior internal articular; the

other ramifies clase to the surface of the femur, supplying it and the knee-joint,

and anastomosing with the superior external articular arterv. This branch is

frequently of small size, a condition which is associated with an increase in the

size of the anastomotica magna. The external branch (a. genu swperior lateralis)

passes above the outer condyle, beneath the tendon of the Biceps, and divides into

a superficial and deep branch ; the superficial branch supplies the Vastus externus,

and anastomoses with the descending branch of the external circumflex and the

inferior external articular arteries; the deep branch supplies the lower part of

the femur and knee-joint, and forms an anastomotic arch across the bone with

the anastomotica magna and the inferior internal articular arteries.

The azygos articular (a. genu media') is a small branch arising from the poj)-

liteal 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 articu-

lation.

Descending branch of
external circumjlex.

Superior external
articular.

Inferior external
articular.

Superior fibular.

Anterior recurrent
tibial.

Anastomotica
magna

_Deep branch of anas-
tomotica magna.

Superficial branch of
anastomotica magna.

Superior internal

articular.

Inferior internal
articular.

Fig. 484.—Circumpatellar anastomosis.

The inferior articular arteries, two in number, arise from the popliteal be-
neath the Gastrocnemius, and wind around the head of the tibia below the joint.

The internal branch (a. genu inferior medialis) first descends along the upper mar-
gin of the Popliteus muscle, to which it gives branches; it then passes below the
inner tuberosity, beneath the internal lateral ligament, at the anterior border of
\yhich it ascends to the front and inner side of the joint, to supply the head of the
tibia and the articulation of the knee, anastomosing with the inferior external
articular and superior internal articular arteries. The external branch (a. genu
inferior lateralis) passes outward above the head of the fibula, to the front of the
knee-joint, passing in its course beneath the outer head of the Gastrocnemius, the
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Inferior internal

articular

external lateral ligament, and the tendon of the Biceps muscle, and divides into

branches which anastomose with the inferior internal articular artery, the superior

external articular artery, and the anterior recurrent branch of the anterior tibial.

Circumpatellar Anastomosis. —
Around and above the patella, and
on the contiguous ends of the femur
and tibia, is a large network of vessels,

forming a superficial and a deep

plexus. The superficial plexus is

situated between the fascia and skin

around about the patella; the deep

plexus, which forms a close network

of vessels, lies on the surface of the

lower end of the femur and upper

end of the tibia around their articular

surfaces, and sends numerous off-

shoots into the interior of the joint.

The arteries from which this plexus

is formed are the two internal and
two external articular branches of the

popliteal, the anastomotica magna,

the terminal branch of the profunda,

the descending branch from the ex-

ternal circumflex, and the anterior re-

current branch of the anterior tibial.

The Anterior Tibial Artery (A.

Tibialis Anterior) (Fig. 485).

The anterior tibial artery com-

mences at the bifurcation of the

popliteal at the lower border of the

Popliteus muscle, passes forward be-

tween the two heads of the Tibialis

posticus, and through the large oval

aperture above the upper border of

the interosseous membrane to the

deep part of the front of the leg; it

here lies close to the inner side of the

neck of the fibula; it then descends

on the anterior surface of the inter-

osseous membrane, gradually ap-

proaching the tibia; and at the lower

part of the leg lies on this bone, and

then on the anterior ligament of the

ankle to the bend of the ankle-joint,

where it lies more superficially, and

becomes the dorsalis pedis.

Relations.—In the upper two-thirds of

its extent it rests upon the interosseous

membrane, to which it is connected by deli-

cate fibrous arches thrown across it; in the

lower third, upon the front of the tibia and

interior peroneal

Communicating.

Fio. 485.—Applied anatomy of the anterior tibial apd
dorsalis pedis arteries.
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the anterior ligament of the ankle-joint. In the upjier third of its course it lies between the

Tibialis anticus and Extensor longus digitorum; in the middle third, between the Tibialis anti-

cus and Extensor propriiis hallucis. At the bend of the ankle it is crossed by the tendon of

the Extensor proprius hallucis, 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 anterior

annular ligament and fascia.

The anterior tibial artery is accompanied by two veins, venae comites, which lie one on each

aide of the artery; the anterior tibial nerse, coursing around the outer side of the neck of the

fibula, comes into relation with the outer side of the artery shortly after it has passed through the

jpening in the interosseous membrane; about the middle of the leg it is placed superficial to it;

the lower part of the artery the nerve is generally again on the outer side.

Plan of the Relations of the Anterior Tibial Artery.

In front.

Integument, superficial and deep fasciiP.

Anterior tibial nerve.

Tibialis anticus (overlaps it in the upper part of the 1^).
Extensor longus digitorum

\ ^^^^^. j^ slightly).
Extensor propnus hallucis >

'^ c
.

/

Anterior annular ligament.

Outer side.Inner side.

Tibialis anticus.

Extensor proprius hallucis

(crosses it at its lower

part).

Anterior tibial nerve.

Extensor longus digitorum.

Extensor proprius hallucis.

Behind.

Interosseous membrane.
Tibia.

Anterior ligament of ankle-joint.

Peculiarities in Size.—This vessel may be very small, may be deficient to a greater or less

extent, or may be entirely wanting, its place being supplied hy perforating branches from the

posterior tibial or by the anterior division of the peroneal artery.

Coarse.—The artery occasionally deviates in its course toward the fibular side of the leg,

regaining its usual position beneath the annular ligament at the front of the ankle. In two

instances the vessel has been found to approach the surface in the middle of the le^, being covered

merely by the integument and fascia below that f>oint.

Surface Marking.—Draw a line from the inner side of the head of the fibula to midway
between the two malleoli. In this line take a point one inch and a quarter below the head of

the fibula, and the portion of the line below this point will mark the course of the arterv*.

Applied Anatomy.—The anterior tibial artery may be tied in the upper or lower part of

the leg. In the upper part the operation is attended with great diflBculty, 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 tubercle of the tibia and the outer margin of the

fibula, and the deep fascia exposed. The wound must now be carefully dried, its edges retracted,

and the white line separating the Tibialis anticus from the Extensor longus digitorum sought for.

AMien this has been clearly defined, the deep fascia is to be divided in this line, and the Tibialis

anticus separated from the adjacent muscles with the handle of the scalpel or a director until the

interosseous membrane is reached. The foot is to be flexed in order to relax the muscle?:, and
upon drawing them apart the artery will be found lying on the interosseous membrane with the

nerve on its outer side or on top of the artery. The nerve should be drawn outward, and the

venae comites separated from the artery and the needle passed around it.

To tie the vessel in the lower third of the leg above the ankle-joint an incision about three

inches in length should be made through the integument between the tendons of the Tibialis

anticus and Extensor proprius hallucis muscles, the deep fascia being divided to the same extent
The tendon on either side should be held aside, when the vessel will be seen lying upon the tibia,

R'ith the nerve on the outer side and one of the venae comites on either side.

Branches.—The branches of the anterior tibial artery are:

Posterior recurrent tibial. Muscular.
Superior fibular. Internal malleolar.

Anterior recurrent tibial. External malleolar.
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The posterior recurrent tibial (a. recurrens tibialis 'posterior) is not a constant

branch, and is given otl' from the anterior tibial before that vessel passes through

the interosseous space. It ascends beneath the Popliteus muscle, which it supplies,

and anastomoses with the lower articular branches of the popliteal artery, giving

an offshoot to the superior tibiofibular joint.

The superior fibular is sometimes given off from the anterior tibial, sometimes
from the posterior tibial. It passes outward, around the neck of the fibula, through

the Soleus, which it supplies, and ends in the substance of the Peroneus longus.

The anterior recurrent tibial (a. recurrens tibialis anterior) 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 articular branches of the popliteal, with

the anastomotica magna, and the external articular branches of the popliteal

assisting in the formation of the circumpatellar plexus.

The muscular branches are numerous; they are distributed to the muscles

which lie on each side of the vessel, some cutaneous branches piercing the deep

fascia to supply the integument, others passing through the interosseous mem-
brane, and anastomosing with branches of the posterior tibial and peroneal arteries.

The internal malleolar branch (a. malleolaris anterior medialis) arises about two

inches above the articulation, and passes beneath the tendons of the Extensor

proprius hallucis and Tibialis anticus to the inner ankle, upon which it ramifies,

anastomosing with branches of the posterior tibial and internal plantar arteries

and with the internal calcanean from the posterior tibial.

The external malleolar branch (a. malleolaris anterior lateralis) passes beneath

the tendons of the Extensor longus digitorum and Peroneus tertius, and supplies

the outer ankle, anastomosing with the anterior peroneal artery and with ascending

branches from the tarsal branch of the dorsalis pedis.

The Dorsalis Pedis Artery (A. Dorsalis Pedis) (Figs. 485, 486).

The dorsalis pedis, the continuation of the anterior tibial, passes forward from the

ankle along the tibial side of the foot to the back part of the first intermetatarsal

space, where it divides into two branches, the dorsalis hallucis and communicating.

Relations.—This vessel, in its course forward, rests upon the astragalus, navicular, and
middle cuneiform bones and the ligaments connecting them, being covered by the integument and
fascia, anterior annular ligament, and crossed near its termination by the innermost tendon of

the Extensor brevis digitorum. On its tibial side is the tendon of the Extensor proprius hallucis;

on its fibular side, the innermost tendon of the Extensor longus digitorum, and the termination of

the anterior tibial nerve. The nerve is, however, quite as often upon the tibial side of the arterv

The artery is accompanied by two veins.

Plan of the Relations of the Dorsalis Pedis Artery.

In front.

Integument and fascia.

Anterior annular ligament.

Innermost tendon of Extensor brevis digitorum.

Fibular side.

sor longus digii

Anterior tibial nerve.

Tibial side.

fT. . • 1 11 • ( ^Pedlsr j Extensor longus digitorum.
Extensor proprms hallucis. \ / Anterior tibial nerv«.

Behind.

Astragalus.

Navicular.

Middle cuneiform.

And their ligaments.
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ANTERIOR
PERONEAL-

ARTERY

EXTERNAL
MALLEOLAR

ARTERr

INTERNAL
MALLEOLAR
ARTERY

OORSALIS PEDIf
ARTERY

Peculiarities in Size.—The dorsal artery of the foot may be larger than usual, to compen-

sate 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 frequently curves outward, lying external to the line between the

middle of the ankle and the back part of the first interosseous space.

Surface Marking.—The dorsalis pedis arten.* is indicated on the surface of the dorsimi of

the foot by a line drawn from the centre of the space between the two malleoli to the back of the

first interraetatarsal space.

Applied Anatomy.—This artery may be tied, by making an incision through the integu-

ment between two and three inches in length, on the fibular tide of the tendon of the Extensor

proprius hallucis, in the interval between it and the inner border of the short Extensor muscle.

The incision should not ex-

tend farther forward than the

back part of the first inter-

raetatarsal space,as the artery

divides in that situation. The
deep fascia being divided to

the same extent, the artery

will be exposed, the ner\e

lying upon its outer side.

Branches. — The
branches of the dorsalis

pedis are:

Cutaneous.

Tarsal.

Metatarsal — Interos-

seous.

Dorsalis hallucis.

Communicating.

Cutaneous branches

go to the skin of the dor-

sum and inner surface of

the foot.

The tarsal artery (a.

larsea lateralis) arises

from the dorsalis pedis,

as that vessel crosses the

navicular bone; it passes

in an arched direction

outward, lying upon the

tarsal bones, and covered

bv the Extensor brevis

digitorum; it supplies

that muscle and the articulations of the tarsus, and anastomoses with branches
from the metatarsal, external malleolar, peroneal, and external plantar arteries.

The metatarsal (a. arcuata) arises a little anterior to the preceding; it passes
outward 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 bv its

point of origin; and it anastomoses with the tarsal and external plantar arteries.

This vessel gives off three branches, the dorsal interosseous arteries (aa. meta-
tarseae dorsales), which pass forward upon the three outer Dorsal interossei mus-
cles, and, in the clefts between the toes, divide into two dorsal collateral branches
for the adjoining toes (aa. digitales dorsales). At the back part of each inter-

osseous 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

METATARSAL
ARTERY

DORSAL
ITCROSSEOUS

COMMUNICATING
ARTERY

DORSALIS
HALLUCIS
ARTCRV

Fig. 486. -Diagram of the arteries of the dorsal surface of the foot.
(Poirier and Charpy.)
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the anterior perforating branches from the digital arteries. The outermost inter-

osseous artery gives off a branch which supphes the outer side of the Httle toe.

The dorsalis hallucis, or the first dorsal interosseous (a. dorsalis hallucis), is one

of the terminal branches of the dorsalis pedis. It runs forward along the outer

border of the first metatarsal bone, and at the cleft between the first and second

toes divides into two branches, one of which passes inward, beneath the tendon

of the Extensor proprius hallucis, and is distributed to the inner border of the

great toe; the outer branch bifurcates, to supply the adjoining sides of the great and
second toes.

The communicating artery (ramus plantaris profundus), the other terminal

branch of the dorsalis pedis, dips down into the sole of the foot, between the two

heads of the First dorsal interosseous muscle, and anastomoses with the termina-

tion of the external plantar artery, to complete the plantar arch. It here gives

off its plantar digital branch, which is named the arteria magna hallucis, or the

princeps hallucis. This artery passes forward along the first interosseous space,

and, after sending a branch along the inner side of the great toe, bifurcates for

the supply of the adjacent sides of the great and second toes.

The Posterior Tibial Artery (A. Tibialis Posterior) (Fig. 483).

The posterior tibial is an artery of large size, which extends obliquely down-

ward from the lower border of the Popliteus muscle, along the tibial side of the

leg, to the fossa between the inner malleolus and the heel, where it divides beneath

the origin of the Abductor hallucis, on a level with a line drawn from the point

of the internal malleolus to the centre of the convexity of the heel, into the internal

and external plantar arteries. At its origin it lies opposite the interval between

the tibia and fibula; as it descends, it approaches the inner side of the leg, lying

behind the tibia, and, in the lower part of its course, is situated midway between

the inner malleolus and the tuberosity of the os calcis.

Relations.—The posterior tibial artery lies successively upon the Tibialis posticus, the

Flexor longus digitorum, the tibia, and the back part of the ankle-joint. It is covered by the deep

transverse fascia, which separates it above from the Gastrocnemius and Soleus muscles; at its

termination it is covered by the Abductor hallucis muscle. In the 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 ner\e,

which lies at first to the inner side of the artery, but soon crosses it, and is, in the greater pari

of its course, on its outer side.

Plan of the Relations of the Posterior Tibial Artery.

In front.

Tibialis posticus.

Flexor longus digitorum.

Tibia.

Ankle-joint.

Inner side. / \ Outer side

Posterior tibial nerve, I Jl*''*! 1
Posterior tibial nerve,

upper third. \
' y lower two-thirds.

Behind.

Integument and fascia.

Gastrocnemius.

Soleus.

Deep transverse fascia.

Posterior tibial nerve.

Abductor hallucis.
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Beldnd the inner malleolus the tendons and bloodvessels are arranged, under cover of the

internal annular ligament, in the following order, from within outward: First, the tendons of

the Tibialis posticus and Flexor longus digitorum, lying in the same groove, behind the inner

malleolus, the former being the more internal. External to these is the posterior tibial artery,

havino' 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 hallucis.

Peculiarities in Size.—The posterior tibial is not infrequently smaller than usual, or absent,

its place being supplied by a large peroneal artery which passes inward at the lower end of the

tibia, and either joins the small tibial artery or continues alone to the sole of the foot.

Surface Marking.—The course of the posterior tibial artery is indicated by a line drawn from

a jxjint one inch below the centre of the popliteal space to midway between the tip of the internal

malleolus and the centre of the convexity of the heel.

Applied Anatomy.—The application of a ligature to the ix)sterior tibial may be required

in cases of wound of the sole of the foot attended with great hemorrhage, when the vessel should

be tied at the inner ankle. In cases of wound of the posterior tibial it will be necessary to enlarge

the opening so as to expose the vessel at the wounded point, excepting where the vessel is injured

bv 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 in 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, convex backward, should

be made through the integument, about two inches and a half in length, midway between the

heel and the inner ankle or a little nearer the latter. The subcutaneous cellular tissue having

been divided, a strong and dense fascia, the internal annular ligament, is exposed. This liga-

ment is continuous above with the deep fascia of the leg, covers the vessels and nerves, and is

intimately adherent to the sheaths of the tendons. This having been cautiously divided uf)on a

director, the sheath of the vessels is exposed, and, being opened, the artery is seen with one of

the venae comites on each side. The aneurism needle should be passed around the vessel from

the heel toward the ankle, in order to avoid the posterior tibial nerve, care being taken at the

same time not to include the venae 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

arterv is exposed along the outer margin of the Flexor longus digitorum, with one of its venae

comites on either side and the nerve lying external to it.

To tie the posterior tibial in the middle of the leg is a very difficult operation, on account of

the great depth of the vessel from the surface. The patient being placed in the recumbent posi-

tion, 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 arterv may now be

felt pulsating beneath the deep fascia about an inch from the margin of the tibia. The fascia

ha\nng 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 around the vessel from without inward, so as to avoid wounding the posterior tibial nerve.

Branches.—The branches of the posterior tibial arterj' are:

Peroneal. Cutaneous.

Nutrient. Communicating.

Muscular. Internal calcaneal.

Malleolar cutaneous.

The peroneal artery (a. peronaed) (Fig. 483) lies, deeply seated, along the 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 outward to the

fibula, and then descends along the inner border of that bone, contained in a
fibrous canal between the Tibialis posticus and the Flexor longus hallucis, or in

the substance of the latter muscle 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, where it gives off its terminal branches, the

external calcaneal.
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Relations.—This vessel rests at first upon the Tibialis posticus, and then, for the greater

part of its course, in a fibrous canal between the origins of the Flexor longus hallucis and Tibialis

posticus, covered or surrounded by the fibres of the Flexor longus hallucis. It is covered, in the

upper part of its course, by the Soleus and deep transverse fascia; below, by the Flexor longus

hallucis.

Plan of the Relations of the Peroneal Artery.

In front.

Tibialis posticus.
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Flexor longus hallucis. \ /
Flexor longus hallucis.

Behind.

Soleus.

Deep transverse fascia.

Flexor longus hallucis.

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 frequently increased than diminished; and then it either reinforces the poste-

rior 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 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.

Branches.—The branches of the peroneal are:

Muscular. Communicating.
Nutrient. Posterior peroneal.

Anterior peroneal. External calcaneal.

Muscular Branches.—The peroneal artery in its course gives off branches to the

Soleus, Tibialis posticus, Flexor longus hallucis, and Peronei muscles.

The nutrient artery (a. nutricia fibulae) supplies the fibula.

The anterior peroneal (ramus perforans) (Fig. 486) pierces the interosseous

membrane, about two inches above the outer malleolus, to reach the fore part of

the leg, and, passing down beneath the Peroneus tertius to the outer ankle, rami-

fies on the front and outer side of the tarsus, anastomosing with the external

malleolar and tarsal arteries.

The communicating (ramus communicans) is given off from the peroneal about

an inch from its lower end, and, passing inward, joins the communicating branch

of the posterior tibial.

The posterior peroneal passes down behind the outer ankle to the back of the

external malleolus, to terminate in branches which ramify on the outer surface

and back of the os calcis.

The external calcaneal (ramus calcaneus lateralis) are the terminal branches of the

peroneal artery; they pass to the outer side of the heel, and communicate with th^

external malleolar, and, on the back of the heel, with the internal calcaneal arteries

Cutaneous branches come from the posterior tibial and supply the skin

the inner side and back of the leg.

The nutrient artery of the tibia (c. nutricia tibiae) arises from the posterit

tibial near its origin, and, after supplying a few muscular branches, enters tl



THE POSTERIOR TIBIAL ARTERY ro3

nutrient canal of that bone, which it traverses obliquely from above downward.

This is the largest nutrient artery of bone in the body.

The muscular branches of the posterior tibial are distributed to the Soleus and

deep muscles aloncj the back of the leg.

The communicating branch (ramus communicans), to join a similar branch

of the peroneal, runs transversely across the back of the tibia, about two inches

above its lower end, f>assing beneath the Flexor longus hallucis.

The malleolar or internal malleolar (a. malleolaris posterior meditdis) lies

upon the til)ia, sends branches over the inner ankle, and anastomoses with the

inner malleolar branch of the anterior tibial.

The internal calcaneal {rami calcanei mediates) are several large arteries

which arise from the posterior tibial just before its division; they are distributed

to the fat and integument l>ehind the tendo Achillis and about the heel, and to the

muscles on the inner side of the sole, anastomosing with the peroneal and internal

malleolar, and, on the back of the heel, with the external calcaneal arteries.

OommuitieatiHg
branch of

dorsalis pedis.

Its digital

brttHches.

Fig. 487.—The plantar arteries. Superficial \iew. Fig. 488.—The plantar arteries. Deep \Tew.

The internal plantar artery (a. plantaris medialis) (Figs. 487 and 488), much
smaller than the external, passes forward along the inner side of the foot. It is

at first situated above* the Abductor hallucis, and then between it and the Flexor
brevis digitorum, both of which it supplies. At the base of the first metatarsal

bone, where it has become much diminished in size, it passes along the inner
border of the great toe, anastomosing with its digital branch. Small superficial

digital branches (ramus superjicialis) accompany the digital branches of the

medial plantar nerve and join the plantar digital arteries of the three inner spaces.

In addition, this vessel gives off numerous cutaneous branches.

The external plantar artery (a. plantaris lateralis) (Figs. 487 and 488), much
larger than the internal, passes obliquely outward and forward to the base of the

' This refers to the erect position of the body. In the ordinary position for .dissection the artery is deeper
than the muscle.
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fifth metatarsal bone. It then turns obHquely inward to the interval between

the bases of the first and second metatarsal bones, where it anastomoses with the

communicating branch from the dorsalis pedis artery, thus completing the plantar

arch {arcus plantaris) (Fig. 488). As this artery passes outward, it is first placed

between the os calcis and Abductor hallucis, and then between the Flexor brevis

digitorum and Flexor accessorius, and as it passes forward 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 forward, lies below or on the plantar aspect of the

tarsal ends of the second, third, and fourth metatarsal bones and the correspond-

ing Interosseous muscles and upon the Adductor obliquus hallucis.

Surface Marking.—The course of the internal plantar artery is represented by a line

drawn from the mid-point between the tip of the internal malleolus and the centre of the con-

vexity of the heel to the middle of the under suface of the great toe; the external plantar by

a line from the same point to within a finger's breadth of the tuberosity of the fifth metatarsal

bone. The plantar arch is indicated by a line drawn from this point

—

i. e., a finger's breadth

internal to the tuberosity of the fifth metatarsal bone transversely across the foot to the back of

the first interosseous space.

Applied Anatomy.—-Wounds of the plantar arch are always serious, on account of the

depth of the vessel and the important structures which must be interfered with in an attempt

to ligate it. They must be treated on similar lines to those of wounds of the palmar arches

(see page 654). Delorme has shown that the plantar arch may be ligated from the dorsum of

the foot in almost any part of its course by removing a portion of one of the three middle meta-

tarsal bones.

Branches.—The plantar arch, besides distributing numerous branches to the

muscles, integument, and fasciae in the sole, gives off the following branches:

Posterior perforating. Digital.

The posterior perforating (rami perforantes posteriores) 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 metatarsal artery.

The digital branches (aa. metatarseae plantares) are four in number, and supply

the three outer toes and half the second toe. It will be remembered that the

arteria princeps hallucis is the plantar digital branch of the communicating
rami in the first interosseous space and supplies the adjacent sides of the great

and second toes. The first digital branch of the plantar arch passes outward

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 Flexor muscles.

The second, third, and fourth run forward along the interosseous spaces, and on

arriving at the clefts between the toes each divides into collateral digital branches

{aa. digitales plantares), 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 upward, through the fore part of the corresponding interosseous space, a

small branch which anastomoses with the interosseous branches of the metatarsal

artery. These are the anterior perforating branches (rami perforantes anteriores).

From the description given it will be seen that both sides of the three outer toes

and the outer side of the second toe are supplied by branches from the plantar

arch; both sides of the great toe and the inner side of the second are supplied bv

the communicating branch of the dorsalis pedis (princeps hallucis).

I



THE VEINS.

The Veins convey the blood from the capillaries of the different parts of the

body toward the heart. They consist of two distinct sets of vessels, the pulmonary

and systemic veins, and an appendage to the systemic, the portal system.

The Pulmonary Veins are concerned in the circulation of the blood through the

lungs. Unlike other vessels of this kind, they contain arterial blood, which they

return from the lungs to the left auricle of the heart.

i;

A

Fig. 4S9.—Valves of a vein. In the lower part
of the figure are seen the parietal valves; the
upper part shows the mouth of a vein guarded
by a valve. (Poirier and Charpy.)

Fig. 490.—Collateral anastomosis of veins. The arrows
indicate the direction of the flow of blood (schematic).
(Poirier and Charpy.)

The Systemic Veins are concerned in the general circulation; they return the

venous blood from the body generally to the right auricle of the heart.

The Portal Vein and its radicles constitute the portal system. The portal system
is in reality an appendage to the systemic venous system, and is confined to the

abdominal cavity, returning the venous blood from the viscera of the digestive

system, and carrying it to the liver by a single trunk of large size, the portal vein.

This vessel ramifies in the substance of the liver and breaks up into a minute
network of capillaries. These capillaries then re-collect to form the hepatic veins,

by which the blood is conveyed to the inferior vena cava.

The veins, like the arteries, are found in nearly every tissue of the body. They
commence by minute plexuses which receive the blood from the capillaries. The

45 (705)
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branches which have their commencement in these plexuses unite into trunks,

and these, in their passage toward the heart, constantly increase in size as they

receive tributaries or join other veins. The veins are larger and altogether more
numerous than the arteries; hence the capacity of the venous system is much
greater than that of the arterial, the pulmonary veins excepted, which only

slightly exceed in capacity the pulmonary arteries. From the combined area of

the smaller venous tributaries 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 periphery of the body. In form the veins are cylindrical,

like the arteries, their walls collapsing when empty, and the uniformity of their

surface being interrupted at intervals by slight dilatations, which indicate

the existence of valves m their interior (Fig. 489). They usually retain, however,

about the same calibre as long as they receive no tributaries, but not so uniformly

as do the arteries.

The veins communicate very freely with one another (Fig. 491), especially in

certain regions of the body, and this communication exists between the larger

trunks as well as between the smaller

tributaries. Thus, in the cavity of the

cranium and between the veins of the

neck, where obstruction would be at-

tended with imminent danger to the

cerebral venous system, we find that

the sinuses and larger veins have large

Endothelial
layer

Media-

Adventitia >

Fig. 491.—The venous circle of Braune (schematic).
The arrows indicate the direction of the blood current
(Poirier and Charpy.)

Vas vasis

Fig. 492.—Part of a cross-seclion of the vena
cava inferior of a dog. (Szymonowicz.)

and very frequent anastomoses (Fig. 490). The same free communication exists
throughout the whole extent of the vertebral canal, and between the veins
composing the various venous plexuses in the abdomen and pelvis, as the sper-
matic, uterine, vesical, and prostatic plexuses.

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.

Histology of the Veins.—As previously stated, capillaries enter into venules or post-
capillary veins. The venules empty into larger veins. Vein walls are much thinner than
arterial walls. The coats are: tunica intima, tunica media, and tunica adventitia. A vein
has a much thinner media and much less elastic tissue than an artery, and a very strongly



THE PULMONARY VEIXS 707

developed adventitia. The intima is a connective-tissue layer containing a small num-
ber of elastic fibers and lined with endothelium. The internal elastic lamina is usually

poorly developed. The valves are duplications of the intima. The media consists chiefly

of white fibrous tissue containing some circular muscle fibres and some fine elastic fibres.

In some veins the media is thoroughly well developed (veins of the lower extremities), in

other? it is practically absent (veins of the retina, of the pia, of bone, the suf>erior vena cava).

The adventitia is dense and strong, and is composed of fibro-elastic tissue and non-striated

muscle fibres longitudinally placed. Fig. 492 shows a transverse section of part of the wall

of a vein. The large veins and the veins of medium size possess vasa vasorum in the adven-
titia and to some extent in the media. The walls of veins contain vasomotor nerves. LjTnph
capillaries often surroimd the smaller bloodvessels and sometimes by spaces lined with endo-
thelimn and which are in commimication with the hinphatic system; these spaces are called

perivascular lymph spaces.

The systemic veins are subdivided into three sets—superficial, deep, and sinuses.

The Superficial or Cutaneous Veins are found between the layers of the super-

ficial 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. With the smaller arteries—as the radial, ulnar, brachial,

tibial, and peroneal—they exist generally in pairs, one lying on each side of the

vessel, and are called venae comites. The larger arteries—as the axillary, sub-

clavian, 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 instance, the veins in the skull and vertebral canal, the hepatic veins in the

liver, and the larger veins returning blood from the osseous tissue.

Sinuses are venous channels which, in their structure and mode of distribution,

differ altogether from the veins. They are found only in the interior of the skull,

and consist of channels formed by a separation of the two layers of the dura, their

outer coat consisting of fibrous tissue, their inner of an endothelial layer con-

tinuous with the lining membrane of the veins.

THE PULMONARY VEINS (V. PULMONALES) (Fig. 493).

The pulmonary veins return the arterialized blood from the lungs to the left

auricle of the heart* They are four in number, two for each lung, and are destitute

of valves. They commence in a capillary network upon the walls of the air-cells,

where they are continuous with the capillar}' ramifications of the pulmonary artery,

and uniting, form one vessel for each lobule. These vessels, uniting successively

form a single tnmk for each lobe, three for the right and two for the left lung.

Each venous trunk is about 1.5 cm. in length and of about the same cahbre.

The vein from the middle lobe of the right lung generally unites with that from
the upper lobe. Thus, two trunks are formed on each side, which open separately

into the left auricle. Occasionally the three veins on the right side remain sepa-

rate. Not infrequently the two left pulmonary veins terminate by a common
opening.

Within the lung, the tributaries of the pulmonarv artery* are in front, the veins

behind, and the bronchi between the two.

At the root of the lung, the upper pulmonary vein lies in front of and a little below
the puhiionarv artery; the lower is situated below the other structures in the lung
root, and on a plane posterior to the upper vein; behind the pulmonarv artery is

the bronchus.

Within the pericardium, their anterior surfaces are invested by the serous layer

of this membrane. The right pulmonary veins pass behind the right auricle and
ascendinj; aorta and superior vena cava ; the left pass in front of the thoracic aorta.
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Applied Anatomy.— Thrombosis of larger or smaller tributaries of the pulmonary veins

is common in inflamed areas of the lung; or as a consequence of pressure from tumors, but it

does not give rise to any special symptoms.

ENTRANCE OF
' VENA AZYGOS
BRANCH OF PUL-

"MONARY ARTERY

Fig. 493.—Pulmonary veins, seen in a dorsal view of the heart and lungs. The left lung is pulled to the
left, and the right lung has been partly cut away to show the ramificatious of the air tubes and bloodvessels.
(Testut.)

THE SYSTEMIC VEINS.

The systemic veins may be arranged into three groups: (1) The cardiac veins,

which open directly into the right auricle of the heart. (2) Those of the head

and neck, upper extremity, and thorax, which terminate in the superior vena cava.

(3) Those of the lower extremity, abdomen, and pelvis, which terminate in the

inferior vena cava.

THE CARDIAC VEINS.

The coronary sinus (sinus coronarius) is a wide venous channel about an

inch in length which receives the majority of the veins draining the blood from

the substance of the heart. It is situated in the posterior part of the auriculo-

ventricular groove, and is partly covered by muscle fibres from the left auricle. It

terminates in the right auricle between the opening of the inferior vena cava and

the auriculoventricular aperture, its orifice being guarded by a semilunar vahe,

the coronary valve, or valve of Thebesius.

Tributaries.

—

Great cardiac or left coronary. Middle or posterior cardiac.

Small cardiac or right coronary. Posterior vein of the left ventricle.

Oblique vein of Marshall.
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1. The great cardiac or left coronary vein (v. cordis magna) begins 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 in the auriculoventricular groove

to the back of the heart, and opens into the left extremity of the coronary sinus.

It receives tributaries from the left auricle, and from both ventricles; one of these,

the left marginal vein, is of considerable size, and ascends along the left margin
of the heart.

2. The small cardiac or right coronary vein (r. cordis parva) runs in the groove
between the right auricle and ventricle, and opens into the right extremity of the

coronary sinus. It receives blood from the back of the right auricle and ventricle;

its largest tributary, the right marginal vein, ascends along the right margin of

the heart and joins it in the auriculoventricular groove.

3. The middle, or posterior, cardiac vein (v. cordis media) commences at the apex
of the heart, ascends in the posterior interventricular groove, and ends in the
coronarj' sinus near its right extremity.

\ \ /

PULMONARY
VEINS

LEFT AURICULAFI„
APPENDIX

RIGHT CORONARY ARTERY

AURICULOVENTRICULAR
GHOOYE
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—VENA AZVGOS
MAJOR

PULMONARY
\ VEINS

LEFT
AURICLE

CARDIAC VEIN ;

POSTERIOR ;

INTERVENTRIC-
ULAR QROOVE

: RIQHT CORONARY
'riqht artery—DESCENO-

ventricle inq branch

Fig. 494.—Cardiac veiin, dorsal view. (Testut.)

/

4. The posterior vein of the left ventricle {v. posterior ventriculi sinistri) ascends

on the back of the left ventricle to the coronarj' sinus, but may end in the great

cardiac vein.

o. The oblique vein of Marshall (v. ohliqua atrii sinistri) is a small vessel which

descends obliquely on the back of the left auricle and ends in the coronary

sinus near its right extremity; it is continuous above with the vestigial fold of

Marshall, and the two structures form the remnant of the left Cuvierian duct.

The following cardiac veins do not terminate in the coronary sinus: (1) The
anterior cardiac veins (iw. cordis anteriores), comprising three or four small vessels

which collect blood from the front of the right ventricle and open into the right

auricle. The right marginal vein frequently opens into the right auricle, and is

therefore sometimes regarded as belonging to this group. (2) The veins of

Thebesius (vv. cordis ininimae), consisting of a number of minute veins which arise

in the muscular wall of the heart ; the majority oj)en into the auricles, but a few

empty their blood into the ventricles.
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VEINS OF THE HEAD AND NECK.

The veins of the head and neck may be subdivided into three groups: (1) Th
veins of the exterior of the head and face. (2) The veins of the neck. (3) The
veins of the diploe and the interior of the cranium.

Veins of the Exterior of the Head and Pace (Fig. 495).

The veins of the exterior of the head and face are

:

Frontal. Superficial temporal.

Supraorbital. Internal maxillary.

Angular. Temporomaxillary.

Facial. Posterior auricular.

Occipital.

The frontal vein (v. frontalis) commences on the anterior part of the skull in

a venous plexus which communicates with the anterior tributaries of the super-

ficial temporal vein. The veins converge to form a single trunk, which runs

downward near the middle line of the forehead parallel with the vein of the oppo-

site side. The two veins are joined, at the root of the nose, by a transverse branch

called the nasal arch {y. nasofrontalis), which receives some small veins from the

dorsum of the nose. Occasionally the frontal veins join to form a single trunk,

which bifurcates at the root of the nose into the two angular veins. At the root of

the nose the veins diverge and join the supraorbital vein, at the inner angle of

the orbit, to form the angular vein.

The supraorbital vein (y. supraorhitalis) commences on the forehead, com^

municating with the anterior temporal vein, and runs downward and inward,

superficial to the Occipitofrontalis muscle, receiving tributaries from the neigh-

boring structures, and from the frontal vein of the diploe, and joins the frontal

vein at the inner angle of the orbit to form the angular vein. Previous to its

junction with the frontal vein, it sends through the supraorbital notch into the

orbit a branch which communicates with the ophthalmic vein. As this vessel

passes through the notch, it receives a diploic vein from the diploe of the frontal

bone, through a foramen at the bottom of the notch.

The angular vein (y. angularis), formed by the junction of the frontal and
supraorbital veins, runs obliquely downward and outward on the side of the root

of the nose to the level of the lower margin of the orbit, where it becomes the facial

vein. It receives the veins of the ala nasi on its inner side and the superior pal-

pebral veins on its outer side; it, moreover, communicates with the ophthalmic

vein, thus establishing an important anastomosis between the facial vein and the

cavernous sinus.

The facial vein (v. facialis anterior) commences at the side of the root of the nose,

being a direct continuation of the angular vein. It lies behind and follows a

less tortuous course than the facial artery. It passes obliquely downward and out-

ward, beneath the Zygomaticus major and minor muscles, descends along the

anterior border of the Masseter, crosses over the body of the mandible with the

facial artery to beneath the angle, and unites with the anterior division of the

temporomaxillary vein to form the common facial vein.

The common facial vein (v. facialis comnutnis) is formed by the union of the

facial and the anterior division of the temporomaxillary vein, just beneath the

angle of the mandible. The vein is covered by the Platysma, runs downward and

backward beneath the Sternomastoid muscle, crosses the external carotid artery,

i
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and empties into the internal jugular vein at the level of the hvoid line. It receives

a large communicating branch at the anterior border of the Stemomastoid muscle,

which comes from the anterior jugular vein in the suprasternal fossa.

Tributaries of Facial Veias.
—

^The facial vein receives, near the angle of the mouth,

communicating tributaries of considerable size, the deep facial (or anterior in-

ternal maxillarv vein), from the ptervgoid plexus. It is also joined by the inferior

palpebral, the su|)erior and inferior bbial veins, the buccal veins from the cheek.

Frciiial

Communicating
branch trith

hihalmic rein.

Angular.

Fig. 495.—Veins of the bead and neck.

and the masseteric veins. The common facial vein receives the submental; the

inferior palatine, which returns the blood from the plexus around the tonsil and
soft palate; the submaxillary vein, which comiliences in the submaxillary gland;

and, generally, the ranine vein.

Applied Anatomy.—There are some jwints about the facial vein which render it of great

importance in surgery. It is not so flaccid as are most superficial veins, and, in consequence of

this, remains more patent when divided. It has, moreover, no valves. It communicates freely

with the intracranial channels, not only at its commencement by its tributaries, the angular
and supraorbital veins, communicating with the ophthalmic vein, a tributary of the cavernous
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sinus, but also by its deep tributaries, which communicate through the pterj'goid plexus with the

cavernous sinus by tributaries which pass through the foramen ovale and foramen lacerum medium.
These facts have an important bearing upon the surgery of some diseases of the face, for on
account of its patency the facial vein favors septic absorption, and therefore any phlegmonous
inflammation of the face following a poisoned wound is liable to set up thrombosis in the facial

vein, and detached portions of the clot may give rise to purulent foci in other parts of the body.

On account of its communications with the cerebral sinuses these thrombi are apt to extend
upward into them and so induce a fatal issue.

The superficial temporal vein {yv. temjporales superficiales) commences by a

minute plexus on the side and vertex of the skull, which communicates with the

frontal and supraorbital veins in front, the corresponding vein of the opposite

side, and the posterior auricular and occipital veins behind. From this network
anterior and posterior branches are formed which unite above the zygoma, form-

ing the trunk of the vein. The trunk is joined in this situation by a large vein,

the middle temporal (v. temporalis media), which receives blood from the sub-

stance of the Temporal muscle and pierces the fascia at the upper border of

the zygoma. The junction of the superficial temporal and the middle temporal

vein forms the common temporal vein which descends between the external auditory

meatus and the condyle of the mandible, enters the substance of the parotid

gland, and unites with the internal maxillary vein to form the temporomaxillary

vein.

Tributaries.—The common temporal vein receives in its course some parotid

veins, an articular branch from the articulation of the mandible, anterior auricular

veins from the external ear, and a vein of large size, the transverse facial (v. trans-

versa faciei), from the side of the face. The middle temporal vein, previous to its

junction with the temporal vein, receives a branch, the orbital vein (v. orhitalis),

which is formed by some external palpebral branches, and passes backward
between the layers of the temporal fascia.

The pterygoid plexus (plexus pterygoideus) is of considerable size, and is situ-

ated between the Temporal and External pterygoid, and partly between the two
Pterygoid muscles. It receives tributaries corresponding with the branches of

the internal maxillary artery. Thus, it receives the middle meningeal veins, the

deep temporal, the pterygoid, masseteric, buccal, alveolar, some palatine veins, the

inferior dental, and a branch which communicates with the ophthalmic vein through

the sphenomaxillary fissure. This plexus communicates very freely with the

facial vein and with the cavernous sinus by branches through the foramen Vesalii,

foramen ovale, and foramen lacerum medium, at the base of the skull.

The internal maxillary vein {v. maxillaris interna) is a short trunk which
accompanies the first part of the internal maxillary artery. It is formed by a

confluence of the veins of the pterygoid plexus, and passes backward between
the internal lateral ligament and the neck of the mandible, and unites with the

superficial temporal vein to form the temporomaxillary vein.

The temporomaxillary vein {v. facialis posterior), formed by the union of

the superficial temporal and internal maxillary veins, descends in the substance

of the parotid gland, superficial to the external carotid artery, but beneath the

facial nerve between the ramus of the mandible and the Sternomastoid muscle.

It divides into two vessels, an anterior, sometimes called the deep facial vein,

which passes inward to join the facial vein, and a posterior, which is joined by the

posterior auricular vein and becomes the external jugular.

The posterior auricular vein (v. auricularis posterior) commences upon the

side of the head by a plexus which communicates with the tributaries of the tem-

poral and occipital veins. It descends behind the external ear, and joins the

posterior division of the temporomaxillary vein, forming the external jugular.

It receives the stylomastoid vein and some tributaries from the back part of the

external ear.
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The occipital vein (y. occipitalis) commences in a plexus at the back part of

the vertex of the skull. From the plexus the vein follows the course of the occipital

arterv, passing deeply beneath the muscles of the back part of the neck, and ter-

minating in the suboccipital triangle by becoming continuous with the posterior

vertebral vein (v. cervicalis profunda). Sometimes it is more superficial, and in

this case is a tributary of the external jugular vein. As it passes across the mastoid

portion of the temporal bone, it receives the mastoid vein, which thus establishes

a communication with the lateral sinus.

The Veins of the Neck (Fig. 495).

The veins of the neck, which return the blood from the head and face, are:

External jugular. Anterior jugular.

Posterior external jugular. Internal jugular.

Vertebral.

The external jugular vein (v. jugularis externa) receives the greater part of

the blood from the exterior of the cranium and deep parts of the face, and is

formed by the junction of the posterior division of the temporomaxillarv and
the posterior auricular veins. It commences in the substance of the parotid gland,

on a level with the angle of the mandible, and runs perpendicularly down the neck

in the direction of a line drawn from the angle of the mandible to the middle of the

clavicle. In its course it crosses the Sternomastoid 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, or in

front of, the Scalenus anticus muscle. It is separated from the Sternomastoid

by the investing layer of the deep cenical fascia, and is covered by the Platysma,

the superficial fascia, and the integument. This vein crosses about its middle

the superficial cervical nerve, and throughout the upper half of its course is

accompanied by the great auricular nene. The external jugular vein varies

in size, bearing. an inverse proportion to that of the other veins of the neck; it is

occasionally double. It is provided with two pairs of. valves, the lower pair being

placed at its entrance into the subclavian vein, the upper pair in most cases about

an inch and a half above the clavicle. The portion of vein between the two sets

of valves is often dilated, and is termed the sinas. These valves do not prevent

the regurgitation of the blood or the passage of injection masses from below
upward.

Tributaries.—This vein receives the occipital occasionally, the posterior external

jugular, and, near its termination, the suprascapular, transverse cervical, and
anterior jugular veins; in the substance of the parotid gland a large branch of

communication from the internal jugular joins it.

The posterior external jugular vein (v. jugvlaris posterior) commences in

the occipital region, and returns the blood from the integument and superficial

muscles in the upper and back part of the neck, lying between the Splenius and
Trapezius muscles. It runs down the back part of the neck, and opens into the

external jugular just below the middle of its course.

The anterior jugular vein (v. jugidaris anterior) commences near the hyoid
bone from the convergence of the inferior labial coronary, the submental and the

mental veins, and communicating branches. It passes down between the median
line and the anterior border of the Sternomastoid, and at the lower part of the
neck passes beneath that muscle to open into the termination of the external

jugular, or, in some instances, into the subclavian vein (Fig. 514). It varies con-
siderably in size, bearing almost always an inverse proportion to the external
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jugular. Most frequently there are two anterior jugulars, a right and left, but
occasionally only one. Its tributaries are some laryngeal veins, and occasionally

a small thyroid vein. Just above the sternum the two anterior jugular veins com-
municate by a transverse trunk, which receives tributaries from the inferior thyroid

veins; each also communicates with the internal jugular. There are no valves

in this vein.

The internal jugular vein (v. fugularis interna) collects the blood from the

interior of the cranium, from the superficial parts of the face, and from the neck.

It is directly continuous with the lateral sinus, and commences in the posterior

compartment of the jugular foramen, at the base of the skull (Fig. 507). At its

origin it is somewhat dilated, and this dilatation is called the sinus or bulb of the

internal jugular vein {bulbiis v. jugularis superior). The vein runs down the

side of the neck in a vertical direction, lying at first on the outer side of the internal

carotid artery, and then on the outer side of the common carotid artery, and at

DORSALIS
LINGUiE ARTERY
LINGUAL VEIN

VEINS OF
DORSUM OF

TONGUE

Fig. 496.—Veins of the tongue. (Testut, modified from Hirschfeld.)

Note.—The hypoglossal nerve has been displaced downward in this preparation. The co^

rect relations of the nerve and the lingual artery are shown in Fig. 437.

the root of the neck unites with the subclavian vein to form the innominate veil

Just before its termination it is again distinctly dilated (hulbus v. jugularis it

ferior). The internal jugular vein, at its commencement, lies upon the Rectus

capitis lateralis, and behind the internal carotid artery and the nerves passing

through the jugular foramen; lower down, the vein and artery lie upon the same
plane, the glossopharyngeal and hypoglossal nerves passing forward between

them; the vagus descends between and behind them in the same sheath, and
the spinal accessory passes obliquely outward, behind or in front of the vein. At

the root of the neck the vein of the right side is placed at a little distance from the

artery; on the left side it usually lies over the artery at its lower part. The right

internal jugular vein crosses the first part of the subclavian artery. The internal

jugular 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 about an inch above its termination.

Tributaries.—^This vein receives in its course the inferior petrosal sinus, the

common facial, lingual, pharyngeal, superior, and middle thyroid veins, and

sometimes the occipital. A tributary from the cochlea opens into the bulb of

the internal jugular vein. A venous plexus from the lateral sinus (plexus venosua

caroticus internum) surrounds the internal carotid artery in the carotid canal and
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empties into the internal jugular vein. At its point of junction \N-ith the com-

mon facial vein it becomes increased in size. (See Facial Veins, p. 710.)

The inferior petrosal sinus leaves the skull through the anterior compartment

of the jugular foramen, and joins the vein near its commencement. Sometimes

the inferior petrosal sinus is not a direct tributary of the internal jugular vein,

the blood being conveyed to it by a venous plexus in the hypoglossal canal.

STCRNOMASTOIO
MUSCLE

TCMPORO-
'maxillary

TRANSVERSE
RVICAL

SUBCLAVIAN

Fig. 497.—The veins of the neck, \-iewed from in front. (Spalteholz.)

The lingual veins (rr. Unguales) (Fig. 496) commence on the dorsum, sides, and
under surface of the tongue, and, passing backward along the course of the lingual

artery and its branches, terminate in the internal jugular. The ranine vein,

a tributary of considerable size commencing below the tip of the tongue, may
join the lingual; generally, however, it passes backward on the Hvoglossus muscle
m company with the hypoglossal ner\-e, and joins the facial. The lingual veins

receive the sublingual and the dorsal lingual veins.

The pharyngeal veins (vv. pharyngeae) commence in the pharyngeal plexus on
the wall of the pharynx, and, after receiving meningeal tributaries, the dural or

meningeal veins, the Vidian veins, and the sphenopalatine veins, terminate in

the internal jugular. They occasionally open into the facial, lingual, or superior

thyroid vein.

The superior thyroid vein (r. fhyreoidea superioris) (Fig. 497) commences in the

substance and on the surface of the thyroid gland by tributaries corresponding
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with the branches of the superior thyroid artery, and terminates in the upper

part of the internal jugular vein. It receives the superior laryngeal and crico-

thyroid veins.

Fig. 498.—Diagram showing common arrangement of thyroid veins. (Kocher.)

SUPERIOR
THYROID
ARTERY

INFERIOR
THYROID

VEIN

STERNO-
THYROID
MUSCLE

INFERIOR
THYROID
VEIN

Fig. 499.—The fascia and middle thyroid veins. The veins here designated the inferior thyroid are called by
Kocher the thyreoidea ima. iPoirier and Charpy.)

The middle thjnroid vein (Fig. 483) collects the blood from the lower part of th

lateral lobe of the thyroid gland, and after being joined by some veins from the

larynx and trachea, terminates in the lower part of the internal jugular vein. Often

P



THE VEIXS OF THE XECK 717

in place of the middle th>Toid vein there are two veins, the superior and inferior

accessory thyroid. These veins pass into the internal jugular.

The facial and occipital veins have been described on pages 710 and 713.

AppUed Anatomy.—The internal jugular vein occasionally requires ligation in cases of septic

thrombosis of the lateral siniis from suppuration of the middle ear. This is done in order to

prevent septic emboli being carried into the general circulation. This operation has been per-

formed in a number of cases, with satisfactory results. The cases are generally those of chronic

disease of the middle ear, with discharge of pus which perhaps has existed for many years.

The patient is seized with acute septic inflammation, spreading to the mastoid cells, and, con-

sequent on this, septic thrombosis of the lateral sinus extending to the internal jugular vein.

Such cases are always extremely grave, for there is danger that a portion of the septic clot will

be detached and cause septic embolism in the thoracic viscera. If thrombophlebitis of the

sinus is susf)ected the mastoid should be opened and cleansed and the sinus should be at once

exposed and explored. If the sinus is found to be thrombosed the surgeon should at once pro-

ceed to ligate the internal jugular vein, by an incision along the anterior border of the sterno-

mastoid, the centre of which is on a level with the greater comu of the hyoid bone. The vein

should be ligated in two places or opened between. After the vessel has been secured and
divided the lateral sinus is to be thoroughly cleared out, and, by removing the ligature from the

upper end of the di\-ided vein, all septic clots may be removed by s_\Tinging from the sinus through

the vein. If hemorrhage occurs from the distal end of the sinus, it can be arrested by careful

plugging with gaaze.

The internal jugular vein is also surgically important, because it is surrounded by a large

number of the deep chain of cervical lymph nodes; and when these are enlarged in tuberculous

or malignant disease, they are liable to become adherent to the vessel, rendering their removal

difficult and often dangerous. The proper course to pursue in these cases is to ligate the vessel

above and below the glandular mass, and resect the included portion together with the nodes.

Cardiac pulsation is often demonstrable in the internal jugular vein at the root of the neck.

There are no valves in the innominate veins or superior vena cava; in consequence, the systole

of the riirht auricle causes a wave to pass up these vessels, and when the conditions are favorable

this wave appears as a somewhat feeble flicker over the internal jugular vein at the root of the

neck, quite distinct from, and just preceding, the more forcible impulse transmitted from the

underlying common carotid arter}' and due to the ventricular systole.' This auricular systolic

venous impulse is much increased in conditions in which the right auricle is abnormally distended

with blood or is hj-pertrophied, as is often the case in disease of the auriculoventricular valves.

In Stokes-Adams' disease (p. 56.5) it is this pulsation which gives evidence of the fact that the

auricles are beating faster—often two or three times faster—^than the ventricles.

The vertebral vein (v. vertehralis) (Fig. 500) is formed in the suboccipital

friangle, from numerous small tributaries which spring from the intraspinal venous

plexuses (plexus venosi vertebrales) and issue -from the vertebral canal above the

posterior arch of the atlas. They unite with small veins from the deep muscles at

the upper and back part of the neck, and form a vessel which passes outward
and enters the foramen in the transverse process of the atlas, and descends, forming

a dense plexus around the vertebral arterv, in the canal formed by the foramina

in the transverse processes of the cer\ical vertebrae. This plexus unites at the

lower part of the neck into a single trunk, which emerges from the foramen in the

transverse process of the sixth cervical vertebra, and terminates at the root of

the neck in the back part of the innominate vein near its origin, its mouth being
guarded l)y a pair of valves. On the right side, it crosses the first part of the sub-
clavian arterv.

Tributaries.—In its course the vertebral vein communicates with a vein trans-

mitted from the lateral sinus of the skull through the posterior condylar foramen.
It anastomoses with the occipital vein and receives muscular veins from the muscles
in the prevertebral region; intraspinal veins, from the back part of the cenical
portion of the vertebral column; meningorachidian veins, from the interior of

the vertebral canal; the anterior and posterior vertebral veins; and close to its

termination it is sometimes joined by the first intercostal vein.

The ascending cervical or anterior vertebral vein commences in a plexus around the
transverse processes of the upper cervical vertebrae, descends in company with the

' The Interpretation of the Venous Pulae, by G. Bachmann, Amer. Jour. Med. Sci., November, 1908.
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ascending cervical artery between the Scalenus anticus and Rectus capitis anticus

major muscles, and opens into the vertebral vein just before its termination.

VERTEBRAL-

POSTERIOR
DEEP

CERVICAL

POSTERIOR
EXTERNAL
JUGULAR

VERTEBRAL

ASCENDING
CERVICAL

Fig. 500.—The vertebral vein. (Poirier and Charpy.)

The posterior vertebral or posterior deep cervical vein (v. cervicalis profujida}

(Fig. 500) accompanies the deep cervical artery, lying between the Complexus
and Semispinalis colli. It commences in the suboccipital region by communicating
branches from the occipital vein and tributaries from the deep muscles at the back

of the neck. It receives tributaries from the plexuses around the spinous processes

of the cervical vertebrae; and terminates in the lower end of the vertebral vein.

The Veins of the Diploe (Venae Diploicae) (Fig. 501).

The diploic spaces of the cranial bones in the adult contain a number of

tortuous canals, the diploic canals (canales diploid [Brescheti]), which are bounded
by a more or less complete layer of compact osseous tissue. The veins they

contain are large and capacious, their walls being thin, and formed only of

endothelium resting upon a layer of elastic tissue; they present at irregular

intervals pouch-like dilatations, or culs-de-sac, which serve as reservoirs for the

blood.

In adult life, so long as the cranial bones are distinct and separable, these

veins are confined to the particular bones; but in old age, when the sutures are

united, they communicate with one another and increase in size. They communi-
cate, in the interior of the cranium, with the veins and the sinuses of the dura,

and on the exterior of the skull with the veins of the pericranium. They consist

of (1) the frontal diploic vein (y. diploica frontalis), which opens into the supra-

orbital vein by an aperture in the supraorbital notch; (2) the anterior temporal

diploic vein (v. diploica temporalis anterior), which is confined chiefly to the

frontal bone, and opens into one of the deep temporal veins through an aper-

ture in the greater wing of the sphenoid; (3) the posterior temporal vein (v. diploica
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temporalis posterior), which is situated in the parietal bone, and terminates in the

lateral sinus through an aperture at the posiero-inferior angle of the parietal bone

or through the mastoid foramen; and (4) the occipital diploic vein (v. diploica

occipitalis), the largest of the four, which is confined to the occipital bone, and

opens into the lateral sinus or the torcular Herophili.

The emissary veins are considered on page 727.

Fig. 501 .—Veins of the diploe as displayed by the removal of tne outer table of the skxill.

The meningeal or dural veins (w. meningeae) chiefly correspond with the

middle meningeal artery and its branches, as its two venae comites. The veins

accompany the middle meningeal artery, are united to the sphenoparietal sinus,

pass through the foramen spinosum, and join the pterygoid plexus. The other

dural veins correspond somewhat to the anterior and posterior meningeal distribu-

tion and empty into the neighboring sinuses.

The Cerebral Veins (Venae Cerebri).

The cerebral veins possess no valves, and their walls, owing to the absence of

muscle tissue, are extremely thin. They pierce the arachnoid membrane and the

inner or meningeal layer of the dura and open into the cranial venous sinuses.

They may be divided into two sets, cerebral and cerebellar.

The cerebral veins consist of (a) the superficial veins, which are placed on the

surface of the brain, and (h) the deep veins, which lie in its interior.

The superficial cerebral veins ramify upon the surface of the brain, being lodged

in the fissures between the convolutions, a few running across the convolutions.

They receive tributaries from the substance of the brain and terminate in the

sinuses. They are divisible into two sets, superior and inferior.

The superior cerebral veins {m. cerebri superiores) , eight to twelve in number
on each side, return the blood from the convolutions on the superior surface

of the hemisphere ; they pass forward and inward toward the intercerebral fissure,

where they receive the veins from the mesal surface of the hemisphere ; near their

terminations they become invested with tubular sheaths of the arachnoid, and
open into the longitudinal sinus in the opposite direction to the course of the cur-

rent of the blood in the sinus.
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The inferior cerebral veins {vv. cerebri inferiores) ramify on the lower part

of the outer and on the under surfaces of the cerebral hemisphere. Some,

collecting tributaries from the under surface of the frontal lobes of the brain,

terminate in the cavernous sinus. One vein of large size, the middle cerebral

or superficial sylvian vein (v. cerebri media), commences on the under surface of

the temporal lobe, and, running along the sylvian fissure, opens into the cavernous

sinus. Another large vein, the great anastomotic vein of Trolard, connects the supe-

rior sagittal sinus with the cavernous sinus by becoming continuous above with

one of the superior cerebral veins and below by joining the middle cerebral vein.

A third, the posterior anastomotic vein connects the middle cerebral vein with the

lateral sinus by coursing over the temporal lobe. A fourth, the basilar vein

(v. basilis [Rosenthali]), is formed at the anterior perforated spot by the union

of (a) a small anterior cerebral vein, which accompanies the anterior cerebral artery

(b) the deep sylvian vein, which receives tributaries from the island of Reil (or

insula) and neighboring convolutions, and runs in the lower part of the sylvian

fissure; and (c) the inferior striate veins, which leave the corpus striatum through

the anterior perforated substance. The basilar vein passes backward around the

crus cerebri, and ends in the vein of Galen; it receives tributaries from the inter-

peduncular space, the descending horn of the lateral ventricle, the uncinate gyre,

and the midbrain. Small inferior cerebral veins from the under surface of the

frontal lobe end in the cavernous sinus; others from the temporal lobe terminate

in the superior petrosal and lateral sinuses.

The deep cerebral veins, or veins of Galen (vv. cerebri internae) (Fig. 725),

are two in number. Each is formed by the union of two veins, the vena cor-

poris striati, and the choroid vein, on either side. They run backward, parallel

with each other, between the layers of the velum interpositum, and beneath

the splenium, and in the region of the pineal body unite to form a short trunk,

the vena magna Galeni {v. cerebri magna), which passes out of the brain at the great

transverse fissure, and ends in the anterior extremity of the straight sinus. The
two velar veins receive tributaries from the callosal region, from a portion of

the occipital lobe, and just before their union each vein receives the corresponding

basilar vein. Each vena magna Galeni also receives the superior cerebellar veins.

The vena corporis striati on each side commences in the groove between the

corpus striatum and thalamus, receives numerous veins from both of these parts,

and unites, behind the anterior pillars of the fornix, with the choroid vein to

form one of the deep cerebral veins.

The choroid vein {v. choroidea) originates in the extreme end of the middle

horn of the lateral ventricle and runs along the whole length of the outer border

of the choroid plexus, receiving veins from the hippocampus, the fornix, and

corpus callosum, and unites, at the anterior extremity of the choroid plexus, with

the vein of the corpus striatum to form the deep cerebral veins of that side.

The superficial cerebellar veins (Fig. 723) occupy the surface of the cerebellum,

and are disposed in two sets, superior arid inferior.

The superior superficial cerebellar veins (vv. cerebelli superiores) pass partly for-

ward and inward, across the superior vermis (prevermis), to terminate in lateral

branches which pass partly to the tentorial sinus and partly outward to the lat

eral and superpetrosal sinuses.

The subcerebellar or inferior superficial cerebellar veins (w. cerebelli inferiores)^

of large size, terminate in the lateral, subpetrosal, and occipital sinuses.

The deep cerebellar veins bring blood from the interior of the cerebellum

the superficial veins.

Veins of the Pons.—Veins come from the interior of the pons, the deep vei

and empty into a plexus of superficial veins. From this superficial venous plexi

a superior vein passes to the basilar vein, and an inferior vein either into a cer

bellar vein or into the superpetrosal sinus.
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Veins of the Medulla Oblongata.—Veins pass from the interior of the medulla

oblongata and end in a plexus on the surface. From this plexus comes an anterior

median vein, which is a prolongation of a like vein of the spinal cord—a posterior

median vein corresponding to a like vein of the cord—and small branches which

pass with the roots of the glossopharvngeal, vagus, spinal accessory, and hypo-

glossal nerves, and empty into the occipital and the subpetrosal sinuses.

The perivascular lymph spjaces are especially found in connection with the vessels of the

brain. These vessels are enclosed in a sheath, which acts as a lymphatic channel, through

which the lymph is carried to the subarachnoid and subdural spaces, from which it is returned

into the general circulation.

The Sinuses of the Dura (Sinus Durae Matris) (Figs. 502, 503).

Ophthalmic Veins and Emissary Veins.

The sinuses of the dura are venous channels which drain the blood from the

brain; they are situated between the two layers of the dura and are lined by

endothelium continuous with that which lines the veins. They are sixteen in

number, of which six are single and situated in the mesal plane; the other ten are

paired, five being placed on either side of the mesal plane. They are divided

into two sets: (1) Those situated at the upper and back part of the skull; (2)

those at the base of the skull. The former are:

Superior sagittal sinus. Tentorial or straight sinus.

Inferior sagittal sinus. Lateral sinuses.

Occipital sinus.

The superior sagittal sinus {sinus sagittalis superior) (Figs. 502 and 503) oc-

cupies the attached margin of the falx cerebri. Commencing at the foramen
cecum, through which it usually communicates by a small branch with the

veins of the nasal fossae, it runs from before backward, grooving the inner sur-

face of the frontal, the adjacent margins of the two parietals, and the supe-

rior division of the crucial ridge of the occipital; near the internal occipital

protuberance it usually deviates toward the right, and is continued as the corre-

sponding lateral sinus. The sinus is triangular on transverse section, is narrow

in front, and gradually increases in size as it passes backward. Its inner surface

presents the internal openings of the superior cerebral veins, which run, for the

most part, from behind forward, and open chiefly at the back part of the sinus,

their orifices being concealed by valve-like folds; numerous fibrous bands, chordae

Willisii (Fig. 504), are also seen extending transversely across the inferior angle

of the sinus; and some small, white, projecting bodies, the glandulae Pacchioni

igranulationes arachnoidales). This sinus communicates by numerous small

apertures with spaces in the dura known as lacunae laterales, or parasinoidal spaces

(Fig. 504). The arachnoid villi project into these spaces. The superior sagittal

sinus receives the superior cerebral veins, numerous veins from the diploe and
dura, the outlets of the parasinoidal spaces, and, at the posterior extremity of

the sagittal suture, veins from the pericranium, which pass through the parietal

foramina. Sometimes the sagittal sinus receives a twig from the nose which
passes through the foramen cecum.
The inferior sagittal sinus {sinus sagittalis inferior, s. falcialis) (Fig. 503) is con-

tained in the posterior half or two-thirds of the free margin of the falx cerebri.

It is of a cylindric form, increases in size as it passes backward, and terminates
in the straight sinus. It receives several veins from the falx cerebri, and occa-

sionally a few from the mesal surface of the hemispheres.

46
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The straight or tentorial sinus {sinus rectus, s. tentorii) (Figs. 502 and 503)
is situated at the Hne of junction of the falx cerebri with the tentorium cerebelli.

It is triangular on section, increases in size as it proceeds backward, and runs

obliquely downward and backward from the termination of the inferior sagittal

SUPERIOR
SAGITTAL
SINUS

.STRAIGHT
' SINUS

, LATERAL
SINUS

Fig. 502.—Coronal section of the skull to show the situations and shapes of the chief sinuses.

(Poirierand Charpy.)

sinus to the lateral sinus of the opposite side to that into which the sagittal sinus

is prolonged. Its terminal part communicates by a cross-branch with the torcular

Herophili (confluence of the sinuses). Besides the inferior sagittal sinus, it re-

ceives the vena magna Galeni and the superior cerebellar veins. A few transverse

bands cross its lumen.

TorcvXar herophili

Foramen cecum.

Fig. 503.—Sagittal section of the skull, showing the sinuses of the dura. I
The lateral sinuses (Figs. 502 and 503) are of large size and commence at the

internal occipital protuberance; one, generally the right, being the direct continua-

tion of the superior sagittal sinus, the other of the straight sinus. Each lateral

sinus (sinus transmrsus) passes outward and forward, describing a slight curve

with its convexity upward, to the base of the petrous portion of the temporal
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bone, and is situated, in this part of its course, in the attached margin of the

tentorium cerel^elli; it then leaves the tentorium, cunes downward and inward

to reach the jugular foramen, where it terminates in the internal jugular vein.

In its course it rests upon the inner surface of the occipital, the postero-inferior

angle of the parietal, the mastoid portion of the temporal bone, and on the occipital

again, at the jugular process, just before its termination. The portion of the sinus

which occupies the groove on the mastoid portion of the temporal bone is known
as the sigmoid sinus. The lateral sinuses are frecjuently of unequal size, that

formed bv the sagittal sinus being the larger, and they increase in size as they

proceed from behind forward. The horizontal portion is triangular on section,

the curved portion semicylindric. Their inner surface is smooth, and not crossed

by the filirous bands found in the other sinuses. The lateral sinuses receive

the blood from the superior petrosal sinuses at the base of the petrous portion of

MCNINQEAL
VCIM

PARASINOIDAL
SINUS

Fig 504.—Sagittal sinus seen from above after removal of the skullcap. The chordae Willisii are clearly
visible. The parasinoidal sinuses are also well shown. Probes passing from the latter to the longitudinal
sinus show that they communicate. (Poirier and Charpy.)

the temporal bone, and they unite with the inferior petrosal sinus, just external

to the jugular foramen, to form the internal jugular vein (Fig. 508). They com-
municate with the veins of the pericranium by means of the mastoid and posterior

condylar veins, and they receive some of the inferior cerebral and inferior cere-

bellar veins, some veins from the diploe, and often veins from the internal ear
{vv. andifivae internae), which come out of the internal auditory meatus. The
petrosquamous sinus, when present, runs backward along the junction of the

petrous and squamous portions of the temporal bone, and opens into the lateral

sinus.

The occipital sinus (sinus occipitalis') (Fig. 503) is the smallest of the cranial

sinuses. It is generally single, but occasionally there are two. It is situated in
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the attached margin of the falx eerebelli. It commences by several small veins

around the margin of the foramen magnum, one of which joins the termination

of the lateral sinus; it communicates with the posterior spinal veins and terminates

in the torcuiar Herophili.

The torcuiar Herophili, or confluence of the sinuses (cojifluens sinuum), is the

term applied to the dilated extremity of the superior sagittal sinus. It is of irreg-

ular form, and is lodged on one side (generally the right) of the internal occipital

protuberance. From it the lateral sinus of the side to which it is deflected is

derived. It also receives the blood from the occipital sinus, and is connected

across the middle line with the commencement of the lateral sinus of the opposite

side.

The sinuses at the base of the skull are:

Two cavernous sinuses. Two superior petrosal sinuses.

Two sphenoparietal sinuses. Two inferior petrosal sinuses.

Circular sinus. Transverse sinus.

The cavernous sinuses (Figs. 507 and 508) are so named because they present

a reticulated structure, due to their being traversed by numerous interlacing

filaments (Fig. 505). They are of irregular form, larger behind than in front,

and are placed one on each side of the sella turcica, extending from the sphenoidal

fissure to the apex of the petrous portion of the temporal bone. Each cavernous

sinus (sinus cavernosus) receives anteriorly the superior ophthalmic vein through

the sphenoidal fissure, and opens behind into the petrosal sinuses. On the inner

wall of each sinus is the internal carotid artery, accompanied by filaments of the

carotid plexus and by the abducent nerve; and on its outer wall, the oculomotor,

trochlear, ophthalmic, and superior maxillary divisions of the trigeminal nerve

(Fig. 505). These parts are separated from the blood flowing along the sinus

by the lining membrane, which is continuous with the inner coat of the veins.

Each cavernous sinus receives some of the cerebral veins, and also the spheno-

parietal sinus. It communicates with the lateral sinus by means of the superior

petrosal sinus; with the internal jugular vein through the inferior petrosal sinus

and through a plexus of veins on the internal carotid artery; with the pterygoid

plexus through the foramen ovale, and with the angular vein through the ophthal-

mic vein. The two sinuses also communicate with each other by means of the

circular sinus.

Applied Anatomy.—An arteriovenous communication may be established between the

cavernous sinus and the internal carotid artery, as it lies in it, giving rise to a pulsating tumor in

the orbit. Such a communication may be the result of injury, such as a bullet wound, a stab, or

a blow or fall suflBciently severe to cause a fracture of the base of the skull in this situation, or

it may occur from the rupture of an aneurism or a diseased condition of the internal carotid

artery. The disease begins with sudden noise and pain in the head, followed by exophthalmos,

swelling and congestion of the lids and conjunctivae. A pulsating tumor develops at the margin

of the orbit, with thrill and the characteristic bruit; accompanying these symptoms there may be

impairment of the sight, paralysis of the iris and orbital muscles, and pain of varying intensity.

In some cases the opposite orbit becomes affected by the passage of the arterial blood into the

opposite sinus by means of the circular sinus. Or the arterial blood may find its way through

the emissary veins into the pterygoid plexus, and thence into the veins of the face. Pulsating

tumors of the orbit may also be due to traumatic aneurism of one of the orbital arteries, and

symptoms resembhng those of pulsating tumor may be produced by pressure on the ophthalmic

vein, as it enters the sinus, by an aneurism of the internal carotid artery. Ligation of the internal

or the common carotid artery has been performed in these cases with some degree of success.

Of recent years more attention has been paid to thrombosis of the cavernous sinus than for-

merly, and it is now well established that caries in the upper parts of the nasal fossae and sup-

puration in certain of the accessory sinuses of the nose, are frequently responsible for septic

thrombosis of the cavernous sinuses, in exactly the same way as lateral sinus thrombosis is due

to septic disease in the mastoid process. Many deaths from meningitis, hitherto unaccounted

for, are in reality due to the spread of an infection from anCethmoidal or sphenoidal air cell to

the cavernous sinus, and thence to the meninges^ It is obvious, therefore, that no case of chronic

nasal suppuration should be left untreated.
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The sphenoparietal sinuses may be regarded, together with the ophthalmic veins,

as the commencement of the corresponding cavernous sinuses. Each of these

sinuses {sinus sphenoparietalis) is lodged in the dura on the under surface of the

lesser vnng of the sphenoid bone. It takes origin from one of the middle meningeal

CAVERNOUS
SINUS

TRANSVERSE
SINUS

.THIRD
NERVe

FOURTH
NERVe

SIXTH
NERVE

OPHTHALMIC
DIVISION OF
FIFTH NERVE

SUPERIOR MAXIL>
LARV DIVISION
OF FIFTH NERVC

Fig. 505.—Frontal section through the right cavernous sinus, enlarged. (Spaltehola.)

?ins, usually receives blood from the diploe of the skull, passes inward, and ends

in the anterior part of the cavernous sinus.

The ophthalmic veins are two in number, superior and inferior.

The superior ophthalmic vein (v. ophthalmica superior) (Fig. 506) begins as the

nasofrontal vein (v. nasofrontalis), which communicates with the angular vein at

the inner angle of the orbit. It joins the angular vein with the cavernous sinus;

CAVERNOUS
SINUS

INFERIOR
OPHTHALMIC

Fig. 506.—Veins of the orbit. (Poirier and Charpy.)

it pursues the same course as the ophthalmic artery-, and receives tributaries cor-
responding to the branches derived from that vessel. Forming a short single
tnmk. it passes through the inner extremity of the sphenoidal fissure, and termi-
nates in the cavernous sinus. It anastomoses with the inferior ophthalmic vein
and receives lacrimal, anterior and posterior ethmoidal, and muscular branches,
and veins of the eyelids and of the eyeball (rr. vorticosae).
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The inferior ophthalmic vein {v. ophthalmica inferior) (Fig. 506) arises in the]

veins of the eyelids and lacrimal sac, receives the veins from the floor of the]

orbit, and either passes out of the orbit through the sphenoidal fissure to join]

the pterygoid plexus of veins, or else, passing backward through the sphenoidal!

fissure, it enters the cavernous sinus, either by a separate opening, or, more fre-j

quently, in common with the superior ophthalmic vein. It receives musculai

tributaries and veins of the eyeball, and anastomoses with the superior ophthal-

mic and deep facial vein.

The circular sinus (sinvs circularis) (Figs. 505 and 507) is formed by twoj

transverse vessels, the anterior and posterior intracavemous sinuses {sinus inter"

cavernosus anterior and sinus intercavernosus posterior), which connect the twc

cavernous sinuses; one passes in front of and the other behind the pituitary body,J

and thus they form with the cavernous sinuses a venous circle around that body.

The anterior one is usually the larger of the two, and one or other is occasionally

absent.

The superior petrosal sinus (sinus petrosus superior) (Figs. 503 and 507) is

situated along the superior border of the petrous portion of the temporal bone,j

in the front part of the

attached margin of the

tentorium cerebelli. It ia

small and narrow, and
connects the cavernous

and lateral sinuses at each

side. It receives some
cerebellar and inferior

cerebral veins, and veins

from the tympanic cavity.

The inferior petrosal

sinus (sinus petrosus infe-

rior) (Fig. 503) is situated

in the groove formed by
the junction of the pos-

- Opening of mastoid terior border of the pe-

trous portion of the tem-

poral with the basilar

process of the occipital

bone. It commerices in

front at the termination

of the cavernous sinus,

and, passing through the

anterior compartment of

the jugular foramen, endsj

in the commencement of the internal jugular vein. The inferior petrosal sini

receives a vein from the internal ear (vv. auditavae internae) and also veins froi

the medulla oblongata, pons, and under surface of the cerebellum.

The exact relation of the parts to one another in the foramen is as follows : Th^
inferior petrosal sinus is in front, wuth the meningeal branch of the ascendinf

pharyngeal artery, and is directed obliquely downward and backward ; the latere

sinus is situated at the back part of the foramen with a meningeal branch of the

occipital artery, and between the two are the glossopharyngeal, vagus, and spinal

accessory nerves. These three sets of structures are divided from each other

by two processes of fibrous tissue. The junction of the inferior petrosal sinus

with the internal jugular vein takes place superficial to the nerves, so that these

latter lie a little internal to the venous channels in the foramen.

^Torculur IJerophili.

Fig. 507.—The sinuses at the base of the skull.
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The transverse or basilar sinus {plexus hasilaris) (Fig. 507) consists of several

interlacing veins between the layers of the dura over the basilar process of the

occipital bone, which serve to connect the two inferior petrosal sinuses. They
communicate with the anterior spinal veins.

The emissary veins {emissaria) are vessels which pass through apertures in

fihe cranial wall and establish communications between the sinuses inside thel

\ skull and the diploic veins in the diploe, and the veins external to the skull.'

Some of these are always present, others only occasionally so. They vary

much in size in different individuals. The principal emissary veins are the

following: (1) A. vein (emissarium mastoideum) almost always present, runs

through the mastoid foramen and connects the lateral sinus with the posterior

auricular or with the occipital vein^ (2) A vein (emissarium parietale) which

passes through the parietal foramen Snd connects the superior sagittal sinus with

the veins of the scalp. (3) A plexus of minute veins (rete cancdis hypoglossi),
|

which pass through the anterior condylar (hypoglossal) foramen and connect

the occipital sinus with the vertebral vein and deep veins of the neck. (4) An •

inconstant vein (emissarium condyloideurn) which passes through the posterior

'

(condylar foramen and connects the lateral sinus with the deep veins of the neck.
(

(5) A plexus of veins (rete foraminis ovalis) connects the cavernous sinus with

the pterygoid and pharyngeal plexuses through the for^jpen ovale. ^6) Two
f

or three small veins run through the foramen lacerum medium and connect the

cavernous sinus with the pterygoid and pharyngeal plexuses. (7) There is some- f

times a small vein connecting the same parts and passing through the inconstant

foramen of Vesalius opposite the root of the pterygoid process of the sphenoid
|

bone. (8) A plexus of veins (plexus venosiis caroticus iniernus^ traverses the

carotid canal and connects the cavernous sinus with the internal jugular vein. (9) I

A small vein (emissarium oecipitale) usually connects the occipital vein with

the lateral sinus or the torcular Herophili and the occipital diploic vein. (10) A
vein is usually transmitted through the foramen cecum and connects the superior

\

sagittal sinus with the veins of the mucous membrane of the nose.

Applied Anatomy.—These emissary' veins are of great importance in surgery. In addition

to them there are, however, other communications between the intra- and extracranial chan-

nels, as, for instance, the communication of the angular and supraorbital veins with the ophthal-

mic vein at the inner angle of the orbit, and the communication of the veins of the scalp with

the diploic veins. Through these communications inflammatory processes commencing on the X
(outside of the skull may travel inward, leading to osteophlebitis of the diploe and inflammation I

of the membranes of the brain. This is one of the principal dangers of scalp woimds and otherX
injuries of the scalp.

By means of these emissary veins blood may be abstracted almost directly from the intra-

cranial vessels. For instance, leeches applied behind the ear abstract blood almost directly

from the lateral sinus by means of the vein passing through the mastoid foramen. Again, epis-

taxis in children will frequently relieve severe headache, the blood which flows from the nose
being derived from the superior sagittal sinus by means of the vein which passes through the
foramen cecum.

VEINS OF THE UPPER EXTREMITY AND THORAX.

The veins of the upper extremity are divided into two sets, superficial and deep.

The Superficial Veins are placed immediately beneath the integument between
the layers of the superficial fascia.

The Deep Veins accompany the arteries, and constitute the venae comites of
those vessels.

Both sets of vessels are provided with valves, which are more numerous in the
deep than in the superficial veins.
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Fig. 508.—The veins on the dorsum of the hand. (Bourgery.)

The Superficial Veins of the Upper Extremity (^Fig. 509).

The superficial veins of the upper extremity are:

Superficial veins of the hand.

Anterior ulnar.

Posterior ulnar.

Common ulnar.

Radial.

Median.

Median cephalic

Median basilic.

Basilic.

Cephalic.

The superficial veins of the hand and fingers (Figs. 508 and 509) are prin-

cipally situated on the dorsal surface. These dorsal veins begin in each finger

as a venous plexus, in which are distinct veins running in a longitudinal direction

and called dorsal digital veins (yv. digitales dorsales propriae). The dorsal digital

veins terminate over the first phalanges in the venous arches of the fingers (arcus
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tenosi digiiales). From these arches take origin the four dorsal interosseous or

the interdigital veins {vv. metacarpeae dorsales). These veins form the dorsal

venous plexus of the hand {rete tenosum

dorsale manus). This plexus Hes in a

line with the lower ends of the shafts

of the metacarpal bones. It receives

the dorsal interosseous veins, the radial

digital vein of the index finger, and
numerous superficial veins from the

hack of the hand. It gives origin to the

superficial radial vein and the posterior

ulnar vein. The superficial veins of

the palmar surface are of less size and
number than the dorsal veins. They
arise from each of the phalanges by a

plexus (rr. digiiales volares propriae).

Vessels at the borders of the fingers

take most of the blood to the dorsal

veins. There are also veins in the

finger webs (rr. intercapitulares) , which

convey the blood from the palm to

the dorsum. A sujjerficial plexus, the

palmar plexus, lies upon the palmar
fascia, the fascia of the thenar emi-

nence, and the fascia of the h^'pothena^

eminence.

The anterior ulnar vein (Fig. 509)

commences on the anterior surface of

the ulnar side of the hand and wrist,

and ascends along the anterior surface

of the ulnar side of the forearm to the

bend of the elbow, where it joins with

the posterior ulnar vein to form the

common ulnar. Occasionally it opens

separately into the median basilic vein.

It communicates with tributaries of the

median vein in front and \^ith the pos-

terior ulnar behind.

The posterior ulnar vein (Fig. 508)

commences on the posterior surface

of the ulnar side of the wrist. It

runs on the posterior surface of

the ulnar side of the forearm, and
just below the elbow unites with
the anterior ulnar vein to form the
common ulnar, or else joins the median
V>asilic and helps to form the basilic. It

communicates with the deep veins of

the palm by a vein which emerges from
beneath the Abductor minimi digiti

muscle.

The common ulnar vein (Fig. 509)
is a short trunk which is not constant.
\Mien it exists it is formed by the

Median cephalic. -L^

External
cutaneous nerve.

f Internal

i cutaneous

(. nerre.

Median
basilic.

omnum
tdnar.

Fig. 509.—The superfida] veins of the flexor aspect of
the UE: upper extremity.
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junction of the two preceding veins, and, passing upward and outward, Joins

the median basiHc to form the basilic vein. When it does not exist the anterior

and posterior ulnar veins open separately into the median basilic vein.

The radial vein {v. radialis) (Figs. 509 and 510) commences upon the dorsal

surface of the wrist, and communicates with the deep veins of the palm by a branch

which passes through the first interosseous space. The radial vein soon forms a

large vessel, which ascends along the radial side of the forearm and receives

numerous veins from both its surfaces. At the bend of the elbow it unites with

the median cephalic to form the cephalic vein.

The median vein (v. mediana cubiti) (Fig. 509) ascends on the front of the

forearm, and communicates with the anterior ulnar and radial veins. At the bend
of the elbow it receives a branch of communication from the deep veins, the deep

median vein, and divides into two trunks, the median cephalic and median basilic,

which diverge from each other as they ascend.

The median cephalic (v. mediana cephalica) (Fig. 509), usually the smaller of

the two, passes outward in the groove between the Brachioradialis and Biceps

muscles, and joins with the radial to form the cephalic vein. The branches

of the external cutaneous nerve pass beneath this vessel.

The median basilic vein (v. mediana basilica) (Fig. 509) passes obliq^uely in-

ward, in the groove between the Biceps and Pronator teres muscles, and joins the

common ulnar to form the basilic. This vein passes in front of the brachial

artery, from which it is separated by a fibrous expansion, the bicipital fascia,

which is given off from the tendon of the Biceps to the fascia covering the Flexor

muscles of the forearm. Filaments of the internal cutaneous ner\'e pass in front

as well as behind this vessel.

Venesection is usually performed at the bend of the elbow, and as a matter of practice the

largest vein in this situation is commonly selected. This is usually the median basiHc, and
there are anatomical advantages and disadvantages in selecting this vein. The advantages are,

that, in addition to its being the largest, and therefore yielding a greater supply of blood, it is

the least movable and can be easily steadied on the bicipital fascia on which it rests. The dis-

advantages are, that it is in close relationship with the brachial artery, separated only by the

bicipital fascia; and formerly, when venesection was frequently practised, arteriovenous aneu-
rism was no uncommon result of this practice. Another disadvantage is, that the median basilic

is crossed by some of the branches of the internal cutaneous nerve, and these may be divided in

the operation, giving rise to "traumatic neuralgia of extreme intensity" (Tillaux).

Intravenous infusion of normal saline solution is very frequently required for all conditions of

severe shock and after profuse hemorrhages. The patient's arm is surrounded by a tight band-
age so as to impede the venous return, and a small incision is made over the largest vein visible

in front of the elbow; a double ligature is now passed around the vein, and the lower one is tied;

the vein is then opened and a cannula connected with a funnel by tubing and filled with warm
saline solution is inserted. The bandage is next removed from the arm, and two, three, or more
pints of fluid are allowed to flow into the vein; when a sufficient quantity has gone in, the upper
ligatm-e around the vein is tied and a stitch put in the skin wound.

The basilic vein {v. basilica) (Figs. 509 and 511) is of considerable size and
is formed by the coalescence of the common ulnar vein with the median basilic.

It passes upward along the inner side of the Biceps muscle and pierces the deep

fascia a little below the middle of the arm. The opening in the fascia is known
as the semilunar hiatus. The vein ascends in the course of the brachial artery

to the lower border of the tendons of the Latissimus dorsi and Teres major muscles,

and is .continued onward as the axillary vein.

The cephalic vein {v. cephalica) (Fig. 509) is formed by the union of the median
cephalic and the radial veins. It courses along the outer border of the Biceps

muscle, lying in the same groove with the upper external cutaneous branch of

the musculospiral nerve, to the upper third of the arm; it then passes in the inter-

val between the Pectoralis major and Deltoid muscles, lying in the same groove
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with the descending or humeral branch of the acromiothoracic artery. It pierces

the costocoracoid membrane, and, crossing the axillary artery, terminates in the

axillary vein just below the clavicle. This vein is occasionally connected with

the external jugular or subclavian by a branch which passes from it upward in

front of the clavicle.

The accessory cephalic vein {y. cephalica accessoria) arises either from a small

tributary plexus on the back of the forearm or from the ulnar side of the dorsal

venous arch; it joins the cephalic above the elbow. In some cases the accessory

cephalic springs from the cephalic above the wrist and joins it again higher up.

A large oblique branch frequently connects the basilic and cephalic veins on the

back of the forearm.^

The Deep Veins of the Upper Extremity.

The deep veins of the upper extremity (Fig. 510) follow the course of the

arteries, forming their venae comites, or companion veins. Usually there is one

vein lying on each side of the corresponding artery, and they are connected at

intervals by short transverse branches.

Two digital veins accompany each arter}' along the sides of the fingers; these,

uniting at their base, pass along the interosseous spaces in the palm, and terminate

in the two venae comites which accompany the superficial palmar arch. Branches

from these vessels on the radial side of the hand accompany the superficialis

volae, and on the ulnar side terminate in the deep ulnar veins (Fig. 510). The
deep ulnar veins, as they pass in front of the wrist, communicate with the inter-

osseous and superficial veins, and at the elbow unite with the deep radial veins

to form the venae comites of the brachial arter}*. The venae comites of the brachial

communicate by numerous transverse branches, which cross over or under the

artery.

The interosseous veins (Fig. 510) accompany the anterior and- posterior

Hiierosseous arteries. The anterior interosseous veins commence in front of the

wrist, where they communicate with the deep radial and ulnar veins; at the upper
part of the forearm they receive the posterior interosseous veins, and terminate in

the venae comites of the ulnar artery.

The deep palmar veins accompany the deep palmar arch, being formed by
tributaries which accompany the ramifications of that vessel. At the wrist they

receive a dorsal and a palmar tributary from the thumb. The deep palmar veins

communicate with the deep ulnar veins at the inner side of the hand, and on the

outer side terminate in the deep radial veins (Fig. 510), which are the venae comites

of the radial arter}. Accompanying the radial artery the deep radial veins ter-

minate in the venae comites of the brachial artery.

The brachial veins (vv. hrachiales) (Fig. 510) are placed one on each side of

the brachial artery; receiving tributaries corresponding with the branches given

off from that vessel; at the lower margin of the Subscapularis muscle they join the

axillary vein.

These deep veins have numerous anastomoses, not only with each other, but
also with the superficial veins. One of the brachial veins empties into the axillary,

the other, usually the smaller, generally unites with the basilic.

The axillary vein {y. axillaris) (Fig. 511) is of large size, and is the continuation
upward of the basilic vein. It commences at the lower border of the tendon of the
Teres major muscle, increases in size as it ascends, by receiving tributaries corre-

• Concerning the variations in the arrani^ment and course of the veins of the upper extremity, consult the
article by W. Krause in Henle's Handbuch der Anatomic.
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spending with the branches of the axillary artery, and terminates immediately

beneath the clavicle at the outer border of the first rib, where it becomes the

subclavian vein. This vessel is covered in front by the Pectoral muscles and costo-

coracoid membrane, and lies on the thoracic side of the axillary artery, which it par-

tially overlaps. Near the lower

margin of the Subscapularis

it receives the venae comites

of the brachial artery, and,

near its termination, the ceph-

alic vein. This vein is pro-

vided with a pair of valves

opposite the lowerborderof the

Subscapularis muscle; valves

are also found at the termina-

tion of the cephalic and sub-

scapular veins.

Other tributaries of the axil-

lary vein are:

The long thoracic vein (u.

thoracalis lateralis) (Fig. 511),

which receives the thoracico-

ASTOMosis epigastric vein (v. thoracoepU

gastrica), and which comes

from the superficial epigastric

or from the femoral vein;

and the costoaxillary veins

{vv. costoaxillares) (Fig. 511),

which come from the first six

intercostal spaces and convey

the blood from the intercostal

veins to the axillary.

INTEROSSEOUS
VEINS

ULNAR DEEP
VEINS

RADIAL
D ULNAR

DIAL DEEP
INS

Fig. 510.—The deep veins of the upper extremity. (Bourgery.)

Applied Anatomy.—There are

several points of surgical interest

in connection with the axillary vein.

Being more superficial, larger, and slightly overlapping the axillary artery, it is more liable

to be wounded in the operation of extirpation of the axillary nodes, especially as these nodes,

when diseased, are liable to become adherent to the vessel. When wounded there is always

danger of air being drawn into its interior, in which case death is usually the result. This

is due not only to the fact that it is near the thorax, and therefore Hable to be influenced

by the respiratory movements, but also because it is adherent by its anterior surface to the

costocoracoid membrane, and therefore if wounded is likely to remain patulous and favor the

chance of air being sucked in. This adhesion of the vein to the fascia prevents its collapsing,

and therefore favors the furious bleeding which takes place in these cases.

To avoid wounding the axillary vein in the extirpation of nof3es from the axilla no undue

force should be used in isolating the nodes. If the vein is found to be so embedded in the

malignant deposit that the latter cannot be removed without taking away a part of the vein,

this must be done, the vessel having been first ligated above and below the diseased area.

The subclavian vein {v. svbdavia) (Figs. 512 and 513), the continuation of the

axillary, extends from the outer border of the first rib to the inner end of the clav-

icle, where it unites with the internal jugular to form the innominate vein. It is in

relation, in front, with the clavicle and the Subclavius muscle; behind and above,

with the subclavian artery, from which it is separated internally by the Scalenus

anticus muscle 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 integu-

ment.
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An expansion of the aponeurosis of the Subcla\'ius muscle lies upon the vein

fFig. 512).

rhe subclavian vein occasionally rises in the neck to a level with the third part

the subclavian arterv, and in two instances has been seen passing with this

vsel behind the Scalenus anticus. It is usually provided with a pair of valves

about an inch from its termination.

AXILLARY
ABTCRV

MUSCULO-
ICUTANCUS NERVE |

MEDIAN NERVE
ANTERIOR
CIRCUMFLEX

LONG THORACIC COSTOAXILIARY

Fig. 511.—The veins of the right axilla, viewed fnHn in front, (^alt^ols.)

PCCTORALIS
MAJOR

MUSCLE

SUBCLAVIUS
MUSCLE

Fig. 512.—The aponeurotic expansion of the SubcIa^^U3
muscle over the subclavian vein. (Poirier and Charpy.)

Tributaries.—It receives the ex-

ternal jugular vein, sometimes the

anterior jugular vein, and occasion-

ally a small branch from the ceph-

alic. At the angle of junction with

the internal jugular the left sub-

clavian vein receives the thoracic

duct (Fig. 513), while the right

subclavian vein receives the right

lymphatic duct.

The innominate or brachio-
cephalic veins {w. anonymae) (Fig. 514) are two large trunks, placed one on
either side of the root of the neck, and formed by the union of the internal

i?ular and subclavian veins of the corresponding side.

The right innominate vein (v. anonyma dextra) is a short vessel, an inch in

length, which commences at the inner end of the clavicle, and, passing almost
vertically downward, joins with the left innominate vein just below the cartilage

of the first rib, close to the right border of the sternum, to form the superior vena
cava. It lies superficial and external to the innominate artery; on its right side

(
IS the phrenic ner\e, and the pleura is here interposed between it and the apex

; of the lung. This vein, at the angle of junction of the internal jugular with the
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subclavian, receives tiie right vertebral vein, and, lower down, the right internal

mammary, right inferior thyroid, and sometimes the right thyroidea ima and the

right superior intercostal veins.

The left innominate vein {v. anonyma sinistra), about two and a half inches

in length, and larger than the right, passes from left to right across the upper and
front part of the thorax, at the same time inclining downward, and unites with

the right innominate vein to form the superior vena cava. It is in relation, in

front, with the first piece of the sternum, from which it is separated by the Sterno-

hyoid and Sternothyroid muscles, the thymus gland or its remains, and some loose

areolar tissue. Behind it are the three large arteries arising from the arch of the

aorta, together with the vagus and phrenic nerves. This vessel is joined by the

left vertebral, left internal mammary, left inferior thyroid, left thyroidea ima,

and the left superior intercostal veins, and occasionally some thymic and peri-

cardiac veins. There are no valves in the innominate veins.

LONGUS COLLIMUSCLC
COMMON CAROTID
ARTERY
LCFT VAGUS
NERVE
VERTEBRAL ARTERY

VERTEBRAL VEIN

THORACIC DUCT

INTERNAL JUGULAR
VEIN
EXTERNAL JUGULAR
VEIN
ANTERIOR JUGULAR
VEIN
SUBCLAVIAN
VEIN

Fig. 513.—The bend of the thoracic duct at its termination in the subclavian vein. (Poirier and Charpy.)

Peculiarities.—Sometimes the innominate veins open separately into the right auricle; in

such cases the right vein takes the ordinary course of the superior vena cava; but the left vein

—the left superior vena cava, as it is termed—after communicating by a .small branch with the

right one, passes in front of the root of the left lung, and, turning to the back of the heart, receives

the cardiac veins, and terminates, in the back of the right auricle. This occasional condition

in the adult is due to the persistence of the early fetal condition, and is the normal state of things

in birds and some mammalia.

The internal mammaxy veins (w. mammariae iniernae), two to each internal

mammary artery, follow the course of that vessel, and receive tributaries corre-

sponding to the branches of the artery. The two veins unite into a single trunk

which terminates in the corresponding innominate vein. It receives the twelve

anterior intercostal veins from the upper six intercostal spaces of the corresponding

side—six anterior perforating veins {rami perforantes)—veins from the surface of

the sternum (rami sternales)—muscular veins, and vessels from the mediastinum

and pleura. The internal mammary veins anastomose below with the venae

comites of the musculophrenic and superior epigastric arteries. The superior

phrenic vein (i. e., the vein accompanying the arteria comes nervi phrenici) usually

opens into the internal mammary vein.

The vertebral vein (see p. 717).

The inferior thyroid veins {yv. thyreoideae inferiores) (Fig. 499), two, frequently

three or four, in number, arise in the venous plexus on the thyroid body (plexus

thyreoideus impar), communicating with the middle and superior thyroid vein.s.

They form a plexus in front of the trachea, behind the Sternothyroid musch
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From this plexus a left vein descends and joins the left innominate tnmk, and
a right vein passes obliquely do\^Tiward and outward across the innominate artery

to open into the right innominate vein, just at its junction A^-ith the superior vena
cava. The thyreoidea ima
vein (y. thyreoidea ima)

passes downward in front

of the trachea and termi-

nates in the left innomi-

nate vein. These veins

receive tributaries from the

tracheal veins (in\ Irache-

ales), from the oesophageal

veins {vv. oesophageae),

from the inferior laryngeal

"veins (v. laryugea inferior).

The superior intercos-

tal veins (right and left)

drain the blood from two
or three of the intercostal

j)aces below the first.

The right superior inter-

costal vein {v. iutercosfalis

suprema dextra) passes

downward and inward and
opens into the vena azygos

major; the left superior

intercostal vein ( r. intercos-

ialissvprema sinister) runs

across the arch of the

aorta and opens into the

left innominate vein. It

usually receives the left

bronchial and left superior

phrenic vein, and commu-
nicates below with the

vena azygos minor supe-

rior. The vein from the

first intercostalspace opens

directly into the corre-

sponding vertebral or in-

nominate vein.

The superior vena cava
r. cava superior; precava)

(Fig. 514) receives the
blood which is conveyed
to the heart from the

whole of the upper half of

the body. It is a short

trunk, varying from two
inches and a half to three

inches in length, formed
by the junction of the two
innominate veins. It corrv-

mences at the level of the

Anterior jugular.

Superior thyroid.

yriddle thy

External jugular

Trunk of
thyroid and
pericardiac

Fig. 51-t. -The vense cava? and azygos veins, with their formative
tributaries.
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lower border of the cartilage of the first rib close to the sternum 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 opposite

the upper border of the third right costal cartilage. In its course it describes a

slight curve, the convexity of which is to the right side.

Relations.—In front, with the pericardium and process of cervical fascia which is con-

tinuous with it; these separate it from the thymus gland, the sternum, and the second and third

right costal cartilages; behind, with the root of the right lung. On its right side, it is in relation

with the phrenic nerve and right pleura; on its left side, with the commencement of the innom-

inate artery and ascending part of the aorta, the latter somewhat overlapping it. The portion

contained within the pericardium is covered in front and laterally by the serous layer of that

membrane. It receives the vena azygos major just before it enters the pericardium, and several

small veins from the pericardium and parts in the mediastinum. The superior vena cava has no

valves.

The azygos veins are three in number; they collect the blood from the majority

of the intercostal spaces, and connect the superior and inferior venae cavse.

The vena azygos major {'c. azygos) (Fig. 514) commences opposite the first or

second lumbar vertebra by a branch from the right lumbar veins, called the right

ascending lumbar vein {v. lumhalls ascendens); sometimes by a branch from the

right 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 ver-

tebral column to the fourth thoracic 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. While passing through the aortic opening of the

Diaphragm it lies with the thoracic duct on the right side of the aorta, and in the

thorax it lies upon the intercostal arteries on the right side of the aorta and thoracic

duct, and is partly covered by pleura.

Tributaries.—It receives the lower ten posterior intercostal veins of the right side,

the upper two or three of these opening, first of all, into the right superior inter-

costal vein. On the left side the first posterior intercostal vein follows the same
course as the right and empties into the vertebral or innominate vein. The
second, third, and fourth posterior intercostal veins unite and form the left

superior intercostal vein. This vein then passes forward across the arch of the

aorta and unites with the left innominate vein. The fifth, sixth, and seventh

posterior intercostals of the left side contribute to the vena azygos minor superior.

The rest of the posterior intercostal veins of the left side terminate in the vena
azygos minor inferior. It receives the azygos minor veins, several oesophageal

mediastinal and pericardial veins; near its termination, the right bronchial vein.

A few imperfect valves are found in this vein; but its tributaries are provided

with complete valves.

The intercostal veins {m. intercostalis) are divided into anterior and pos-

terior intercostals.

The anterior intercostal veins are tributaries of the internal mammary or the

musculophrenic veins (p. 734).

The posterior intercostal veins (Fig. 514) number eleven on each side, there

being one vein in each intercostal space. Each vein lies in the groove at the

lower margin of the rib above the corresponding intercostal artery. On the right

side the first posterior intercostal vein crosses the neck of the first rib anteriorly

and opens into the vertebral vein or the innominate vein. The posterior inter-

costals of the right side, from the fifth to the eleventh inclusive, open individually

into the vena azygos major. The second, third, and fourth intercostals of this

side unite to form a common trunk, the right superior intercostal vein, which then

joins the vena azygos major.

The vena azygos minor inferior (v. hemiazygos) (Fig. 514) commences in the

lumbar region by a branch from one of the lumbar veins, ascending lumbar (v.
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lumhalis ascendens), or from the left renal. It enters the thorax through the left

cms of the Diaphragm, and, ascending on the left side of the vertebral column as

high as the eighth or ninth thoracic vertebra, passes across the vertebral column,

behind the aorta, oesophagus, and thoracic duct, to terminate in the major azygos

vein. It receives the four or five lower intercostal veins of the left side, and some

oesophageal and mediastinal veins.

The vena azygos minor superior {v. hemiazygos dccessoria) varies inversely in size

with the left superior intercostal. It receives veins from the intercostal spaces

between the left superior intercostal vein and highest tributary of the vena azygos

minor inferior. They are usually three or four in number, usually the fifth, sixth,

and seventh left posterior intercostal veins. They join to form a trunk which ends

in the major azygos vein or in the vena azygos minor inferior. \Mien this vein is

small or altogether wanting, the left superior intercostal vein will extend as low as

the fifth or sixth intercostal space. It sometimes receives the left bronchial vein.

Applied Anatomy.—In obstruction of the inferior vena cava, the azygos veins are one of

the principal means bv which the venous circulation is carried on, connecting as they do the

superior and inferior venae cavae, and communicating with the common iliac veins by the ascend-

ing lumbar veins and with many of the tributaries of the inferior vena cava.

ThromlxjsLs of the superior vena cava is oftenest due to pressure exerted on the vessel by

an aneurism or a tumor; it may also occur by propagation of clotting from a tributary peripheral

vein. If occlusion of the vessel take place slowly, a collateral venous circulation may be estab-

lished; the patient will have some cedema with dilatation and congestion of the veins about the

head and neck, and may also suffer from attacks of dyspnea and recurrent pleural effusion.

In most cases, however, the blockage of the superior vena cava takes place rapidly, and is

rapidly fatal.

The bronchial veins (rr. bronchioles anteriores et posteriore^) return the blood

from the larger bronchi and from the structures at the roots of the lungs; that of

the right side opens into the vena azygos major, near its termination; that of

the left side opens into the left superior intercostal vein or the vena azygos minor

superior. A considerable quantity of the blood which is carried to the lungs

through the bronchial arteries is returned to the left side of the heart by the pul-

monary veins.

The Vertebral Veins.

The vertebral veins may be arranged into four groups—^viz.:

1. The extravertebral veins.

2. The intravertebral veins.

3. The veins of the bodies of the vertebrae,

4. The veins of the spinal cord.

1. The extravertebral veins (plexus venosi vertebrates extemi) commence by
small branches which receive their blood from the integument of the back of the

vertebral column and from the muscles in the vertebral grooves. They form
two plexuses, an anterior plexus (plexus venosi vertebrales anteriores), upon the

vertebral bodies, and a posterior plexus (plexns venosi vertebrales posteriores)^

which surrounds the spinous processes, the laminae, and the transverse and
articular processes of all the vertebrae. At the bases of the transverse processes

they communicate, by means of ascending and descending branches, with the

veins surrounding the contiguous vertebrae, and they join ^\'ith the veins in the

vertebral canal by branches which perforate the ligamenta subflava. Other
branches pass obliquely forward, between the transverse processes, and com-
municate with the intravertebral veins through the intervertebral foramina (w.

intervertebrales) . The extravertebral veins terminate by joining the vertebral

veins in the neck, the intercostal veins in the thorax, and the lumbar and lateral

sacral veins in the loins and pelvis.

47
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2. The intravertebral veins (plexus venosi vertebrales interni) are situated

between the spinal dura and the vertebrae. They consist of two longitudinal plex-

uses, one of which runs along the posterior surface of the bodies of the vertebrae,

anterior longitudinal vertebral veins. The other plexus, posterior longitudinal ver-

tebral veins, is placed on the inner or anterior surface of the laminae of the vertebrae.

The anterior longitudinal vertebral veins (sinus vertebrales longitudinales) consist

of two large, tortuous veins which extend along the whole length of the vertebral

column, from the foramen magnum, where they communicate with each other

by a venous ring around that opening and with the basilar and occipital sinuses

through the foramen, to the base of the coccyx, being placed one on each side

of the posterior surface of the bodies of the vertebrae along the margin of the

posterior common ligament. These veins communicate opposite each vertebrae

by transverse trunks which pass beneath the ligament. Each transverse trunk

receives the large vena basis vertebrae (v. hasivertehralis) from the interior of the

body of the vertebra. The anterior longitudinal vertebral veins are least devel-

oped in the cervical and sacral regions. They are not of uniform size throughout,

The extra-vertebral veins,

Fig. 615.—Transverse section of a thoracic vertebra,
showing the vertebral veins.

Fig. 516.- -Vertical section of two thoracic vertebrae
showing the vertebral veins.

being alternately enlarged and constricted. At the intervertebral foramina they

communicate with the extravertebral veins, and with the vertebral veins in the

neck, with the intercostal veins in the thoracic region, and with the lumbar and

sacral veins in the corresponding regions.

The posterior longitudinal vertebral veins, smaller than the anterior, are situated

one on either side, between the inner surface of the laminae and the theca verte-

bralis. They communicate (like the anterior) opposite each vertebra by trans-

verse trunks, and with the anterior longitudinal veins by lateral transverse branches

which pass from behind forward. The posterior longitudinal veins, by branches

which perforate the ligamenta subflava, join with the extravertebral veins. From
them branches are given off which pass through the intervertebral foramina and

join the vertebral, intercostal, lumbar, and sacral veins.

The intervertebral veins (w. intervertebrales) accompany the spinal nerves in

the intervertebral foramina, receive veins from the spinal cord, and join the

intra- and extravertebral veins.

3. The veins of the bodies of the vertebrae (w. basivertebrales) emerge from

the foramen on the posterior surface of each vertebra and join the transverse
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trunk connecting the anterior longitudinal vertebral veins. They are contained

in large, 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 surfaces of the bones. They commence by small openings on the

front and sides of the bodies of the vertebrae, through which communicating

branches from the veins external to the bone pass into its substance, and converge

to the principal canal, which is sometimes double toward its posterior part. They
open into the corresponding transverse branch uniting the anterior longitudinal

eins. They become greatly enlarged in advanced age.

4. The veins of the spinal cord \vv. spinales) emerge from the oord substance

and form a minute, tortuous, venous plexus which covers the entire surface of the

cord, being situated between the pia and arachnoid. In this plexus there are

(1) two median longitudinal veins, one in front of the ventral fissure, and the other

behind the dorsal groove of the cord; and (2) four lateral longitudinal veins which

run behind the nene roots. These vessels are largest in the lumbar region.

Near the base of the skull they unite, and form two or three small trunks, which

communicate with the vertebral veins, and terminate in the inferior cerebellar

veins or in the inferior petrosal sinuses. Each of the spinal ner\es is accompanied

by a radicular efferent vessel as far as the intervertebral foramina, where it joins

the other veins from the vertebral canal.

There are no valves in the vertebral veins.

VEINS OF THE LOWER EXTREMITY, ABDOMEN, AND PELVIS
(Figs. 517, 518).

The veins of the lower extremity are subdivided, like those of the upper, into

two sets, superficial and deep; the superficial veins are situated beneath the integu-

ment, between the two layers of superficial fascia, the deep veins accompanying
the arteries, and forming the venae comites of those vessels. Both sets of veins

are provided with valves, which are more numerous in the deep than in the super-

ficial set. These valves are also more numerous in the lower than in the upper
limb.

The Superficial Veins of the Lower Extremity.

The Superficial Veins of the Foot.—In the sole of the foot there is a sub-

cutaneous venous plexus {rele venosum planiare cutaneum), from which some
branches go to the deep veins, but most of the branches pass around the margins

to the dorsum of the foot. There is a transverse venous arch at the root of the

toes which receives plantar vessels from the toes and sends branches between the

toes (rr. intercapitulares) to the venous arch of the dorsum. On the dorsum of

each toe the veins gather into two vessels, known as the dorsal digital veins (vv.

digitales pedis dorsalis). The dorsal digital veins from the opposed margins of

two toes unite to form a dorsal interdigital vein. There are four dorsal inter-

digital veins (rr. digitales communes pedis), and they pass into the venous arch
of the dorsum. The dorsal digital vein, from the inner surface of the great toe,

parses directly into the internal saphenous vein, and the dorsal digital vein, from
the outer surface of the little toe, passes directly into the external saphenous vein.

The venous arch of the dorsum of the foot {arcus venosus dorsalis pedis) is sit-

uated in the superficial structures over the anterior extremities of the metatarsal
bones. It has its convexity directed forvsard, and receives digital tributaries
from the upper surface of the toes; at its concavity it is joined by numerous small
veins which form a plexus on the dorsum of the foot {rete venosum dorsale pedis
cutaneum). The arch terminates internally in the long saphenous, externally
m the short saphenous vein.
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The chief superficial veins of the lower extremity are the internal or long

saphenous and the external or short saphenous.

The internal or long saphenous vein {v. saphena magna) (Figs. 517 and 520)

commences at the inner side of the arch on the dorsum of the foot; it ascends in

,\:

;^S::^

m

FiQ. 517.—The internal or long
saphenous vein and its tributaries.

Fig. 518.—External or short saphenous vein.

front of the inner malleolus and along the inner side

of the leg, behind the inner margin of the tibia, ac-

companied by the internal saphenous nerve. At the

knee it passes backward 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 femoral vein about an inch

and a half below Poupart's ligament. This vein

receives in its course cutaneous tributaries from the

leg and thigh, and at the saphenous opening receives

the superficial epigastric, superficial circumflex iliac,

and external pudic veins. The veins from the inner

and back part of the thigh frequently unite to form

a large vessel, which enters the main trunk near the

saphenous opening; and sometimes those on the v)uter
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side of the thigh join to form another large vessel; so that occasionally three large,

veins are seen converging from different parts of the thigh toward the saphenous

opening. The internal saphenous vein communicates in the foot with the internal

plantar vein; in the leg, with the posterior tibial veins bv 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 {v. saphena parva) (Fig. 518) com-

^mences at the outer side of the arch on the dorsum of the foot; it ascends behind the

outer malleolus, and along the outer border of the tendo Achillis, across which it

passes at an acute angle to reach the middle line of the posterior aspect of the leg.

Passing directly upward, it perforates the deep fascia in the lower part of the

popliteal space, and terminates in the popliteal vein, between the heads of the

Gastrocnemius muscle. It receives numerous large tributaries from the back part

of the leg, and communicates with the deep veins on the dorsum of t^ie foot and
Ijehind the outer malleolus. Before it perforates the deep fascia it gives off a

communicating branch, which passes upward and inward to join the internal

saphenous vein. This vein contains from nine to twelve valves, one of which is

always found near its termination in the popliteal vein. The external saphenous

nene lies close beside this vein.

Applied Anatomy.—A varicose condition of the saphenous veins is more frequently met
with than in the other veins of the body, except perhaps the spermatic and hemorrhoidal veins.

The course of the internal saphenous is in front of the tip of the inner malleolus, over the sub-

cutaneous surface of the lower end of the tibia, and then along the internal border of this bone
to the back part of the internal condyle of the femur, whence it follows the com^e of the Sar-

torius muscle, and is represented on the surface by a line drawn from the posterior border of

the Sartorius on a level with the internal condyle to the saphenous opening. The external saph-

enous lies behind the external malleolus, and from this follows the middle line of the calf to just

below the ham. It is not generally so apparent beneath the skin as the internal saphenous.

Both these veins in the leg are accompanied by nerves, the internal saphenous being joined by
its companion ner\e just below the level of the knee-joint. Xo doubt much of the pain of vari-

cose veins in the leg is due to this fact.

Operations for the relief of varicose veins are frequently required, portions of the veins being

removed after having been ligated above and below. It is important to note whether the main
varicose area drains into the internal or the external saphenous vein—the former condition

being much the more common—and to control the venous return by removing a small portion

of the main trunk just before it opens into the deep vein by passing through the deep fascia;

thus in most cases a piece should be removed from the internal saphenous just before it passes

through the saphenous opening, and in addition the affected veins should be excised just above
and just below the level of the knee-joint. In other cases the external saphenous will have to

be dealt with immediately below the point where it pierces the fascial roof of the popliteal space.

The Deep Veins of the Lower Extremity.

The deep veins of the lower extremity accompany the arteries and their branches

and are called the venae comites of those vessels. The venae comites in the lower

extremity pass into one trunk, the popliteal vein, whereas in the upper extremity

the venae comites continue with the artery to the axilla.

The Deep Veins of the Foot.—The plantar digital veins (vv. digitales plantares)

form the plantar metatarsal veins' (rr. metatarseae plantares), which communicate
with the veins of the dorsum of the foot by perforating veins and also communicate
with the deep venous arch of the sole of the foot {arcus venosus plantaris). The
plantar arch gives off lateral or external plantar veins, which unite with median
or internal plantar veins to form the posterior tibial veins. On the dorsimi of the
foot the deep \eins begin as the dorsal metatarsal veins (rr. metatarseae dorsales

pedis), which form the venae comites of the dorsalis p>edis artery.
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. The posterior tibial veins (yv. tibiales posteriores) accompany the posterior

tibial artery and are joined by the peroneal veins.

The anterior tibial veins (vik tibialis anter-iores) are formed by a continuation

upward of the venae comites of the dorsalis pedis artery. They pass between the

tibia and fibula, through the large oval aperture above the interosseous membrane,
and form, by their junction with the posterior tibial, the popliteal vein.

The valves in tiie deep veins are very numerous.

The popliteal vein {v. poplitea) (Fig. 519) is formed by the junction of the

anterior and posterior tibial veins; it ascends through the popliteal space to the

aperture in the Adductor magnus tendon, 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 Gastrocnemius it is superficial to that

vessel; but above the knee-joint it is close to the

outer side of the artery. It receives the sural veins

from the Gastrocnemius muscle, the articular veins,

and the external saphenous veins. The valves in this

vein are usually four in number.

The femoral vein (v. femoralis) (Figs. 520 and
521) 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 at Poupart's ligament it lies to

iis inner side and on the same plane. It receives

numerous muscular tributaries, and about an inch

and a half below Poupart's ligament it is joined by

the deep femoral; near its termination it is joined

by the internal saphenous vein. The valves in the

femoral vein are four or five in number.

The deep femoral vein (v. profunda femoris) receives

tributaries corresponding to the perforating branches

of the profunda artery, and through these establishes

communications with the popliteal vein below and

the sciatic vein above. It also receives the internal

and external circumflex veins.

The external iUac vein (y. iliaca externa) (Figs,

521 and 523) commences at the termination of the

femoral, beneath the crural arch, and, passing upward
along the brim of the pelvis, terminates opposite the

sacroiliac joint 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 upward gradually inclines behind it. On the left side it lies

altogether on the inner side of the artery. It receives, immediately above Pou-

part's ligament, the deep epigastric and deep circumflex iliac veins and a small

pubic vein, corresponding to the pubic branch of the obturator artery. It fre-

quently contains one and sometimes two valves.

Tributaries,
—

^l^he external iliac vein receives the deep epigastric, deep circumflex

iliac, and pubic veins.

The deep epigastric vein (v. epigastrica inferior') (Fig. 521) is formed by the

union of the venae comites of the deep epigastric artery, which communicates
above with the superior epigastric vein; it joins the external iliac about half an

inch above Poupart's ligament.

The deep circumflex iliac vein (y. circumflexa ilium profunda) (Fig. 521)

is formed by the union of the venae comites of the deep circumflex iliac artery,

Fig. 519.—The popliteal vein.
(Poirier and Charpy.)
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and joins the external iliac vein about three-quarters of an inch above Poupart's

ligament.

The pubic vein communicates with the obturator vein in the obturator fora-

men, and ascends on the back of the pubis to terminate in the external iliac vein.

The internal iliac vein (tJ. hypogastrica) commences near the upper part of

the great sacrosciatic foramen, passes upward behind and slightly to the inner

side of the internal iliac artery, and at the brim of the pehHs joins with the

external iliac to form the conmion iliac.

UMBILICUS

SUPCRFICIAL
EPIGASTRIC

SUPERFICIAL
INTERNAL

CIRCUMFLEX

SUPERFICIAL
EXTERNAL.

SUPERFICIAL
EXTERNAL
CIRCUMFLEX

Fig. 520.—The femoral vein and its tributaries. (Poirier and Charpy.)

Tributaries.—With the exception of the fetal umbilical vein, which passes up-
ward and backward from the umbilicus to the liver, and the iliolumbar vein which
usually joins the common iliac vein, the tributaries of the internal iliac vein corre-
spond with the branches of the internal iliac arteri-. It receives (a) the gluteal,
sciatic, internal pudic, and obturator veins, which have their origins outside the
pelvis; (6) the lateral sacral veins, which lie in front of the sacrum; and (c) the
middle hemorrhoidal, vesical, uterine, and vaginal veins, which originate in venous
plexu.ses connected with the pelvic viscera.

1. The gluteal veins (vv. gluiaeae superiores) or venae comites of the gluteal
arter}-, receive tributaries from the buttock corresponding with the branches of
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the artery; they enter the pelvis through the great sacrosciatic foramen, above
the Pyriformis, and frequently unite before ending in the internal iliac vein.

2. The sciatic veins (ot. glutaeae inferiores), or venae comites of the sciatic

artery, begin on the upper part of the back of the thigh, where they anastomose

with the internal circumflex and first perforating veins. They enter the pelvis

through the lower part of the sacrosciatic foramen and join to form a single

stem which opens into the lower part of the internal iliac vein.

3. The internal pudic veins are the venae comites of the internal pudic artery.

They commence in the veins which issue from the corpus cavernosum, accom-

pany the internal pudic artery, and unite to form a single vessel, which ends

in the internal iliac vein. They receive the veins from the bulb of the urethra,

the superficial perineal, and the inferior hemorrhoidal veins {w. hemorrhoidales

inferiores). The deep dorsal vein of the penis communicates with the internal

pudic veins, but ends mainly in the vesicoprostatic venous plexus.

RCUMPLCX
LIAC

DEEP
EPIGASTRIC

Fig. 521.^The iliac veins. (Poirier and Charpy.)

4. The obturator vein (v. obturatoria) begins in the upper portion of the adductor

region of the thigh and enters the pelvis through the anterior part of the obturator

foramen. It runs backward and upward on the lateral wall of the pelvis below

the obturator artery, and then passes between the ureter and the internal iliac

artery, to end in the internal iliac vein.

5. The lateral sacral veins (w. sacrales laterales) accompany the lateral sacral

arteries on the anterior surface of the sacrum and terminate in the internal iliac

vein.

6. The middle hemorrhoidal vein (v. hemorrhoidalis media) takes origin in the

hemorrhoidal plexus and receives tributaries from the bladder, prostate gland,

and seminal vesicle; it runs outward on the pelvic surface of the Levator ani to

end in the internal iliac vein.
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The hemorrhoidal plexus surrounds the rectum, and communicates in front

with the vesicoprostatic plexus in the male, and the uterovaginal plexus in the

female. It consists of two parts, an internal in the submucosa, and an external

outside the muscular coat. Below, the internal plexus presents a series of dilated

pouches which are arranged in a circle around the tube immediately above the

anal orifice and are connected bv transverse branches.

The lower part of the external plexus is drained bv the inferior hemorrhoidal
veins into the internal pudic; its middle part bv the middle hemorrhoidal vein,

which joins the internal iliac; and its upper part by the superior hemorrhoidal
vein, which forms the commencement of the inferior mesenteric vein, a tributary

of the portal vein. A free communication between the portal and systemic venous
systems is established through the hemorrhoidal plexus.

MIDDLE
hemorrhoidal'

Fig. 522.—Scheme of the anastomosis of the veins of the rectum. (Poirier and Charpy.)

The vesicoprostatic plexus surrounds the prostate gland and the neck of
the bladder, and lies partly in the fascial sheath of the prostate and partly between

i the sheath and the capsule of the gland. In front it receives the deep dorsal vein
' of the penis; behind, it communicates with the hemorrhoidal and vesical plexuses,

and derives tributaries from the vasa deferentia and seminal vesicles. It is drained
into the internal iliac veins by one or more vessels on either side. The correspond-
ing plexus in the female is named the vesicovaginal.

The vesical plexus lies on the muscular coat of the bladder, and is best marked
.

toward the l)a.se and .sides of this viscus: it drains into the vesicoprostatic plexus.

Applied Anatomy.—The veins of the hemorrhoidal plexus are liable to become dilated and
varicose, and form piles. This is due to several anatomical reasons: the vessels are contained
in very loo.se, lax connective ti.ssue, so that they get less support from surroiaiding structures
than most other veins, and are less capable of resisting increased blood pressure; the condition

,

IS favored bv gravitation, being influenced bv the erect posture, either sitting or standing, and
." by the fact that the superior hemorrhoidal and portal veins have no valves; the veins pass
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through muscle tissue and are Hable to be compressed by its contraction, especially during the

act of defecation; they are affected by every form of portal obstruction.

The prostatic plexus of veins is liable to become congested in many inflammatory conditions

in the neighborhood, such as acute gonorrheal prostatitis. It is owing to the free communi-

cation which exists between this and the middle hemorrhoidal plexus that great relief can be

given by free saline purgation.

Hemorrhage may be very profuse from the prostatic plexus after operations on that gland, but

can usually be checked by hot fluid irrigation. Septic thrombosis sometimes occurs after

operations, and infected emboli may find their way into the general circulation.

THIRD LUMBAR

SUPERIOR
HEMORRHOIOAI

DEEP
CIRCUMFLEX
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SCROTAL

VESICAL PLEXUS INTER-NAL PUDIC

Fig. 523.—The veins of the male pelvis, right half, viewed from the left. The Psoas muscle has been removed
and the rectum drawn down somewhat to the side. (Spalteholz.)

The dorsal veins of the penis are two in number, a superficial and a deep.

The superficial vein drains the prepuce and skin of the penis, and, running back-

ward in the subcutaneous tissue, inclines to the right or left, and opens into the

corresponding superficial external pudic vein, a tributary of the internal or long

saphenous vein. The deep vein receives the blood from the glans penis and

corpora cavernosa; it courses backward in the middle line between the dorsal

arteries, beneath the deep fascia, and near the root of the penis passes between
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the two parts of the suspensory ligament and then through an aperture between

the subpubic Ugament and the apex of the triangular Ugament, and divides into

two branches, which enter the vesicoprostatic plexus. The dorsal vein of the

clitoris corresponds in woman to

the dorsal vein of the penis in man,

and empties into the inferior vesical

plexus.

The Vaginal Plexuses and Veins

(Fig. 525}.—The vaginal plexuses

are placed at the sides of the

vagina, being especially developed

at the orifice of the canal. They
receive vessels from the vaginal

walls. The plexuses communicate

with the uterine plexus above, vsith

the bulbar veins below, with the

inferior vesical plexus in front, and

with the hemorrhoidal plexus be-

hind, and are drained by the vaginal veins, one on either side, into the internal

iliac veins.

The uterine plexuses (Fig. 525) are situated along the sides and sup)erior angles

of the uterus, between the two layers of the broad ligament, and communicate

with the ovarian and vaginal plexuses. They are drained by the uterine veins

aULBO-CAVCRNOUS ART
— ANTERIOR BRANCH

DEEP
FASCIA

URETHRA
CORPUS
PONGIOSUM

Fig. 524. -The penis in t^ans^•e^9e section, showing the
the blood-vessels. (Testut.)

TUBAL VESSELS

ANASTOMOSIS OF FALLOPIAN

OS UTERI VAGINA CUT OPEN BEHIND

Fig. 525.—Vessels of the uterus and its api>endages, rear view. (Testut.)

(rr. uterinae) (Fig. 525) which arise from the lower part of the plexus. There
are usually two veins on each side, and they are not provided with valves. These
veins for the first portion of their course are placed in the base and inner portion
of the broad ligament ; they then pass back with the uterine arterj' and terminate
in the internal iliac vein.

During pregnancy the uterine veins become greatly enlarged.

The common iliac veins (Figs. 521 and 523) are formed by the union of the
external and internal iliac veins in front of the sacroiliac articulation; passing
obliquely upward toward the right side, each vein terminates upon the interserte-

bral substance between the fourth and fifth lumbar vertebrae, where the veins of
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the two sides unite at an acute angle to form the inferior vena cava. The right

common iliac (i'. iliaca communis dextra) 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 {y. iliaca communis sinistra), longer than the right,

and more oblique in its course, is at first situated on the inner side of the corre-

sponding artery, and then behind the right common iliac. Each common iliac

receives the iliolumbar, 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 veins (Figs. 521 and 522) accompany the corresponding

artery along the front of the sacrum, and join to form a single vein {v. sacralis

media), which terminates in the left common iliac vein; occasionally in the angle

of junction of the two iliac veins. The middle sacral veins communicate with

the inferior hemorrhoidal.

The iliolumbar veins (vv. iliolumhales) receive branches from the iliac fossae,

spinal muscles, and vertebral canal. One vein on each side runs with the artery,

passes posterior to the Psoas muscle, and joins the common iliac vein.

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 kidnev, where, after

receiving the left renal vein, it crosses over the aorta, and then joins with the right vein to form

a short inferior vena cava. In these cases the two common iliacs are connected hy a small

communicating branch at the spot where they are usually united.

The inferior vena cava {v. cava inferior; postcava) (Figs. 514 and 521) returns

to the heart the blood from nearly 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 vertebrae. It passes upward along

the front of the vertebral column on the right side of the aorta, and, having

reached the liver, is contained in a groove on its posterior surface. It then

passes through the Diaphragm between the mesal and right portions of the central

tendon; it subsequently inclines forward and inward for about an inch, and,

piercing the fibrous pericardium, passes behind the serous pericardium to open

into the lower and back part of the right auricle. In front of its auricular orifice

is a semilunar valve, the Eustachian valve; this is rudimentary in the adult, but

is of large size and exercises an important function in the fetus.

Relations.

—

In front, from below upward, with the mesentery, right spermatic artery, trans-

verse portion of the duodenum, the pancreas, portal vein, and the posterior surface of the liver,

which, in most cases, partly and occasionally completely surrounds it; behind, with the verte-

bral column, the right crus of the Diaphragm, the right renal and lumbar arteries, the right

semilunar ganglion, and the inner part of the right suprarenal gland; on the right side, with

the right kidney and ureter; on the left side, with the acrta. The thoracic portion is short and

covered anterolaterally by the serous layer of the pericardium.

Peculiarities.^/n Position.—This vessel is sometimes placed on the left side of the aorta,

as high as the left renal veins, 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 upward as its ter-

mination in the heart; in such cases the abdominal and thoracic viscera, together with the great

vessels, are all transposed. The vessel may be double, due to the bilateral persistence of the

cardinal veins.

Point of Termination.—Occasionally the inferior vena cava joins the vena azygos ma)or,

which is then of large size. In such cases the superior vena cava receives the whole of the

blood frbm the body before transmitting it to the right auricle, except the blood from the

hepatic veins, which passes directly into the right auricle.

Applied Anatomy.—Thrombosis of the inferior vena cava is due to much the same causes

as that of the superior (see page 737). It usually causes edema of the legs and back, without

ascites; if the renal veins are involved, blood and albumin will often appear in the urine. An

extensive collateral venous circulation is soon established by enlargement either of the super-

ficial or of the deep veins, or of both. In the first case the epigastric, the circumflex iliac, the
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' long thoracic, the internal mammarv, the intercostals, the external pudic, and the Iumbovertebral
anastomotic veins of Braune effect the communication with the superior cava; in the second,

the deep anastomosis is made by the azygos major and minqr and the lumbar veins.

Tributaries.—It receives in its course the following veins:

Lumbar.
Right spermatic, or ovarian.

Renal.

Suprarenal.

Inferior phrenic.

Hepatic.

The lumbar veins (rr. lumbales), four in number on each side, collect the

blood bv dorsal tributaries from the muscles and integument of the loins and bv

abdominal tributaries from the walls of the abdomen, where they communicate

with the epigastric veins. At the vertebral column they receive veins from the

spinal plexuses, and then pass forward, around the sides of the bodies of the

Fig. 526.—Spermatic veins. (Testut.)

vertebrae beneath the Psoas magnus muscle, and terminate at the back part of

the inferior vena cava. The left lumbar veins are longer than the right, and
pass behind the aorta. The lumbar veins of either side are connected bv a

longitudinal vein which passes in front of the transverse processes of the lumbar
vertebrae, and is called the ascending lumbar vein (r. iumbalis ascendens) (Fig,

514). It forms the most frequent origin of the corresponding azygos vein, and
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serves to connect the common iliac, iliolumbar, lumbar, and azygos veins of the

corresponding side of the body.

The spermatic veins (vv. spermaticae) (Fig. 526) emerge from the back of the

testis, and receive tributaries from the epididymis; they unite and form a convo^

luted plexus called the spermatic plexus (plexus pampiniformis), which constitutes

the greater mass of the cord; the vessels composing this plexus are very numerous,

and ascend along the cord in front of the vas deferens; below the external abdom-

inal ring they unite to form three or four veins, which pass along the inguinal

canal, and, entering the abdomen through the internal abdominal ring, coalesce

to form two veins, which ascend on the Psoas muscle behind the peritoneum,

lying one on either side of the spermatic artery. These unite to form a single

vein, which opens on the right side into the inferior vena cava at an acute angle;

on the left side into the left renal vein at a right angle (Fig. 527). The spermatic

SPERMATIC VEIN*
LEFT SIDE

SPERMATIC VEIN— __
RIGHT SIDE

Fig. 527.—Terminations of the right and left spermatic veins. (Poirier and Charpy.)

veins are provided with valves, particularly at the termination. The left sper-

matic vein passes behind the sigmoid flexure of the colon.

Applied Anatomy.—The spermatic veins are very frequently varicose, constituting the dis-

ease known as varicocele. Though it is quite possible that the originating cause of this affection

may be a congenital abnormality either in the size or number of the veins of the spermatic plexus,

still it must be admitted that there are many anatomical reasons why these veins should become
varicose—viz., the imperfect support afforded to them by the loose tissue of the scrotum; their

great length; their vertical course; their dependent position; their plexiform arrangement in

the scrotum, with their termination in one small vein in the abdomen; their few and imperfect

valves; and the fact that they may be subjected to pressure in their passage through the abdom-
inal wall. The left veins more often become varicose than the right veins, probably, as Brinton
suggests, because the right spermatic vein practically always has a valve and opens into the

inferior vena cava at an acute angle, whereas the left spermatic vein is not unusually destitute

of a valve at its opening and passes into the left renal vein at a right angle.

The operation for the removal of a varicocele consists in making a small incision just over

the external abdominal ring and passing an aneurism needle around the mass of veins, taking

care that the vas deferens is not included. The veins are isolated from the vas and ligated

above and below, as high and as low as possible, and the intermediate portion cut away; the

divided ends are fixed together with a suture, and the skin wound closed.
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The ovarian veins (rr. ovaricae) (Fig. 525) correspond with the spermatic in the

male; they form a plexus in the broad ligament near the ovarv and about the

Fallopian tube, and communicate with the uterine plexus. They terminate in

the same way as the spermatic veins in the male. Valves are occasionally found

in these veins. Like the uterine veins, these vessels become greatly enlarged

during pregnancy.

The renal veins (-ov. renales) (Fig. 515) are of large size, and are 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, the left inferior phrenic, and, generally, the left suprarenal veins. It

opens into the inferior vena cava a little higher than the right.

The suprarenal veins {vv. suprarenales) (Fig. 514) are two in number; that on

the right side terminates in the inferior vena cava; that on the left side, in the left

renal or in the left phrenic vein.

The inferior phrenic veins (^vv. phrenicae inferiores) follow the course of the

phrenic arteries; the right ends in the inferior vena cava, the left in the left renal

vein.

The hepatic veins (rr. hepaiicae) commence in the substance of the liver, in the

capillary terminations of the portal vein and hepatic artery, intralobular veins;

these tributaries, gradually uniting into sublobular veins, usually form three large

hepatic veins, which converge toward the posterior surface of the liver and open
into the inferior vena cava, where that vessel is situated in the groove at the back
part of this organ. Of these three veins, one from the right and another from the

left lobe open obliquely into the inferior vena cava, that from the middle of the

organ and lobulus Spigelii having a straight course. The hepatic veins run singly,

and are in direct contact with the hepatic tissue. They are destitute of valves.

THE PORTAL SYSTEM OF VEINS (Fig. 528).

The portal system includes all the veins which drain the blood from the abdom-
inal part of the alimentary canal (with the exception of the lower part of the

rectum) and from the spleen, pancreas, and gall-bladder. From these viscera the

blood is conveyed to the liver by the portal vein. In the substance of the liver

the portal vein ramifies like an artery and terminates in the portal capillaries

{sinusoids), from which the blood is conveyed to the inferior vena cava by the

hepatic veins. From this it will be seen that the blood of the portal system
passes through two sets of capillary vessels—viz., (a) the capillaries of the alimen-
tary canal, spleen, pancreas, and gall-bladder; and (6) the portal capillaries in the
substance of the liver. The portal vein and its tributaries are destitute of valves.

The portal vein (vena portae) is about three inches in length, and is formed
at the level of the second lumbar vertebra by the junction of the superior mesen-
teric and splenic veins, the union of these veins taking place in front of the inferior

vena cava and behind the neck of the pancreas. It passes upward behind the

first part of the duodenum and then ascends near the right border of the lesser

omentum to the right extremity of the transverse fissure of the liver, where it

divides into right and left branches, which accompany the corresponding branches
of the hepatic artery into the substance of the liver. In the lesser omentum it

is placed behind and between the common bile duct and the hepatic artery, the
former lying to the right of the latter. It is surrounded by the hepatic plexus
of nerses, and is accompanied by numerous lymphatic vessels and some lymph
nodes. The right branch of the portal vein enters the right lobe of the liver,

but before doing so generally receives the cystic vein. The left branch, longer
but of smaller caliber than the right, crosses the longitudinal fissure, gives branches
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to the caudate and Spigelian lobes, and then enters the left lobe of the liver. As
it crosses the longitudinal fissure it is joined in front by a fibrous cord, the liga-

mentum teres of the liver or impervious umbilical vein, and is united to the inferior

vena cava by a second fibrous cord, the ligamentum venosum or impervious
ductus venosus.

The tributaries of the portal vein are:

Splenic.

Superior mesenteric.

Gastric.

Pyloric.

Cystic.

Parumbilical.

Fig. 528.—Portal vein and its tributaries.

Note.—In this diagram the right gastroepiploic vein opens into the splenic vein; generally

it empties into the superior mesenteric, close to its termination.

The splenic vein {v. lienalis) (Fig. 528) commences by five or six large branches

hich return the blood from the substance of the spleen. These, uniting, form a
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single vessel, which passes from left to right, grooving the upper and back part of

the pancreas below the arterv, and terminates at its greater end by uniting at a

right angle with the superior mesenteric to form the portal vein. The splenic

vein is of large size, and not tortuous like the arterv.

Tributaries.—The splenic vein receives the vasa brevia from the left extremity

of the stomach, the left gastroepiploic vein, the pancreatic veins, and the inferior

mesenteric vein.

(a) The short gastric veins (vv. gastricae breves), some four or five in number,
drain the fundus and left part of the greater curvature of the stomach, and pass

between the two layers of the gastrosplenic omentum to terminate in the splenic

vein or in one of its large tributaries.

(b) The left gastroepiploic vein (v. gasiroepiploica sijiistra) receives tributaries

from the anterior and posterior surfaces of the stomach and from the great omen-
tum; it runs from right to left along the greater cunature of the stomach and ends
in the commencement of the splenic vein.

(c) The pancreatic veins {vv. pancreaiicae) consist of several small vessels which
drain the body and tail of the pancreas, and open into the trunk of the splenic

vein.

{d) The inferior mesenteric vein (i\ mesenterica inferior) returns blood from
the rectum, and the pelvic, iliac, and descending parts of the colon. It begins in

the rectum as the superior hemorrhoidal vein (v. haemorrhoidalis superior), which
has its origin in the hemorrhoidal plexus, and through this plexus communicates
with the middle and inferior hemorrhoidal veins. The superior hemorrhoidal

vein leaves the pelvis and crosses the iliac vessels in company with the superior

hemorrhoidal arterv, and is continued upward as the inferior mesenteric vein.

This vein lies to the left of the inferior mesenteric artery, and ascends behind the

peritoneum and in front of the left Psoas; it then passes behind the body of the

pancreas and opens into the splenic vein; sometimes it terminates in the angle of

union of the splenic and superior mesenteric veins.

Tributaries.-—^The inferior mesenteric vein receives the sigmoid veins {vv. sig-

moideae) from the sigmoid flexure and the left colic vein {v. colica sinistra) from
the descending colon and splenic flexure.

The superior mesenteric vein
( v. mesenterica superior) returns the blood from

the small intestine, and from the cecum and ascending and transverse portions

of the colon. It begins in the right iliac fossa by the union of the veins which
drain the terminal part of the ileum, the cecum, and vermiform appendix, and
ascends between the two layers of the mesentery on the right side of the supe-
rior mesenteric artery. In its upward course it passes in front of the right

ureter, the inferior vena cava, the third part of the duodenum, and the uncinate
process of the head of the pancreas. Behind the neck of the pancreas it unites

with the splenic vein to form the portal vein.

Tributaries.—Besides the tributaries which correspond with the branches of
the superior mesenteric artery—viz., the veins of the small intestine (rr. intesti-

nales), the ileocolic (r. ileocolica), the right colic {w. colica dextrae), and the middle
colic (r. colica media)—the superior mesenteric vein is joined by the right gastro-
epiploic and pancreaticoduodenal veins.

The right gastroepiploic vein (r. gastroepiploica de.rtra) receives tributaries from
the great omentum and from the lower parts of the anterior and posterior surfaces
of the stomach ; it runs from left to right along the greater curvature of the stomach
between the two layers of the great omentum.
The pancreaticoduodenal veins (rr. pancreaticoduodenales) accompany their cor-

responding arteries; the lower of the two frequently joins the right gastroepiploic
vein.

The gastric vein (r. coronaria ventriculi) derives tributaries from both surfaces

48
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of the stomach ; it runs from right to left along the lesser curvature of the stomach,

between the two layers of the gastrohepatic omentum, to the oesophageal end
of the stomach, where it receives some oesophageal veins. It then turns backward
and passes from left to right behind the lesser sac of the peritoneum and ends
in the portal vein.

The pyloric vein is of small size, and runs from left to right along the pyloric

portion of the lesser curvature of the stomach, between the two layers of the gastro-

hepatic omentum, to terminate in the portal vein.

The cystic vein {v. cystica) (Fig. 528) drains the blood from the gall-bladder,

and, ascending along the cystic duct, usually terminates in the right branch of the

portal vein.

Parumbilical Veins {w. parumbilicales).—In the course of the ligamentum
teres of the liver and of the urachus small veins (parumbilical) are found, which
establish an anastomosis between the veins of the anterior abdominal wall and
the portal and iliac veins. The best marked of these small veins is one which
commences at the umbilicus and runs backward and upward in, or on the surface

of, the ligamentum teres between the layers of the falciform ligament to terminate

in the left branch of the portal vein.

Anastomoses between the Portal and Systemic Veins.—Some tributaries of

the portal vein communicate with certain neighboring systemic veins. The more
important communications are between (a) the gastric veins and the oesophageal

veins which empty into the vena azygos minor; (6) the parumbilical veins, which
anastomose with the deep epigastric and internal mammary veins; (c) the superi

and middle hemorrhoidal veins, the latter opening into the internal iliacs.

Applied Anatomy.—Obstruction to the portal vein may produce ascites, and this may
arise from many causes, as (1) the pressure of a tumor on the portal vein, such as cancer or

hydatid cyst, in the liver, enlarged lymph nodes in the lesser omentum, or cancer of the

head of the pancreas; (2) from cirrhosis of the liver, when the radicles of the portal vein are

pressed upon by the contracting fibrous tissue in the portal canals; (3) from valvular disease

of the heart, and back pressure on the hepatic veins, and so on the whole of the circulation

through the liver. In this condition the prognosis as regards life and freedom from ascites

may be much improved by the establishment of a good collateral venous circulation to relieve

the portal obstruction in the liver. This is effected by communications between (a) the gastric

veins, and the oesophageal veins emptying themselves into the vena azygos minor inferior, which
often project as a varicose bunch into the stomach; (h) the veins of the colon and duodenum,
and the left renal vein; (c) the accessory portal system of Sappey, branches of which pass in

the round and falciform ligaments (particularly the latter), to unite with the epigastric and
internal mammary veins, and through the diaphragmatic veins Avith the azygos; a single large vein

shown to V)e a parumbilical vein, may pass from the hilus of the liver by the round ligament ta

the umbilicus, producing there a bunch of prominent varicose veins known as the Capvt Medusae;
(d) the veins of Retzius, which connect the intestinal veins with the inferior vena cava and its

retroperitoneal branches; (e) the inferior mesenteric veins, and the hemorrhoidal veins that

open into the internal iliacs; (f) very rarely the ductus venosus remains patent, affording;

direct connection between the portal vein and the inferior vena cava.

An operation for the relief of portal obstruction on these lines has been advocated by Ruther-

ford Morison and by Talma. It consists in curetting the opposed surfaces of the liver and
diaphragm and stitching them together, so as to secure vascular inflammatory adhesions between

the two. The great omentum may with advantage be interposed between them, so as to increase

the amount of the adhesions, and the spleen has been similarly scraped and sulured to or into

the abdominal wall. The operation should not be deferred until the patient is moribund.
Thrombosis of the portal vein, or pylethrombosis, is a very serious event, and is oftenest due

to pathological processes causing compression of the vessel or injury to its wall, such as tumors

or inflammation about the pylorus, head of the pancreas, or appendix, or to gallstones or cir-

rhosis of the liver. If the thrombus is infected with bacteria, as is often the case when it is due

to appendicitis, septic or suppurative pylephlebitis results; this condition is known also as

portal pyemia. Fragments of the infected clot break off and are carried away to lodge in the

smaller veins in the liver, with the development of multiple abscesses in its substance and a

rapidly fatal result. When the thrombus is sterile, the chief signs produced are enlargement

of the spleen, recurrent ascites, and the establishment of a collateral venous circulation, the

case clinically resembling one of atrophic cirrhosis of the liver.

1
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DEVELOPJ^IENT OF THE BLOOD-VASCULAR SYSTEM.

There are three distinct stages in the development of the circulatory system, each in accord-

ance with the manner in which nom-ishment is provided for at different periods of the existence

of the individual. In the first stage there is the vitelline circulation, during which nutrinient is

extracted from the vitellus or contents of the yolk sac. In the second stage there is the

placental circulation, during which nutriment is obtained by means of the placenta from the

blood of the mother. In the third stage, commencing after birth, there is the complete circw-

iaiion of the adult, during which nutrition is provided for by the organs of the individual.'

r7:ft<3G>fQMBCJ^E^S^J2-5^5^-'^'^^-^^ Mesoderm.

<:r;x3::><;2;>,^^^^<^^^~;^-5:P>-=:^^
•"

" ^^~~=^=*^:3::i. Entoderm.

Blood-island.

Fio. 529.—Section through vascular area to show commencing development of bloodvessel. ( Semidiagrammatic.)

Bloodvessels first make their appearance in the mesodermal wall of the yolk sac, i. e., outside

the body of the embryo. Here the cells become arranged into solid strands or cords which join

to form a close-meshed network. The peripheral cells of these strands become flattened and

joined to each other by their edges to form the walls of the primitive bloodvessels. Fluid col-

lects ^^^thin the strands and converts them into tubes, and the more centrally situated cells of

the cell cords are thus pushed to the sides of the vessels and appear as masses of loosely arranged

cells which project toward the lumen of the tube. These masses are termed blood islands (Fig.

529); their cells acquire coloring matter (hemoglobin), and are then detached to form the blood-

corpuscles or erythroblasts (Fig. 530) .* Later, red cells are formed in organs where the circulation

Vessel wall. Blood-corpiiscles.

Fig. 530.—Later stage.

is sluggish, as liver, spleen, and bone-marrow. At birth this fimction is lost by the liver and
spleen. The earliest blood corpuscles are all nucleated; they are also capable of subdivision and
of executing ameboid movements, and in these respects resemble colorless blood corpuscles.

Soon, however, true colorless blood corpuscles make their appearance, and, according to Beard,'

are first derived from the rudiments of the thymus.

Coincidently with the development of the bloodvessels in the vascular area, the first rudi-

ment of the heart appears as a pair of tubular vessels w-hich are developed in the splanchno-

pleure of the pericardial area in the precephalic part of the embryonic area. These are named
the primitive aortw, and a direct continuity is soon established between them and the vessels

of the vascular area. Each receives precardially a vein—the vitelline vein—from the yolk sac,

and is prolonged backward on the lateral aspect of the notochord under the name of the dorsal

aorta. The dorsal aortae end at first on the yolk sac; but with the development of the allantois,

they are continued onward through the body stalk as the umbilical arteries to the villi of the
chorion frondosum.
By the forward growth and flexure of the head the pericardial area and the precardial portions

of the primitive aortae are folded caudad on the ventral aspect of the fore-gut, and the original

' That the umbilical circulation precedes the vitelline in the human embryo seems to be shown by Eternod's
and Dandy's independent observations. Consult the latter's article, A Human Embryo with Seven Pairs of
Somites, American Journal of Anatomy, January, 1910.

' According to Dandy (loc. cit.) there is at first no apparent connection between this blood-forming area and
the vascular system of the very young human embryo, and that the presence of blood corpuscles in the latter
is probably explained by endothelial proliferation from the capillaries in the chorionic membrane.

^ Anatomischer Anzeiger, December. 1900.
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relation of the layers of the pericardial area is reversed. Each primitive aorta now consists of

a ventral and a dorsal part connected cephalad by an arched vessel traversing the first or man-

dibular branchial arch. In each succeeding branchial arch a similar vessel develops, so that in

all six pairs of aortic arches are formed, of which the fifth atrophies early.

Dorsal aorta

Primitivejugular
vein

Amnion

Cardinal vein

])orsal aorta

Body-stalk~

Chorionic villi •

Fig. 531.—Human embryo of about fourteen days old with yolk sac. (After His, from Kollmann's
Entwickelungsgeschichte.)

In the pericardial region the two primitive aortse grow together and fuse to form the fingk

chambered primitive heart tube (Fig. 532), the caudal end of which receives the two vitellij

veins, while from its cephalic end the two ventral aortis emerge. By the rhythmic contractia

of the tubular heart the blood is forced through the aortse and bloodvessels of the vascular ar^

Aortic bulb

Ventricle

Avricl

Sinus venosus

Vitelline veinS'

Fig. 532.— Diagram to illustrate the simple tubular
condition of the heart. (Drawn from Ecker-Ziegler
model.)

Aortic bulb

Auricle

Ventricle

Vitelline veins

Fig. 533.—Heart further advanced than in Fig.

532. (Drawn from Ecker-Ziegler model.)

from which it is returned to the heart by the vitelline veins; by this vitelline circulation th?'

nutriment is absorbed from the vitellus.

Umbilical or Placental Circulation.—With the atrophy of the yolk sac the vitelline circu-

lation diminishes and ultimately ceases, while an increasing amount of blood is carried through

il
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the umbilical arteries to the villi of the chorion. Subsequently, as the nonplacental chorionic

villi airoi)hy, their vessels disappear, and then the umbilical arteries convey the whole of the

blood to the placenta, whence it is returned to the heart by the umbilical veins. In this manner

the placental circulation is established, and by means of it nutritive materials are absorbed

from, and waste products given up to, the maternal blood.

Forebrahi.—-—

Aortic bulb

Auricle.-

Optic vesicle.

entricle.

— Omphalomesen-
teric veins.

Flo. 534. -Head of chick embryo of about thirtj--eight hours' incubation, viewed from the ventral surface.
(From Duval's Atlas d'Embrj'ologie.

)

X 26.

The umbilical veins, like the vitelline, become interrupted by the liver, and the blood returned

by them jjasses through this organ before reaching the heart. Ultimately the right umbilical

vein largely disappears, being represented in the adult by a small vein of the belly wall.

During the occurrence of these changes great alterations take place in the primitive heart and
bloodvessels, and now rec|uire description.

Further Development of the Heart.—The simple tubular heart, already described, be-

comes elongated and bent on itself so as to form an S-shaped loop, the cephalic part bending to

the right and the caudal part to the left. The intermediate portion arches transversely from
right to left, and then turns sharply forward into the cephalic part of the loop. Slight con-

Aortic bulb.

Ventricle.

Vena cava superior.-

Umbilical rein.--\

^.Maxillary process.

..Stomodseum.

Mandibular process.

Fig. 535.—Heart of human embryo of about fifteen days. (Reconstruction by His.)

strictions make their appearance in the tube and diNide it from behind forward into four parts,
viz.: (1) The sinus vcnosus; (2) the primitive auricle; (3) the primitive ventricle; (4) the aortic
bulb, which consists of two portions, a proximal muscular portion known as the bulbus cordis,
and a distal jwrtion, the primitive aortic stem (Figs. 532 to 534). The constriction between the
auricls and ventricle constitutes the auricular canal, and indicates the site of the future auriculo-
ventricular valves.

The sinus venosus is at first situated in the septum transversum behind the common auricle,
and is formed by the union of the vitelline veins. The veins or ducts of Cuvier from the bodv of
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the embryo and the umbilical veins from the placenta subsequently open into it (Fig. 545). Tli

sinus is at first placed transversely, and opens by a median aperture into the common auriclj

Soon, however, it assumes an oblique position, and becomes crescentic in form; its right ha"

or horn increases more rapidly than the left, while the opening into the auricle now commui
cates with the right portion of the auricular cavity. The right horn ultimately becomes incoj

porated with and forms a part of the right auricle, the line of union between it and the auricl

proper being indicated in the interior of the adult auricle by a vertical crest {crista terminalis

His). The left horn, which ultimately receives only the left duct of Cuvier, persists as tl

Right auricle

Bvdbus cordis

Ventricle

Fig. 536.—Heart showing expansion of auricles. (Drawn from Ecker-Ziegler mode!.)

coronary sinus (Fig. 494). The vitelline and umbilical veins are soon replaced by a sing

vessel, the inferior vena cava, and the three veins (inferior vena cava and right and left Cuvieria

ducts) open into the dorsal aspect of the auricle by a common slit-like aperture (Fig.

The upper part of this aperture represents the opening of the adult superior vena cava,

lower that of the inferior vena cava, and the intermediate part the orifice of the corona

sinus. The slit-like aperture lies obliquely, and is guarded by two valves, the right and l4

venous valves, which unite with each other above the opening and are continuous with a fc

named the septum spurium. The left venous valve practically disappears, while the right i

subsequently divided to form the Eustachian and Thebesian valves. At the lower extremi

Aortic bidb.

Left auricJe

Left ventricle.

s

Eight auricle.

,Siiperior vena cava.

—Septum transversum.

•Umbilical vein.

Vitelline or Omphalomesenteric vein.

Fig. 537.—Heart of human embryo, 4.2 mm. long, seen from behind. CHis.)

of the slit is a triangular thickening, the spina vestihuli of His, which partly closes the aperti

between the two auricles, and, according to His, takes a part in the formation of both the mii
auricular and interventricular septa.

The auricular canal is at first a short straight tube connecting the auricular with the ve~
tricular portion of the heart, but its growth is relatively slow, and it becomes overlapped by the

auricles and ventricles so that its po.sition on the surface of the heart is indicated only Jby an

annular constriction (Fig. 536). Its lumen is reduced to a transverse slit, and two thickenings

appear, one on its dorsal and another on its ventral wall. These thickenings, or endocardial

cushions (Fig. 542), as they are termed, project into the canal, and, meeting in the middle line,
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jitilte to form the septum intermedium which divides the canal into two channels, the future

rjjht and left auriculoventricular orifices.

rhe primitive auricular cavity becomes subdivided into right and left auricles by an incom-

plete septum, the septum primum (Fig. 542), which grows downward into the auricular cavity.

For a time the two auricles communicate with each other by an opening, the ostium primum of

Born, below the free margin of the septum. This opening is, however, closed by the union of the

septum primum with the septum intermedium, and the communication between the auricles

is reestablished through an opening which is developed in the upper part of the septum primum;

Aortic septum.

Common anrieulo-

iventricular orifice.

Aortic

Pulmonary
artery. ^^-^

Right /^
anriculo- Jm

ventrictUa r-^/f

septum.

1
^orta.

Left
auricula-

yventricular

orifice, /i' vIbiSv orifice.

\
Right
ventricle. Septum Left

inferius. ventricle. Right c A ' jr

ventricle. ^Pt^i-^ tnfertus. ventricle.

Figs. 538 and 539.—Diagrams to show the development of the septum of the aortic bulb and of the ventricles.
(Born.)

this opening is known as the foramen ovale (ostium secundum of Born) , and persists until shortly

after birth. A second septum, the septum secimdum, semilunar in shape, grows downward
from the upper wall of the auricle to the right of the primary septum and foramen ovale, forming
the ventral and lower boundary of the latter. This fold becomes continuous with the Eustachian
valve and forms the adult annulus ovalis. Shortly after birth it fuses with the primary septum,
and by this means the foramen ovale is closed, but sometimes the fusion is incomplete and the

upper part of the foramen remains patent.

The primitive ventricle becomes di\aded by a septum, the septum inferius or interventricular

septum (Figs. 538, 539, 542), which grows upward from the lower part of the ventricle, its jMjsition

Fig. 540.—Diagrams to illustrate the transformation of the bulbus cordis. Ao. Primitive aortic stem. Au. Auricle
B. Bulbus cordis. RV. Right ventricle. LV. Left ventricle. P. Pulmonarj- arterj'. (Keith.)

being indicated on the surface of the heart by a furrow. Its dorsal part grows more rapidly
than its ventral portion, and fuses \\-ith the dorsal part of the septum intermedium. For a time
an interventricular foramen exists above its ventral portion, but this foramen is ultimately closed
by the fusion of the aortic septum with the interventricular septum.
As already stated, the aortic hulh consists of a proximal muscular portion, the bulbus cordis,

and a distal portion, the primitive aortic stem. When the heart assumes its S-shap)ed form the
bulbus cordis lies ventral to or in front of the primitive ventricle. The adjacent walls of the
bulbus cordis and ventricle approximate, fuse, and finally disappear, and the bulbus cordis now
communicates freely with the right ventricle, while the junction of the bulbus with the primitive
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aortic stem is brought directly ventral to and applied to the auricular canal. By the upgrowtH

of the interventricular septum the bulbus cordis is in great measure separated from the lef^

ventricle, but remains an integral part of the right ventricle, of which it forms the infimdilmlm

The primitive aortic stem is divided by the aortic septum (Fig. 541). This makes its appea

ance as two lateral ridge-like thickenings which project into the lumen of the tube from jus

above the level of the sixth arch vessels; these increase in size, and ultimately meet and fuse

form the septum, and thus the primitive aortic stem is divided into the pulmonary artery an^

Aorta. Aorta.
Aorta.

Pulmonary
artery

'^Pulmo-

nary artery.
Pulmonary

artery.

Fig. 541.—Transverse sections through the aortic bulb to show the growth of the aortic septum. The lowest sectio^

is on the left, the highest on the right of the figure. (After His.)

the aorta. The aortic septum takes a spiral course toward the proximal end of the stem, so ths

the two vessels lie side by side above, but near the heart the pulmonary artery is in front of t\

aorta (Fig. 414). The septum grows dow'n into the ventricle as an oblique partition, which ul

timately blends with the interventricular septum in such a way as to bring the bulbous cordi

into communication with the pulmonary artery, and through the latter with the sixth pair(

aortic arches; while the left ventricle is brought into continuity with the aorta which commur
cates with the remaining aortic arches.

Septum sj}urium .

Opening of sinus venosus

Left venous valve

Septum privium

Bight venous
valve

Spina vestibuh

Septum intermedtumi

Auricular cana

Septum inferius

Fig 542.—Interior of dorsal half of heart from a human embryo 10 mm. long. (H'.s.)

The Valves of the Heart.—The auriculoventricular valves are developed in relation

the auricular canal. By the upward expansion of the bases of the ventricles the canal becomi
invaginated into the ventricular cavities. The invaginated margin forms the rudiments of thJ

lateral cusps of the auriculoventricular valves; the mesal or septal cusps of the valves ari

developed as downward prolongations of the septum intermedium. The aortic and pulmonar
valves are formed from four endocardial thickenings—an anterior, a posterior, and two latera

—which appear at the proximal end of the primitive aortic stem. As the aortic .septum growd
downward it divides each of the lateral thickenings into two, thus giving rise to six thickening

—the rudiments of the semilunar valves—three at the aortic and three at the pulmonary orifice
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Further Development of the Arteries.—It has been seen (p. 756) that each primitive aorta

consists of a ventral and a dorsal stem, which are continuous through the first aortic arch. The
dorsal aortse at first run backward separately on either side of the notochord, but about the

third week they fuse from about the level of the fourth thoracic to that of the fourth lumbar
segment to form a single trunk, the descending aorta. The first aortic arches pass through the

mandibular arches, and caudad of them five additional pairs are developed within the branchial

arches; so that, in all, six pairs of aortic arches are formed (Fig. 544). The first and second

arches pass between the ventral and dorsal aortae, while the others arise at first by a common
trunk from the aortic bulb, but terminate separately in the dorsal aortae. As the neck elongates,

the ventral aortse are lengthened, and the third and fourth arches arise directly from these

ssels.

Second aortic arch.

Third aortic arch.

Auditor!/ vesicle

Primitive

jugular vein."^^

Fourth aortic arch!

Fifth aortic. M.
arch.

'

Dorsal aorta.

Cardinal rein.—P--

Mid-gut.

Hind-gut

First aortic arch.

Olfactory pit.

^^Maxillar}/ process.
'~ Hyomandihular cleft.

'"^Mandibular arch.
—Aortic bulb.—Auricle.
—Duct of Cuvier.

Vetitrtcle.

Allantois.

- Umbilical {allantoic aHery).

Umbilical rein.

Fig. 543.—Profile view of a human embryo estimated at twenty or twenty-one days old, (After His.)

In fishes these arches persist and give off branches to the gills, in which the blood is oxygenated.
In mammals some of them remain as permanent structures, while others disappear or become
impervious (Fig. 544).

The Ventral Aortae.—These persist on both sides. The right forms (a) the innominate
artery, (b) the right common and external carotid arteries. The left gives rise to (a) the short
portion of the aortic arch, which reaches from the origin of the innominate artery to that
of the left common carotid artery; (6) the left common and external carotid trunks.
The Aortic Arches.—The first and second disappear; the third (carotid arch) constitutes

the commencement of the internal carotid artery. The fourth right arch forms the right sub-
clavian as far as the origin of its internal mammary branch; while the fourth left arch con-
stitutes the arch of the aorta between the origin of the left carotid artery and the termination of
the ductus arteriosus. The fifth arch disappears on both sides. The sixth right arch disappears

;
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the sixth left arch gives off the pulmonary arteries and forms the ductus arteriosus; this duct

remains pervious throughout fetal life, but becomes impervious a few days after birth.'

The Dorsal Aortse.—Cephalad of the third aortic arches the dorsal aortje persist and form
the headward continuation of the internal carotid arteries. Caudad of the third arch the right

dorsal aorta disappears as far as the point where the two dorsal aortse fuse to form the descending

aorta. The part of the left dorsal aorta which intervenes between the third and fourth arches

disappears, while the remainder persists to form the descending part of the arch of the aorta.

A constriction, the aortic isthmus, is sometimes seen in the aorta between the origin of the left

subclavian and the attachment of the ligamentum arteriosum. Below this isthmus the aorta

expands slightly to form the aortic spindle.

Sometimes the right subclavian artery arises from the aortic arch beyond the origin of the left

subclavian and passes upward and to the right behind the trachea and oesophagus. This con-

dition may be explained by the persistence of the right dorsal aorta and the obliteration of the

fourth right arch.

In birds the fourth right arch forms the arch of the aorta; in reptiles the fourth arch on both
sides persists and gives rise to the double aortic arch in these animals.

The heart originally lies on the ventral aspect of the pharynx, immediately caudad of the stoma-
todeum. With the elongation of the neck and development of the lungs it recedes within the

thorax, and, as a consequence, the anterior ventral aortse are drawn out and the original position

of the fourth and fifth arches is greatly modified. Thus, on the right side the fourth recedes to

External carotid

Ventral aorta

Internal carotid

Common carotid

Aortic arch

Right subclavian
artery

Right pulmonary
artery

Trunk of pulmonary
artery

Ductus arteriosus

Vertebral artery

Subclavian artery

Left pulmonary artery

Fig. 544.—Scheme of the aortic arches and their derivatives. (Mod'fied from Kollmann.)

the root of the neck, while on the left side it is withdrawn within the thorax. The recurrent

laryngeal nerves originally pass to their distribution under the sixth pair of arches, and are

therefore pulled backward with the descent of these structures, so that in the adult the left hooks

around the ligamentum arteriosum; owing to the disappearance of the fifth and the sixth right

arches the right nerve hooks around that immediately above them, i. e., the commencement of the

subclavian artery. A series of segmental arteries arises from the primitive dorsal aortae, those in

the neck alternating with the cervical segments of the vertebral column. The seventh segmental

artery, which lies between the sixth and seventh cervical segments, is of special interest, since it

forms the lower part of the vertebral artery and, when the forelimb bud appears, sends a branch

to it (i. e., the subclavian artery) ; the upper part of the vertebral artery is formed by an inter-

segmental anastomosis between the higher segmental arteries. From the seventh segmental

arteries the entire left subclavian and the greater part of the right subclavian are formed.
The subclavian artery is prolonged into the limb under the names of the axillary and brachial

arteries, and these together constitute the arterial stem for the upper arm. The direct con-

tinuation of this stem into the forearm forms the anterior interosseous artery; while the radial

and ulnar vessels, which ultimately exceed this artery in size, are in reality lateral branches of the

main stem.

The formation of the primary caudal branches has already been referred to (p. 755), and the

fusion of the dorsal aortse to form the greater part of the systemic aorta has been pointed out

' His found that in the young embryo the right and left sixth arches each give off a branch to the lungs, bu
that later both pulmonary arteries take origin from the left arch.
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(page 761). The middle sacral artery of the adult was formerly regarded as the direct con-
tinuation of the adult aorta, but Young and Robinson' maintain thai it is a secondary branch,
probably representing fused segmental arteries. The caudal continuations of the aortfe in the
adult are the common iliac, internal iliac, and the partially impervious hypogastric arteries.

The hypogastric arteries are continued into the umbilical cord as the umbilical arteries. After
birth they become impervious cords from the umbilicus as far as the origin of the superior vesical

arteries.

The primary arterial stem for the lower limb is formed by the sciatic artery, which accom-
panies the great sciatic nerve along the posterior aspect of the thigh to the back of the knee,
where it is continued as the peroneal artery. The femoral artery arises later as a branch of the
common iliac, and, passing down the front and inner side of the thigh to the bend of the knee,
joins the sciatic artery. The femoral quickly enlarges, and coincidently with this the part of
the sciatic immediately above the knee undergoes atrophy. The anterior and posterior tibial

arteries are branches of the main arterial stem.

Bight primitive jugular vein.

Eight cardinal vein. . ..

Hight duct of Cuvier.-.^

Sinus venosus.-

Right hepatic ••"'" ^ ^mm ii n
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''jugular vein.

"ft cardinal vein.

T ' Left duct of Cuvier.
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- Ductus reno-^us.
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Fig. 545.—Human embryo with heart and anterior body wall removed to show the sinus venosus and'
its tributaries. (After His, from Kollmann's Entwickelungsgeschichts.)

Further Development of the Veins.—The formation of the great veins of the embryo maj
be best considered by dividing them into two groups, visceral and parietal.

The visceral veins are the two vitelline or omphalomesenteric veins bringing the blood from
the yolk sac, and the two umbilical or allantoic veins returning the blood from the placenta;

these four veins open close together into the sinus venosus (Fig. 547).

The vitelline veins run cephalad at first in front, and subsequently on either side of the intestinal

canal. They unite on the ventral aspect of the canal, and beyond this are connected to one
another by two cross branches, the first on the dorsal, the second on the ventral aspect of the

duodenal portion of the intestine, which is thus encircled by two venous rings (Fig. 546). The
portions of the veins above the upper ring become invaded by the developing liver and broken
up by it into a plexus of small capillary-like vessels termed sinusoids (Minot). The branches
conveying the blood to this plexus are named the venae advehentes, and become the branches of the

' Journal of Anatomy and Physiology, vol. xxxii.
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portal vein; while the vessels draining the plexus into the sinus venosus are termed the vi'imp.

revehentes, and form the future hepatic veins (Figs. 545 and 546). Ultimately the left vena

revehens no longer communicates directly with the sinus venosus, but opens into the right vena

revehens. The lower part of the portal vein is formed from the fused vitelline veins which

receive the veins from the alimentary canal; its upper part is derived from the venous rings by the

persistence of the left half of the lower and the right half of the upper ring, so that the vessel

forms a spiral turn round the duodenum (Fig. 546).

The tivo umbilical veins fuse early to form a single trunk in the body stalk, but remain separan

within the embryo and pass forward to the sinus venosus in the side walls of the body. Like tin

vitelline veins, their direct connection with the sinus venosus becomes interrupted by the inva-

sion of the liver, and thus at this stage the whole of the blood from the yolk sac and placenta

passes through the substance of the liver before i,t reaches the heart. The right umbilical vein

becomes disconnected from the sinus venosus, shrivels, and forms a small vein of belly wall;

the left, on the other hand, becomes enlarged and opens into the upper venous ring of the

vitelline veins. Finally, a direct channel is established between this ring and the heart;

this channel is called the ductus venosus, and, enlarging rapidly, forms a wide channel

through which most of the blood, returned from the placenta, is carried directly to the heart

without being obliged to pass through the liver. The left umbilical vein and ductus venosus

become impervious after birth, and form, respectively, the ligamentum teres and ligamentnm

venosum of the liver (Fig. 1071).

Ventral detached portions
of umbilical veins. y^„^^ revehentes.

Stomach. _ _ _
•Ductus venosus.
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Fig. 546.—The liver, and the veins in connection with it, of a human embryo, twenty-four or twenty-five

days old, as seen from the visceral surface. (After His.) (Copied from Milnes .Marshall's EmbryoloRy.)

The Parietal Veins.—The first indication of a parietal system consists in the appearance of

two short transverse veins (the ducts of Cuvier), which open, one on either side, into the .sinus

venosus. Each of these ducts receives an ascending and descending vein. The ascending

veins return the blood from the parietes of the trunk and from the mesonephroi, and are called

postcardinal veins. The descending veins return the blood from the head and upper limbs,

and are called the precardinal or primitive jugular veins (Fig. 547). The blood fron) the

lower limbs is collected by the right and left iliac veins, which, in the earlier stages of develop-

ment, open into the corresponding right and left postcardinals (Fig. 548) ; later on, a transverse

channel (the left common iliac vein) is developed between the caudal parts of the two post-

cardinal veins (Fig. 549), and through this the blood is carried to the right postcardinal vein.

The portion of the left postcardinal vein below the level of the left renal vein atrophies and dis-

appears up to the point of entrance of the left spermatic vein; above this level the left ])o.st-

cardinal persists as the superior and inferior azygos minor veins. The right postcardinal vein,

which now receives the blood from both lower limbs, forms a large venous trunk along the posterior

abdominal wall. Above the level of the renal veins the right postcardinal vein jicrsists as the

vena azygos major, and receives the right intercostal veins, while the azygos minor veins are

brought into communication with it by the development of transverse anastomotic channels in

front of the vertebral column (Fig. 514).
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Inferior Vena Cava.—The development of the inferior vena cava is associated with the

formation of two jiairs of veins, the subcardinal and supracardinal veins (Figs. 548 and 549), and

with the ductus venosus. The subcardinal veins he parallel to, and ventrad of, the postcardinal

veins and originate as longitudinal anastomosing channels which communicate with the post-

Sinus venosus

Precardinal

Subclavian

Duct of Cuvier

Vitelline

Umbilical

Postcardinal

Subcardinal

Renal,

External iliac

Internal iliac

fFiG. 547.—Scheme of arrangement
of parietal veins.

Internaljugular

Externaljugular

Subclavian

Duct of Cuvier

Left postcardinal

Ductus venosus

Renal

Subcardinal

External iliac

Internal iliae

Fig. 548.—Scheme showing early stages of
development of the inferior vena cava.

cardinals above and below and also with each other by a series of transverse channels. Of the
transverse channels, only one persists to join each renal vein. The left subcardinal vein practi-

cally disappears, while the right subcardinal enlarges and joins the ductus venosus cephalad and
the right postcardinal caudad. At this stage the blood draining the lower extremities passes
along a right-sided channel which courses ventrad of the ureter.

Internal
jugul

Subclavian

Renal
Spermalic

Subclavian

Suprarenal

R&iruU

Spermaixe

Fio. 549.—Diagram illustrating the development of the inferior vena cava in the cat. The cardinal and
subcardinal veins and du?tus venosus are blue and the supracardinal black. (Adapted from McClure and
Huntington.)

The supracardinal veins develop as bilaterally symmetrical channels dorsomesad of the

po.stcardinals, h\ longitudinal anastomoses between parietal postcardinal tributaries (Huntington
and McClure). Each vein extends from where the posterior limb veins open into the post
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cardinals to the junction of the primitive renal vein with the transverse subcardinal segment'

and is situated dorsad of the corresponding ureter. The two supracardinals fuse almost wholly!

into a single channel and largely replace the postrenal segment of the primitive postcardinal sys-

tem. To review, it is seen that the inferior vena cava is a composite vessel made up of the fol-

lowing parts, enumerated in order from the heart: (1) The part of the ductus venosus between the

hepatic veins and the heart; (2) the cephalic part (renal level) of the right subcardinal; (3) the

fused supracardinals, the caudal portions only remaining separate to drain the right and left

iliacs (Fig. 549).

In consequence of the atrophy of the Wolffian bodies the postcardinal veins diminish in size

the precardinal veins, on the other hand, become enlarged, owing to the rapid developmer

of the head and brain. They are further augmented by receiving the veins (subclavian) froE

the upper extremities, and so come to form the chief veins of the Cuvierian ducts; these duct

gradually assume an almost vertical position in consequence of the descent of the heart intc

the thorax. The right and left Cuvierian ducts are originally of the same diameter, and are

frequently termed the right and left superior venae cavae. By the development of a transvers

channel (the left brachiocephalic vein) between the two precardinal veins, the blood is carrie

across from the left to the right precardinal (Fig. 547). The portion of the right primitiv^

jugular vein between the left brachiocephalic and the vena azygos major forms the upper par

of the superior vena cava of the adult; the lower part of this vessel (r. e., below the entrance

the vena azygos major) is formed by the right Cuvierian duct. Below the origin of the trans

verse channel the left primitive jugular vein and left Cuvierian duct atrophy, the former con-^

stituting the upper part of the left superior intercostal vein, while the latter is represented by

the vestigial fold and oblique vein of Marshall. Both right and left superior venae cavae are

present in some animals, and are occasionally found in the adult human being. The obliqui

vein of Marshall passes downward across the back of the left auricle to open into the coronar

sinus, which, as already indicated, represents the persistent left horn of the sinus \ enosus.

The primitive jugular or precardinal veins are situated on the ventral surface of the brail

on the mesal side of the cranial nerve roots. A considerable portion of each of these veil

disappears and is replaced by a vein which is developed on the lateral aspect of the crania

nerves from the fifth to the twelfth, inclusive. This new vein (vena capitis lateralis) leaves thi

skull in company with the facial nerve. The blood from the hind-brain is collected into a veiJ

(the future lateral sinus) which passes through the foramen jugulare on the lateral aspect

the vagus nerve; here the two vessels join to form the internal jugular vein. On the dorssi

aspect of the ear capsule an anastomotic channel is opened up between the vena capitis lateralS

and the lateral sinus; and, coincident with this, the portion of the former vein which extenc

from the fifth to the tenth cranial nerve becomes obliterated, and thus the whole of the bloc

from the brain is ultimately drained away by the lateral sinuses. The primitive jugular veii

is therefore represented in the adult by the internal jugular, and not by the external jugulai

as is usually stated.^ The external jugular vein is a vessel of later formation, which at fira

drains the region behind the ear (posterior auricular) and enters the primitive jugular as a latera

tributary. A group of veins from the face and lingual region converge to form a common veit

the linguofacial,^ which also terminates in the primitive jugular. Later, cross communicatiot

develop between the external jugular and the linguofacial, with the result that the posterio

group of facial veins are transferred to the external jugular.

The development of the lymphatics will be described at the beginning of the section on thd

lymph-vascular system.

'Consult Die Entwickelung des Blutgefass-systems, by Hochstetter, in Hertwig's Entwickelungslehre; an^
a'so an article by Mall in the American Journal of Anatomy, December, 1904, vol. iv.

2 Heuer, American Journal of Anatomy, February, 1909, vol. ix. No. 1.



THE LYMPHATIC SYSTEM.

The lymphatic system* includes the lymphatic vessels and lymph nodes or

lymphatic glands. The lymphatic vessels of the small intestine receive the special

designation of lacteals or chyliferous vessels; they differ in no respect from the

lymphatic vessels, except that during digestion they contain a milk-white fluid,

the chyle.

It is now generally held that the lymphatic system is a closed system peripher-

ally, and that the tissue spaces are not in direct communication with lymphatics,,

although Mall has shown that granules injected into the portal vein are returned

by both lymphatics and veins. Elsewhere, apparently, the absorption of the

Ivmph is carried on by transudation through the endothelial lining of the lymph
vessels and not by permanent openings (the so-called stomata) between the endo-

thelial cells.

The tissue spaces {lymph spaces) are found in practically all tissues and organs,

and may be classified as pericellular or intercellular, perivascular and perineural

spaces, which are not lined by endothelium. The lymph exudes into these spaces

out of the blood capillaries and transudes into the lymphatic capillaries wherever

such exist. Spaces like the subdural and subarachnoid, and the serous cavities

of the body (pleural, pericardial, peritoneal, synovial bursae) are lined by endo-

thelium, through which the lymph transudes by osmosis, while the lymphocytes

may actually traverse the membrane. The ventricles of the brain and the central

canal of the spinal cord, lined by the ependyma, contain a similar fluid derived

from the plasma of the blood in the choroid plexuses, and they communicate with

tiie subarachnoid space through the foramen of Magendie and those of Key and
Retzius.

Lymph is a transparent, colorless or slightly yellow fluid of a specific gravity

of 1.015, more dilute than the blood plasma from which it is derived, containing

only about 5 per cent, of proteins and 1 per cent, of salts and extractives. It

contains formed elements of the lymphocyte class, and is slightly coagulable.

Chyle is the intestinal lymph which is of a milky appearance during digestion

on account of the emulsified fats absorbed by the lacteals.

The lymphatic vessels are arranged into a superficial and a deep set. On the
surface of the body the superficial lymphatic vessels are placed immediately beneath
the integument, accompanying the superficial veins; they join the deep lymphatics
in certain situations by perforating the deep fascia. In the interior of the body the

lymphatics lie in the submucous areolar tissue throughout the whole length of

the gastropulmonary and genitourinary tracts, and in the subserous tissue of the

thoracic and abdominal cavities. In the cranial cavity the perivascular sheaths
are lymph spaces. A plexiform network of minute, closed, capillary lymphatics
may be found interspersed among the proper elements and bloodvessels of the
several tissues, the vessels composing which, as well as the meshes between them,
are much larger than those of the capillary bloodvessel plexus. From these

networks small collecting vessels emerge, pass to a neighboring node, and divide

' In the revision of the section on the lymphatic system, the editor has consulted the work by Poirier and
Cuneo, translated by Cecil H. Leaf, 1904; the articles by Sabin, Lewis, and Heuer in the American Journal of
Anatomy, February 1, 1909; and the articles by Huntington. McClure, and others (symixjsium) in the Anatom-
ical Record, May, 1908. Consult also G. S. Huntington and C. F. W. McClure, on the Anatomy and Develop-
ment of the Jugular Lymph Sacs in the Domestic Cat (Felis domest'ca), American Journal of Anatomy, April,
1910, vol. X, No. 2, and several articles by various authors in the Anatomical Record, vol. vi. No. 6, June 20, 1912.

(767)
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into a capillary network in the node. Numerous small vessels emerge from the

node, which unite into one lymphatic vessel, which joins a larger lymphatic

trunk, which empties into a tributary of the superior vena cava. The deep

lymphatics, fewer in number and larger than the superficial, accompany the deep
bloodvessels. Their mode of origin is probably similar to that of the superficial

vessels. The lymphatics of any part or organ exceed the veins in number and in

capacity, 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

calibre to those which they conneci, the continuous trunks retaining the same
diameter throughout.

The lymph nodes, or lymphatic glands (lyrnphoglandulae) , are small, solid, gland-

like bodies situated in the course of the lymphatic and lacteal vessels. They
vary from microscopic dimensions to the size of an olive, and their color, on section,

is of a pinkish-gray tint, excepting the bronchial

nodes, which in the adult are mottled with black,

the hepatic nodes, which are yellow, and the splenic

nodes, which are brown. Each node has a layer or

capsule of cellular tissue investing it, from which
prolongations dip into its substance, forming parti-

tions. The lymphatic and lacteal vessels traverse

these nodes in their passage to the lymphatic ducts.

Before entering a node a lymphatic or lacteal vessel

divides into several small branches, which are named
afferent vessels (yasa afferentia). As they enter, the

external coat becomes continuous with the capsule of

the node, and the vessels becoming much thinned,

and consisting only of their internal or endothelial

coat, pass into the node, and branch out upon and
in the tissue of the capsule, these branches opening

into the lymph sinuses of the node. There is an ex-

tensive sinus beneath the capsule; from this subcap-

sular sinus numerous channels run inward to a central

sinus. From both sinuses fine branches proceed to

form a plexus, the vessels of which unite to form a

single efferent vessel (vas efferens), which, on emerg-

ing from the node, is again invested with an external

coat from the gland capsule. The lymph nodes are

filters or traps through which lymph and chyle flow,

and also have a cytogenic function. In the nodes are masses of newly formed
lymphocytes which attack any bacteria in the lymph or chyle.

Like the lymphatics, the lymph nodes are arranged in superficial and deep sets;

they are usually embedded in fat and are distinctly movable. Occasionally a

node exists alone, but, as a rule, from eight to twelve, or even more, are assembled

in communities or chains, and are usually arranged around bloodvessels. The
nodes have a plentiful blood supply, and contain not only vasomotor nerves, but

definite nerve plexuses. Besides the nodes, the body contains numerous lymphoid

areas, which, in structure and function, are allied to lymph nodes (tonsils, Peyer's

patches, etc.).

Hemolymph nodes exist in various regions, but are most common in the abdomen
in front of the vertebrae. They are like ordinary lymph nodes in form and also

in size, but differ from them in being deep red instead of light pink. Their func-

tion is to destroy red blood cells and to form lymphocytes, phagocytes, and eosino-

philes. Hemolymph nodes develop like the ordinary lymphatic nodes except that

the sinuses are blood channels.

Fig. 550.—A lymph node with its

afferent and efferent vessels. (Tes-
tut.)



THE L YMPHA TIC SYSTEM 769

Structure of Lsrmphatics.—^The lymphatic vessels, including in this term the lacteal vessels,

which are identical in structure with them, are composed of three coats. The internal is an

endothelial and elastic coat. It is thin, transparent, slightly elastic, and ruptures more easily

than the other coats. It is composed of a layer of elongated endothelial cells with serrated

margins, by which the adjacent cells are dovetailed into one another. These are supported on

a fibro-elastic membrane. The middle coat is composed of smooth muscle and fine elastic

fibres, disposed in a transverse direction. The external coat consists of connective tissue, inter-

mixed with smooth muscle fibres, longitudinally or obliquely disposed. It forms a protective

covering to the other coats, and serves to connect the vessel with the neighboring structures.

The above description applies only to the larger lymphatics; in the smaller vessels there is no mus-

cular or elastic coat, and the wall consists only of a connective-tissue coat, lined by endothelium.

The thoracic duct has a more complex structure than the other lymphatics; it presents a distinct

sul>entlothelial layer of branched cells, similar to that found in the arteries, and in the middle

coat is a layer of connective tissues with its fibres arranged longitudinally. The lymphatics are

supplied by nutrient vessels, which are distributed to their outer and middle coats; and here

also have been traced many amyelinic nerve fibres in the form of several fine plexuses of

fibrils.

The IjTnphatics are ver>' generally provided with valves, which assist materially in effecting

the flow of the lymph. These valves are formed of thin layers of fibrous tissue, covered on both

surfaces by endotheUum, which presents the same arrangement upon the two surfaces as was
descril^ed in connection with the valves of veins. In form they are semilunar; they are attached

by their convex edges to the sides of the vessel, the concave edges being free and directed along

the course of the contained current. Usually two such valves, of equal size, are found oppo-

site each other; but occasionally exceptions occur, especially at or near the anastomoses of

lymphatic vessels. Thus, one valve may be of very rudimentary size and the other increased in

proportion.

The valves in the lymphatic vessels are placed at much shorter intervals than in the veins.

They are most numerous near the lymphatic nodes, and are found more frequently in the lym-

phatics of the neck and upper extremity than in those of the lower extremity. The wall of a
lymphatic 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 appearance
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.

Lymphatic vessels have been found in nearly every tissue and organ of the body which con-
tains bloodvessels; nonvascular structures, such as cartilage, the nails, cuticle, and hair, have
none. Lymphatic vessels have not been demonstrated in the brain, spinal cord, eyeball, and
internal ear; the pathway of the lymph is apparently along the intercellular and perivascular

tissue spaces.

Origin of Lymphatics.—The finest lymphatic vessels (lymphatic capillaries)

form a plexiform network in the tissues and organs, and their walls consist of a
single layer of endothelial plates, with more or less sinuous margins; the vessels

of the lymphatic system, therefore, form a series of closed tubes similar to those of

the blood-vascular system. The lymphatic vessels, for the most part, accompany
the arteries or veins throughout the body ; sometimes a minute artery may be seen
to be ensheathed for a certain distance by a lymphatic capillary vessel, which is

often many times wider than a blood capillary. These are known as perivascular

lymphatics.

Terminations of Lymphatics.—The lymphatics, including the lacteals, dis-

charge their contents into the veins at two points, namely, at the angles of junction
of the subclavian and internal jugular veins—on the left side by means of the

thoracic duct, and on the right side by the right lymphatic duct.

Development of the Lj^mphatic Vessels.^The lymphatic system begins as a series of sacs

at the points of jimction of certain of the embrj'onic veins. These lymph spaces are developed
from their first inception as independent perivenous mesenchjTnal intercellular clefts. The
cells lining these spaces develop into a Konphatic intimal endothelium.

'

In the human embryo the lymph sacs from which the IjTiiphatic vessels are derived are six

in number—two paired, the jugular and the caudal hTnph sacs; and two unpaired, the retro-

peritoneal and the cisterna chyli. In lower mammals an additional pair, subclavian, is present,
but in the human embryo these are merely extensions of the jugular sacs.

Cf. Huntington, Anatomical Record, vol. iv, No. 11, November, 1910.

49
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The position of the sacs is as follows: (1) jugular sac, at the junction of the subclavian vein

with the primitive jugular; (2) caudal sac, at the junction of the iliac vein with the postcardi-

nal; (3) retroperitoneal, in the position of the cross-branch between the renal veins; (4) cistema

chyll, at the site of the cross-branch between the two iliac veins (Fig. 551). From the lymph
sacs the lymphatic vessels bud out along fixed lines corresponding more or less closely to the

course of the embryonic bloodvessels. Both in the body wall and in the wall of the intestine

the deeper plexuses are the first to be developed ; by continued growth of these the vessels in the

superficial layers are gradually formed. By the confluence of peri-azygos lymphatic segments the

thoracic duct is formed; this gains connection with the venous system at the site of the jugular

lymph sac. At its connection with the cisterna chyli it is at first double, but the right vessel soon

joins with the left.

'

All the lymph sacs except the cistema chyli are, at a later stage, divided up by slender

connective-tissue bridges and transformed into groups of lymph nodes. The lower portion of

the cisterna chyli is similarly converted, but its upper portion remains as the receptaculum
chyli.

Left innominate

J'ugular lymph-sac

Right innominate

Vena cava superior

Prerenal part of
vena cava inferior x", .

Postrenal part of
vena cava inferior

Cisterna chyli

Caiidal lymph-sac

Internaljugular

External jugula/r.

Duct of Cuvier

Left poatcardinal

Left capsular

Left renal

Retroperitoneal
lymph-sac

Left common iliac

External iliac

Internal iliac

Fig. 551.—Scheme showing relative positions of primary lymphatic sacs based on the description given by_

Florence Sabin.

Applied Anatomy.—The lymphatic channels and nodes draining any infected area of the

body are very liable to become infected, and do so with the production of acute or chronic lymph-

angitis and lymphadenitis. In acute cases the paths of the superficial lymphatics are often

marked out on the skin by the appearance over them of the four cardinal signs of inflammation

—

pain, redness, heat, and swelling—while the nodes swell and may suppurate. Chronic inflam-

mation leads to growth and fibrosis of the lymphatics and the connective tissue around themj

obstruction to the passage of the lymph results, as the fibrous tissue contracts and causes stenosis

or obliteration of the lymphatic channels, and hard edema of the involved skin and subcutaneous

tissue follows (pachydermia lymphangiedatica). Chronic lymphangitis, together with the

blocking of numerous lymphatic vessels by the escaped ova of the minute parasitic worm Micro-

filaria nocturna, is the cause of elephantiasis, a condition common in the tropics and subtropics,

and characterized by enormous enlargement and thickening of the integument of some part of

the body, most frequently the leg. Tubercular and syphilitic enlargements of the lymphatics

and nodes are both very commonly met with. Primary tumors of the lymphatics are lymphan-

gioma and endothelioma; the so-called "congenital cy.stic hygroma" of the neck, arm, trunk,

or thigh is a cystic lymphangioma. Primary tumors of the lymph nodes may be benign (lymph-

adenoma, myxoma, chondroma) or malignant (lymphosarcoma) ; cancer is an extremely common
secondary affection.

In an operation for cancer it is not sufficient to cut wide of the growth and remove it; it is

imperatively necessary to remove the lymph nodes which receive lymph froni the diseased
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I

area, and also, when possible, the lymphatic vessels between the cancer and the nodes. Nodes

are diseased very early in cancer, long before they are palpably enlarged, and are usually infected

by emboli of cancer cells. The rule is in ^ ^
.

any cancer, however recent, to regard the ,^", ' ^ '

associated nodes as diseased, whether en-

larged or not, and to remove them thor-

oughly, if possible, in one piece, with the

intervening lymph vessels and the area of

primary malignant growth.

Riflht

lymphatic
duct.

THE THORACIC DUCT.

The thoracic duct (dudiis tkorac-

icus) (Fig. 552) conveys the great

mass of lymph and chyle into the

blood. It is the common trimk of

all the lymphatic vessels of the body,

excepting those of the right side of

the head and neck, the right upper

extremity, the right lung, right side

of the heart, and part of the convex

surface of the liver. In the adult it

varies in length from 15 to 18 inches

(38-45 cm.), and extends from the

second lumbar vertebra to the root

of the neck. It commences in the

abdomen at a triangular or fusi-

form dilatation, the receptaculum

chyli, which is situated upon the

front of the bodies of the first and
of the second lumbar vertebrae, to

the right side and behind the aorta,

overlapped by the right crus of the

Diaphragm. It enters the thorax

through the aortic opening in the

Diaphragm, lying to the right of

the aorta, and is then placed in

the posterior mediastinum between
the aorta and vena azygos major.

Here it lies in front of the vertebral

column, from which it is separated

by the right intercostal arteries,

and by the azygos minor veins as

they cross the middle line to open
into the vena azygos major. Op-
posite the fifth thoracic vertebra it

inclines toward the left side, enters

the superior mediastinum, and
ascends behind the arch of the aorta
on the left side of the oesophagus, and behind the first portion of the left sub-
clavian artery, to the upper opening of the thorax. Opposite the seventh cervical

vertebra it turns outward in front of the vertebral artery and vein, behind the left

common carotid artery and vagus nerve, and then curves downward over the
subclavian artery and in front of the Scalenus anticus muscle and the phrenic
nerv^e, so as to form an arch; it terminates in the angle of junction of the left

Fig. 552.

—

The thoracic and right lymphatic ducts.
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subclavian artery and in front of the Scalenus anticus muscle and the phrenic
nerve, so as to form an arch; it terminates in the angle of junction of the left

subclavian vein with the left internal jugular vein. It usually opens at the apex
of the angle in the superior and outer surface, but may open on the posterior

surface. Sometimes it terminates by two or more branches. Figs. 552 and 554
show the termination of the thoracic duct. The .thoracic duct, at its commence-
ment, is about 2 to 3 mm. in diameter, diminishes considerably in its caliber in

the middle of the. thorax, and is again dilated just before its termination, the

ampulla. It is generally flexuous in its course, the older the person the greater

the flexuosity, and it is constricted at intervals so as to present a varicose appear-

ance. The thoracic duct not infrequently divides in the middle of its course into

two branches of unequal size, which soon reunite, or divides into several branches,

which form a plexiform interlacement. It occasionally divides, at its upper part,

into two vessels, 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 several valves throughout its whole
course, but they are more numerous in the upper than in the lower part, and the

lower valves are not competent; at its termination it is provided with a pair of

competent valves, the free borders of which are turned toward the vein, so as to

prevent the passage of venous blood into the duct.

Fig. 553.—Modes of origin of the thoracic duct: a. Thoracic duct. a'. Receptaculum chyli. h, c. Efferent trunks
from lateral aortic nodes, d. An efferent passing through the left crus of the diaphragm, e, f. Lateral aortic

nodes, g. Preaortic node. h. Retroaortic node. i. Common intestinal trunk. ;'. Descending tributary from
intercostal lymphatics. (Poirier and Charpy.)

The receptaculum zYij^icisterna chyli) (Figs. 552 and 553) receives the two lumbar

lymphatic trunks, right and left, and the intestinal lymphatic trunk. The lumbar

lymphatic trunks (trunci lumhales) are formed by the union of the efferent vessels

from the lateral aortic lymph nodes. They receive the lymph from the lower

limbs, from the walls and viscera of the pelvis, from the kidneys and suprarenal

bodies, and the deep lymphatics of the greater part of the abdominal wall. The
intestinal lymphatic trunk (truncus intestinalis) receives the lymph from the

stomach and small intestine, from the pancreas and spleen, and from the lower

and front part of the liver.

Tributaries.—Opening into the commencement of the thoracic duct, on either

side, is a descending trunk from the posterior intercostal nodes of the lower six

or seven intercostal spaces. In the thorax the duct is joined, on either side, by

a trunk which drains the upper lumbar nodes and pierces the crus of the Dia-

phragm. It also receives the efferents from the posterior mediastinal nodes and

from the posterior intercostal nodes of the upper six left spaces. In the neck it

is joined by the left jugular, left subclavian,and internal mammary trunks, and some-

times by the left bronchomediastinal trunk; the last named, however, usually opens

independently into the junction of the left subclavian and internal jugular veins.
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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 single layer of flattened

endothelial cells; of a subendothelial layer, similar to that found in the arteries; and an elastic

fibrous layer, the fibres of which run in a longitudinal direction. Each endothelial cell is shaped

like a lance-head and has serrated borders. The middle coat consists of a longitudinal layer

LONGUS COLLI MU8CLC
COMMON CAROTID
ARTERY
LEFT VAGUS
NERVE
VERTEBRAL ARTERY

VERTEBRAL VEIN

THORACIC DUCT

INTERNAL JUGULAR
VEIN
EXTERNAL JUGULAR
VEIN
ANTERIOR JUGULAR
VEIN
SUBCLAVIAN
VEIN

Fig. 534.—The bend of the thoracic duct at its termination in the subclavian vein. (Poirier and Charpy.)

of white connective tissue with elastic fibres, external to which are several laminse of muscle

tissue, the fibres of which are for the most part disposed transversely, but some are oblique or

longitudinal. The muscle fibres are intermixed with elastic fibres. The external coat is

composed of areolar tissue, with elastic fibres and isolated fasciculi of nonstriated muscle fibres.

The Right Lymphatic Duct (Ductus Lymphaticus Dexter) (Figs. 552, 555).

The right lymphatic duct, about half an inch in length, courses along the inner

border of the Scalenus anticus at the root of the neck and terminates in the right

Fig. 55.5.—Terminal collecting trunks of the right side: a. Jugular trunk fc. Subclavian trunk, c. Broncho-
mediastinal trunk, d. Right lymphatic trunk, e. Node of the internal mammary chain. /. Node of the deep
cervical chain. (Poirier and Charpy.)

subclavian vein at its angle of junction with the right internal jugular vein. The
orifice of the right lymphatic duct is guarded by two semilunar valves, which
prevent the passage of venous blood into the duct.

Tributaries.—It receives the lymph from the right side of the head and neck
through the right jugular trunk; from the right upper extremity through the right

subclavian trunk; from the right side of the thorax, the right lung, and right side
of the heart, and from part of the convex surface of the liver, through the right

hronchomediastinal trunk. These three collecting trunks frequently open sepa-
rately in the angle of union of the two veins.
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Applied Anatomy.—Blockage of the thoracic duct by mature specimens of the minute

parasitic worm Microfilaria nocturna gives rise to stasis of the chyle, anci to its passage in various

abnormal directions on its course past the obstruction. The neighboring abdominal, renal,

and pelvic lymphatics become enlarged, varicosie, and tortuous, and chyle may make its way
into the urine (chyluria), the tunica vaginalis (chylocele), the abdominal cavity {chylous ascites),

or the pleural cavity (chylous pleural effusion), in consequence of rupture of some of these

distended lymphatic vessels.

The thoracic duct may be secondarily infected in intestinal or pulmonary tuberculosis, and
may contain either miliary tubercles, caseating tuberculous masses, or even tuberculous ulcers.

It is often the seat of secondary carcinomatous deposits in cases of cancer of some abdominal

viscus, becoming infiltrated throughout until it becomes a stifT moniliform rod as thick as a

pencil, with multiple stenoses and dilatations of its lumen; in such cases the left supraclavicular

nodes often become infected and enlarged, while the lungs remain entirely free from secondary

growths.

LYMPHATICS OF THE HEAD, FACE, AND NECK.

Intracranial lymphatics have not been demonstrated. It is probable, but not

yet conclusively demonstrated, that the perivascular spaces around the cerebral

arteries are the beginning of a cerebral lymph system, and that these perivascular

lymph channels pass out of the cranium with the arteries and the internal jugular

veins and terminate in the superior deep cervical nodes. It is also probable

that lymph spaces surround the dural bloodvessels and terminate in the superior

deep cervical and the internal maxillary nodes. The lymphatics of the nasal

fossae can be injected from the subdural and subarachnoid spaces.

The extracranial lymphatics are divided into superficial and deep, and the two

systems freely communicate. All of these vessels run into nodes about the

head and neck. The superficial lymphatics take origin in the subcutaneous

tissue and superficial muscles. The deep vessels arise in the orbit, mouth, nose,

pharynx, oesophagus, tongue, larynx, and the muscular, ligamentous, and osseous

structures.

The L3rmph Nodes of the Head and Face.

The lymphatic nodes of the head and face are as follows:

1. The Occipital.

2. The Posterior Auricular.

3. The Parotid arid Subparotid.

4. The Facial.

5. The Internal Maxillary.

6. The Lingual.

7. The Retropharyngeal.

The occipital nodes (lymphoglandulae occipitales) (Fig. 556), one to thi

in number, are situated upon the occipital insertion of the Complexus muscle

at the lateral border of the Trapezius, and beneath the deep fascia. They
afferents drain the occipital region of the scalp, while their efferents pass to th|

upper deep cerv-ical nodes.

The posterior auricular or mastoid nodes (lymphoglandulae aurkulare

posteriores (Fig. 556), usually two in number, are situated upon the mastoi^

insertion of the Sternomastoid muscle. Their afferents drain the posterior pai

of the temporoparietal region, the upper part of the internal surface of the pinnj

and the posterior surface of the external auditory canal ; their efferents pass

the upper deep cervical nodes.

The parotid lymph nodes {lymphoglandulae parotideae) (Figs. 556 and 557) ai

divided into three groups, superficial, deep, and the subparotid.
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The superficial parotid or preauricular lymph nodes (lyviphoglandulae avriculares

anteriores) are situated between the parotid fascia and the parotid salivary gland.

MASTOID

OCCIPITAL.

DEEP
CERVICAL

CHAIN

SUBMAXILLARY

SUBMENTAL

Fig. 556.—General arrangement of the lymph nodes of the head and neck. (Poirier and Charpy.)
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Fig. 557.—The lymphatics of the neck. (Kuttner.)

The deep parotid lymph nodes, from fifteen to twenty in number, are embedded
,

in the substance of the parotid gland. The afferents of the superficial and deep



776 THE VASCULAR SYSTEMS

parotid nodes drain the eyelids, eyebrows, the root of the nose, upper portion

of the cheek, frontotemporal portion of the scalp, from the outer surface of the

pinna, from the external auditory canal, and from the tympanum. Their

efferents pass to the upper deep cervical nodes.

The subparotid nodes lie beneath the parotid gland, on the lateral wall of the

pharynx, and they are close to the internal carotid artery and the internal jugular

vein. Their afferents drain the posterior part of the nasal fossa, nasopharynx,

and Eustachian tube; their efferents pass to the upper deep cervical nodes.

The facial nodes comprise three groups in the course of the afferents of the

submaxillary nodes. (1) A maxillary, over the infraorbital region; (2) a buccal,

upon the outer surface of the Buccinator where that muscle is pierced by the

parotid duct; (3) a mandibular group, upon the outer surface of the mandible,

at the anterior margin of the Masseter muscle, beneath the Platysma and in

contact with the facial vessels. Their afferent vessels drain the eyelids, the

conjunctiva, integument, and mucous membrane of the nose and cheek. Their

efferents pass to both submaxillary and upper deep cervical nodes.

The internal maxillary nodes (lymphoglandulae faciales profundae) are deeply

placed beneath the ramus of the mandible on the outer surface of the External

LYMPHATICS
OF PHARYNX

INTERRUPTING
NODULE
NODE OF
DEEP CERVICAL
CHAIN
EFFERENT
VESSELOF
RETROPHARYNGEAL
NODES

Fig. 558.—The retropharyngeal nodes. (Poirier and Charpy.)

pterygoid, in relation with the internal maxillary artery. Their afferent vess

drain the temporal and zygomatic fossae and the nasopharynx; their efferents

pass to the upper nodes of the deep cervical group and to the submaxillary nodes.

The lingual nodes (lymphoglandulae linguales) are two or three small nodules

lying on the Hyoglossus and under the Geniohyoglossus. They form merelj' nodal

substations in the course of the lymphatic vessels of the tongue.

The retropharyngeal nodes (Fig. 558) lie in the buccopharyngeal fascia,

behind the upper part of the pharynx and in front of the arch, of the atlas, being

separated, however, from the latter by the Rectus capitis anticus major. Their

afferents drain an extensive area, comprising the nasal fossae, the nasopharynx,

and the Eustachian tube as far as the tympanum; their efferents pass to the

upper nodes of the deep cervical group.

The Ijrmphatic vessels of the scalp are divisible into (a) those of the frontal

region, which terminate in the parotid nodes; (6) those of the temporoparietal

region, which end in the parotid and postauricular nodes; and (c) those of the
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occipital region, which terminate partly in the occipital nodes and partly in a

trunk which runs down along the posterior border of the Sternomastoid to end

in the lower group of deep cervical nodes.

The Ijrmphatic vessels of the pinna and external auditory meatus are also divisible

into three groups: (a) an anterior, from the outer surface of the pinna and anterior

wall of the canal to the parotid nodes; (6) a posterior, from the margin of the

pinna, the upper part of its inner surface, the internal surface and posterior wall

of the meatus to the postauricular and upper deep cervical nodes; (c) an inferior,

from the floor of the canal and from the lobule to the external jugular and upper

deep cervical nodes.

The lymphatic vessels of the face are more numerous than those of the scalp.

Those from the eyelids and conjunctivae terminate partly in the submaxillary,

but mainly in the parotid nodes. The vessels from the posterior part of the

cheek also pass to the parotid nodes, while those of the anterior portion of the

cheek, the side of the nose, the upper lip, and the lateral portions of the lower

lip terminate in the submaxillary nodes. The deeper vessels from the temporal

and zygomatic fossae pass to the internal maxillary and upper deep cervical

nodes. The deeper vessels of the cheek and lips terminate, like the superficial,

in the submaxillary nodes. Both superficial and deep vessels of the central

part of the lower lip run to the suprahyoid nodes.

The lymphatic vessels of the nasal fossae can be injected from the subdural and
subarachnoid spaces. Those from the anterior parts of the fossae terminate

in the submaxillary nodes; those from the posterior two-thirds of the fossae and
from the communicating air sinuses pass partly to the retropharyngeal nodes

and partly to the upper deep cervical nodes.

The lymphatic vessels of the mouth terminate as follows: (a) Those of the gums
terminate in the submaxillary nodes; (h) those of the hard palate terminate in

the upper deep cervical and subparotid nodes; (c) those of the soft palate, in the

retropharyngeal and upper deep cervical nodes; (d) those of the anterior part of

the floor of the mouth pass through the submental and suprahyoid nodes to the

upper deep cervical group; (e) those from the rest of the floor of the mouth ter-

minate in the submaxillary and upper deep cervical nodes.

The lymphatic vessels of the tongue (Fig. 559) are drained chiefly into the deep
cervical nodes lying between the posterior belly of the Digastric and the posterior

belly of the Omohyoid; one node situated at the bifurcation of the common
carotid artery is so intimately associated with these vessels that it is known as

the principal node of the tongue. The apical vessels of the tongue pass to the

suprahyoid nodes and principal node of the tongue; the marginal vessels pass

partly to the submaxillary and partly to the upper deep cervical nodes. The
base of the tongue in the region of the circumvallate papillae is drained by vessels

which terminate in the upper deep cervical nodes.

The l3rmph nodes of the neck include the following groups:

I. The Superficial Cervical, including

—

(a) External Jugular.

(6) Anterior Cervical (superficial).

(c) Submaxillary.

{d) Submental or Suprahyoid.
II. The Deep Cervical, including

—

(a) Anterior Cervical (deep).

(6) Retropharyngeal.

(c) Sternomastoid.

(rf) Supraclavicular.

The superficial cervical nodes {lymphoglandulae cervicales swperficiales) (Fig. 557)
are composed of two groups, the external jugular and the anterior cervical nodes.
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The external jugular nodes (Figs. 557 and 560) are superficial to the Sterno-

mastoid muscle. They are four to six in number and lie along the external

jugular vein upon the outer surface of the deep cervical fascia, each node occupy-

ing a depression in the fascia. They are usually gathered in a group a little below

the parotid gland, but sometimes extend to the middle of the vein. Their afferents

drain the lower part of the pinna and parotid region, while their efferents pass

around the anterior margin of the Sternomastoid and terminate in the upper deep

cervical nodes.
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Fig. 559.—The lymphatics of the tongue, lateral view. (Poirier and Charpy.)

The submaxillary nodes {lym'phoglandulae suhmaxillares) (Figs. 556 and

557), three to six in number, are placed in the submaxillary triangle beneathj

the body of the mandible in the submaxillary triangle and rest on the superficial

surface of the sheath of the submaxillary gland. One node (the middle gland

of Stahr), which lies on the facial artery as it turns over the mandible, is the most

constant of the series. Small lymph nodes are sometimes found on the deep

surface of the submaxillary gland. Their afferents drain the inner canthus of

the eye, the cheek, the side of the nose, the upper lip, the outer part of the lower

lip, the gums, and the anterior part of the margin of the tongue; efferent vessels

from the facial and suprahyoid nodes also enter the submaxillary nodes. Their

efferent vessels pass to the upper nodes of the deep cervical group.
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The submental or suprahyoid nodes (Figs. 556 and 559) are usually two

nodes situated between the anterior bellies of the two Digastric muscles and
upon the Mylohyoid muscle. They receive lymph from the cutaneous surface

of the chin, from the cutaneous and mucous surfaces of the central portion of

the lower lip, from the central portion of the gums, from the floor of the mouth,
and from the tip of the tongue. They send some vessels to the submaxillary

lymph nodes, and frequently a node is interposed on the anterior belly of the

Digastric muscle. They send other vessels to the upper deep cervical nodes.

The anterior cervical nodes form an irregular and inconstant group on the

front of the larynx and trachea. They may be divided into (a) a superficial

set, placed on the anterior jugular vein; (6) a deeper set, which is further sub-

divided into prelaryngeal, on the cricothyroid membrane, and pretracheal, on
the front of the trachea. The superficial set receives lymph from the posterior

auricular and occipital nodes; their efTerents empty into the upper deep cervical

nodes. The deeper set drains the lower part of the larynx, the thyroid body, and
the upper part of the trachea; their efferents pass to the lower nodes of the upper
deep cervical group.

The retropharyngeal nodes have been described on page 776.
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Fig. 560.—Deep cervical chain. (Poirier and Ch,arpy.)

The deep cervical nodes {lymphoglandidae cervicales profundde) (Figs. 556
and 560) are numerous and of large size; they form a chain along the carotid

sheath lying by the side of the pharynx, oesophagus, and trachea, and extending
from the base of the skull to the root of the neck. They are usually described
in two groups: (1) an upper or substemomastoid group {lymphoglandulae cervi-

cales profundae superiores) lying under the Sternomastoid in close relation with
the spinal accessory nerve and the internal jugular vein, some of the nodes lying
in front of and others behind the vessel; (2) a lower or supraclavicular group (lympho-
glandidae cervicales profundae inferiores) extending beyond the posterior margin
of the Sternomastoid into the supraclavicular triangie, where they are closely

related to the brachial plexus and subclavian vein. A few minute nodes are
situated alongside the recurrent, laryngeal nerves on the lateral aspects of tho
trachea and oesophagus. The upper deep cervical nodes drain the occipital

portion of the scalp, the pinna, and the back of the neck, the tongue, larynx,
thyroid body, trachea, nasopharynx, nasal fossae, palate, and oesophagus. They
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receive also the efferent vessels from all the other nodes of the head and neck,

except those from the lower deep cervical group. The lower deep cervical nodes
drain the back of the scalp and neck, the superficial pectoral region, part of

the arm (see page 783), and occasionally part of the upper surface of the liver.

In addition, they receive vessels from the upper group. The efferents of the upper

deep cervical nodes pass partly to the lower group and partly to a trunk whi

unites with the efferent trunk of the lower deep cervical nodes and forms t

jugular trunk (truncus jugularis). This trunk, on the right side, ends in the jun"
tion of the internal jugular and subclavian veins, while on the left side it joins

the thoracic duct. SI
The lymphatic vessels of the skin and muscles of the neck pass to the deep cerviclWJ

nodes. From the upper part of the pharynx the lymphatic vessels pass to the

retropharyngeal, from the lower part to the deep cervical nodes. From the

larynx two sets of vessels arise, an upper and a lower. The vessels of the upper '

(

set pierce the thyrohyoid membrane and join the upper deep cervical nod^Bl
Of the lower set, some pierce the cricothyroid membrane and join the pretracheal
and prelaryngeal nodes; others run between the cricoid and first tracheal ring

and enter the lower deep cervical nodes. The lymphatic vessels of the thyroid

body consist of two sets, an upper, which accompanies the superior thyroid arter

and enters the upper deep cervical nodes, and a lower, which runs partly to

pretracheal and partly to the small nodes which accompany the recurrent lar

geal nerve. These latter nodes receive also the lymphatic vessels from the cervical

portion of the trachea.

ical ,,

JApplied Anatomy.—The cervical nodes are very frequently the seat of tuberculous

ease. This condition is most usually set up by some lesion in those parts from which they rec

their lymph. It is very desirable, therefore, that the surgeon, in dealing with these cases, possess

a knowledge of the relation of the respective groups of nodes to the periphery, while in order to ,

eradicate them by operation a long and difficult dissection may be required. Sir Frederf^"

Treves prepared a table to show to what group lymph from each region is sent. The tabl^

practically as follows:
, . 1

Scalp—Posterior part = suboccipital and mastoid nodes. Frontal and parietal portions!

parotid nodes.

Lymphatic vessels from the scalp also enter the superficial cervical set of nodes.

Skin offace and neck = submaxillary, parotid, and superficial cervical nodes.

External ear = superficial cervical nodes.

Lower lip = submaxillary and suprahyoid nodes.

Buccal cavity = submaxillary and upper set of deep cervical nodes.

Gums of Imcer jaw = submaxillary nodes.

Tongue—Anterior portion = suprahyoid and submaxillary nodes. Posterior portion

upper set of deep cervical nodes.

Tonsils and palate = upper set of deep cervical nodes.

Pharynx.—Upper part = parotid and retropharyngeal nodes. Lower part = upper set!

deep cervical nodes.

Larynx, arhit, and roof of mouth = upper set of deep cervical nodes.

Nasal fosscB = retropharyngeal nodes, upper set of deep cervical nodes. Some lymphatic

vessels from posterior part of the fossae enter the parotid nodes.

Treves' table indicates the nodes usually involved, but the seat of primary disease cannot

invariably be affirmed from a knowledge of the seat of glandular involvement, because the

course of the lymphatic vessels is sometimes varied from that which usually maintains; for

instance, in some cases lymphatics from the right side of the tongue pass to nodes in the left

side of the neck.

A retropharyngeal abscess begins laterad of the pharynx. It enlarges toward the centre rather

than from it, because the Constrictors of the pharynx limit the outward progress of the pus.

The nodes within the parotid salivary glands "not unusually become tuberculous, and the

surgeon may be led to believe that the salivary gland is the seat of primary disease.

Sometimes, though seldom, after the extensive removal of lymph nodes the region drained

by their tributaries becomes the seat of persistent hard edema {lymph edema). It used to be

thought that wounds of the thoracic duct were of necessity fatal, but it is now known that, unless

close to the vein, they are seldom even very dangerous. It may be possible to suture a partly

divided duct. In an unsutured wound of the duct recovery follows if a collateral lymphatK

circulation is established.

i



THE LYMPH NODES OF THE UPPER EXTREMITY 781

THE LYMPHATICS OF THE UPPER EXTREMITY.

The Lymph Nodes of the Upper Extremity.

The lymph nodes of the upper extremity are divided into two sets, superficial

and deep.

Axillary nodes.

Fig. 561.—The superficial lymphatics and nodes of the upper extremity.

The superficial l3miph nodes (Fig. 561) of the upper extremity are few in

number and small in size. They lie in the subcutaneous tissue. They are not

receiving depots of great areas, but interrupt lymphatic vessels here and there.

The nodes in the axilla receive all of the lymphatic vessels, superficial and deep.

There may be three sets of superficial nodes. One set, the antecubital nodes, lie

in front of the elbow. These nodes are often absent. \Yhen these nodes are pres-

ent they receive vessels from the anterior portion of the forearm and the middle
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of the palm. The vessels from them pass along the front and inner aspect of the

arm.
One or two superficial nodes lie above the internal condyle. This is the

supratrochlear or epitrochlear group of nodes. There is usually but one node, but

there may be two or more. It receives vessels from the three inner fingers, the

inner portion of the hand, and the inner portion of the forearm, but, becaus(

of free anastomoses, also may receive lymph from any portion of the hand and fore-

arm. Lymph vessels from the supratrochlear node pass up along the basilic

vein to the axillary nodes.

There are sometimes several small nodes along the cephalic vein in the groove

between the Deltoid and the great Pectoral muscle. These are called infra-

clavicular nodes, the efferents of which drain into the subclavian nodes.
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Fig. 562.—Axillary nodes and lymphatics of the breast. (Poirier and Charpy.)

The Deep Ljrmph Nodes of the Upper Extremity or the Axillary Nodes
{lymphoglandulae axillares) (Figs. 562 and 563).—The chief deep nodes are situ-

ated adjacent to the axillary vessels. There are also a few small nodes along

the radial, ulnar, and brachial arteries which receive deep lymphatics from bones,

muscles, and ligaments, and send lymphatics to the axillary nodes. The axillary

nodes number from fifteen to thirty-five in each axilla. They are embedded
in the axillary fat and receive the lymphatic vessels from the upper extremity,

from the skin of the upper portion of the thorax, from the Pectoral muscles, and
from the mammary gland. They may be arranged in the following groups:

(1) An external group, the humeral chain, lying on the inner surface of the vessels

and nerves, particularly the axillary vein, to the sheath of which they are adherent.

Occasionally one or several of these nodes are found beneath the vein. Some
of the vessels from these nodes pass into the central group of lymph nodes; others

enter the subclavian nodes; others pass above the clavicle and terminate in nodes

situated in that region. (2) An anterior or pectoral group (lyynphoglandulae

pectorales), situated along the lower border of the Pectoralis minor and in relation
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with the long thoracic artery. The afferents of this group drain the skin and
muscles of the pectoral and subaxillary regions of the thorax and part of the

mammary gland; their efferents pass to the central and subclavicular nodes.

(3) A posterior group, the subscapular chain, lying along the subscapular artery.

Their afferents drain the skin and muscles of the lower part of the neck and of the

posterior thoracic wall ; their efferents pass to the central axillary group of nodes.

(4) A central or intermediate group of three or four large nodes situated in the adi-

pose tissue near the base of the axilla, their afferents draining all the preceding

groups of axillary nodes; their efferent vessels end in the subclavicular nodes.

The nodes of the central group in many individuals protrude through the opening

in the axillary fascia known as the foramen of Langer. (5) A subclavian group,

situated behind the upper margin of the Pettoralis minor. From the axillary

nodes come many vessels which, by anastomosing, form the infraclavicular plexus;

they then unite into a trunk, the subclavian trunk {truncus subclavius), which

courses between the subclavian vein and Subclavius muscle. On the right side

it empties into the junction of the internal jugular and subclavian vein or unites

with the jugular trunk to form the right lymphatic duct. On the left side it may
empty into the venous junction or into the thoracic duct.

SUPRA-
CLAVICULAR

CENTRAL GROUP

PECTORAL GROUP

Fig. 563.—Scheme of the axillary nodes. The dotted line indicates the position of the clavicle.
(Poirier and Charpy.)

The Lymphatic Vessels of the Upper Extremity (Figs. 561, 564).

The lymphatic vessels of the upper extremity are divided into the superficial

and the deep.

The superficial lymphatic vessels of the upper extremity begin as plexuses

in the skin and form vessels which ascend in the subcutaneous tissue. These
plexuses are particularly plentiful in the palm and palmar surface of the digits

(Fig. 564). On each side of each finger two lymph vessels are formed; they

ascend toward the hand, cross the dorsum, and anastomose frequently with each
other. The vessels from the dorsum of the hand join the lymph vessels of the

forearm, which ascend chiefly along the superficial veins. The lymph vessels

which ascend with the superficial ulnar vein pass into the supratrochlear node.
The vessels which accompany the median veins pass into the antecubital or

supratrochlear nodes. Some of the lymph vessels on the radial side of the fore-

arm run up along the cephalic vein and terminate in the infraclavicular nodes.
All the other lymph vessels of the upper extremity pass direct to the axillary
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nodes. In the forearm there are about thirty vessels, in the middle of the arm
there are from fifteen to eighteen (Sappey).

The deep lymphatic vessels of the upper extremity convey the lymph from

bone, periosteum, muscle, ligament, etc. They pass up the limb with the chief

vessels, there usually being two trunks to each artery. In the arm there are

two or three vessels. Some few

vessels terminate in the small nodes

along the radial, ulnar, and brach-

ial arteries, but most of them pass

directly to the axillary nodes.

Applied Anatomy.— In malignant

diseases, or other affections implicating

the upper part of the back and shoulder,

the front of the thorax and mammae, the

upper part of the front and side of the

abdomen, or the hand, forearm, or arm,

the axillary nodes are liable to be found
enlarged.

In secondary syphilis the supratroch-

lear node is found to be enlarged. This
node is subcutaneous and readily palpa-

ble against the subjacent bone when
enlarged. Normal axillary nodes cannot
l)e palpated. The axilla is a passage-

way for structures between the neck or

thorax and the upper extremity, and
purulent collections or tumors may extend

from the neck or thorax into the axilla

from the axilla into the neck or thoraxj

The axillary nodes are involved ear|

in cases of cancer of the mammary gland

and later the lower deep cervical node
are involved, and, as Snow has pointe

out, regurgitation of lymph containii

cancer cells leads to retrosternal involv^

ment and to secondary cancer of the hea

of the humerus. In operating for cancc

of the breast, follow the principle of Ha
sted and remove the breast, the skin ove

it, the muscles and fascia, the lymj:

vessels, and the axillary nodes in on€

piece. By this plan thorough removal is possible, and as lymph vessels containing carcinoma

cells are not cut across, the wound is not grafted with malignant epithelial cells. Disease

axillary nodes are apt to adhere to the sheath of the vein. In removing cancerous nod^

always excise the sheath of the vein.

Fig. 564. -Lymphatic vessels of the dorsal surface of the
hand. (Sappey.)

THE LYMPHATICS OF THE LOWER EXTREMITY.

The Lymph Nodes of the Lower Extremity.

The l3rmph nodes of the lower extremity consist of the anterior tibial node ai

the popliteal and inguinal nodes, all deeply situated.

The anterior tibial node {lymyhoglandula tibialis anterior) is small and lie

on the interosseous membrane in relation to the upper part of the anterior tibial

vessels, and constitutes a substation in the course of the anterior tibial lymphatic

trunks. Its efferents cross to the inner side of the leg just below the knee and pas^

to the superficial inguinal nodes.

The popliteal nodes (lymphoglandvlae yopliteae), small in size and some s^

or seven in number, are embedded in the fat contained in the popliteal spac
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One lies immediately beneath the popHteal fascia, near the terminal part of the

external saphenous vein, and drains the region from which this vein derives its

triFnitaries. Another is placed between the popliteal artery and the posterior

ligament of the knee; it receives the lymphatic vessels from the knee-joint

together with those which accompany the articular arteries. The others lie

at the sides of the popliteal vessels, and receive as afferents the trunks which

accompany the anterior and posterior tibial vessels. The efferents of the pop-

liteal nodes pass almost entirely alongside of the femoral vessels to the deep

inc'uinal nodes, but a few may accompany the internal saphenous vein, and end

in the nodes of the superficial inguinal group.

The inguinal nodes vary from twelve to twenty in number and are arranged

in two groups, superficial and deep.

Fig. 565. -Nodes of the inguinal region with the afferent and some of the efferent lymphatics.
(Poirier and Charpy.)

The superficial inguinal lymph nodes (Figs. 565 and 566), placed immediately

beneath the superficial fascia in Scarpa's triangle, are of large size, and vary in

number from ten to twenty. It is customary to divide these nodes into groups

according to the region in which they are found. A horizontal line carried through

the saphenous opening divides the nodes into two groups, a superior group and an
inferior group. The nodes of the superior group {lymphoglandulae inguinales)

form a chain immediately below Poupart's ligament. They receive as afferents

lymphatic vessels from the integument of the penis, scrotum, perineum, buttock,

and lower abdominal wall. The nodes of the inferior group (lyviphoglandvlae

subiyigidnales) are placed on either side of the upper part of the saphenous vein,

and receive as afferents the lymphatic vessels of the lower extremity and also

some lymphatics from the penis, scrotum, clitoris, labia, perineum, and buttock.

50
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Superficial

inguinal
nodes.

The deep inguinal nodes {lymphoglan-

dulae suhinguinales profuudae) (Fig. 565)

vary from one to three in number, and
are placed under the fascia lata, on the

inner side of the femoral vein. When
three are present, the lowest is situated

just below the junction of the internal

saphenous and femoral veins, the middle

in the femoral (crural) canal, and the

highest in the outer part of the femoral

ring. The middle is the most incon-

stant of the three, but the highest one,

the node of Cloquet, or Rosenmiiller, is

also frefjuently absent. They receive as

afferents the deep lymphatic trunks

which accompany the femoral vessels,

the lymphatics from the glans penis or

glans clitoridis, and also some efferents

from the superficial inguinal nodes.

Wli

•iiwim

Applied Anatomy.—Inflammation and sup-

puration of the popliteal nodes are most com-
monly due to a sore on the outer side of the

heel.

The inguinal nodes frequently become en-

larged in diseases implicating the parts from
which their lymphatics originate. Thus, in

malignant or syphilitic affections of the prepuce

and penis, or labia majora, in cancer scroti, in

abscess in the perineum, or in similar diseases

affecting the integument and superficial struc-

tures in those parts, or the subumbilical part

of the abdominal wall, or the gluteal region,

the upper chain of nodes is almost invariably

enlarged, the lower chain being implicated in

diseases affecting the lower limb.

Fig. 566. -The superficial lymphatics and nodes
of the lower extremity.

The Ljonphatic Vessels of the Lower
Extremity.

The lymphatic vessels of the lower

extremity consist of two sets, superficial

and deep, and in their distribution corre-

spond closely with the veins.

The superficial lymphatic vessels of

the lower extremity are placed beneath

the integument in the superficial fascia,

and are divisible into three sets—trunks

which follow the course of the internal

saphenous vein, trunks which accompany
the external saphenous, and trunks from

the gluteal region. (1) Trunks which fol-

low the course of the internal saphenous

vein arise from a plexus on the dorsum

of the foot, which plexus obtains lym-

phatics from all the toes, the sole, and both



THE LYMPHATICS OF THE PELVIS AND ABDOMEN 787

borders of the foot. The internal trunks, three or four in number, pass to the

superficial inguinal nodes. The external trunks run upward and inward and

end in the internal trunks. (2) The trunks which follow the external saphenous

vein numl)er two or three, and they take origin from the heel and from the posterior

half of the outer edge of the foot. They empty into the superficial inguinal

nodes. (3) The lymph trunks from the gluteal region join vessels from the anus

and enter the superficial inguinal nodes.

The deep lymphatic vessels of the lower extremity are few in number, and

accompany the deep l)loodvessels. In the leg they consist of three sets, the anterior

tibial, peroneal, and posterior tibial, which accompany the corresponding blood-

vessels, two or three to each artery; they ascend with the bloodvessels and enter

the lymph nodes in the popliteal space; the efferent vessels from these nodes

accompany the femoral vein and join the deep inguinal nodes; from these nodes

vessels pass beneath Poupart's ligament and communicate with the chain of nodes

surrounding the external iliac vessels. The deep lymphatic vessels of the gluteal

and sciatic regions follow the course of the bloodvessels, and join the gluteal and
sciatic nodes at the great sacrosciatic foramen.

THE LYMPHATICS OF THE PELVIS AND ABDOMEN.

The lymphatics of the. pelvis and abdomen may be divided from their situation

into [a] parietal, lying retroperitoneally and in close association with the larger

bloodvessels; and {b) visceral, which are found in relation to the visceral arteries.

The parietal nodes (Fig. 567) include the following groups:

External iliac. ( Lateral aortic.

Internal iliac. Lumbar < Preaortic,

Common iliac. ( Retroaortic.

The external iliac nodes form three chains around the external iliac vessels.

An external chain of three or four nodes lies between the artery and the Psoas

muscle. A middle chain of three nodes lies upon the front surface of the external

iliac vein. An internal chain of three or four nodes is placed to the inner side

of the external iliac vein. An obturator node belongs to the inner chain of external

iliac nodes. The external iliac nodes receive vessels from the superficial and
deep inguinal nodes, from the glans penis or glans clitoris, deep lymphatics from
the umbilicus and lower part of the belly wall, vessels from the superior portion

of the vagina, the uterine cervix, the prostate gland, the bladder, the membranous
portion of the urethra, and the internal iliac nodes, and the obturator node
receives deep lymph vessels from along the course of the obturator vessels.

The external iliac nodes send vessels direct to the common iliac nodes and also

lymphatics to join vessels from the internal iliac nodes on their way to the

common iliac group. The nodes along the epigastric artery and those along
the deep circumflex iliac artery are accessory chains to the main group of external

iliac nodes.

The internal iliac or hypogastric nodes (lymphoglandulae hypogastricae) sur-

round the internal iliac vessels, and receive the lymphatics corresponding to the

<listril)ution of the branches of the internal iliac artery; /. e., lymphatics from
all the pelvic viscera, from the deeper parts of the perineum including the mem-
branous and penile portions of the urethra, from the deep tissues of the posterior

portion of the thigh, and from the buttocks. Their efferents pass to the common
iliac nodes and also to the external iliac nodes.
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The sacral nodes belong to this group, but are placed in the concavity of the

sacrum; they receive lymphatics from the rectum and posterior wall of the pelvis.

The common iliac nodes are foimd about the common iliac artery and are

divided into an external group, which lies upon the inner edge of the Psoas

muscle; a middle group, behind the artery, and an internal group, which lies upon

the front of the body of the fifth lumbar vertebra or upon the sacrovertebral

articulation. They receive vessels from the external and internal iliac nodes and

their eflPerents pass to the lateral aortic nodes.

RIGHT LATERAL
AORTIC

LEFT LATERAL
AORTIC

NODE IN FRONT
OF SACRAL

PROMONTORY

COMMON ILIAC
(middle group)

EXTERNAL ILIAC
(exterual chain)

OBTURATOR
ARTERY OBTURATOR

NODE

Fig. 567.—Iliopelvic lymph nodes. (Poirier and Charpy.)

The lumbar nodes (lymphoglandulae lumhales) are very numerous, and consist

of right and left lateral aortic, preaortic, and retroaortic groups.

The right lateral aortic nodes are situated partly in front of the inferior vena

cava, near the termination of the renal vein, and partly behind it on the origin

of the Psoas, and on the right crus of the Diaphragm. The left lateral aortic

nodes form a chain on the left side of the abdominal aorta in front of the origin

of the Psoas and left crus of the Diaphragm. The nodes on either side receive

(a) the efferents of the common iliac nodes; (6) the lymphatics from the testicle

in the male and from the ovary. Fallopian tube, and body of the uterus in the

female; (c) the lymphatics from the kidney and suprarenal body; and (d) the



THE LYMPHATIC VESSELS OF THE ABDOMEN AND PELVIS 789

lymphatics draining the lateral abdominal muscles and accompanying the lumbar

veins. Most of the efferent vessels of the lateral aortic nodes converge to form

the right and left lumbar trunks (trunci lumbales) which join the receptaculum

chvli, but some enter the preaortic and retroaortic nodes, and others pierce the

crura of the Diaphragm to join the lower end of the thoracic duct. The preaortic

nodes lie in front of the aorta, and may be divided into cceliac, superior mesenteric,

inferior mesenteric groups, arranged around the origins of the corresponding

INTERNAL ILIAC

\ \^ \ I
INTERNAL ILIAC

'\ / fSATELLITE TRUNK
OF INTERNAL
PUDIC VESSELS
TRUNK OF
MIDDLE HEMOR-
RHOIDAL VESSELS

LYMPHATIC NODULE IN
FRONT OF SYMPHYSIS

PROSTATIC COL-
LECTING TRUNK

Fig. 568.—The iliopelvic nodes (lateral view). (Poirier and Charpy.)

arteries. They receive a few vessels from the lateral aortic nodes, but their

principal afferents are derived from the viscera supplied by the three arteries

with which they are associated. Some of their efferents pass to the retroaortic

nodes, but the majority unite to form a common trunk, the truncu^ intestinalis,

which enters the receptaculum chyli. The retroaortic nodes are placed below
the receptaculum chyli, on the bodies of the third and fourth lumbar vetebrae.

They receive lymphatic trunks from the lateral and preaortic nodes, while their

efferents terminate in the receptaculum chyli.

The L3niiphatic Vessels of the Abdomen and Pelvis.

The lymphatic vessels of the walls of the abdomen and pelvis may be divided
into two sets, superficial and deep.

The superficial vessels follow the course of the superficial bloodvessels and
converge to the upper group of the superficial inguinal nodes. Those derived
from the integument of the front of the abdomen below the umbilicus follow
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the course of the superficial epigastric vessels, and those from the sides of the lum-

bar part of the abdominal wall pass along the crest of the ilium, with the super-

ficial circumflex iliac vessels. The superficial lymphatic vessels of the gluteal

region turn horizontally round the outer side of the buttock, and join the super-

ficial inguinal nodes.

The deep vessels run alongside the principal bloodvessels. Those of the

parietes of the pelvis, which accompany the gluteal, sciatic, and obturator vessels,

follow the course of the internal iliac artery, and ultimately join the lateral aortic

nodes.

Lymphatic Vessels of the Perineum and External Genitals.—The lymphatic vessels

of the perineum and of the integument of the penis, and of the scrotum (or

vulva), follow the course of the external pudic vessels, and terminate in the

superficial inguinal nodes. Those of the glans penis (or glans clitoridis) termi-

nate partly in the deep inguinal nodes and partly in the external iliac nodes.

The visceral nodes are associated with the branches of the coeliac axis,

superior and inferior mesenteric arteries. Those related to the branches of the

cceliac axis artery form three chains, gastric, hepatic, and splenic, which accom-

pany the corresponding branches of the artery.

The nodes of the gastric chain (lym'phoglandulae gastricae swperiores) are

divisible into three groups - viz.: (a) upper gastric, on the stem of the artery; (6)

lower gastric, accompanying the descending branches of the artery along the

cardiac half of the lesser curvature of the stomach, between the two layers of the

small omentum; and (c) paracardial, "outlying members of the coronary chain,

disposed in a manner comparable to a chain of beads around the neck of the

stomach" (Jamieson and Dobson*).

The nodes of the gastric chain receive their afferents from the lesser curvature

and contiguous surfaces of the stomach; their eflFerents pass to the coeliac group

of preaortic nodes.

The nodes of the hepatic chain {lymphoglandidae hepaticae) (Fig. 574) consist

of the following groups: (a) hepatic, on the stem of the hepatic artery and along

the common bile duct, between the two layers of the gastrohepatic omentum
as far as the transverse fissure of the liver; the cystic node, a member of this

group, is placed near the neck of the gall-bladder; (b) subpyloric, four or five in

number, at the bifurcation of the gastroduodenal artery at the angle between the

first and second parts of the duodenum; (c) one or two retropyloric nodes along

the pyloric artery; (d) right gastroepiploic (lymphoglandidae gastricae inferiores),

four to seven in number, between the two layers of the greater omentum, along

the pyloric half of the greater curvature of the stomach. The nodes of the

hepatic chain receive afferents from the pyloric portion of the stomach, duodenum,

liver, gall-bladder, and the head of the pancreas; their efferents pass to the coeliac

group of preaortic nodes.

The splenic nodes {lymphoglandulae pancreaticolienales) accompany the splenic

artery and are situated in relation to the dorsal surface and upper border of the

pancreas and in the lienorenal ligament. Their afferents are derived from the

fundus of the stomach, from the spleen, and from the pancreas; their efferents

pass to the coeliac group of preaortic nodes.

The superior mesenteric nodes comprise three groups

—

mesenteric, ileocolic,

and mesocolic.

The mesenteric nodes {lymphoglandidae mesentericae) (Fig. 572) lie between

the layers of the mesentery, and vary from one hundred to one hundred and fifty

in number. One set is situated close to the wall of the small intestine, among the

terminal twigs of the superior mesenteric artery; a second is in relation with the

» Lancet, April 20 to 27, 1907.
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loops and primary branches of the vessel; while a third set of larger nodes lies

along the trunk of the artery.

Applied Anatomy.—Enlargement of the mesenteric lymph nodes is seen in most diseased

^uiiditions of the intestinal tract, and is well marked in enteric fever, tuberculous ulceration or

malignant growths of the bowel. The enlarged nodes can often be palpated through the wall

of the abdomen.

The ileocolic nodes (Fig,, 573), from ten to twenty in number, form a chain

around the ileocolic artery, but show a tendency to subdivision into two groups,

one near the duodenum and another on the lower part of the trunk of the artery.

Where the vessel divides into its terminal branches the chain is broken up into sev-

eral groups—viz. : (a) ileal, in relation to the ileal branch of the artery; (6) anterior

ileocolic, usually of three or more nodes, in the ileocolic fold, near the wall of the

Inferior tiutenterie gland*

Fig. 569.—Lymphatics of colon. (Jamieson and Dobson.)

cecum; (c) posterior ileocolic, mostly placed in the angle between the ileum and the
colon, but partly lying behind the cecum at its junction with the ascending
colon; (d) appendicular, usually a single node, between the layers of the meso-
appendix, near its free edge; (e) right colic, along the inner side of the ascending
colon.

The mesocolic nodes are numerous, and lie between the layers of the transverse
mesocolon, in close relation to the transverse colon; they are best developed in

the neighborhood of the hepatic and splenic flexures. One or two small nodes
are occasionally seen along the trunk of the right colic artery, and others are found
m relation to the trunk and branches of the middle colic artery.

The superior mesenteric nodes receive afferents from the jejunum, ileum,
cecum, appendix, and the ascending and transverse parts of the colon; their
efferents pass to the superior mesenteric nodes.
The inferior mesenteric nodes (Fig. 569) consist of: (a) Small nodes on the

branches of the left colic and sigmoid arteries; (6) a group in the pelvic mescolon
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around the superior hemorrhoidal artery; and «(c) a pararectal group in contact

with the muscle coat of the rectum. Their afferents drain the descending colon,

sigmoid flexure, and upper portion of the rectum; their efferents pass to the

inferior mesenteric nodes.

LEFT VAGUS
NERVC

RIGHT GASTRO
EPIPLOIC ARTERV

SUBPVLORIC
NODE

CORONARY
VEIN

NODES OF THE
LESSER CURVATURE

RIGHT GASTRO-
EPIPLOIC VEIN

Fig. 570.—General view of the subperitoneal lymphatic plexus of the stomach prepared by the rriethod of

Gerota. (Cundo.)

The Ljmiphatic Vessels of the Abdominal and Pelvic Viscera.

These consist of: (I) Those of the subdiaphragmatic portion of the alimentary

canal and its associated glands, the liver and pancreas; (2) those of the spleen

and suprarenal bodies; (3) those of the urinary organs; (4) those of the repro-

ductive organs.

1. The lymphatic vessels of the subdiaphragmatic portion of the alimentary

canal are situated partly in the mucosa and partly in the seromuscular coats,

but as the former system drains into the latter, the two may be considered as one.

The lymphatic vessels of the stomach (Fig. 570) are continuous at the cardiac

end with those of the oesophagus, and at the pyloric end with those of the duo-

denum. They mainly follow the bloodvessels, and may be arranged in four sets.

Those of the first set accompany the branches of the gastric artery, receiving

tributaries from a large area on either surface of the stomach, and terminate

in the nodes of the gastric chain. Those of the second set drain the fundus of

the stomach, draining the area supplied by the vasa brevia and left gastroepiploic

arteries, and ending in the splenic nodes. The vessels of the third set drain
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the right portion of the greater curvature and end in the right gastroepiploic

nodes, the efferents of which pass to the subpyloric group. Those of the fourth

set drain the pyloric canal and pass to the hepatic and subpyloric nodes, and,

in part, also to the coronary chain, thence to the coeliac group.

CORONARY
CURRENT

BIGHT
GASTRO-EPIPLOIC

CURRENT

Fig. 571.—Lymphatic areas of the stomach. (Cun^.)

Applied Anatomy.—Mikulicz pointed out the early infection of the nodes of the lesser curva-

ture in pyloric cancer, and insisted that in operation for pyloric cancer the entire lesser curvature

must be removed. Cimeo showed that in pyloric cancer the fundus and two-thirds of the

greater curvature usually remain free from disease, because the lymph current is toward the

pvlorus and not from it. Of course, if the lymphatics become blocked, the lymph current may
be reversed (regurgitation), and then infection of these parts can occur. William J. Mayo has

noted the "lymphatic isolation" of the dome of the stomach. In operating for cancer of the

pylorus, make the section of the stomach as directed by Hartmann, that is, a section which
removes all of the lesser curvature and cuts the greater curvature well to the left of the subpyloric

nodes.

Fig. 572.—Lymphatics of the small intestine. (Poirier and Charpy.)

The Ijrmphatic vessels of the duodenum consist of an anterior and a pos-

terior set which open into a series of small pancreaticoduodenal nodes on the

anterior and posterior aspects of the groove between the head of the pancreas

and the duodenum. The efferents from these nodes run in two directions,

upward to the hepatic nodes and downward to the superior mesenteric nodes.

The lymphatic vessels of the small intestine (Fig. 572) are called lacteals,

from the milk-white fluid they usually contain. They take origin in the intestinal
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villi and in lymphatic sinuses around the bases of the solitary nodules. Lymphatic

plexuses exist in the submucous tissue, the muscular coat, and the subserous

tissue. The lymphatic vessels pass between the layers of the mesentery, enter

the mesenteric nodes, and finally unite to form two or three large trunks which

terminate separately in the receptaculum chyli; frequently, however, they unite

to form a single large trunk, termed the intestinal lymphatic trunk (Figs. 553

and 576).

The lymphatic vessels of the large intestine consist of three sets—those

of the cecum, ascending and transverse colon, which, after passing through their

proper nodes, enter the mesenteric nodes; those of the descending colon and

sigmoid flexure, which pass to the lumbar nodes, and those of the rectum and anus,

which pass to the sacral and superficial inguinal nodes.

LEOCOLIC

ANTERIOR
LYMPHATICS
OF CECUM

NODE OF
APPENDIX

Fig. 573.—Ventral view of the lymphatics of the cecum and appendix. (Poirier and Charpy.)

The lymphatic vessels of the anus and rectum take origin from two net-

works, one from the skin and mucous membrane and the other from the mus-

cular coat. The lymph vessels from the skin at the anal margin pass to the super-

ficial inguinal nodes. Some vessels from the skin of the anus ascend and reach

the submucous plexus of the rectum, from which region lymph vessels pass to

the pararectal nodes, to the nodes along the middle hemorrhoidal artery, and

along the inferior hemorrhoidal artery, and to a pelvic node near the origin of the

internal pudic artery. The eflFerents from these nodes terminate in the inferior

mesenteric nodes.

The lymphatic vessels of the liver are di^'isible into two sets, superficial and

deep. The former arise in the subperitoneal areolar tissue over the entire sur-

face of the organ, and may be grouped into (a) those on the convex surface,

(b) those on the inferior surface.

(a) On the convex surface. The vessels from the back part of this surface

reach their terminal nodes by three different routes; the vessels of the middle

set, five or six in number, pass through the canal opening in the Diaphragm
and end in one or two nodes which are situated around the terminal part of

the inferior vena cava; a few vessels from the left side pass backward toward
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the oesophageal opening, and terminate in the paracardial nodes of the gastric

chain; the vessels from the right side, one or two in number, run on the abdominal

surface of the Diaphragm, and, after crossing its right crus, terminate in the

coeliac nodes {lyniphoglandnlae coeliacae). From the portions of the right and

left lobes adjacent to the falciform ligament, the lymphatic vessels converge to

form two trunks, one of which accompanies the inferior vena cava through the

Diaphragm, and ends in the nodes around the terminal part of this vessel ; the other

runs downward and forward, and, turning around the anterior sharp margin of

the liver, accompanies the upper part of the ligamentum teres, and ends in the

upper hepatic nodes. From the anterior surface a few additional vessels turn

around the anterior sharp margin to reach the upper hepatic nodes.

Some of the lymph of the upper part of the liver traverses the Diaphragm along

several lymphatic vessels which drain into the anterior diaphragmatic nodes on

the superior surface of the Diaphragm, just behind the ensiform cartilage and also

LEFT LATERAL
LIGAMENT

Fia. 574.—Lymphatics of the inferior surface of the liver. (Sappey.)

near the termination of the inferior vena cava, and some to the middle diaphragm-
atic, some to the posterior mediastinal groups. The efferents from the anterior

diaphragmatic nodes pass to the internal mammary chain, a fact which may ex-

plain the involvement of the supraclavicular nodes, particularly of the left side,^

secondary to an abdominal carcinoma.

{h) On the inferior surface. The vessels from this surface mostly converge to

the transverse fissure, and accompany the deep lymphatics emerging from this

fissure to the hepatic nodes; one or two from the posterior parts of the right

and Spigelian lobes accompany the inferior vena cava through the Diaphragm,
and end in the nodes around the terminal part of this vein.

The deep lymphatics of the liver converge to ascending and descending trunks.
The ascending trunks accompany the hepatic veins and pass through the Dia-
phragm to end in the nodes around the terminal part of the inferior vena cava.
The descending trunks emerge from the transverse fissure, and end in the hepatic
nodes.

The lymphatic vessels of the gall-bladder pass to the hepatic nodes in the
' Osier, Principles and Practice of Medicine. 7tli edition, 1909, page 486.
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transverse fissure of the liver; those of the common bile duct to the hepatic nodes

along the duct and into the upper pancreaticoduodenal nodes.

The lymphatic vessels of the pancreas arise from a network about the pan-

creatic lobules. The collecting trunks anastomose freely among themselves and

with the lymphatics of the duodenum, spleen, and in the mesentery and meso-

colon;^ some end in the pancreaticoduodenal nodes, and others in the superior

mesenteric nodes.

2. The lymphatics of the spleen and suprarenal glands.

The lymphatic vessels of the spleen, both superficial and deep, pass to the

splenic nodes in the lienorenal ligament and along the superior border of the

pancreas.

The lymphatic vessels of the suprarenal glands usually accompany the supra-

renal veins, and end in the lateral aortic nodes; occasionally some of them pierce

the crura of the Diaphragm and terminate in the nodes of the posterior medi-

astinum.

3. The lymphatic vessels of the urinary organs.

The lymphatic vessels of the kidney form three plexuses—one in the substance

of the kidney, a second beneath its fibrous capsule, and a third in the perinephric

fat; the second and third communicate freely with each other.

The vessels from the plexus in the kidney substance converge to form four or

five trunks which issue at the hilum. Here they are joined by vessels from the

plexus under the capsule, and, following the course of the renal vein, end in the

lateral aortic nodes. The perinephric plexus is drained directly into the upper

lateral aortic nodes.

The lymphatic vessels of the ureter run in different directions. Those from

its upper portion end partly in the efferent vessels of the kidney and partly in the

lateral aortic nodes; those from the portion immediately above the pelvic brim

are drained into the common iliac nodes; while the vessels from the intrapelvic

portion of the tube join the efferents from the bladder, or terminate in the internal

iliac nodes.

The lymphatic vessels of the bladder (Fig. 575)" originate in two plexuses, an

intramuscular and an extramuscular, it being generally admitted that the mucous
membrane is devoid of lymphatics.^ The efferent vessels are arranged in two

groups, one from the anterior and another from the posterior surface of the

bladder. The vessels from the anterior surface pass to the external iliac nodes,

but in their course minute nodes are situated. These minute nodes are arranged

in two groups, an anterior vesical group, in front of the bladder, and a lateral

vesical, in relation to the hypogastric artery. The vessels from the 'posterior

surface pass to the internal, external, and common iliac nodes; those draining

the upper part of this surface traverse the lateral vesical nodes.

The lymphatic vessels of the prostate (Fig. 575) terminate chiefly in the interna!

iliac and sacral nodes, but one trunk from the posterior surface ends in the

external iliac nodes, and another from the anterior surface joins the vessels which

drain the membranous part of the urethra.

Lymphatic Vessels of the Urethra.—The lymphatics of the penile portion of

the urethra accompany those of the glans penis, and terminate with them in

the deep inguinal and external iliac nodes. Those of the membranous and

prostatic portions, and those of the whole urethra in the female, pass to the internal

iliac nodes.

4. The lymphatic vessels of the reproductive organs.

The lymphatic vessels of the testes consist of two sets, superficial and deep,

the former commencing on the surface of the tunica vaginalis, the latter in the

epididymis and body of the testis. They form several large trunks which ascend

' p. Bartels, Ueber die Lymphgefiisse des Pankreas, Archiv f. Anat. u. Physiol., 1907.
2 Some authorities maintain that a plexus of lymphatic vessels does exist in the mucous membrane of the

bladder (consult Mf^decine op^ratoire des Voies urinaires, par J. Albarran, Paris, 1909).
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with the spermatic cord, and, accompanying the spermatic vessels into the abdo-

men, terminate in the lateral aortic nodes.

The lymphatic vessels of the vas deferens pass to the external iliac nodes ; those

of the vesiculae seminales partly to the internal and partly to the external iliac

nodes.

Zxternal iliac

nodes

Vessel draining
into external

iliac nodes

Retroprostotic

lymph nodes '

Vessels draining
into node on

iacral promontory

Node in front of
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Fig. 575.—Lyinphatics of the prostate. (Cuneo and Marcille.)

The l3niiphatic vessels of the ovary are similar to those of the testicle, and ascend
with the ovarian artery to the lateral aortic nodes.

The lymphatic vessels of the Fallopian tube pass partly with those of the ovary

and partly with those of the uterus.

The lymphatic vessels of the uterus (Fig. 1149) consist of two sets, superficial

and deep, the former being placed beneath the peritoneum, the latter in the sub-

stance of the organ. The lymphatics of the cervix uteri run in three directions

—

transversely to the external iliac nodes, postero-laterally to the internal iliac nodes,

and posteriorly to the common iliac nodes. The majority of the vessels of the

liody and fundus of the uterus pass outward in the broad ligaments, and are con-

tinued up with the ovarian vessels to the lateral aortic nodes; a few, however,
run to the external iliac nodes, and one or two to the superficial inguinal nodes.

In the unimpregnated uterus the lymphatic vessels are very small, but during
gestation are greatly enlarged.

The lymphatic vessels of the vagina extend in three directions—those of the
upper part to the external iliac nodes, those of the middle part to the internal

iliac nodes, and those of the lower part to the common iliac nodes. On the
course of those from the middle and lower parts small nodes are situated. Some
lymphatics from the lower part of the vagina join those of the vulva and pass to
the superficial inguinal nodes. The lymphatics of the vagina anastomose with
those of the cer\'ix uteri, vulva, and rectum, but not with those of the bladder.
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THE LYMPHATICS OF THE THORAX.

The lymph nodes of the thorax may be divided into parietal and visceral— the
former being situated in the thoracic wall, the latter in relation to the viscera.

The paxietal lymph nodes include the internal mammary, intercostal, and
diaphragmatic nodes.

1. The internal mammary nodes are placed at the anterior extremities of the

intercostal spaces, by the side of the internal mammary artery. They derive

afferents from the mammary gland, from the deeper structures of the anterior

abdominal wall above the level of the umbilicus, from the upper surface of the

liver through a small group of nodes which lie behind the ensiform cartilage,

and from the deeper parts of the anterior portion of the thoracic wall. Their

efferents usually unite to form a single trunk on either side; this may open directly

into the junction of the internal jugular and subclavian veins, or that of the right

side may join the right subclavian trunk and that of the left the thoracic duct.

2. The intercostal nodes (lymphoglandulae intercostales) occupy the posterior

parts of the intercostal spaces, in relation to the intercostal vessels. They receive

the deep lymphatics from the postero-lateral aspect of the thorax; some of these

vessels are interrupted by small lateral intercostal nodes. The efferents of the

nodes in the lower four or five spaces unite to form the descending lumbar trunk,

which descends and opens either into the receptaculum chyli or into the commence-
ment of the thoracic duct. The efferents of the nodes in the upper spaces of the

left side terminate in the thoracic duct; those of the corresponding right spaces,

in the right lymphatic duct.

3. The diaphragmatic nodes lie on the thoracic aspect of the Diaphragm, and

consist of three sets—anterior, middle, and posterior.

The anterior set consists of (a) two or three small nodes behind the base of

the ensiform (xiphisternum), which receive afferents from the convex surface

of the liver, and (6) one or two nodes on either side near the junction of the seventh

rib with its cartilage, which receive lymphatic vessels from the front part of the

Diaphragm. The efferent vessels of the anterior set pass to the chain of internal

mammary nodes.

The middle set consists of two or three nodes on either side close to where the

phrenic nerves enter the Diaphragm. On the right side some of the nodes

of this group lie within the fibrous sac of the pericardium, in front of the inferior

vena cava. The afferents of this set are derived from the middle part of the

Diaphragm, those on the right side also receiving afferents from the convex

surface of the liver. Their efferents pass to the posterior mediastinal nodes.

The posterior set consists of a few nodes situated on the back of the diaphrag-

matic crura, and connected on the one hand with the lumbar nodes and on the

other with the posterior mediastinal nodes.

The superficial l3miphatic vessels of the thoracic wall ramify beneath the

skin and converge to the axillary nodes. Those over the Trapezius and Latis-

simus dorsi run forward and unite to form ten or twelve trunks which end in the

subscapular group. Those over the pectoral region, including the vessels from

the skin covering the peripheral part of the mamma, run backward, and those

over the Serratus magnus upward, to the pectoral group. Others near the lateral

margin of the sternum pass inward between the rib cartilages and end in the

internal mammary nodes, while the vessels of opposite sides anastomose across

the front of the sternum. A few vessels from the upper part of the pectoral

region pass upward over the clavicle to the supraclavicular group of cervical nodes.

The lymphatic vessels of the mammary gland (Fig. 562) originate in a plexus

in the interlobular spaces and on the walls of the galactiferous ducts. Those from

the central part of the gland pass to an intricate plexus beneath the areola (sub-
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areolar plexus), a plexus which also receives the lymphatics from the skin over

the central part of the gland. Its efferents are collected into two trunks which

pass to the pectoral group of axillary nodes. The vessels which drain the inner

(mesal) part of the gland pierce the thoracic wall and end in the internal mammary
nodes, while a vessel may occasionally emerge from the upper part of the gland

and, piercing the Pectoralis major, terminate in the subclavian nodes (Fig.

562).

The deep lymphatics of the thoracic wall consist of:

1. The lynipliatics of the muscles which lie on the ribs; most of these terminate

in the axillary nodes, but some from the Pectoralis major pass to the internal

mammary nodes.

2. The intercostal lymphatic vessels which drain the Intercostal muscles and
parietal pleura. Those draining the External intercostal muscles run backward
and, after receiving the vessels which accompany the posterior branches of the

intercostal arteries, terminate in the posterior intercostal nodes. Those of the

Internal intercostal muscles and parietal pleura consist of a single trunk in each
space. These trunks run forward in the subpleural tissue and the upper six

open separately into the internal mammary nodes or into the vessels which unite

them; those of the lower spaces unite to form a single trunk which terminates in

the lowest of the internal mammary nodes.

3. The lymphatic vessels of the Diaphragm, which form two plexuses, one on
its thoracic and another on its abdominal surface. These plexuses anasto-

mose freely with each other, and are best marked on the parts covered respectively

by the pleura? and peritoneum. That on the thoracic surface communicates
with the lymphatics of the costal and mediastinal parts of the pleura, and its

efferents consist of three groups: (a) anterior, passing to the nodes which lie

near the junction of the seventh rib with its cartilage; (h) middle, to the nodes on
the oesophagus and to those around the termination of the inferior vena cava;

and (c) posterior, to the nodes which surround the aorta at the point where this

vessel leaves the thoracic cavity.

The plexus on the abdominal surface is composed of fine vessels, and anasto-

moses with the lymphatics of the liver and, at the periphery of the Diaphragm,
with those of the subperitoneal tissue. The efferents from the right half of this

plexus terminate partly in a group of nodes on the trunk of the corresponding
inferior phrenic artery, while others end in the right lateral aortic nodes. Those
from the left half of the plexus pass to the preaortic and lateral aortic nodes
and to the nodes on the terminal portion of the oesophagus.

AppUed Anatomy.—The fact emphasized bv Robinson that the peritoneum is a great
lymph sac explains the quick absorption of septic material and the rapid spread of infectious pro-
cesses. If the exudate clots and blocks the lymph channels, absorption is slow and life may be
saved. If it does not clot, absorption is rapid and death is certain. ^Miether it clots or not
depends on the nature of the bacteria present. Fowler, impressed by the fact that absorption
takes place most rapidly from the diaphragmatic region and least rapidly from the pelvic r^ion,
advises placing the victim of peritonitis in bed, with his head and body elevated.

A knowledge of the lymphatics of the breast and of the nodes into which the lymphatics drain
is of the first importance to a surgeon. Certain surgical deductions from the anatomy of this
rt^on are j>erfectly obvious—viz.: (1) If the skin of the mammary gland is involved in carci-
noma, the thoracic group of axillary nodes of the same side is involved. If the skin over the
sternal margin of the gland is involved, the nodes of the opposite axilla may be cancerous, as
from this point lymph vessels rise and pass across the midline. If the skin of the sternal margin
is involved the prognosis is worse than if it is free, the opposite axilla may be cancerous, and the
opposite breast may become diseased. (2) When lymphatic vessels become blocked by cancer
cells the lymph backs up, flows backward instead of in its proper direction, and may cause infec-
tion in the most unsuspected situations. For instance, a block in the cutaneous lymphatics of
a portion of the breast may lead to infection of the opposite breast and axilla, though, of course,
if is not so likely to as is cancer of the skin of the sternal margin. By regurgitation of Ivmph
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the head of the humerus or the retrosternal structures may become diseased in mammary cancer.

(3) If the nipple or areola is cancerous, the entire gland is sure to be diseased, as the lymj)hatic

network of this region empties into the subareolar plexus, and most of the trunks coming from
the gland also enter this plexus. (4) If the mammary gland is cancerous, all of the axillary

nodes are regarded as diseased, as the main lymphatic channel from the breast reaches the

nodes on the inner wall of the axilla upon the third digitation of the Serratus magnus. Further-

more, in many cases an accessory lymph channel comes off from the lower portion of the mam-
mary gland and passes directly to the axilla. (5) The subclavian nodes are to be regarded

as diseased, because in a certain proportion of cases (the exact proportion being uncertain) an
accessory lymph channel comes off from the posterior surface of the mammary gland, passes

through the great Pectoral muscle, and ascends between the greater and lesser Pectorals to reach

the subclavian nodes. (6) The element which greatly interferes with the cure of mammary
carcinoma is the existence of lymph channels which arise from the inner portion of the mam-
mary gland, pierce the greater Pectoral and Internal intercostal muscles, and reach the internal

mammary nodes. Mediastinal involvement is apt to be earlier in carcinoma of the inner jjor-

tion of the breast than in carcinoma of other portions, and the prognosis is particularly bad
in cancer of the inner portion of the breast. What is known as the sternal symptom of Snow is

bulging of the sternum due to involvement of the thymus gland. (7) The sternal portion of

the great Pectoral and the tissue between it and the lesser Pectoral muscle are to be regarded

as diseased, because in some cases an accessory lymph channel from the breast penetrates the

greater Pectoral and ascends to the subclavian nodes. This trunk has several interrupting or

satellite nodes, the retropectorcd nodes, in the tissue back of the great Pectoral muscle. (8)

When the great Pectoral muscle is diseased, cancer cells soon spread widely through the sternal

portion of the muscle, and this entire portion of the muscle becomes cancerous. The clavicular

portion does not suffer early, but escapes until the cancer becomes extensive, as it is anatomically

distinct from the sternal portion. If the fibres of the great Pectoral are extensively diseased,

the thoracic group of axillary nodes, the subclavian nodes, and possibly the internal mammary
nodes are involved. (9) The only operation in cancer of the breast which offers any real hope
of cure is one which is done early and is radical. (10) It must be done early, because delay

permits involvement of the mediastinum, and if the disease has entered the mediastinum opera-

tion is hopeless. If the sternum is bulged operation is useless, and nothing short of amputation

at the shoulder-joint could be of help if the head of the humerus is enlarged by the disease.

Even this radical procedure is of no avail, because the mediastinum is certainly involved if the

head of the humerus is diseased. (11) If the lymph nodes above the clavicle are extensively

diseased operation is useless, as in such cases the mediastinum is sure to be involved. (12) A
radical operation means the removal of the skin of the breast with the nipple and areola, the

subcutaneous tissue of this region, the entire breast, the sternal portion of the great Pectoral

wnth its fascia, the retropectoral nodes and tissue, all the contents of the axilla except vessels

and nerves, the nodes and cellular tissue beneath the anterior margin of the Latissimus dorsi,

and the subclavian nodes. It is probably always wisest to open above the clavicle as \\ell as

below to facilitate the removal of nodes. It is seldom necessary to remove the clavicular pon
tion of the greater Pectoral. The lesser Pectoral does not require removal, but it should be taken

away, because of the added safety and speed thus obtained in cleaning the great vessels and

because its retention does not improve the functional result. The surgeon must remember that

the female mammary gland is a much larger organ than we used to think, and all of its irregular

projections and outlying lobules must be removed (p. 784). Formerly, surgeons did not com-

pletely remove the breast, but only got rid of a large portion of it.

The visceral lymph nodes consist of three groups—viz., anterior, mediastinal,

posterior mediastinal, and tracheobronchial.

The anterior mediastinal nodes {lymphoglandulae mediastinales anteriores) are

placed in the anterior part of the superior mediastinum, in front of the arch of

the aorta and in relation to the innominate veins and the large arterial trunks

which arise from the aortic arch. They receive afferents from the thymic nodes;

their efferents unite with those of the tracheobronchial nodes, to form the right

and left bronchomediastinal trunks.

The posterior mediastinal nodes {Iymphoglandula£ mediastinales posteriores) lie

behind the pericardium in relation to the oesophagus and descending thoracic

aorta. Their afferents are derived from the oesophagus, the posterior part of the

pericardium, the Diaphragm, and convex surface of the liver. Their eft'erents

mostly terminate in the thoracic duct, but some join the tracheobronchial nodes.

The tracheobronchial nodes form three main groups in relation to the bifurca-

tion of the trachea—one on either side of the trachea above the bronchi and



THE LYMPHATICS OF THE THORAX 801

one in the angle between the bronchi {lymphoglundulae tracheales) ; other nodes,

termed interbronchial {lymphoglundulae branchiales) , are found at the points of

di^^sion of the larger bronchi. The afFerents of the tracheobronchial nodes

drain the lungs and bronchi, the thoracic part of the trachea and the heart; some
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Fig. 576.—Deep lymph nodes and vessels of the thorax and abdomen (diagrammatic). Afferent vessels are

^

represented by continuous lines, and efiferent and internodular vessels by dotted lines. (Cunningham.)

of the efferents of the posterior mediastinal nodes also terminate in this group.
! Their efferent vessels ascend upon the trachea and unite with efferents of the
internal mammarv and anterior mediastinal nodes to form the right and left

bronchomediastinal trunks. The right bronchomediastinal trunk may join the

\ right lymphatic duct, and the left the thoracic duct, but more frequently they
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open independently of these ducts into the junction of the internal jugular and
subclavian veins of their own side.

Applied Anatomy.—In all town dwellers there are continually being swept into those nodes

from the bronchi and alveoli large quantities of the dust and black carbonaceous pigment that are

so freely inhaled in cities. At first the nodes are moderately enlarged, firm, inky black, and
gritty on section; later they enlarge still further, often becoming fibrous from the irritation set

up by the minute foreign bodies with which they are crammed, and may break down into a soft

slimy mass or may calcify. In tuberculosis of the lungs these nodes are practically always

infested; they enlarge, being filled with tuberculous deposits that may soften, or become fibrous,

or calcify. Not infrequently an enlarged tuberculous node perforates into a bronchus, dis-

charging its contents into the tube. When this happens there is great danger of acute pul-

monary tuberculosis, the infecting node-substance being rapidly spread throughout the bronchial

system by the coughing its presence in the air-passages excites.

The Ijrmphatic vessels of the thoracic viscera consist of those of the heart

and pericardium, lungs and pleura, thymus and oesophagus.

The lymphatic vessels of the heart consist of two plexuses: (a) deep, immediately

under the endocardium, and (b) superficial, subjacent to the visceral pericardium.

The deep plexus opens into the superficial, the efferents of which form right

and left collecting trunks. The left trunks, two or three in numbei*, ascend in

the anterior interventricular furrow, receiving, in their course, afferents from both

ventricles. On reaching the auriculoventricular furrow they are joined by a large

trunk from the back of the heart, and then unite to form a single vessel which

descends between the pulmonary artery and the left auricle and ends in one

of the tracheobronchial nodes. The right trunk receives its afferents from the

right auricle and from the right border and posterior surface of the right ventricle.

It ascends in the posterior auriculoventricular groove and then runs forward in

the auriculoventricular groove, and passes up behind the pulmonary artery, to

end in one of the tracheobronchial nodes.

The lymphatic vessels of the lungs originate in two plexuses, a superficial and

a deep. The superficial plexus is placed beneath the visceral pleura. The deep

accompanies the branches of the pulmonary vessels and the ramifications of the

bronchi. In the case of the larger bronchi the deep plexus consists of two net-

works, one, submucous, beneath the mucous membrane, and another, peribron-

chial, outside the walls of the bronchi. In the smaller bronchi there is but a

single plexus, which extends as far as the bronchioles, but fails to reach the alveoli,

in the walls of which there are no traces of lymphatic vessels. The superficial

efferents turn around the borders of the lungs and the margins of their fissures,

and converge to end in some nodes situated at the hilum; the deep efferents are'

conducted to the hilum along the pulmonary vessels and bronchi, and end in the

tracheobronchial nodes. Little or no anastomosis occurs between the superficial

and deep lymphatics of the lungs, except in the region of the hilus.

The lymphatic vessels of the pleura consist of two sets—one in the visceral

and another in the parietal part of the membrane. Those of the visceral pleura

drain into the superficial efferents of the lung, while the lymphatics of the parietal

pleura have three modes of ending—viz. : (a) those of the costal portion join

the lymphatics of the Internal intercostal muscles and so reach the internal

mammary nodes; (6) those of the diaphragmatic part are drained. by the efferents

of the Diaphragm; while (c) those of the mediastinal portion terminate in the

posterior mediastinal nodes.

The lymphatic vessels of the thymus gland terminate in the superior medias-

tinal, tracheobronchial, and internal mammary nodes.

The lymphatic vessels of the oesophagus form a plexus around that tube, the

collecting vessels from which drain into the posterior mediastinal nodes.
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THE XEEYE SYSTEM.

THE SPINAL COED AND BEAIN, WITH THEIR
MENINGES.

THE nerve system of man is an apparatus by means of which he appreciates

and becomes influenced by impressions from the outer world, reacts on

these impressions, and hence is enabled to adapt himself to his environment.

It is the organic substratum for those manifestations of nerve force engaged in the

characteristic attributes of animal life

—

sensation and motion. Broadly stated,

the nene system cqnnects the various parts of the body with one another and

coordinates them into one harmonious whole in order to carry on the bodily

functions methodically and to control the physiological division of labor through-

out the organism. With the evolution of the higher forms of animal life through

an immense phylogenetic past the nerve system has undergone remarkable differ-

entiation and specialization, attaining its maximum as to dominant position and

complexity of structure in the human species.

The description of the ner\e system is assisted by the accommodation of physio-

logical data to the anatomical basis in order to demonstrate more clearly and
to render more practical our knowledge of the mutual relations of its structure

and function. The cycle of events which accompanies nene action is determined

by impressions received by the peripheral organs, apperception and reflexes

of these impressions in the lower ner\e centres, correlation of these with other

impressions in higher centres, as well as voluntary reactions or inhibitions, liber-

ated in compliance with the organic or higher needs of the individual.

Conventionally, the ner\e system is usually considered as consisting of (1)

the cerebrospinal system, comprising (a) the central nerve axis (brain and spinal

cord I and (b) the peripheral nerves (cranial and spinal), and (2) the sympathetic

nerve system. This subdivision, like others formulated by various authors,

is an arbitrary one. No part of the system stands isolated, and the manifold

groupings and chainings of the units of the system intimately connect the central

nene organs with the peripheral nen-e endings, the organs of special sense and
the vegetative organs. The distinction between the central and the sympathetic

systems has been too absolute, and the only justification for adhering to the

classification given above is based upon the fact that the sympathetic system is

preponderatingly related to the interconnection and coordination of the nutritive

(digestive, respirator}', and blood and lymph) apparatus, and, therefore, exer-

cises a special control over its activities.

Structurally considered, the nene system consists of cell-elements peculiarly

differentiated from all other tissue cells in that their protoplasm is extended, often

to great distances from the nuclear region, in the form of processes. The cell-

elements are held in place by supporting tissues, partly of ectodermal and partly

of mesodermal origin, and receive an abundant blood supply.

The cell element of the nerve system is called the neurone. The neurone is

(803)
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the developmental, structural, and functional unit of the nerve system. It is in

reality a single cell presenting unusual structural modifications. It comprises not

only the nerve-cell body with its numerous protoplasmic processes or dendrites, but
also the axone, which may vary in length from a fraction of a millimetre to fully

half a man's stature; so that, despite the delicacy of the axone, its bulk may be

almost two hundred times greater than that of the cell body from which it pro-

ceeds. The long axones serve to make a connection with a peripheral or distant

nerve cell, muscle cell, or gland cell, while the shorter axones of certain neurones
divide into terminal branches in the immediate vicinity of its cell body, presuma
to come into relation with other nerve cells in the same or adjacent groups.

Neurones, being devoted to the maintenance of functions manifested by vari

phenomena of nerve force, are differentiated in their polarity, both structurally

and dynamically. Receptive neurones are so arranged as to receive afferent nerve '

impulses from other tissues; emissive or excitor neurones give out efferent ner|^|
impulses. The former are generally termed sensor neurones, the latter motfl^'

(excitomotor) neurones if connected with muscle, excitoglandular if connected

with gland cells. Were the nerve system made up solely of such initial and ter-

minal neurones, the apparatus would be merely a system of reflex arcs. Such it

is in low forms of animal life which, by their very organization, and because of

the close juxtaposition of their sensor and motor elements, are compelled to

react to stimuli from without. In higher forms, with more profoundly differ-

entiated nerve systems, the sensor impression must pass through an interposed

medium which is capable of either transmitting the molecular change in the form

of an excitomotor impulse or, on the other hand, is capable of reducing or check-

ing the impulse. In other words, reaction is not imperative; there is a freed

of choice exercised by intermediate neurones endowed with inhibitory functi

The simple arc, composed of an afferent sensor neurone and an efferent moi

neurone, would act independently of all other arcs were it not for the interpositi

of this intermediate neurone and of other association neurones which, by th

relations toward similar arc elements, produce harmony of action. The ba

then, of the nerve system is a series of neurones, with projecting and associati

processes, coordinated for the purpose of performing specific actions manifest!

either by motion, by trophic changes, or by the apperception of stimuli of

chemical, mechanical (tactile and auditory), thermal, or photic nature. Wh(

we consider the profoundly complex manifestations of nerve phenomena in t

mental and physical life of man it is'not surprising to learn that his nerve system

is made up of an immense multitude of aggregations of neurones.

Fundamental Facts Regarding the Development of the Nerve System.

The nerve system is formed by a remarkable metamorphosis of the ectoder

layer of the developing ovum. Along the mid-dorsal line of the embryonic mass

a thickening of the ectoderm forms a well-defined layer of cells, the neural plate.

The proliferative process passes rapidly from the cephalic toward the caudal

end, and as development advances it is seen that the most intense growth energ;

takes place at the cephalic end, indicative of the higher functional potentialit

of what is to become the brain. The neural plate undergoes a trough-like for-

mation as its edges become elevated cephalad and laterally to form the neural

groove (Fig. 577). The edges become more and more elevated and bend toward

the median line until the margins of the groove coalesce to form a tube, the neural

tube, which sinks into the subjacent mesodermal tissues. The fusion of the mar-

gins of the neural plate occurs first in the cervical region and rapidly continues

both cephalad and caudad. The cephalic portion, destined to become the brain,

expands and grows considerably, while the caudal portion elongates to form the

spinal cord.

Eventually the neural tube, as it sinks into the subjacent mesodermal tissue.

I
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severs all connection with the ectoderm from which it developed; but for a brief

period the continuity is presened in an attenuated septal mass, the neural crest

(Fig. 577). The cell elements of this crest subsequently l>ecome detached from

the superficial ectoderm, the continuity of which is again restored to form the

integument. They then pass ventrad to either side of the neural tube, prolifer-

NtURAL PLATE NEURAL GROOVE ECTODERM

PARAXIAL
MESODERM

i. A. S.

Fig. 577.

—

Diagrams showing development of neural tube and crest.

ate by mitosis, and accumulate in paired masses, corresponding in number to

the segments of the body, to become, in part at least, the cerebrospinal ganglion

cells of the afferent system, while other similarly paired masses migrate farther

ventrad to a prevertebral position to form the gangliated cord and widely spread

plexuses of the sympathetic system. From the tissues of the wall of the neural
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Fig. 5i8.—Diagram showing development of a spinal nerv'e and its components, together with the
spinal and sjTnpathetic ganglia.

tube and its temporary crest the entire nerse system of complex and intricate

structure is developed. The cavity of the tube shares in the developmental
growth changes to become the ventricular system of the brain and central canal

»^

of the spinal cord. The major details of the development of the principal divisions
• will be considered in appropriate chapters.
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Development of Nerve Tissue. 1 . In the Wall of the Neural Tube.—The single layer

nucleated epithelial cells of ectodermal origin which makes up the wall of the neural tube ear

becomes modified into a layer of tall columnar cells called spongioblasts (Fig.- 579). Th«

protoplasmic ends undergo differentiation in that the central ends become elongated and att

uated or collapsed to form a series of striated pillars

with intervening spaces. The central ends retain

their breadth, however, and form an internal limiting

membrane. The ectal ends undergo differentiation

to form a spongy reticulum (myelospongium net-

work); eventually these spongioblasts become (a)

ciliated ependymal cells and {b) neuroglia.

In the intercellular spaces of the central zone there

appear spherical cells of different structure and

density. These are the germinal cells, seen in very

early stages and proliferating rapidly by karyokine-

sis. ' They soon lose their spherical form, becoming

pear-shaped as a protoplasmic process extends

ectad. These pear-shaped cells are now termed

neiu-oblasts (Fig. 579), the protons of the neurones,

and as development advances they leave the central

zone and migrate into the marginal reticulum to

the positions in which they are found in the gray

substance of the brain and spinal cord. The proto- myelin sheati-

plasmic process is at first slisrhtly bulbous and elon-

—Oerminal cell.

I Xeurohlast.

Nuclei of
spongioblasts.

Myelospongium
network.

Fig. 579.—Transverse section of the spinal cord of a
human embryo at the beginning of the fourth week.
Top of figure corresponds to lining of central canal.
(After His.)

Fig. 580.—Scheme of central motor neuron©.
(I. type of Gol<;i.) The motor cell body, toKether
with all its protoplasmic processes, its axis-cylinder
process, collaterals, and end ramifications, repre-

.sent parts of a single cell orneurowe. a.h. Axone-
hillock devoid of Nissl bodies, and showing fibril-

ation. c. Cytoplasm showing Nissl bodies and
lighter ground substance, n'. Nucleolus. (Barker.)

gates to form the axone extending toward other nerve-cells or to the peripheral tissue elements

with which they become associated by the contiguity of the terminal arborizations into which the

bulbous extremity develops. The precision with which the axones travel toward their allotted

goal is one of the most remarkable manifestations of organic development. An American experi-

menter, Ross G. Harrison, has devised a method for directly ob.serving the living, growing

nerve. In isolated pieces of frog embryos the differentiation of the living nerve elements could

be observed from day to day during .several weeks. The bulbous end of the outflowing pro-

toplasmic fibre, showing a faint fibrillation, was seen to reveal a continuous change of form

particularly in a number of fine simple and branched filaments which were in constant ameboid
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movement. Harrison's demonstration' is of great significance in connection with the "retraction

theory" and other ideas related to the neurone doctrine.

2. In the Neural Crest Tissues.^The nerve tissue elements of the sympathetic system and
of the ganglia of the cranial nerves and dorsal roots of the spinal nerves are derived from the

neural crest. Omitting, for the present, the development of the sympathetic system, it is found
that the cells of the paired masses which eventually become the cerebrospinal ganglia are at

first somewhat spherical, then oval in form,

sending out from cither extremity or pole

a protoplasmic process. One process mi-

grates centrad, the other towa'-^ the tissues

of the periphery. The central process

penetrates the tissues of the neiu^l tube

and, assiuning the typical form of an axone
u ith its collaterals and end arborizations,

limes into contiguous association with cer-

tain cells of the central axis. The periph-

eral process is in reality an unusually

long dendrite, for it is centripetal in func-

tion; but owing to the fact that ir is

usually provided with a myelin sheath it

is also termed the peripheral axone of an
afferent (or sensor) neurone. The central

processes of the cells of a single spinal nerve

ganglion form the dorsal nerve roots; the

peripheral processes constitute the afferent

portion of a spinal nerve. The cells them-
selves are transformed from bijxjlar into

apparently unipolar cells by the migration

of the cell body to one side and the con-

sequent approximation of the two pro-

cesses to form a common pedicle in a
T-shaped manner (Fig. .586).

Structure of the Nerve System.—The
whole of the nerve system is composed of

ner\e tissue and supporting connecrive

tissue. The neurones constitute the nerve

tissue, while the supfKjrting tissue is com-
posed of the neuroglia and of white fibrous

tissue derived either from the investing

membrane or from the sheaths of its

numerous vascular channels.

The Neurone.—The neiu-one or nerve

cell element, whose individuality has
already been pointed out, exhibits remark-
able variations as to external characters,

dimensions, and form. The neiu"one pre-

sents a concentrated or swollen cell mass
and nucleus, formerly known as the nerve
cell (ganglion cell) and still retaining the
name. From this cell body are given off a
number of processes of two distinct kinds: (1) protoplasmic processes which are commonly
branched and generally called the dendrites

; (2) a single, thinner, and paler process, the axone
axis-cylinder process; neuraxone).
Varied Forms of Neurones.—Bearing in mind that each neurone includes not only the cell

Dody and its dendritic processes, but also the axone or axis-cylinder process with all its rami-
fications, we may consider each of these di\-isions under separate heads.

1. Nerve Cell Body. External Morphology.—The bodies of nerve cells vary much in size,

measuring from 4 to 135 microns or more in diameter. The largest cells are found in the ventral
horns of the spinal cord, in the spinal ganglia, in the large pjTamidal cell layer of the cere-
bral cortex, in the Piu-kinjean cell layer of the cerebellum, and in the coiiunn of Clarke
(dorsal nucleus) of the spinal cord. Very small cells are found in the olfactory bulbs, in the
granular layers of the cerebral and the cerebellar cortex, and in the caput gUosmn of the cord.
Although all nerve cells begin in the embrvonic ectoderm as spherical germinal cells, they

later assiune, in different regions, very different shapes. These external morphological relations

Fig. 581.-7-Showiijg some varietiea of cell bodies of
neurones (diagrammatic.) A. Unipolar (amacrine) cell
from the retina. B. Bipolar cell from vestibular gang-
lion. C Multipiolar cell, with long axone, from spinal
cord. D. "Golgi cell," with short axone breaking up into
numerous terminal twigs. E. Pyramidal cell from cere-
bral cortex, a. Axone. ell. Collaterals. L. Telodendria.

' American Journal of .\natomy, June 1, 1907, vii, 1. (Anatomical Record, p. 116 >
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have been best revealed by the methods ot Ehrlich and Golgi. According to the number
processes arising from the cell body, neurones are referred to as (1) unipolar, (2) bipolar, and

(3) multipolar nerve cells.

1. Unipolar cells are met with frequently in early stages of embryonic development, but are

rare in the adult, being found only in the retina, olfactory bulb, and within the baskets of the

Purkinjean cells of the cerebellum. They are called amacrine cells. The cells of the cerebro-

spinal ganglia (excepting the cochlear and vestibular) are apparently unipolar, but they are

developmentally and functionally of bipolar nature.

2. Bipolar cells are found almost exclusively in the peripheral sensor systems, as in the

olfactory membrane, in the retina, in the cochlear and vestibular ganglia, and in the cerebro-

spinal ganglia of the embryo.

3. Multipolar cells are the most numerous and form the principal elements of nerve centi

throughout the system. They are termed multipolar because of the greater or less number i

dendrites given off in addition to the single axone.'

The terms "unipolar" and "multipolar" must be restricted to the morphological sense; dynam^
ally all nerve cells are bipolar.

According to the relations of the axone we distinguish, after Golgi, two kinds of neurones:

I. Neurones with long axones which become the axis cylinder of a central or peripheral ner

fibre. The axones give off several collaterals which, like the parent stem, break into fine

branched terminals or telodendria.

II. Neurones with relatively short axones which do not go into the formation of a ner

fibre, but break up into terminal twigs in the vicinity of the cell-bodies from which they arii|

Type II is generally termed, for brevity's sake, the Golgi cell.

Fig. 582.—Purkinjean cell from human cerebellum, as seen in a
plane transverse to the long axis of a cerebellar folium, o. Axone.
clt. Collaterals. (Golgi method.)

E. A. S.

Fig. 583.—Profile view of Purk
jean cell, in the plane of the long ;

of a cerebellar folium.

According to the morphological relations of the dendrites, neurones are classified as follows:

(a) Stellate cells, the dendrites of which spring at intervals from the whole circumference

of the cell body and pass toward all directions (motor cells in ventral horn and tract cells of the

cord).

{b) Cells with one principal stout dendrite (among other lesser dendrites) which gives off side

branches and ends in fine terminal twigs (pyramidal cells of cerebral cortex; mitral cells of

olfactory bulb).

(c) Arboriform cells, giving off branched dendrites from both base and apex, resembling the

roots and the branches of a tree; the axone often springs from the base of one of the root-like

dendrites (pyramidal cells of the hippocampus).

• Exceptionally, more than one axone has been observed arising from a single cell, as in the Cajal cells of
cerebral cortex.
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{d) Cells with monopolar dendrites. Several main dendritic stems spring from one pole of

the cell and, undergoing frequent subdi\-ision, break up into a fine terminal arborization. The
axone springs from the opposite pole (Purkinjean cells of the cerebellum; granular cells of the

fasciola cinereai.

2. Nerve Cell Body. Interned Morphology.—^The nucleus of the nerve cell differs in no essen-

ial from the typic nuclear structure. Regarding the organization of the cytoplasm several

onflicting views exist. In the present state of oui knowledge
concerning this still obscure field of investigation it may be

said that the nerve cell protoplasm is roughly divided into

a peripheral ezoplasmic portion and a centraj endoplasmic
portion. There is shown throughout the cytoplasm a tendency

to fibrillar structure, more pronounced in the exoplasmic

portion. Within the meshes of a more or less homogeneous
ground substance, which pervades the whole, are deposited

larger and smaller masses of a granular substance. Nerve
cells fixed and stained by the methods of Xissl and Held
show that the granule masses are "stainable" (chromatophiles

;

tigroid bodies; Nissl bodies), probably of the nature of a

nudeoproteid (MacCallum) and looked upon as a sort of

nutritive reserve. Many of the larger cells possess more
or less pigmented material, adjacent to the nucleus. The
cells of the substantia nigra {iniercalatum) and of the

locus caemleus contain an abimdance of such pigment
granules.

The " unstainable" homogeneous ground substance of the

cytoplasm is probably the more important functionally, for

numerous delicate neurofibrils have, by special methods, been shown to traverse the cell body
and its processes, crossing and interlacing, perhaps anastomosing with each other, and traceable

into the axone.' Xissl, after years of painstaking investigation, has classified nerve cells into

a great many different species in accordance with their reaction to staining agents.

Fig. 584.—Motor nerve (sell from
ventral horn of spinal cord of rabbit.
The angular and spindle-shaped Nissl
bodies are well shown. (After Nissl.)

Axone.

Sheath of
cell body.

Nudeiu.

Cell protoplasm.

Axone.

Myelin sheatk.

Fig. 585.—Bipolar nerve cell from a spinal ganglion
of the pike, (.\fter Kolliker.)

Fig. 586.—Three stages in the development of a cell
from a spinal gang^on.

The Dendrites.—The dendrites are attenuated processes, usually niunerous, resembling
in structure and staining reactions the cj-toplasm, of which, as extensions, they increase the
functional expanse of the surface of the cell body. Emerging bv a broad base, they become

« That the neiirofibrils form such an intracellular network and tiiat the axones ariae therefrom is disputedby Ramon y Cajal. Bielschowsky, and others.
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narrowei- as they divide into many branches in a dichotomous or arborescent manner to end fre

according to most observers, or to be joined with the dendrites of other neurones by means
minute fibrillae (as claimed by Apathy) or by concrescence (Held). The contour of tlie dendrite
while occasionally irregular in some specimens, with varicosities along its course, is, as a rule

beset with numerous lateral buds called gemmules. Various hypotheses have been advanced
in explanation of these appearances, it being held by some investigators that they are related to

conditions of activity as contrasted to those of repose, while others believe them to be artefacts

produced by the fixing and staining methods at present employed. However, it is no longer
disputed that the function of the dendrites is receptive and conductive (or cellulipetal) for ner
impulses, although they probably serve the nutritional requirements of the cell body as well

This functional distinction gives the clue to the correct interpretation of the central an
peripheral prolongations of the cerebrospinal ganglionic neurones. The cells of these ganglia
are at first bipolar in form, but gradually undergo transformation into apparently unipolar celi

by the migration of the cell body to one side and the consequent approximation of the t

processes to form a common pedicle in a T-shaped manner so typical of the spinal ganglion cell

the adult (Fig. 586). The central branch invariably remains cellulifugal, the peripheral bran
invariably remains cellulipetal, and as such is equivalent to the dendrites of all other neurones?

It is merely a modified dendrite in that it courses a longer distance without branching until it

reaches the periphery and is usually myelinic. Such a peripheral prolongation of the ganglion

cell is also termed a centripetal nerve fibre or myelinic {medidlated) peripheral axone of an afferent

neurone.

B

Pno T

i

E. A. S.

Fig 587 —A Myelinic axones in fresh state, showing a few nodes, B. Portion of a myeHnic axone treat

with tioiling ether and alcohol to remove the myelin and leaving the neurokeratin network, a. Axone.

The Axone.—The axone is usually much longer than any of the dendrites, thin, pale, smooth,

emerging from the nerve cell as a direct continuation of the neurofibrillar ground substance

of the cell body, and devoid, so far as at present known, of chromatophile granules. Ii

calibre varies for the different cells, corresponding in general to the length of its courst,

but it is practically of uniform diameter throughout its extent. Axones may be extremely

short or fully a meter in length. Most cells give rise to only one axone (monaxonic neurones),

but in certain localities diaxonic (two axones) and polyaxonic (several axones) neurones are

found. In a Golgi preparation axones stand out like pieces of black thread, taking a more

direct course than do the irregular dendrites, and rarely branching before reaching the ultimate

termination, although giving off collaterals along their course. The central axones of spinal

ganglion (sensor) neurones are the principal exception to this rule in that they bifurcate in a

Y-shaped manner after their entrance into the central nerve system. In the case of another

group of neurones, Golgi's Cell, Type II, the axone is observed to break up into numerous
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AXONE SHOWING
FIBRILLAR
STRUCTURE

branches soon after its departure from the cell; such axones are called dendraxones. The
axones and their collaterals end in terminal arborizations, the telodendria.

The axone is the distributive or emissive (cellulifugal) conductor of nerve impulses. There

is, therefore, a functional opposition attributable to the two extremities of the neurone, based

upon its dynamic jx}larity and upon a physiologic principle which is established by all experi-

ments to which the ner\e system is submitted,

naraelv, that nerve impulses pass through the neu-

rone in a definite direc-tion which is invariable and

ulmitting of anatomic localization.

The majority of the peripheral spinal and cerebral

fones
as well as those constituting the white sub-

nce of the brain and cord are invested by a myelin

leath.

The Collaterals (paraxones).—The collaterals are

accessory- branchings of the axones which are more
numerous in the c_\noproximal portion and are usually

directed at right angles to the parent stem. Some
axones possess few or no collaterals, while others

possess many. The collaterals, especially those in the

gray substance of the central axis, are frequently mye-

linic. They unquestionably play an important part

in the grouping and chaining of neurones within the

system, in yielding up to neighboring neurones a por-

tion of the impulse that the cell has received by its

dendrites and transmits along its axone to a distance.

Varieties of Axones.—Axones are divided into

two main groups depending upon the presence or

absence of a myelin sheath—(I) myelinic axones and
(II) amyelinic axones, or medullated and nonmednl-
lated axones.

Myelinic axones or medullated axis-cylinder

processes are axones enveloped by a relatively thick

sheath composed of semifluid phosphorized fat, which

gives to the bundles of these structures their opaque,

white appearance. The myelin sheath is in turn

invested by a delicate membrane (neurilemma) in

one group, while* another group is devoid of such
covering, giving rise to the further subdi^-ision into

(a) myelinic axones with a neurilemma; (6) myelinic

axones without a neurilemma.

(I. a) Myelinic axones with a nenrilemma consti-

tute the bulk of the cerebrospinal nerves, and, in lesser

proportion, of the sympathetic nerves. The myelin
sheath {medullary sheath of Schwann) (Figs. 5S7 and
.5.SS) does not invest the axone throughout its course nor
in a uniform manner. The axone after its emei^nce
from the cell body and likewise in its preterminal por-

tion is naked; and the delicate external membrane
or neurilemma comes in contact with the axone.
The myelin sheath consists of a number of tubular

segments demarcated by nodal intersections which
are only O.OS ram. apart in the very small myelinic
axones, while for large axones the intervals may be
1 mm. or more. At the nodes (constrictions of Ran-
vifr) the neurilemma dips into the constriction to

come in contact with the axone, and any branches of the axone are invariably given off at
such points. The interruptions in the continuity- of the myelin sheath have been assumed to
be provisions facilitating nutritive diffusion between the axone and the surrounding l^-mph,
and here only may collaterals be given off. Each intemodal myelinic segment Ls further" char-
acterized by oblique clefts, irre^larly distributed—the incisures of Schmidt-Lantermann—
seen only in fixed specimens and probably artifacts. Extraction of the fatty substance of
the myelin sheath by boiling alcohol and ether brings out a fine network which" resists trs-psin
digestion, and is termed neurokeratin on account of its resemblance to the keratin of epidermal
structures.

The neurilemma (primitive sheath of Schwann; neurolemma), a delicate structureless mem-
brane, encloses the myelin and the axone, wherever the myelin slieath is wanting. Against the

INCISURE OF
SCHMIDT

—NEURILEMMA

NUCLEUS OF
NEURILEMMA

Fir.. 588.

—

A. -s with a
Deurilemina onlj-, the nuclei of which can be
seen. B. Diagram showing structure of a
myelinic axone and illustrating two views
regarding the relations of the sheaths at the
node (compare the two sides). C. Trans-
section of a group of myelinic axones, stained
with osmic acid, showing: \F. Axonic neu-
rofibrils. M. Myelin. F. Endoneurium.
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inner surface of the neurilemma, and embedded as it were in the myelin, usually midway betwe

two nodes, lies the oval-shaped nucleus of the neurilemma.

Myelinic axones are usually from 4 to 10 microns in diameter; the extremes range from 2

20 microns.

(I, h) Myelinic axones without a neurilemma constitute the white substance of the bra

and spinal cord, as well as the optic nerves. They differ from the axones just described in tw^

particulars—the neurilemma is absent and there are no nodes interrupting the continuity of tl

myelin sheath. A network of neuroglia replaces the neurilemma as a supporting tissue.

(II, a) Amyelinic axones with a neunlemma (Remak's fibres; sympathetic nerve fibresf

constitute the majority of the sympathetic axones and the axones of the olfactory nerves. Tl
myelin sheath is absent and the axone is invested, more or less completely, by a nucleated celli

sheath or neurilemma.

(II, b) Amyelinic axones without a neurilenmia are naked axones, most numerous in tl

central ganglia. Most axones of longer course are devoid of any sheath in the cytoproximal at

preterminal portions, whatever investment they may receive in the intermediate portion.

NERVE CELL NIDI OR NUCLEI.

Nerve cells are more or less definitely grouped in the gray substance of the brail

and cord to form what are conventionally termed "nuclei." Inasmuch as th^

term nucleus has long been given to the vesicular body in the interior of all cells

ambiguity would be avoided by designating such nerve cell groups by the ten

nidi (plural of nidus, "a nest").

NERVE FIBRES" AND NERVES.

Prior to the general adoption of the neurone concept it was customary to desigJ

nate the conducting elements of the nerve system by the term nerve fibres in dis

tinction from the nerve cells. As has been pointed out above, the distinctioi

no longer holds, but the designation "nerve fibre" is still retained in anatomi^

vocabulary and recurs so frequently in common parlance that, even with the ne^

conception which has been formed of the architecture of the nerve system, thfl

term cannot yet be entirely discarded in favor of "axone," although it probablj

will eventually.

Nerves are round or flattened bundles of axones which serve to bring the central

axis into relation with the periphery and other tissues of the body. The nerves

of the body are subdivided into two great classes—the cerebrospinal, which are

attached to the cerebrospinal axis, and the sympathetic or ganglionic nerves, whichi

are attached to the ganglia of the sympathetic. The cerebrospinal nerves con-

sist of numerous nerve fibres (myelinic axones) collected together into small oi

large bundles or fasciculi and enclosed in a membranous sheath.

Structure of Nerves.—In structure the common membranous investment, or sheath of the]

whole nerve, which is called the epineurium, as well as the septa given off from it, and whicl

separate the fasciculi, consists of connective tissue, composed of white and yellow elastic fibres

the latter existing in great abundance. The tubular sheath of the smaller fasciculi composing

the nerve trunk, called the perineurium, 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 consists of connective tissue which has a distinctly lamellar arrangement, being composed of

several lamellae, separated from each other by spaces containing lymph. The nerve fibres are'

held together and supported within the fasciculus by delicate connective tissue called the endo-

neurium (sheath of Henle). It is continuous with septa which pass inward from the innermost

layer of the perineurium, and consists of a ground substance in which are embedded fine bundles

of fibrous connective tissue which run for the most part longitudinally. It serves to support the

capillary vessels, which are arranged so as to form a network with elongated meshes. The
cerebrospinal nerves consist almost exclusively of myelinic axones, the amyelinic axones existing

in very small proportions.
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The bloodvessel supplying a nerve terminate in a minute capillary plexus, the vessels com-

posing which pierce the perineurium and run, for the most part, parallel with the fibres; they

are connected by short, transverse vessels, forming narrow, oblong meshes, similar to the capillary

.s\stem of muscle. Fine amyelinic axones accompany these capillary vessels, the vasomotor

fibres, and break up into elementary fibrils, which form a network around the vessel. Horsley

has also demonstrated certain myelinic fibres as running in the epineiu-iimi and terminating

in small bulboid tactile corpuscles or end-btilbs of Krause. These nerve fibres, believed to

be sensor, and termed nervi nervonun, are considered to have an imp>ortant bearing upon
certain neuralgic pains.
• Xerves, in their course, subdivide into branches, and these frequently communicate with

branches of a neighboring nerve.

The axones, so far as is at present knowTi, do not coalesce, but piu-sue an uninterrupted course

from the centre to the periphery. In separating a nerve, however, into its component fasciculi,

it mav be seen that they do not pursue a perfectly insidated coiu-se, but occasionally join at a

ver}' acute angle with other fascicuU proceeding in the same direction; from this branches are

given off, to join again in like manner.with other fasciculi. It must be distinctly understood, how-
ever, that in these communications the axones do not coalesce, but merely pass into the sheath

of the adjacent nerse, become intenmxed with its axones, and again pass on, to become blended

with the axones in some adjoining fasciculus.

The communications which take place between two or more nenes form what is called a

plexus. Sometimes a plexus is formed by the primarv* 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 f)eripherv of the body. In the formation of a plexus the com-
ponent nerves di\"ide, then join, and again subdi\nde in such a complex manner that the indi-

vidual fasciculi become interlaced most intricately; so that each branch leaNnng a plexus may
contain filaments from each of the primary ner\e-trimks which form it. In the formation also

of smaller plexuses at the periphery of the body there is a free interchange of the fasciculi and
primitive fibres. In each case, however, the individual filaments or axones remain separate and
distinct.

It is probable that through this interchange of fibres, everA- branch passing off from a plexus

has a more extensive connection with the spinal cord than if it had proceeded to its distribution

without such connections with other nerves. Consequently the parts supplied by these nerves

have more extended relations with the nerve centres; by this means, also, groups of muscles

may be associated for combined action, as is best exemplified in the formation of the limb

plextises.

The sympathetic nerves are constructed in the same maimer as the cerebrospinal nerves,

but c-onsist mainly of amyelinic axones, collected into fasciculi and enclosed in a sheath of con-

nective tissue. There is, however, in these nerves a certain admixture of myelinic axones,

and the amount varies in different ner\es, and may be known by their color. Those branches

of the SATnpatheiic which present a well-marked reddish-gray color are composed more especially

of amvelinic axones, intermixed with a few myelinic axones; while those of a white color contain

more of the latter and a few of the former. Occasionally, the gray and white cords run together

in a single nerse, without any intermixture, as in the branches of communication between the

s\Tnpaihetic ganglia and the spinal nerves, or in the communicating cords between the ganglia.

The ner\-es, both of the cerebrospinal and sympathetic systems, convey impressions of a two-

fold kind. The afferent or centripetal nerves, generally called sensor, transmit to the nen-e

centres impressions made upon the peripheral ends of their components, to produce reflexes

in the lower centres while the mind, through the medium of the brain, becomes conscious of

en\-ironmental conditions or changes. The efferent or centrifugal (in large part "motor")
nerves transmit impulses from the centres to the parts to which the nen-es are distributed; these

impulses either excite muscle contraction or influence the processes of nutrition, growth, and
secretion.

The ganglia may be regarded as separate small aggregations of nerve cells,

connected with each other, with the cerebrospinal axis, and with the ner\-es in

various situations. They are found on the dorsal root of each of the spinal nerves;

on the sensor root of the trigeminus; on the facial and auditory nenes; and on
the glo-ssopharvngeal and vagus nenes. They are also foimd in a connected

series along each side of the vertebral column, forming the gangliated cord or

trunk of the sympathetic; and on the branches of that ner%e, generally in the

Diexuses or at the point of junction of two or more nerves with each other or

with branches of the cerebrospinal system. On section they are seen to consist

cf a reddish-gray substance, traversed by numerous white nerve fibres; they vary
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considerably in form and size; the largest are found on the sensor root of the

trigeminus and in the cavity of the abdomen; the smallest, not visible to 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 mem-
branous envelope, consisting of dense areolar tissue; this sheath is continuous

with the perineurium of the nerves, and sends numerous processes into t

interior of the ganglion, which support the bloodvessels supplying its substan

Origin and Termination of Nerves.—To the central and the peripheral endi

of a nerve are usually given the names of "origin" and "termination." The;

designations have been rendered inappropriate, in many cases, by the newi

concept of neuronic arrangement. They have not yet become obsolete, howeve:

particularly in dissecting-room anatomy, and warrant description here with

certain degree of reserve alluded to above.

I

ss^S^scaasRs^^s^'''
E. A. S.

Fig. 589.—Diagrams of motor nerve endings in A. Striated muscle. B. Cardiac muscle. C. Nonstriafc
muscle, a. Axone. t. Telodendria. (After Huber, Bohm and Davidoff, and others.)

Origin.—The origin in some cases is single—that is to say, the whole ner

emerges from the nerve centre by a single root; in other instances the nerve arise

by two or more roots, which come off from different parts of the nen^e centi

sometimes widely apart from each other; and it often happens, when a nervl

arises in this way by two roots, that the functions of these two roots are different

as, for example, in the spinal nerves, each of which arises by two roots, the venti

of which is motor and the dorsal sensor. The point where the nerve root or roo^

emerge from the nerve centre is named the superficial or apparent origin, but i\

axones of which the nerve consists can be traced for a certain distance into th"

nerve centre to some portion of the gray substance, which constitutes the deep

or real origin of the nerve. The manner in which these fibres arise at their deep

origin varies with their functions. The centrifugal or efferent nerve fibres

originate in the nerve cells of the gray substance, the axones of these cells being

prolonged to form the fibres. In the case of the centripetal or afferent nerve-

the axones grow inward either from nerve cells in the organs of special senst

(e. g., the retina) or from nerve cells in the ganglia. Having entered the nerve
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centre, they branch and send their uhimate twigs among the cells, without, how-

ever, uniting with them.

Termination.—Axones terminate peripherally in various ways and may be most

conveniently studied in the efferent and afferent systems respectively. The
so-called peripheral terminations of afferent neurones are better called peripheral

nerve beginnings, on account of their functional relations; the impulse is excited

in the peripheral end and conducted centrad through the rest of the neurone.

Fig. 590.—Showing some varieties of peripheral terminations of afferent neurones (or "peripheral nerve
beginnings''): .4. Terminal fibrillse in epithelium (after Retzius). B. Tactile corpuscle (Meissner's, after
Dogiel). C. Bulboid corpuscle (Krause's, after Dogiel). D. Lamellated corpuscle (Pacini's, after Dogiel. Sala,
and others). E. Genital ner^-e corpuscle from human glans penis (after Dogiel). a. Axone. t. Telodendria.

Modes of Termination of Axones.—^The ultimate terminals of the axones and their

collaterals are called telodendrions (or telodendria). So far as can be determined
by present methods they invariably end "free," commonly by exhaustion through
multiple division. This manifold branching presumably puts the neurone in a

condition to influence the processes of many other neurones ("avalanche con-

duction" of Ramon y Cajal). In some localities the formation by axonic terminals
of pericellular and peridendritic networks has been obsened. Upon muscle
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leir
I

tfflnl

fibres the axone terminals form chains of flattened disks, the motor end pla'

Among gland cells the terminal fibrils form more or less intricate plexuses

Peripheral Nerve Beginnings of Centripetal Neurones.—Nerve beginnings of the

centripetal (sensor) fibres are found in nearly all the tissues of the body. They
are peculiarly differentiated and of various forms in different localities, and their

function is apparently the conversion of mechanical, thermal, chemical, and ot

stimuli into nerve impulses. The organs of vision, hearing, smell, and tai

possess variously modified nerve beginnings which are described under app:

priate tkles in the chapter on the Organs of Special Sense. The organs of

centripetal neurones collecting bodily impressions (tactile sense, muscle sense)

and connected with the central axis are often very complicated structures. The
principal varieties are

:

Terminal (peripheral) fibrillse.

Tactile corpuscles (Meissner's).

"Ruffini's endings."

I. <j Lamellated corpuscles (Pacini's).

Bulboid corpuscles (Krause's).

Genital (nerve) corpuscles.

> Articular (nerve) corpuscles.

yy f Neuromuscular spindles (Ruffini).

'
I Neurotendinous spindles (Golgi).

(I, a) Peripheral fibrillae are best demonstrable in the epithelium of the si

mucous membranes, and cornea. The axone is seen to break up into its cc

stituent fibrillae, which often present regular varicosities and anastomose wi!

each other in a plexiform manner.

(I, h) Tactile corpuscles (corpuscula tadus; touch corpuscles of Meissner and

Wagner) consist of elongated oval lobules of delicate epithelioid tissue invaded by

one or more axones which divide into their primitive fibrils, each terminal branch

ending free usually as a somewhat flattened, disk-like plate in among the wedge-

shaped cells of the corpuscle. Tactile corpuscles occur in large numbers in the

cutaneous papilla? of the finger-tips, in the conjunctiva, and, less abundantly, in

the rest of the skin; they appear to be concerned w4th the finer tactile sensations.

Nerve fibres.

Peripheral ramifications

of axones.
Counective-tiasiie sheath.

Fig. 591.—Nerve ending of Ruffini. (After Ruffini.)

(I, c) Ruffini has described a special variety of sensor nerve beginning in the sul

cutaneous tissue of the human finger (Fig. 591). They are principally situated

at the junction of the corium with the subcutaneous tissue; they are of oval

shape, and consist of a strong connective-tissue sheath within which the axone

divides into numerous varicose fibrils ending in small, free knobs.

(I, d) Lamellated corpuscles (corpuscula lamellosa; Pacinian corpuscles; Vater's

corpuscles; Herbst's corpuscles) are among the largest of the tactile end organs

and are found chiefly in the palmar surface of the hand, the sole of the foot, the
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genital organs, the serous membranes, and many other structures. Each cor-

puscle consists of a number of capsular connective-tissue lamellae arranged more
or less concentrically around a central granular protoplasmic core, pierced by a

single axone which usually divides into two or more branches giving off col-

laterals of beaded appearance and terminating in rounded knobs.

(I, e) Bulboid corpuscles {corpusciila hulboidea; Krause's end bulbs) are minute
cylindrical or oval bodies, consisting of a capsule continuous with the perineurium

which encloses a core (inner bulb) of semifluid, finely granular protoplasm.

The axone is bulbed peripherally and quite free distally, or, as is frequently

observed, di\'ides into a number of branches, to each of which is attached an
end bulb.

Dendritic branekings.

Fig. 592.—Middle third of a tenninai plaque in the muscle spindle of an adult cat. (After Ruffini.)

(I,/) The genital corpuscles (corpusciila nervorum genitalia) and the articular cor-

puscles {corpusciila nervorum articularia) very much resemble the bulboid cor-

puscles just described. The genital corpuscles form aggregations of from two
to six knob-like masses in the penis and clitoris. The articular corpuscles are

found in the synovial membranes of the joints.

II, a) Neuromuscular spindles (muscle spindles of Kiihne) are found in nearly all

the skeletal muscles and are most numerous in the Extrinsic muscles of the tongue,
in the small muscles of the hand and foot, and in the Intercostal muscles. Most
elaborate investigations upon these spindles have been conducted recently by
RuflBni iu Italy, Sihler, Huber, and De Witt in America. Neuromuscular
spindles are usually found in the fibrous septa of the perim^'sium, and consist of

the flattened nerve fibrils of centripetal axones arranged in one or all of three
ways: (1) annidar, where the fibrils surround the muscle fibres in rings; (2)

spiral, and (.3) dendritic or branched (Fig. 592). They are doubtlessly concerned
with the so-called muscle sense.

(II, 6) Neurotendinous Spindles (organs of Gk)lgi).—^The nerves conve\ang sensor
impulses from the tendons have a special modification of the peripheral fibres, in

the form of numerous fibrils with branching end plates or of an annular and
spiral arrangement resembling the neuromuscular spindles. They usually occur
at the junction of the tendon bundles with the muscle fibres (Fig. 593).
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The Neurone Doctrine.—The results of the investigations of Golgi, Cajal, Forel,

and others prompted Waldeyer to enunciate a theory with regard to the nerve

mechanism of the neurone. This hypothesis is generally known as the neurone

theory and assumes that (1) each neurone is a distinct and separate entity; (2)

the collaterals and other terminals of the neurone form no connections among
themselves; (3) neurones are associated, and impulses conveyed, by contact

or contiguity of the axonic terminals of one axone with the cell body or dendrites of

another neurone. The theory postulates a nerve cell amebism analogous to

the extension and retraction of the pseudopodia of an ameba, and the "retraction

theory" has been propounded in explanation ol certain functional dissociation

phenomena attending nerve force manifestations.

-Z'-Nerre fibres.

Organ of Golgi, showhig Tendon bundles,

ramification of nerve fibrils.

Muscle fibres.

Fio. 593.—Neurotendinous spindle organ of Golgi from the human tendo calcaneus (Achillis). (After CiaccfllJ

Opposed to the "neurone theory" or "contact theory" is the more recent

continuity theory which is being earnestly advocated by Apathy, Bethe, and

Nissl. In behalf of this theory it is claimed that the neurofibrils are continuous

not only within the cell and its processes, but through an extracellular network

as well. The dispute now being waged does not, however, affect our funda-

mental ideas regarding the individuality of neurones with regard to their dyna
condition.

]The Supporting Tissue Elements of the Nerve System.—A fine meshwork of non-net

tissue, more or less dense in different localities, but apparently restricted to the central axis,

serves to support the neurones. This sustentacular tissue is of two kinds: (1) the neuroglia; '

(2) connective-tissue trabeculse derived from (o) the pia or (b) vascular channels.

The Neuroglia.—The neuroglia consists of glia cells of varied forms and gha fibres. Glia

cells are divisible into two species—ependsonal cells and astrocytes of long-rayed and sholBjl

rayed type. Vl
Ependymal cells are the columnar epithelial cells which line the neural canal throughout.

'

In the embryonic condition each cell is seen to project a long multibranched filament toward

the periphery of the neural tube, while the free end carries a tuft of cilia. In adult life both the

cilia and the radial filament are apparently lost or very much reduced.

Regarding the structure of the glia cells proper as well as of the glia fibres there is a variance >,

of o])inion among different investigators. The astrocytes, as they are commonly 'revealed in

Golgi preparations, may, as pointed out by Weigert and others, be due to an extension of the

silver deposit upon glia-cell nuclei as well as upon adjacent filaments. Huber,' Hardesty,^ and

others regard neuroglia tissue as a syncitium resulting from an early fusion of the protojilasm

of the cells of the neural tube which at first were individual and definitely bounded. The fila-

mentous reticulum of glia fibres ordinarily seen in adult tissues seems to result from an increase

of the fine threads of the spongioplasmic network of the original cell protoplasm. Neuroglia

occurs in both gray and white substances as an all-pervading supporting tissue. In certain

localities, as upon the surface of the brain and cord, the neuroglia tissue is disposed in the form

of a thin layer.

• American .lournal of Anatomy, 1901, pp. 45 to 61.
2 Ibid., 1904, pp. 229 to 268.
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Besides the neuroglia, the central nerve system contains as supporting tissues numerous fine

and coarse septa or trabeculae derived from the investing pia, or from the sheaths of bloodvessels.

Chemical Composition.—The amount of water in nerve tissue varies with the situation,

Thui, in the gray substance of the cerebrum it constitutes about 83 per cent., in the white sub-

stance from the same region about 70 p)er cent., while in

the peripheral nerves, such as the sciatic, it may fall to

60 i>er cent.

The solids consist of neuroalbumins, neuroglobulins,

nucleoproteins, neurokeratin (in the gray substance

proteins constitute about one-third of the total solids),

lecithins, cerebrosides (chiefly phrenosin), cholesterin,

unidentified organic sulphocompoimds, aminofatty sub-

stances, nitrogenous extractives, and inorganic salts

with some collagen, fat, etc., in the adherent coimective

tissue (W. J. Gies).

THE CENTRAL NERVE SYSTEM.

The central nerve system, as it is convention-

ally distinguished from the sympathetic system,

is composed of a central axial aggregation of

ganglia forming the brain and spinal cord,

which are connected with the other tissues of

the body by 43 pairs of nenes, of which 12

pairs are attached to the brain and 31 pairs to

the spinal cord. The functional relations of

the central mechanisms with the periphery are

maintained by the essential cell elements of the

nene tissues, the neurones. The chief task in

the study and analysis of the structure of the

nene system lies in the dovetailing of features

visible to the naked eye with those visible only

under high magnifying powers. By the com-
bination of macroscopic with microscopic fea-

tures the attentive student is enabled to resolve

or reconstruct in the three dimensions of space,

and see with his mental eye the opaque interior

transparently resolved into intricate yet well-

defined projecting and associating mechanisms.
Assistance in such study may be derived from
illustrations depicting hidden structures in ac-

cordance with this principle.

Preliminary Considerations. White Substance
and Gray Substance.—The central axis of the
nene system contains two categories of sub-
stance, their difference to the eye being one of
color. They are conventionally designated the
white and gray substance. The white substance
{suhsiantia alba), which forms about two-thirds
of the neural axis, is the conducting substance,

and its characteristic appearance is due to the
myelin sheaths which invest the axones in it.

The gray substance (suhstatitia grisea; cinerea) is the sentient and reacting mass
containing the cell bodies of neurones. Its color is due to its translucency, its

greater vascularity, and to a certain amount of pigment material in the cell ele-
ments. The white and the gray substance is not sharply demarcated ever\'where.

Fig. 594. — Neuroglia cells of brain
shown by Golgi's method. A. Cell with
branched processes. B. Spider-cell with
unbranched processes. (After Andriezen.)
(From Schafer's Essentials of Histology.)
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for although the white substance is exclusively conducting substance, the gray

is not exclusively ganglionic, for the former encroaches on the latter; in some local-

ities, as in the ventral horns of the spinal gray, in parts of the cerebral cortex, in

the reticular formation of the pons and medulla oblongata, and in the column of

Clarke (dorsal nucleus), the admixture of myelinic fibres is considerable. Both

white and gray substance is pervaded by the neuroglia.

The specific gravity of the cortical gray substance is 1.021; of the great gan-

glia, 1.034; of the gray substance in the cerebellum and mesencephalon, 1.040;

and of the white substance, 1.028.

For convenience of study, and somewhat in correspondence with phyletic

development, the central axis of the nerve system is divided into (1) the spinal

cord and (2) the brain, grossly subdivided into (a) medulla oblongata, pons, and

cerebellum; (6) mid-brain; and (c) fore-brain. This gross subdivision is*'arbitrary

and the interrelations of the parts would be obscured were two much stress laid

upon any mode of separation.

THE SPINAL CORD (MEDULLA SPINALIS; MYELON).

The spinal cord is the attenuated, nearly cylindrical part of the cerebrospii

axis which lies in the vertebral canal, occupying its upper tw o-thirds in the adul

It extends from about the level of the

atlooccipital articulation (or lower b|

der of the pyramid decussation) to

level of the lower border of the b(

of the first lumbar vertebra, where

terminates in * a slender filament

gray substance enveloped by pia, a:^

further caudad, by a sheath of di

which is attached to the dorsum of

coccyx. The spinal cord is continue

ARTERIA
VERTEBRALIS

LIGAMCNTUM
DENTICULATUM

E. A. S.

Fig. 595.—Showing the relation of the spinal cord
to the dorsal surface of the trunk. The vertebrae are

shown in red outlines.

Fig oOC - Ventral view of medulla oblongafai

and upper part of spinal cord Dura and arach-

noid cut along median hne and folded aside. A '

and B are fairly constant velar folds of the aracH-

noid (After Key and Retzius.)
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cephalad with the medulla oblongata. Its length is 45 cm. (44 to 50 cm.) or

eighteen to twenty inches in the male and 43.5 cm. (39.5 to 47 cm.) or sixteen

to nineteen inches in the female. In the course of fetal development the spinal

cord occupies the entire length of the vertebral canal up to the third month, but

after this period it gradually recedes cephalad owing to the more rapid growth

of the vertebral column, so that at birth the caudal end of the spinal cord has

risen to the level of the third lumbar vertebra.

The spinal cord does not entirely fill the vertebral canal. A wide space or

rather a concentric series of spaces intervene between its surface and the walls

of the canal, affording a marked freedom of movement of the vertebral column

without exerting undue tension upon the spinal cord. These spaces, three in

number, which concentrically surround the cord, are demarcated by the three

protective membranes—(1) pia, (2) arachnoid, and (3) dura—which are continuous

with the like meninges of the brain. The arrangement of the spaces and the

membranes may be shown thus:

'> 5 Epidural

= 'H

space.

(Areolo-
fatty

?-? t issue
r. ~- and
s > plexus

§ zf-
of

veins.)

- <S

Subdural
space.

(Cerebro-
spinal

fluid.)

Subarachnoid e:

space
and

subarachnoid bC
.

reticulum. •5'H

(Cerebrospinal
fluid.)

si

The pia (pia mater spinalis) closely invests the entire surface of the spinal cord

and sends septal ingrowths into its substance as well as a fold occupying the an-

terior median fissure. A leaf-like, serrated fold of pia, the ligamentum denticnla-

tmn, passes from each lateral border to the inner surface of the dural sheath and
helps to support the cord within the subarachnoid space. The arachnoid and the

pia are not separable in gross dissection as they merge insensibly, though usually

described as distinct membranes. The arachnoid {arachnoidea spinalis) is in

,
reality an exceedingly delicate and transparent web-like reticulum whose meshes
constitute a relatively \s-ide ca\'ity filled with cerebrospinal fluid. The dura

(dura viater spinalis) constitutes tlje outermost and thickest sheath, while the

narrow interval between the dura and the vertebral canal is filled by a fine venous
plexus, together with soft, areolofatty tissue. The tubular sheath of dura ends
in a pointed cul-de-sac at the level of the lower border of the second sacral segment.

,
Of the three spaces which surround the cord, only the two innermost contain

fluid, and that of a serous character; the amount in the subdural space is very
small, just sufficient to moisten the contiguous endothelial surfaces of the dura and
arachnoid; that in the subarachnoidal space is considerable. (For detailed

description see section on the ^Meninges.)

Weight.—The weight of the spinal cord, exclusive of all nen'^e roots, averages

,
28 grams, or 1 ounce avoirdupois, being slightly less in the female. Including the
ner\e roots as ordinarily cut in postmortem procedure, the weight averages 45
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grams in the male and 40 grams in the female. The ratio of weight in proporti

to that of the brain among mammalia is lowest in the human species, being

to 51 in the male and 1 to 49.8 in the female. In the newborn the ratio is Ij

115. Its specific gravity is 1.038.

External Morphology.—In situ the spinal cord exhibits slight curvatures in
1

sagittal plane, being convex ventrad in the transition from cervical to thoi

portion and slightly concave ventrad

to the lumbar portion. Its position

varies also according to the degree of

curvature of the spinal column, being

raised slightly (a few millimeters only)

in flexion of the vertebral column.

The intrinsically segmental nature

of the spinal cord is expressed by the

association of each definite segment

with the somatic segment supplied by

its nerves. Thirty-one pairs of spinal

nerves are commonly enumerated,

XII. THORACIC-

A

V. LUMBAR-

E. A. S.

Fig. 597.—Showing the relations of the cord and
nerve origins to the levels at which the nerves emerge
through the intervertebral foramina (diagrammatic).

COCCYGEAl- E. A.

Fig. 598.—The cauda equina exposed within]

dural sheath.

although two additional, rudimentary pairs, relics of a tailed vertebrate ances

are demonstrable.

The first pair of spinal nerves emerges between the occiput and atlas, and i;

designated the first cervical; the other cervical pairs are named after the lowei

of the two vertebrse which form the intervertebral foramen through which th(
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nene emerges. Verv inconsistently the pair emerging between the seventh cervi-

cal and first thoracic vertebrae is called the eighth cervical pair. The remaining

spinal nerves are named after the upper of the two vertebrae forming the corre-

sponding foramen. In all there are:

Cervical pairs ' 8

Thoracic pairs 12

Lumbar pairs 5

Sacral pairs 5

Coccygeal pairs 1

I 31

All spinal nerves are made up of two roots by which they spring from the lateral

aspects of the cord, symmetrically arranged, and these nene root attachments

are the only guides to the demarcation of the various segments of the spinal cord.

The two roots are generally termed the posterior or dorsal {afferent or sensor)

root, which enters the cord along the dorsolateral fissure, and the anterior or ventral

{efferent or motor) root, which emerges along the ventrolateral fissure.

Although the cenical nenes pass outward through the inter\ertebral foramina

at nearly a right angle to the long axis of the cord, those of the lower series slope

more and more caudad or downward, so that the fifth lumbar pair emerges six

vertebral bodies lower than it originates. In fact, the lumbar and sacral nerves

descend as parallel bundles in a brush-like manner to form the cauda equina,

enclosed by the dural sheath as far as about the middle of the sacral canal. The
topographical relations of the levels of origin and exit of the spinal nenes to the

spinous processes of the vertebra are shown in Fig. 597.

Corresponding with the degree of development of the periphery, the spinal cord

is more massive in those segments which are associated with the limbs. Thus,

in the ground-mole, the cervical portion is very much enlarged in conformity

with the powerfully developed forelimbs, while in the kangaroo or the ostrich,

with powerful legs, the lumbar portion of the spinal cord is proportionately

enlarged. In man, both the cervical and lumbar portions are enlarged, and while

the bulk of the lower limbs exceeds that of the upper, the cenical enlargement

of the spinal cord is greater because it innenates a limb which is functionally

more differentiated, capable of much more skilful and complex movements, and
endowed with more acutely developed tactile sensibility.

The Enlargements of the Spinal Cord.—The spinal cord is marked by two
spindle-shaped enlargements in its cervical and lumbar portions, while the inter-

vening thoracic portion is nearly cylindrical, being slightly reduced in its antero-

posterior diameter. The cervical enlargement {iniumescentia cervicalis) extends

from the first or second cervical segment to the level of the second thoracic

vertebra, acquiring a maximum breadth (13 to 14 mm.) at the sixth cenical ver-

tebra. At its junction with the medulla oblongata its breadth is about 11 mm.
The thoracic portion is about 10 mm. in breadth (minimum at a little below its

middle) while its sagittal diameter is 8 mm. The lumbar enlargement {intumescen-

tia lumhalis) begins at the level of the tenth thoracic vertebra, and acquires its

maximum breadth (12 mm.; sagittal diameter = 9 mm.) opposite the twelfth

thoracic vertebra. Below the lumbar enlargement the cord gradually tapers to

form a cone (conus), the apex of which, at the level of the lower border of the

body of the first lumbar vertebra, is continuous with the attenuated filum.

The cervical enlargement is characterized by a relatively greater breadth than
the remaining portions of the cord which, on section, appear nearly circular.

Gonus {conus meduUaris).—The conus is the conical extremity of the cord.

The lower three sacral segments and the coccygeal segment are usually included
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under this term. Its diameter becomes reduced to 2 mm. (yV inch), to be con-

tinued below as the filum.

CI

c,z.

C5.

C8:

Th2,

Th8,

Th.m.

L.5.

S.2.

Coc.
E. A. S.

pyramidal
decussation'

ventro-lateral
groove"

DORSO-PARAMEDIAN
'fissure

cervical
'enlargement

oorso-lateral
'fissure

LUMBAR
ENLARGEMENT

Fig. 599.—Transverse sections ot spinal
cord at different levels.

E. A. S.

Ventral aspect. Dorsal aspect.

Fia. 600.—Diagram of the spinal cord and its fissures.
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Fifmn {filum ferminale).—The delicate terminal thread called the filum, contin-
uous with the tapered end of the conus, is about 24 cm. (10 inches) in length.

As far as the level of the second sacral vertebral segment it is enclosed, together
with the Cauda equina, in the tapering sheath of the dura. Within the dural sac
it is called the filum internum, in contradistinction to the filum externum, which is

an attenuated process of connective and glia tissue closely invested by a prolonga-
tion of the dura, which finally- attaches to the periosteum of the dorsum of the
cocc\-x. The filum externum occupies one-third of the total length of the filum.
Morphologically, the filum is the caudal representative of the cord, and its intra-
dural portion is usually accompanied by slender fascicles of nerve fibres, which are
rudimentary second and third coccygeal pairs of spinal ner\^es.

'Dortal neiT€ root.

Central canaL

Suclei of spongio-
blasts.

—NeurobUuta.

^ ^_ Processes of neurobUui*

V "^" ~^ -i— groving out to form^

"

""

rentral nerre root.

\

/^

,

'Vetkiral colnmn

Fig. 601.—Section of spiii.J cor^i of a four weeks' embryo. (His.)

Fissures and Grooves.—^The spinal cord is a bilaterally s\-mmetrical structure

and exliibits a deep ventral fissure and a slight dorsal groove partially subdividing

the cord into the right and left halves. The ventral fissure (/. mediana anterior)

extends throughout the entire length of the cord, being shallower in the cer\'ical

and thoracic portions (less than one-third of the sagittal diameter) than in the

lumbar portion. It is surfaced by a fold of pia which conveys the more im-

portant nut^iti^•e vessels to the depths of the cord substance. In the depth of this

fissure Hes the white (ventral) commissure of the cord. The dorsal groove (sulcus

mediamts posterior) has been regarded, erroneously, as being analogous to the ven-

tral fissure. Unlike the ventral fissure, however, the pia does not descend into

its depths, but passes continuously over it. The shallow groove marks the site

of a septum made up of neuroglial and epend\Tiial elements. An actual groove

is best demonstrable in part of the lumbar cord and in the medulla oblongata, where

it constitutes a veritable fissure between the clavse.

Each lateral half is marked by the lines of root attachment of the spinal ner\'es.

The dorsal nerve root fascicles enter the cord in linear series and in a depression

or tme sulcus termed the dorsolateral fissure (sidcus lateralis posterior). The
ventral ner\'e root fascicles emerge, irregularly scattered, out of a greater circum-

ferential area, and no true ventrolateral fissure can be said to exist. The line of

emergence of the outermost fascicles is usually taken as an arbitrary* boundary"

between the ventral and lateral districts of the cord, while the dorsolateral fissure

more distinctly maps off the lateral from the dorsal district. An additional fissure,
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observed most distinctly in the cervical and upper thoracic portions, termed the

dorsoparamedian fissure {sulcus intermedius posterior), demarcates the two principal

divisions of the dorsal columns, the gracile and the cuneate columns. The dorso-

SOMATIC SENSOR

VISCERAL SENSOR

VISCERAL MOTOR

SOMATIC MOTOR

E. A. S.

Fig. 602.—A diagram of the component elements in the spinal cord and the nerve roots in a trunk segment
to illustrate the four functional divisions of the nerve system. (After Johnston.)

paramedian fissure is an exceedingly shallow groove and is best denoted in sections

of the cord by its continuance as a connective-tissue (glia) septum into the sub-

stance of the dorsal column. An analogous ventroparamedian fissure (sulcus inter-

SPONCIOBLAST-

GERMINAL CEL

GERMINAL CELL
DIVIDING PERIPHERAL

PROCESSES

NEUROBLAST

AXONES OF VENTRAL
NERVE ROOTS

Fig. 603.—Trans-section through neural tube, early and later stages, diagrammatic. Earliest stages shown
on left side. On the right, the maturing neuroblasts are seen sending their axonic processes toward the

periphery or to other regions of the central axis, and the central processes of the spinal ganglionic cells are

seen to invade the dorsolateral region.

medius anterior) is sometimes observable close to the ventral fissure, demarcating

the ventral (or direct) pyramidal fasciculus.

Columns of the Cord (funiculi medullae spinalis)

.

—Each half of the spinal

cord is thus divided, with respect to its white substance, into three chief columns
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or funiculi. The dorsal column occupies the area between the dorsal septum and

groove and the Une of attachment of the dorsal ner\'e roots; this column in its

turn is generally subdi\-ided into the column of GoU {funiculus gracilis) and the

column of Burdach {funiculus cuneatus) by the shallow dorsoparamedian groove

and Mia septum referred to above. The ventral column (junicidus anterior)

occupies the area between the ventral fissure and the outermost fascicles of the

ventral ner\'e roots—^an arbitrary boundary line. The lateral column {funiculus

lateralis) constitutes the remainder of the cord, between the posterior and anterior

nerve root attachments. Each of these columns is subdivided into its component

bundles or fasciculi, best studied in sections of the cord.

LOCATION OF THE SEGMENTS FOR,
SENSIBIIJTT. MOnUTT.

Sphineter iridit
COiaru

^ RectuM bU.. letwfr pilfitr. Klf.
BectMt in/, uttd ny.
061. M/'er.

Jf<MM(iF, teupM'wt, wtunfutUt

OcdfUofruU., orhieidarit ocmli (apjieT/heM}
JAucIet of eapmaon llower/acimti

Oec^iut region

Fnmt 0/ n«*

Bmek o/ neck

Shtmlder
(MuMctUo-

tpirai n.

Mtdiann.

Ulnar h.

Brmdktat. antie^mfimmfr I—fm
Trietpa, latte. dorm,peet.m^. (eoalal
Bztenurtt frfi et Mfitontmj,

Plexorm emrfi e* difUantm t

Vetieal V JAucnIatan
Seetal )

Fi'". 604.—Explanation of abbre\iations: tr. olf., olfactory tract; c. g. I., lateral geniculate body; p, r, or, .4,
! te approximately the location of the reflex centres for the pupillaiy (p), the respiratory (r). cremasteric

patellar (pat), and tendo-.\chillis (.-1^ reflexes. The vesical centre lies in the third and fourth sacral seg-
pv;.;^; the an^ centre in the fourth and fifth (represented by circles); the centres for erection, ejaculation,
labor pains (J) are probably also situated in this region. In reality, the di\-isions between the various seg-
ments are. of course, not so sharp as they are shown in the diagram, so that a given muscle or cutaneous region
derives some of its controlling nerve-roots from the segments lying immediately above and below the principal
segment. The sensor segment for any given region is regularly somewhat higher than the corresponding motor
segment. (.Jakob.)

Development of the Spinal Cord.—The elongated postcranial portion of the neural tube
becomes the spinal cord, while the primitive cavity within is presented as the central canal of
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the cord. The metamorphosis of the neuroejiithelial columnar cells has been described (p. 806).

The lateral walls thicken considerably, the central slit-like canal widens as the walls bulge out-

ward in an angular manner, and the central tubular gray becomes a fluted column with dorsal

and ventral ridges (or horns) enveloped by a rapidly growing mantle of axone bundles which
become myelinic in successive stages. The bulging of the thickening walls in the dorsal and
ventral as well as lateral directions produces the ventral fissure and the postseptum.

The segmental nature of the spinal cord has been alluded to before with regard to the seg-

mental derivation of the cerebrospinal ganglia and the disposition of the outgi-owing nerve

Ventral aspect.

Fig. 605.-

Dorsal aspect.

-Distribution of cutaneous nerves.

bundles. There is a further mode of division into longitudinal systems based upon functional

relationships. Two main categories of activity characterize the mechanism of the nerve system
and find somatic expression in its architectural plan: First, actions in relation to the external

world (somatic—involving skin, muscle, skeleton, etc.); second, internal activities concerned
with the processes of nutrition and reproduction (visceral—involving the alimentary tract, vas-

cular [blood and lymph], excretory, and reproductive systems). In each there is a twofold
activity on the part of the nerve system: reception of stimuli and motor responses. In the cord
(and to some extent in the brain as well) the following functional divisions may be distinguished
and located anatomically (Fig. 602):

Somatic sensor elements.

Somatic motor elements.

Visceral sensor elements.

Visceral motor elements.



THE SPINAL CORD 829

This functional differentiation of the neural axis into sensor and motor di\"isions apparently

finds organic expression in an important modification of the developing neural tube. Each
lateral wall of the neural tube is early demarcated into a dorsal and a ventral laTnina. and the

slit-like central canal becomes more or less lozenge-shaped on trans-section, owing to the forma-
tion of a lateral longitudinal furrow within. The dorsal lamina or zone is preponderatingly

sensor in function, while the ventral zone is principally motor in fimction. This fundamental
fact has been of the greatest aid in the correct interpretation of many hitherto obscure facts re-

garding the mechanism of the ner\'e system, and will be found to underlie our method of descrip-

tion tliroughout.

The muscular supply from motor segments of the cord is shown in Fig. 604,

and the cutaneous supply in Fig. 605.

Internal Structure of the Spinal Cord.—If a transverse section of the spinal

cord be made, it will be seen to consist of white and gray nerve substance. The
white substance is made up of myelinated axones; the gray contains the cell

bodies of neurones and nonmyelinated axones with only few myelinated axones.

The color of the gray substance, so-called, varies according to the degree of capil-

lary injection and the age of the individual. It is usually of a faint, reddish-gray

tinge, the gray preponderating in older persons, but various shades of red, yellow.

DORSAL GROOVE
DORSAL SCPTUM

DORSAL ROOT DORSO-LATCRAL
FISSURT

RETICULAR
FORMATION

LATERAL HORN

VENTRAL HORN

*'*rR/n_ BOO''* VENTRAL FISSURE

Fig. 606.—Trans-section of the spinal cord at the mid-thoracic region.

and light slate-color may be noted. Xor is the color uniform even in the same
section. Around the central canal and at the peripherv* of the dorsal horn the

gray substance is very translucent and is termed, according to its situation, the

gelatinosa centralis (gliosa centralis) and gelatinosa Rolandi or caput gliosum (gliosa

comualis). The white substance surrounds the gray colmnn as a variously

thickened tunic, closely invested by the pia, which sends numerous delicate, vessel-

bearing ingrowths into the substance of the cord. The relative area of the white

substance, as seen on section, increases cephalad ; the absolute area of both white

and gray is the largest in the region of the enlargements (Fig. 607).

Gray Substance of the Cord {substantia grisea centralis; entocinerea).—A plastic

conception of the gray substance of the cord is essential to an understanding of

the internal architecture. The gray core must be imagined not alone in the

relations in which it is conventionally studied, as exposed in trans-sections, but
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also as a fluted column having a continuous extent throughout the cord. This

gray column is drawn into ventral and dorsal ridges, connected respectively

with the ventral and dorsal nerve roots, while the white substance fills out the

irregularities and completes the nearly cylindrical outline of the cord (Fig. 608).

On viewing a trans-section, it is seen that the gray substance is so arranged as to

present, in each lateral half of the cord, a crescentic or comma-shaped mass, the

concavity of which is directed laterad. The two lateral masses are connected

by a transverse bar or band of gray substance, termed the gray commissure {com-

missura cinerea [grisea]), and containing the central canal, which extends the

entire length of the cord. The dorsal septum of the cord reaches quite to the

gray commissure, there being but a few white com-

40 20 20 40 missural fibres in the dorsal zone. Ventrad, however,

a lamina of white substance, the commissura ventralis

alba, separates the gray commissure from the ventral

fissure (Fig. 606).

In trans-sections of the cord it is seen that the

lateral crescentic gray masses, united across the middle

line by a gray commissure, have the aggregate appear-

ance of the letter H. Each crescentic mass presents

projections which are more or less pronounced accord-

ing to the segment of the cord under consideration.

Broadly stated and without reference to special levels,

the most marked projections are the dorsal and ventral

horns or comua.

The dorsal horn, directed dorsolaterad, is elongated

and narrow, and its apex is composed of a trans-

lucent, V-shaped mass termed the caput gelatinosa

Rolandi.

The attenuated apex of the dorsal cornu approaches

the surface of the cord along the line of entrance of

the dorsal nerve roots. The apex of the dorsal horn is

wider in the regions of the enlargements and the gelat-

inosa is most marked in the higher cervical segments.

The base or cervix of the dorsal horn is constricted

somewhat except in the thoracic portion, where its

greater breadth is due to the presence of Clarke's col-

umn (nucleus dorsalis).

The ventral horn is shorter, thicker, and more blunt,

and is separated from the ventral and lateral surfaces

of the cord by a tolerably thick lamina of white

substance. Its margin, in trans-sections, presents a

dentate or stellate appearance due to the emergence of

fascicles of efferent or ventral root axones on their way

to the ventral surface of the cord.

What is known as the lateral horn projects as a lateral peninsular extension of

the central gray nearly on the line of the gray commissure. It is best marked as

a triangular projection in the upper thoracic segments. In the cervical enlarge-

ment it is merged with the greatly expanded ventral horn, but it again becomes

prominent in the upper cervical segments.

The gray substance of the cord is not everywhere sharply demarcated from the

white owing to the invasion of myelinic and amyelinic nerve fibres. Facing the

lateral column, in the angle between the dorsal and ventral horns, small fascicles

of white fibres are embedded in the gray so that it is broken up in a peculiar

basket-work pattern termed the reticular formation. This gray network is best

Fig. 607.—Projection upon a
plane of the absolute and relative
extent of the gray and white sub-
stance of the cord as determined
by successive sectional areas.
Gray substance shown in black.
(Adapted from the measurements
of Stilling.)
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marked in the cer\-ical region and becomes more abmidant in the medulla oblon-

gata.

The mode of arrangement of the gray substance and its amount in proportion

to the white vary in different parts of the cord. Thus, the dorsal horns are long

and narrow in the cervical region; short and narrower in the thoracic; short but
wider in the lumbar region. In the cervical region the crescentic portions are

small, and the white substance more abundant than in any other region of the

cord. In the thoracic region the gray substance is least developed, the white
substance being also small in quantity. In the lumbar region the gray substance

is more abundant than in any other region of the cord. Toward the lower end
of the cord the white substance gradually ceases. The crescentic portions of the

gray substance soon blend into a single mass, which forms the only constituent

of the lower extremitv of the cord.

SPINAL ROOT

SPINAL NCRVE

E. A. S.

Fig. 608.—Showing origin of two pairs of spinal nerves (schematic).

The gray commissure which connects the two crescentic masses of gray substance

consists of myelinic and amyelinic nerve fibres and neuroglia. The fibres pass

transversely, spreading out at various angles, into the lateral gray masses. In

the gray commissure, and extending the whole length of the cord, is a minute

channel, the central canal {canalis centralis; myelocele), which is barely \'isible to

the naked eye, but is proportionately larger in some of the lower vertebrates.

Cephalad, in the medulla oblongata, it opens out into the fourth ventricle;

caudad it is continued for a short distance into the filum, in which it ends

bUndly. The canal is very minute, less than 0.1 mm. (jy^ inch), except in the

terminal part of the conus, where it expands into a fusiform dilatation, the sinus

terminalis. The central canal is lined by a layer of columnar cells which are seen

to be ciliated in the embryo and are in all respects identical with the ependjTnal

cells Hning the ventricles of the brain. Surrounding the ependymal lining of the

central canal and gradually merging into the spongA' substance which constitutes

the remainder of the gray commissure is a finely granular and reticulated substance,

the gelatinosa centralis, almost entirely composed of neuroglia, with a few fine

fibrils apparently proceeding from the epend^^nal cells, and having a translucent,

gelatinous appearance.

The gray substance of the cord is composed of (1) the gelatinosa or gliosa,

which envelops the head of the dorsal horn and which encircles the central canal

of the cord
; (2) the spongiosa, which forms the crescentic horns (except the heads

of the posterior horns and the envelope of the central canal) . Further, it may be

stated that the gray substance consists of nerve-fibres of variable but smaller
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UORSO-LATERAL.
GROUP

INTERMEDIATE
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VENTflO-LATERA
GROUP

DORSO-MEDIAL
"GROUP

ventro-medial
'group

dorsal nucleus'
(clarke)

INTERMEDIATE'
GROUP

lea

average diameter than those

of the white columns; (3)

nerve cells of various shapes

and sizes, with few or many
processes; (4) bloodvessels,

lymphatic channels, a

connective tissue.

The nerve fibres of t

gray substance of the p
terior horn are for the moj

part composed of a de

interlacement of minu
fibrils, intermingled with

nerves of a larger size. This

interlacement is formed

partly by the axones a

dendrites of the cells of t

gray substance, and partly

by fibres which enter the

gray substance and whi

come from various source

The nerve cells of the g
substance are collected i

groups {nidi or nuclei)

seen on transverse secti'

but they really form colu

of cells placed longitudinal

or else they are found s _
tered throughout the whole

of the gray substance (Fig,

609).

In the ventral horn four

main groups of cells may be

distinguished which are not

wholly represented, how-

ever, in all regions of the

cord: (1) A ventral group of

cells, separable in the cervi-

cal and lumbar regions into

ventromedial and ventro-

lateral sub-groups; (2) a

dorsomedial group, situated

in the cervix of the ventral

horn, usually demonstrable

in the thoracic portion as

well "as a few contiguous

cervical and lumbar seg-

ments; (3) a lateral group,

separable in the lower cer-

vical and lumbar regions

into ventrolateral and dorsolateral sub-groups, and supplying the rnuscles of the

extremities; (4) a central group of cells in the lumbar and sacral regions.

In the lateral horn, which is most prominent in the thoracic and upper cervicnl

segments, lies an intermediate group of cells, a long, slender column which

nearly restricted to the thoracic portion of the cord, but is seen to reappear in the

DORSO-LATERA
CROUP

VENTRO-LATERAL'
GROUPS

ventro-medial
"group

INTERMEOIATEo
GROUP

E. A. S.

CENTRAL
GROUP

Fig. 609.—Trans-sections of the spinal cord at different levels to show
the topographical arrangement of the principal cell groups.
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CERVICAL
NUCLEUS

DIRECT
SPINOCERE8ELLAR-

TRACT

DORSAL NUCLEUS
i~<CLARKE-S column)

upper three cervical and in the third and fourth sacral segments. The axones

from these cells probably do not pass out with the ventral nerve roots, but rather

course within the cord to terminate at various levels on the same as well as on

the opposite side. A close connection with the sympathetic nerve system, and

with vasomotor and sweat-gland nenes, has been suggested.

In the dorsaJ horn the most conspicuous group of cells is a columniform nucleus

comraonlv termed Clarke's column {nucleus dorsalis), which extends between the

seventh cervical and second (or third) lumbar segments of the cord. The cells

are large and the group presents an oval

outline in trans-sections, lying in the medial

part of the cervLx of the dorsal horn. The
axones of these cells pass out of the gray

into the lateral column of the cord to form

the spinocerebellar tract, and convey tactile

impulses to the cerel)ellum. It is repre-

sented in other regions of the cord by scat-

tered cells which are aggregated to form

the cervical nucleus opposite the third cer-

vical nerve, and a sacral nucleus in the middle

and lower part of the sacral region. The
axones of these cells form the homolateral

direct cerebellar tract.

The cells of the dorsal horn are not

grouped very definitely, and for the purposes

of description they are subdivided accord-

ing to their location. The cells vary much
in form and size and their branched axones

pass toward other regions within the gray

substance at various levels on the same or

on opposite sides, or via the ground bun-

dles. Many fibres of the dorsal nerve roots

are in relation with the dorsal horn cells.

The various groups of cells enumerated
above are frequently demarcated from

neighboring groups by nen-e fibre intervals,

which may be straight, curved, interlaced, or

loop-shaped.

Through the gelatinosa Rolandi (gliosa

cornualis) pass numerous fine fibrils,

chiefly the afferent dorsal nene root fibres,

but in addition this peculiar, gelatinous,

and semitranslucent substance contains numerous small, stellate cells; the region

-) densely filled with axones and collaterals, as well as neuroglia cells, that until

lining methods became sufficiently developed the importance of this substance

remained in dispute. In man the gelatinosa Rolandi shows convolutions feebly

imitating those of the olivary* body, and its structure is analogous. Dorsad of the
gliosa lies the ultimate zone of the dorsal horn; this gray substance resembles
the spongiosa in its essential characters.

The White Substance of the Cord (substantia alba).—The white substance of the
cord, consisting chiefly of longitudinally disposed myelinic fibres, with blood-
vessels, neuroglia, and connective-tissue septa, forms a thick mantle which invests

the central gray column. WTien stained with carmine, a transverse section of

the white substance is seen to be studded all over with minute dots surrounded
by unstained circular areas. The dots are the transversely cut axones; the lighter

areas are the myelin sheaths. The mass of white substance is closely invested by

53

SACRAL
'nucleus

E. A. S.

Fig. 610. Showing Uie dorsal nucleus (of

Clarke), and its cervical and sacral extensions
on one side, and the direct spinocerebellar tract
on the other. The fibres of the tract ascend on
the same side as the nucleus in which they
arise.
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a sheath of neuroglia immediately beneath the pia. Numerous septa, derived fn

the pia, but always coated by a thin layer of neuroglia, pass into the white s

stance to separate the respective bundles of fibres and are often interwoven betwi

individual nerve fibres, acting as a supporting framework in which they are e
bedded. In addition to the longitudinal fibres there are shorter and less numerous
transverse fibres forming the white commissure.

The longitudinal fibres constitute the conducting tracts. Although a pu
anatomical examination fails to reveal the functional relations in these fi

bundles, the structural alterations which ensue (in accordance with the la

of Waller) in the distal portion of a neurone whose proximal portion has b
destroyed, the progressive myelinization of separate tracts in the embryo a

infant (as proved by the researches of Meynert and Flechsig), the comparat
anatomy method and electrophysiological experimentation have rendered possi

the demonstration of the origin and destination of the various conducting syste;

or tracts with almost mathematical accuracy. While some fibres pursue a lengthy '

course, serving as conduction paths between the brain centres and the various

spinal centres, others are shorter and serve to associate different spinal levels

—

in juxtaposition or relatively not far distant. It must be borne in mind that the

gray substance, intercalated as it is in the course of the impulses which pass to and

fro in the cord, contains the neural elements which are either (a) the source

or {b) the destination of these impulses, and thus complete the nerve cycle requisite

for the organization of the functions belonging to the cord. The motor and

sensor phenomena, though interacting, depend upon distinct nerve elements

which, because of their functional relationships, or because of the direction in

which they convey impulses, are generally referred to as motor or efferent and sen-

sor or afferent neurones; and in the spinal cord usage has sanctioned the employ-

ment of the terms descending and ascending for tracts conveying motor and sen^ig
impulses, respectively. Anatomically speaking, however, it is preferable to ^hI
scribe the tracts with reference to their origins and termini (as cerebrospinal^"

spinothalamic, etc.), when known, or to their topographical relations as studiedij

in trans-sections of the cord. fli
For the purposes of description it is convenient to classify the longitudinB^

fibres into three general systems: (1) The cerebros'pinal system of axones forming .

conduction paths for efferent impulses from the cerebrum to the spinal centres v

for peripheral organs, and axones for afferent impulses received in the spinal

'

centres from the periphery and conveyed in turn to the cerebrum. (2) TIk

spinocerebellar system, consisting of conduction paths, afferent and efferent between

the cerebellum and the spinal centres, (3) Numberless association systems

strictly confined within the cord (or only extending into the medulla oblongata),

composed of shorter or longer axones which serve to associate not only dift'erent

levels of the same spinal segment, but also the different segments that are in juxta-

position or more remotely situated. These spinal association axones form

bundles in close contact with the central gray column and are termed the fasciculi

proprii or ground bundles.

Tracts of the Spinal Cord.—In the dorsal column there are the following tracti

Ascending'.

1. Fasciculus gracilis (Golli).

2. Fasciculus cuneatus (Burdachi).

Descending:

1. Comma tract (Schultze).

2, Median oval tract (Flechsig).

Associating:

1. Fasciculus dorsalis proprius.,

2. Dorsal cornucommissural tract.

3. Septomarginal tract (Bruce).
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First thorade
nerve

Another tract, usually described as belonging to the lateral column, but

functionally more intimately related to the sensor neurone system of the dorsal

column is the fasciculus marginalis (of Spitzka and Lissauer, described on
page 836).

The great majority of the axones constituting the dorsal column are the afferent

^sensor) axones arising from the spinal ganglion cells, entering the cord by the

dorsal roots. These dorsal root axones bifurcate in the region of the dorsal

horn, one branch ascending a little obliquely at first, then vertically, while the other

branch takes a similar downward course for a shorter distance (Fig. 613). As
additional groups of fibres are contributed by each

successive dorsal nerve root the mass of white

substance in the dorsal column accumulates as

the cord is ascended, though it must be noted that

not all of these afferent fibres traverse the whole of

the cord above, but end in relation with cells in

the gray substance at various levels. The succes-

sive accessions of afferent fibres are disposed in

a laminated manner so that the lumbar fibres

come to lie laterad of the sacral bundle, the

thoracic laterad of the lumbar, and so on as the

cord is ascended. A section of the cord at its

highest level would therefore traverse a collection

of bundles derived from all of the dorsal ner\'e roots

of the cord, arranged as shown in Fig. 611.

In the upper segments of the cord it is possible

to distinguish a division of the dorsal column into

two principal fasciculi owing to the presence of

a distinct connective-fissue septum which passes

into the substance of the dorsal column along the

dorsoparamedian groove. These fasciculi are

termed the fasciculus gracilis, or Goll's column, and
the fasciculus cuneatus, or Burdach's column; in the

consideration of the external morpholog\' of the

cord, these have already been referred to as the

funiculus gracilis and fimiculus cuneatus, respec-

tively.

It has been noted that even in the fresh cord,

when sectioned, the gracile bundle has a different

tinge and stains more deeply with carmine than
does the cuneate bundle.

The caudal or descending branches of the bifur-

cate dorsal root axones are considerably shorter

than the ascending branches. They terminate in

the gray substance in relation with its cells and.

Saer<d
nerves

Fig. 611.—Formation of the fascic-
ulus gracilis. Spinal cord viewed from
behind. To the left, the fasciculus
gracilis is shaded. To the right, the
drawing shows that the fasciculus

bv numerous collaterals which are shorter or longer f^'^'^^ f
formed by the long fibres of

• . . , ,
c the posterior roots, and that in this

and given oft at various inter%als, serve to aSSO- *ract the sacral nerves Ue next the
. J •XT 1 1 f I 1 -^ r 1

mesa] plane, the lumbar to their outer
Ciate (lltierent levels of the cord. ISome of these side, and the thoracic stiU more later-

collaterals cross the median line in the dorsal (gray) *" *"""

commissure to come into relation with neurones of the opposite side. Certain
of the longer descending branches show a tendency to collect into a feebly marked
bundle along the mesal border of the cuneate fasciculus, called, because of its

outline in trans-sections—as seen in cases of descending degeneration from
injure- at a higher level—the comma tract of Schultze. A similar bundle, situated
along the dorsal septum, best demonstrable in the lumbar cord, and with its fellow
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of the opposite side of the oval outline as seen on section, is called the oval

bundle of Flechsig {tractus cervicolumballs [Edinger]; dorsomediales Sakralfeld

[Obersteiner]).

SIXTH
CERVICAL

SIXTH
THORACIC

VENTRAL VESTIBULOSPINAL TRACT
FROM FASTiGiuM (Lowentbu.rs)

VENTRAL VESTIBULOSPINAL TRACT

THIRD
LUMBAR

E. A. S. I
WHITE VENTRAL COMMISSURE

FiQ. 612.—Sections of the spinal cord at the level of the sixth cervical, sixth thoracic, and third lumbar seg-
ments, the conducting tracts being indicated on the right side of each section: C Comma tract of Schult«.
H. Olivospinal tract of Helweg. M. Marginal tract of Spitzka-Lissauer. O. Oval field of Flechsig,

Marginal Tract.—Not all the axones of the dorsal nerve root enter the dorsal

column. Another group elsewhere described passes into the dorsal horn as
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well as toward Clarke's column, while a third group of fibres forms the so-called

marginal tract/ situated close to or among the entering fibres of the dorsal roots,

but frequently described as lying in the lateral column. The tract is demonstrable

in all levels and is made up of successive increments of relatively short axones

( traversing not more than three or four segments) to end in relation with the cells

in the gclaiinosa Rolaudi.

Ground Bundle of the Dorsal Column.—A zone of fibres contiguous with the

dorsal face of the gray column, and termed the fasciculus dorsalis proprius or dorsal

D.R

D.h

D.R.

D.R

Fig. 613.—Ramifications of the central processes Caxones) of afferent neiirones entering the spinal cord as
seen in longitudinal section (schematic): D.R. Axones of dorsal roots. 6. Their bifurcation. cU. Collaterals.
t. Telodendria ending in proximity of cells in the gray substance. F.C. Axones of gracile and cuneate fasciciili,

ground bundle, is composed of axones arising from the smaller cells of the dorsal

horn, which, after entering the white substance and bifurcating into ascending

and descending branches, come into relation with other levels of the gray column
by means of collaterals and terminating in it after a comparatively short course.

They are therefore to be regarded purely as association or "longitudinal com-
missural" fibres. The dorsal comucommissural tract (ventrales Hinterstrangs-

hUndel [Striimpell]; zone cornucommissurale [Marie]), occupying a triangular

interval at the apex of the trans-sected dorsal column, and the septomarginal

tract [of Bruce], in apposition with the postseptum, belong to this category of asso-

ciation bundles. Both tracts are most evident in the lumbar portion of the cord.

First described by E. C Spitska (1885) and Lissauer 1 1886), and usually bearing the name of the latter.
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In the lateral column the following tracts may be enumerated:

Ascending:

1. Dorsolateral spinocerebellar tract (Flechsig).

2. Superficial ventrolateral spinocerebellar tract (Gowers).

3. Spinothalamic tract.

4. Spinomesencephalic tract.

Desce)iding :

1. Crossed pyramidal tract.

2. Rubrospinal tract.

3. Cerebellospinal tract (Marchi and Lowenthal).

I fe
I 4. Lateral vestibulospinal tract.

«.§ [5. Olivospinal tract of Helweg.

Associating:

1. Fasciculus lateralis proprius.

The dorsolateral spinocerebellar or direct cerebellar tract (fasc. cerebellospinalis)

lies at the periphery, laterad of the crossed pyramidal tract. Its axones arise

from the cells of Clarke's column and ascend uninterruptedly to the medulla

oblongata, and thence to the vermis of the cerebellum in its inferior or post-

peduncle. The tract becomes more massive as the cord is ascended (Fig. 610).

The superficial ventrolateral spinocerebellar tract, or tract of Gowers (fasc. antero-

lateralis superficialis [Gowersi]), also courses along the periphery, but farther

ventrad. The origin of its axones is yet in dispute; they probably arise from cells

in the gray substance of both sides, in the zone between the dorsal and ventral

horns as well as from some of the ventral horn cells. The destination of the ax-

ones of this tract is equally uncertain, but most of the fibres have been traced

through the dorsolateral region of the medulla oblongata and the pontile reticula,

whence it turns dorsimesad, to enter the cerebellum through the superior medullary

velum and ends in the dorsal vermis. A lesser portion of the tract has been traced

to the quadrigeminal bodies, while other groups of axones end in various levels of

the gray substance.

The spinothalamic and spinomesencephalic (tractus spinotectalis) tracts are

not gathered into compact bundles, but are rather scattered among the fibres of

the lateral column just mesad of the superficial ventrolateral spinocerebellar

tract (Gowers). The axones of both systems arise from cells in the dorsal horn

and its cervix of the opposite side, coursing through the white ventral commissure

and ascending the cord, the spinothalamic fibres ending in the thalamus, the

spinomesencephalic fibres ending in the region of the quadrigeminal bodies.

The two tracts are collectively called tractus spinotectalis et thalamicus.

The crossed p3rramidal tract (fascicul'us cerebrospinalis lateralis) occupies an ap-

proximately triangular or oval area in the dorsal portion of the lateral column,

just mesad of the direct cerebellar tract, except in the lumbar cord, where it lies

at the surface. The axones of this tract arise from the pyramidal cells of the

cerebral cortex (motor area) of the opposite side. After having descended

through the internal capsule, crusta, pons, to the pyramis of the medulla oblongata,

the major portion (85 to 90 per cent.) of the fibres derived from one-half of the

brain decussate with those of the other half, crossing the median line to descend

in the lateral column of the cord. The fibres which do not decussate constitute

the direct pyramidal tract in the ventral column. As the crossed pyramidal

tract descends it diminishes in size as its axones become distributed to the ventral

horn, where they terminate either in contiguity w ith the ventral motor cells which

give rise to the fibres of the ventral (motor) nerve roots, or else in contiguity with

the dendrites of interposed neurones, which, in turn, convey the impulse to several

associated motor neurones presiding over the actions of associated muscles.

The bundle becomes exhausted as a distinct strand at the level of the fourth

sacral segment.
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The rabrospinal, cerebellospinal, lateral vestibulospinal, and olivospinal tiracts

consist of descending axones which are intermingled so that their mutual topo-

graphical relations cannot at present be described. Collectively they constitute

the fasciculus intermedius of Lowenthal and Bechterew (intermediolateral tract

of Bruce and Campbell) and they lie ventrad of the crossed pyramidal tract and

mesad of the combined spinothalamic and spinomesencephalic tracts.

The rubrospinal tract (^lonakow's tract; prep\Tamidal tract) originates in the

red nucleus in the tegmentum of the mid-brain of the opposite side and its axones

terminate in relation with ventral horn cells. In their course these fibres are seen

to invade the area of the crossed pyramidal tract.

The cerebellospinal tract (Marchi's tract) is supposed to arise in the cortex of

the cerebellar hemispheres, to become distributed to the motor centres in the

ventral horn.

The lateral vestibulospinal tract arises in the lateral nucleus of the vestibular

ner\'e (Deiters' nucleus), and by its relations with spinal centres establishes a

connection with the equilibratory apparatus.

The olivospinal tract of Helweg (Helweg's Dreikantenbahn ; Bechterew's Oliven-

biindel) is found only in the higher segments of the cord, at its periphery and just

laterad of the emergence of the ventral nerve roots. Its connections and functional

direction are uncertain; some investigators have traced its fibres between the olive

and certain ventral horn cells; Obersteiner suggests a relationship with the p\Tam-

idal tract. The coincidence, in point of time, of the rayelinization of both tracts

is significant in this connection.

Several other descending tracts ending in the spinal cord and arising in higher

centres like the corpora quadrigemina, central gray substance of the mesencephalon,

and the cerebellum have'been recently described by Held, Boyce, and Bechterew.

Ground Bundle of the Lateral Column (fasciculus lateralis proprius).—This lies

in the concavity of the lateral aspect of the gray column and consists of axones

of neurones having a purely commissural function. In the regions where the

reticula is best marked it is subdivided into a group of smaller bundles by numerous
glial septa.

In the ventral column are described the following tracts:

Descending:

1. Direct pyramidal tract.

2. Sulcomarginal tract.

3. Ventral vestibulospinal tract.

Associating:

1. Association axones between spinal centres and several cranial nerve nuclei.

2. Fasciculus ventralis proprius.

The direct pyramidal tract Ifasciculus cerehrospinalis anterior) is the uncrossed
portion of the p\Tamidal tract below the decussation in the medulla oblongata,
and constituting only 10 to 15 per cent, of the fibre system arising in the motor
cortex of the same side. It is a small, oblong bundle, as seen on trans-section,

hing parallel with the ventral fissm^, from which it is separated in the higher
segments by the relatively narrow sulcomarginal tract. The tract diminishes in

bulk as the cord is descended, to disappear in the thoracic portion of the cord;
though, in rare instances, it has been observed to extend throughout the lumbar
portion as well. This diminution and eventual disappearance of the tract is due
to the successive decussation of its fibres throughout its course, for, with a few
exceptions, these cross in the ventral white commissure to come into relation with
the ventral horn cells (motor cells) of the opposite side. This partial longitudinal
extension of the pyramidal decussation and consequent formation of an uncrossed,
ventrally situated pyramidal tract is peculiar to the primate order of verte-
brates.
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The sulcomarginal tract (tractus tectospinalis) is a thin bundle whose axon
arise in the corpora quadrigemina of the opposite side, immediately decussating

and descending through the medulla oblongata, to be distributed to various spinal

centres in a manner not yet accurately ascertained. This tract, which is most
developed in the cervical region of the cord, is assumed because of its proximity

to the lower optic, ocular muscle, and acoustic nuclei.

The ventral vestibulospinal tract (liowenthal's tract; anterior marginal fasci^

ulus; ventral cerebellospinal tract) lies at the periphery of the ventral column,
extending, as seen on trans-section, from the ventral root zone to the ventri

fissure. Its axones arise from (1) the lateral (Deiters') and (2) superior (Bee
terew's) nuclei of the vestibular nerve; and (3) from the nucleus fastigii of thi

cerebellum. Their termination about the ventral horn cells has been traced a
far as the sacral region of the cord.

As in the lateral column, and continuous with the like formation, there is in t

ventral column an intermediate zone of mixed systems of axones which serve

associate various levels of the cord with ganglionic masses in the medulla oblonga

as well as with the cerebellum and corpora quadrigemina. The nuclei of the t

geminus, facial, auditory, glossopharyngeal, and vagus nerves, together with t

olive and the cerebellum, seem most intimately associated with the spinal cent

for movements of the head and neck.

Ground Bundle of the Ventral Column.—The white substance of the ventral colu

contiguous with the central gray is made up of intersegmental axones of associi

tion connecting different levels of the cord.

The ventral (white) commissure {comviissura anterior alba) is composed
myelinic fibres which decussate with or cross each other and, on trans-section, ai

seen to form a narrow band connecting the ventral columns of the two sides. T
axones composing it are chiefly (1) those arising from ventral horn cells, whi

after crossing the midline, course horizontally or cephalad and caudad to co

into relation with neurones at the same or at different levels of the gray substan

(2) the decussating axones of the direct pyramidal tract; (3) numerous collater;

from the ventral and lateral column axones. The white commissure is

massive in the enlargements where the associations of the limb centres are necei

sarily greater in number.

Myelinization of the Axones of the Cord.—The acquisition of the myelin shea

is not cotemporary for all axones in the cord, but is characterized by a reguli

progression in the myelinization of separate fasciculi. As a rule, those axo

systems which are concerned with simpler or intrinsically spinal reflexes beco

myelinic or "mature" at an earlier stage of fetal development than do those co:

cerned in the more elaborate connections of the cord with the brain.

According to Flechsig and Trepinski the order of myelinization is as followi

I. a, b. Ventral and dorsal roots during fifth month.
II. a, b, c. Ground bundles and intermediolateral tracts during sixth mon

III. a, b, c. Dorsal columns during fifth to seventh month.
IV. Direct spinocerebellar tract, seventh month.

V. Ventral spinocerebellar (Gowers') tract, seventh to eighth month.
VI. Pyramidal (crossed and direct) tracts, at or soon after birth.

VII. Olivospinal (Helweg's) tract, ninth month or later.

The order of myelinization of the separate fasciculi is indicated in Fig. 614.

Summary.—The Gray Substance.—The gray substance consists, aside from iti

supporting tissues, of sentient and reacting nerve cells, with their dendrites and

axones, and of the terminals of axones entering from without. These nerve

cells may be classified as follows:

(a) Nerve cells whose axones pass directly out of the cord. These lie in the

ventral horn, are "motor" in function, and their axones form the ventral nerve



THE SPINAL CORD 841

roots. Certain nerve cells situated in the cervix of the ventral horn are believed

to send splanchnic efferent axones in company with the motor axones in the ven-

tral root, while very few similar efferent axones leave by means of the dorsal root.

ih) Nerve cells whose axones pass into the white substance, usually bifurcating

into a shorter descending and a longer ascending branch. Two kinds of cells

are distinguished:

1. Strand or tract cells whose axones (ascending branches) traverse the cord,

to come into relation with higher centres in the brain.

2. Association cells whose axones, after a comparatively brief course in the

white substance, reenter the gray substance and serve to coordinate different

levels of the cord.

Fig. 614.—EHagram showini; the order of myeliniaation of the varioiis tracts in the spinal cord (cervical
le%'el). The tracts are named on the right side; the Roman numerals on the left side corTespwnd with the
enumeration given in the text. H. Olivoepinal tract of Helweg. M. Marginal tract. O. Oval tract of Flechaig.

The tract cells may be further divided into two categories—homolateral and
contralateral tract cells. Homolateral cells are those whose axones enter the white

columns of the same side; contralateral cells are those whose axones traverse the

white (^ventral) commissure to the other side. Tract cells exist in all parts of the

gray substance, and are termed, according to their situation, ventral, lateral, and
dorsal horn ceUs. The contralateral tract cells preponderate in the dorsal horn,

its cervix, and in the intermediate zone, and, on account of their course, are also

called commissural cells.

(c) Xerve cells of Golgi's iype II, or cells with short, multibranched axones.

The motor ventral horn cells and the splanchnic efferent cells differ, therefore,

from the other categories in that they alone send their axones out of the central

axis to the periphery. The tract cells, commissural cells, and the Golgi t}-pe II

cells are strictly confined to the central axis; the tract cells serve to coordinate

the separate units of the spinal neurone system with higher centres; the asso-

ciation cells maintain the paths of conduction between higher and lower cell

complexes; while the cells of Golgi's type II are limited to a narrower field of

nerve activity as nerve links in the chaining together of neurones.

White Substance.—The white substance consists essentially of axones the great

majority of which are disposed longitudinally. These axones comprise:
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(a) Axones arising in the cerebral cortex, the gray ganglionic masses in thi

mid-brain, pons, and cerebellum, and descending to their terminations in differei

levels of the cord.

(b) Axones which, conversely, arise in the gray substance of the cord (tract eel

axones), to terminate in the higher brain centres.

(c) Axones which coordinate different levels of the cord with each other (associa

tion cell axones).

(d) Axones which, arising from the spinal ganglion cells of the dorsal ner\

roots, enter the cord and ascend in the dorsal columns.

Dissection.—To dissect the cord and its membranes it will be necessary to lay open th4

whole length of the vertebral canal. For this purpose the muscles must be separated from the
vertebral grooves, so as to expose the spinous processes and laminae of the vertebrse; and the
latter must be sawed 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 will be ex-

posed, covered by a plexus of veins and a quantity of loose areolar tissue, often infiltrated with
serous fluid. The arches of the upper vertebrae are best divided by means of a strong pair of

cutting bone-forceps or by a rachitome.

Applied Anatomy.—Contusion of the spine may cause an effusion of blood or traumat^j

zonal inflammation of the spinal cord with paralysis which may disappear without surgica

intervention. Concussion ("railway spine") is followed by temporary or rarely permaner
impairment of function. Punctured wounds are usually caused by the knife, and are most coe

monly inflicted upon the cervical and upper thoracic divisions and more often involving one
half of the cord. The course is generally an aseptic one; operation is indicated when infeetioJ

of the cord ensues or when there is a compression from hemorrhage. This may be relieved bj

lumbar puncture (p. 68) with a large needle. Hemorrhage into the substance of the cor

(hematomyelia) usually occurs in the 4-6 cervical segments. If the hemorrhage is confined

the gray substance, there is wasting of muscle and anesthesia of the pectoral limb; the reflexe

below the lesion are abolished. If the white substance is involved, paraplegia below the lev^

of the lesion ensues. The cord may be injured by fracture or dislocation of vertebra (p. 69i
Gunshot wounds are usually of serious nature. Operation is indicated by symptoms of cor

pression by the bullet or by fragments of bone. If the compression is due to accumulated bloc

lumbar puncture may be resorted to.

The cord usually shares in the congenital malformation known as sjnna bifida, resultir

from failure of coalescence of the margins or lateral ridges of the neural plate. The defect maj
be complete {rachischisis totalis) or confined to a few segments of the cord. Tumors of mani
varieties, originating in the vertebra, meninges, or even in the substance of the cord itself (gliomaj

tuberculoma, etc.), give rise to many sensor and motor disturbances which afford a clue to th^

localization of such growths as indicated on page 831. Inflammation of the spinal cord (myeliti

may follow any of the acute specific fevers, occasioning more or less complete paralysis and

anesthesia. In infantile spinal paralysis (acute anterior poliomyelitis) due to an infectio^

which results in the destruction of ventral horn (motor) cells and consequent permaneni
paralysis and nutritional disturbances of the limbs whose centres are thus affected. Further

the muscles which normally antagonize the affected groups of muscles tend to assume a stat

of spastic contraction. The deformity thus produced may be relieved by tenotomy, transplant

tation of tendons, or even amputation. Syringomyelia is a chronic condition in which al

abnormal proliferation of the spinal neuroglia takes place, generally near the central canal ami

in the cervical enlargement, and later this mass becomes absorbed, leaving an irregular cavitj

in its place. This gives rise to a number of interesting symptoms, such as analgesia (or insem

sitiveness to pain), inability to distinguish between heat and cold, progressive atrophy of tl

muscles of the hands and arras, trophic changes in the bones and joints, and painless whitlows

THE MEMBRANES OF THE CORD.

The membranes which envelop the spinal cord are three in number. The mosf

external is the dura, a strong fibrous membrane which forms a loose sheath arounc

the cord. The most internal is the pia, a cellulovascular membrane which doselj

invests the entire surface of the cord. Between the two is the arachnoid, at

avascular membrane which envelops the cord and is connected to the pia bj

slender filaments of connective tissue.
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The Spinal Dura (Dura Mater Spinalis) (Figs. 615, 617).

The spinal dura represents only the meningeal or supporting layer of the cranial

dura. The endocranial or endosteal layer ceases at the foramen magnum dor-

hut reaches as low as the third cervical vertebra ventrad; below thesesallv,

levels its place is taken by the periosteum. The dura forms a loose sheath which

surrounds the cord and the cauda equina, and is loosely connected with the

vertebral periosteum j^nd the ligaments by a quantity of lax areolar tissue and a

plexus of veins, the meningorachidian veins (plexus venosi vertebrales inierni). The

space containing the fat and veins is called the epidural space (cavum epidurale).

The situation of the veins between the dura and the periosteum of the vertebra

corresponds therefore to that of the cranial

sinuses between the endocranial and sup-

porting layers. The dura is attached to

the circumference of the foramen mag-
and to the axis and third cervical
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Fig. C15.—The spinal cord and its membranes.

- Fig. 616.—The dentate ligament. The dura
has been opened and turned back. The ventral
surface is seen. (Hirschfeld.)

common ligament, especially near the lower end of the spinal canal, by fibrous
I slips; it extends below as far as the second or third piece of the sacrum, where

its cavity terminates, and, ensheathing the filum terminale, constitutes the filum

durae matris spinalis (Fig. 598), and descends to the dorsum of the cocc^-x, to blend
with the periosteum. This part of the dura is called the coccygeal ligament (Fig.

617). The dura is much more capacious than is necessarv for its contents, and its

size is greater in the cervical and lumbar regions than in the thoracic. Its inner
. surface is smooth. On each side may be seen the double openings which transmit

the two roots of the corresponding spinal nerve, the fibrous layer of the dura
being continued in the form of a tubular prolongation on them as the\' pass through
these apertures. These prolongations of the dura are short in the upper part of
the vertebral column, but gradually become longer below, forming a number of
tubes of fibrous membrane, which enclose the sacral nerves, and are contained

' in the vertebral canal.
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11The chief peculiarities of the dura of the cord, as compared with that investi

the brain, are the following: The dura of the cord is not closely adherent to the
\

bones of the vertebral canal, and is not, as is the cranial dura, the internal peri- \

osteum of the vertebrae. The vertebrae have an independent periosteum. It does *

FILUM
TERMINALE

COCCYGEAL
LIGAMENT

Fig. 617.— The filum terminale (schematic). (Poirier and Charpy.)

not send partitions into the fissures of the cord, as the cranial dura sends partitions

into certain fissures of the brain. Its fibrous laminae do not separate to form venous

sinuses, as in the cranium. It contains no arachnoid villi (^Pacchionian bodies).

Structure.—The dura consists of white fibrous and elastic tissue arranged in bands or

lamellae, which, for the most part, are parallel with one another and have a longitudinal arrange-

ment. Each surface is covered by a layer of endothelial cells. It is sparingly supplied with

vessels, and some few nerves have been traced into it.

The Arachnoid (Arachnoidea Spinalis) (Figs. 596, 615).

The arachnoid is exposed by slitting the dura and reflecting that membrane
to either side. It is a thin, delicate, tubular membrane which invests the surface

of the cord, and is connected to the pia by slender filaments of connective tissue.

Above, it is continuous with the cranial arachnoid; on each side it is continued

on the various nerves, so as to form a sheath for them as they pass outward to

the intervertebral foramina. The outer surface of the arachnoid is in contact

with the inner surface of the dura, and the two are, here and there, joined together

by isolated connective-tissue trabeculae. These trabeculae are especially numerous

on the dorsal surface of the cord. For the most part, however, these membranes
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are not connected together, and the interval between them is named the subdural

space {cainirn »ubdurale). The subdural space contains a very small amount

of Ivniph-Iike fluid. There is no communication between the subdural and the sub-

arachnoid spaces. The subdural space is prolonged laterad for a short distance

on each emerging nerve and communicates with the lymph tract of the nerve.

The inner surface of the arachnoid is separated from the pia by a considerable

intenal. which is called the subarachnoid space (cavum svbarcichnoideale). The

space is largest at the lower part of the spinal canal, and encloses the mass of

nerves which forms the cauda equina. Cephalad it is continuous with the cranial

subarachnoid space, and communicates with the general ventricular cavity of the

brain bv means of openings in the pia, in the roof of the fourth ventricle, the

foramen of Majendie or metapore and foramina of Key and Retzius. It contains

an abundant serous secretion, the cerebrospinal fluid. This secretion is suflScient

in amount to expand the arachnoid, and thus to distend completely the whole of

the space included in the dura. The subarachnoid space is occupied by trabeculse

of delicate endothelial-covered connective tissue, connecting the pia on the one

hand with the arachnoid on the other. This is named subarachnoid tissue.

In addition to this the space is partially subdi\'ided by a longitudinal mem-
branous partition, the septum posticum or the dorsal fenestrated septum, which

serv'es to connect the arachnoid with the pia, opposite the dorsomedian fissure

of the spinal cord. It is a partition, but an incomplete and cribriform partition,

which consists of bundles of white fibrous tissue interlacing vsith each other, and
is coated with endothelium. The dentate ligament (ligamentum dentieulatum),

which runs from the pia to the dura on either side of the cord, divides the subarach-

noid space into an anterior or ventral and a posterior or dorsal space, which joins

like spaces in the cavity of the cranium. The external spinal veins (venae spinales

externae) lie in the subarachnoid space.

Structure.—The arachnoid is a delicate membrane made up of closely arranged interlacing

bundles of connective tissue in several layers. It contains many elastic fibers, and is covered
on each side bv endothelial cells. The arachnoid contains neither vessels nor nerves.

The Pia of the Cord (Pia Mater Spinalis).

The pia of the cord is exposed on the removal of the arachnoid (Figs. 615

and 616). It covers the entire surface of the cord, to which it is very intimately

adherent, forming its neurilemma, and sending a fold into its ventral 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 ventral surface, the linea splendens; and a somewhat similar band, which

forms the ligamentum dentieulatum, is situated on each side. At the point where

the cord terminates the pia becomes contracted, and is continued caudad as a

long, slender filament, the filum terminale (Fig. 617), which descends within the

sheath of the dura and the arachnoid and through the centre of the mass of nerves

forming the cauda equina. It unites with the dura and arachnoid about the level

of the third sacral vertebra, and as the central ligament of the spinal cord, the coccy-

geal ligament, or the filum durae spinalis the fused membranes extend caudad as

far as the base of the cocc\-x, where they blend with the p)eriosteum. It assists

in maintaining the cord in its position during the movements of the trunk. It

contains a little gray nerve substance, which may be traced for some distance

into its upper part, and is accompanied by a small artery and vein. At the upper
part of the cord the pia presents a grayish, mottled tint, which is due to yellow

or brown pigment cells scattered among the elastic fibres.
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Dura

Structure.—The pia of the cord is less vascular in structure, but thicker and denser, i\

the pia of the brain, with which it is continuous. It consists of two layers; an outer, resembling"
the arachnoid, composed of bundles of connective-tissue fibres, arranged for the most part longi->

tudinally; and an inner {intiina pia), consisting of stiff circular bundles of the same tissue,*

which present peculiar angular bends. It is covered on both surfaces by a layer of endothelium. ^

Between the two layers are a number of cleft-like lymphatic spaces which communicate with

the subarachnoid cavity, and a number of bloodvessels which are enclosed in perivascular

sheaths, derived from the inner layer of the pia,

into which the lymphatic spaces open. The pia

contains the anterior or ventral spinal artery and
its branches, the two posterior or dorsal spinal]

arteries, and numerous veins which pass to the

external spinal veins. It is also supplied with

nerves, which are derived in part from the S3mi-

pathetic and in part from the cerebrospinal nerves.

These nerves supply the walls of the bloodvessels
|

and enter the cord with the vessels.
;

Both the arachnoid and the j)ia may be referred

to by the comj)ound name pia-arachnoid, inasmuch
as these meningeal components are with difficulty )

separable from each other.

Ganglion
intervert

Arachnoid

Dorsal root

Ventral root

Dura

Plexus venosvs

Fig. 618.—Transverse section of the spinal
cord and its membranes. (Gegenbaur.)

The dentate ligament (I'lgamentum detiii-

cidatum) (Figs. 596 and 616) is a narrow,

fibrous band, situated on each side of the

spinal cord, throughout its entire length,

running from the pia to the dura, and separating the ventral from the dor.sal

roots of the spinal nerves. It has received its name from the serrated appearance

which it presents. Its inner border is continuous with the pia 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. These serrations are twenty-

one in number on each side, the first being attached to the dura opposite the

margins of the foramen magnum between the vertebral artery and the hypoglossal

nerve, and the last near the lower end of the cord. Its use is to support the cord.

Applied Anatomy.—Evidence of value in the diagnosis of meningitis may be obtained by

the operation of lumbar puncture, that is, by puncturing the theca of the co^d and withdrawing

some of the cerebrospinal fluid, and the operation is regarded by some as curative, under the

supposition that the draining away of the cerebrospinal fluid relieves the patient by diminish- ''

ing the intercranial pressure. Lumbar puncture may give important diagnostic aid after a ;

head injury by disclosing bloody cerebrospinal fluid. The operation is performed by inserting <

a trocar of the smallest size below the level of the fourth lumbar vertebra. In an adult the '

cord terminates at the lower border of the first lumbar vertebra, and in a child opposite the

body of the third lumbar vertebra. The canal may be punctured below the fourth vertebra

without much risk of injuring its contents. The point of puncture is indicated by laying the

child on its side and dropping a perpendicular line from the highest point of the crest of the

ilium; this will cross the upper border of the spine of the fourth lumbar vertebra. In a child

the puncture is made just below this spine; in adults, one-half an inch to one side of the end

of this spine. However the preliminary puncture is made, the needle penetrates the dura

in the midline. In entering the needle it should be directed upward and forward in a child;

upward, forward, and slightly inward in an adult.

THE BRAIN OR ENGEPHALON.

The brain is that greatly modified and enlarged portion of the cerebrospinal

axis which, with its membranes, almost completely fills the cavity of the cranium.

It is a complex organ in which reside the highest functions—consciousness,

ideation, judgment, volition, and intellect—together with the centres of special

sense and for the mechanisms of life (respiration and circulation), and it is the

agent of the will.
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General Appearance and Topography of the Brain.—Corresponding to the

varieties of cranial form, the shape of the fresh or the successfully preser\-ed brain

varies from the ovoid to the nearly spherical form, as ^^ewed dorsally. The
frontal pole is usually narrower, though more squarely formed ; while the parieto-

occipital portion is more massive, but more sharply pointed in each half. The
outline is often rather that of an irregular pentagon with its angles rounded off.

A dorsal \'iew (Fig. 672) shows only the extensive convex surface of the two great

convoluted cerebral hemispheres (hemicerebra) separated by a median cleft, the

intercerebral fissure ifissura longitudinalis cerebri). On divaricating the cerebral

halves it is seen that the separation is not a total one, for in the depths of the fissure

a broad commissural mass of white fibres—the corpus callosum—joins the cerebral

hemispheres. Frontad the longitudinal fissure is continued to the ventral or basal

aspect of the brain; caudad it passes into the fissura transversa cerebri (tentorial

hiatus) or interval, separating the cerebrum from the cerebellum.

In a lateral \'iew (Fig. 673) the continuity of the spinal cord with the medulla

oblongata, then the pons aind cerebellum are seen in part, overlapped by the cere-

bnim. Prominent is the temporal lobe ^\"ith its rounded pole, separated from the

frontal and parietal lobes by a deep cleft, the sylvian fissure, in whose depths

—

overlapped by the opercula of the adjacent lobes—lies the island of Reil or insula.

A ventral ^'iew (Fig. 619) presents many of the subdi\'isions of the brain. Here
is seen the continuity of the spinal cord, with the short and slightly expanding

medulla oblongata lying ventrad of the cerebellum and somewhat buried in its val-

lecula or depression between the lateral hemispheres, which alone are A-isible. The
cerebellum is a grayish-colored mass of considerable size and easily recognized

b>- its foliated appearance, due to the numerous parallel and closely set cur\ed

fissures. A mass of white fibres, the pons, passes transversely from one cere-

l>ellar hemisphere to the other, ventrad of the upper portion of the medulla

oblongata. Above the pons are seen two large bundles, the crura cerebri, one on
either side, diverging to pass into the cerebral halves. The interval between the

divergent crura cerebri and temporal poles laterad and the orbital portions of

the cerebrum frontad contains a number of important structures. Encircling

the cnira cerebri and meeting in the fore part of the fossa are the optic tracts,

decussating in the median plane to form the optic chiasm and continuing frontad

as the optic nerves. The arch of the optic tracts and optic chiasm and the crura

cerebri enclose the intercrural space, in which may be seen (1) the posterior per-

forated space (substantia perforata posterior; postperforatum)
; (2) the corpora

albicantia {c. mamillaria); (3) the tuber cineremn and the stalk of the pituitary

body. A groove marking the lateral boundary' of the fossa along each cms is.

termed the oculomotor sulcus, as the root fibres of the oculomotor nerve have their

superficial origin therein. The posterior perforated space is a gray area with

numerous minute apertures for the entrance of jwstperforant branches of the

posterior cerebral artery. The corpora albicantia are two small, pea-Uke, white

eminences closely set side by side. The -tuber cinereum is a conical projection

between the corpora albicantia and the optic chiasm, to which the h\"pophysis

pituitary body), resting in the sella of the sphenoid, is attached. In the re-

moval of the brain from the skull the stalk of the hypophysis is usually torn

through and an orifice, the lura, leading to the infundibular recess of the third

ventricle, is thus exposed. In the internal between the optic tract and the orbital

surface of each cerebral hemisphere is a small, depressed, triangular area of gray
substance leading laterad into the basisyhian fissure and dotted with numerous
apertures for the minute basal branches of the middle cerebral arterj- and called

the anterior perforated space (preperforatum).

If the optic chiasm be drawn somewhat ventrad, a delicate gray lamina, the
lamina terminalis (terma), is seen attached to the dorsal surface of the optic
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chiasm and passing dorsad into the intercerebral cleft to the region of the anterioi

commissure.

Parallel to the mesal border of the orbital surface of each cerebral hemisphere lie

the olfactory tract and bulb, torn away from the fila olfactoria as these pass through

the lamina cribrosa of the ethmoid. The olfactory tract may be traced to its

root area, the olfactory trigone, just frontad of the anterior perforated space.

The superficial origin of nearly all of the cranial nerves may be seen upon t\

basal aspect of the brain (Fig. 619). Tliese nerves, their superficial attachment

to the brain, and the foramen of exit in the skull are enumerated in the followii

table

:

Tabulation of the Cranial Nerves, their Superficial Attachments
THE Brain, and the Foramina of Exit in the Skull.

Nerve.

I. Olfactory fila.

II. Optic nerve.

III. Oculomotor nerve.

IV. Trochlear nerve.

V. Trigeminal nerve.

VI. Abducent nerve.

VII. Facial nerve.

V^III. Acoustic nerve.

IX. Glossopharyngeal
nerve.

X. Vagus nerve.

XI. Spinal Accessory
nerve.

XII. Hypoglossal nerve.

Superficial "Origin" or At-
tachment TO THE Brain.

Olfactory bulb and tract.

Optic chiasm.

Oculomotor groove along medial
border of crus.

Valve of ^^ieussens laterad of fren-

ulum.

Prelateral part of pons.

Postpontile groove (prepyram-
idal part).

Postpontile groove (laterad of

abducent nerve in preolivary
part).

Postpontile groove (laterad of

facial nerve).

Dorsolateral groove of medulla
oblongata.

Dorsolateral groove of medulla
oblongata.

(a) Encephalic part : Dorsolateral
groove of medulla oblongata.

(6) Spinal part: Lateral column
of spinal cord, between ven-
tral and dorsal roots of cer-

vical nerves as far as the fifth

and sixth cervical nerves.

Pyramido-olivary groove.

Foramen of Exit prom the
Skull.

Ethmoidal cribrosa.

Optic foramen.

Sphenoidal fissure.

Sphenoidal fissure.

(a) Ophthalmic ramus, spl

noidal fissure.

{b) Maxillary ramus, forar

rotundum.
(c) Mandibular ramus, forar

ovale.

Sphenoidal fissure.

Porus acusticus internus; meat^
acusticus internus; facial cans

stylomastoid foramen.

Porus acusticus internus.

Jugular foramen.

Jugular foramen.

Jugular foramen.

Canalis hypoglossi ("anteric

condylar foramen").

The olfactory, optic, and acoustic nerves, are afferent or sensor nerves.

The trigeminal, glossopharyngeal, and vagus nerves are mixed nerves.

The oculomotor, trochlear, abducent, facial, spinal accessory, and hypoglossal nerves ar

efferent or motor nerves.
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Dimensions.—The sagittal or occipitofrontal diameter of the white male adult

brain averages 16 to 17 cm, (6.4 to 6.8 inches), the maximum width in the

parietal region averages 13 to 14 cm. (5.2 to 5.6 inches), while the maximum height

is about 12.5 cm. (5 inches). The dimensions of the female brain are usually

somewhat less. The brains of dolichocephalic individuals are naturally longer

and narrower than those of brachycephalic, and other differences in size and
shape are found in conformity with the cranial configuration and other factors.

Weight of the Brain.
—

^The average weight of the brain in the adult male is 1400

grams (40.5 ounces avoirdupois); that of the female, 1250 grams (44 ounces

avoirdupois). Among 1500 brains of males the brain weights ranged from 960

grams to over 1900 grams; the great majority of this series ranged from 1250

grams to 1500 grams. The average weight in the newborn is 400 grams (14.1

ounces avoirdupois) in the male and 380 grams (13.4 ounces avoirdupois) in the

female. The weight is doubled at the end of the first, and trebled at the end of the

fourth or fifth year, the female brain growing less rapidly than the male brain.

Brain growth generally ceases in the eighteenth or twentieth year, earlier in the

female than the male. After the sixtieth year the brain loses weight, at first

slowly, but more rapidly in advanced senescence. Other factors, besides age and
sex, which influence brain weight are stature, body weight, cranial form, and race.

Persons of large stature average heavier brains than those of short stature in abso-

lute figures, but not relatively. Brachycephalic persons average heavier brains

tlian the dolichocephalic. A most profound influence upon brain weight appears

to l>e exerted by racial differences. Representatives of the white race have heavier

brains than those of the other races, although data are not sufficient to make a

positive statement. Thus, the few Eskimo brains that have been secured so far

are notable for their size and weight. The following table gives approximately

accurate averages based upon greater or less numbers of brain weights:

^\ hite race {

( Germans
Bohemians
Scots .

Swedes .

Russians

j
English .

I

Italians .

I French

Japanese
Chinese
Negroes (various races)

Hawaiians . . . .

Papuans
Australians . . . .

Males. Females.

1425 1260
1420 1290
1420 1260
1415 1260
1395 1260
1.380 1255
1375 1240
1360 1250

1365 1215
1360

1390-1200
1.330

1250
1185

The intellectual status is in some way reflected in the mass and weight of the

brain. The average brain weight of 100 men eminent in the professions, arts,

and sciences, with an average age of sixty- two years, was 1470 grams (nearly

52 ounces avoirdupois), exceeding the average weight of the ordinary population
of about the same age by more than 100 grams (nearly 4 ounces avoirdupois).
A further analysis shows that the brains of men devoted to the higher intellectual

occupations, such as the mathematical sciences, involving the most complex
mechanisms of the mind, those of men who have devised original lines of research,

and those of forceful character are among the hea^^est of all.^

nL*.'^** .**'^ editor's memoir: "A Study of the Brains of Six Eminent Scientists and Scholars, etc.," Trans \mer
rmjos. Soc.. xxi, iv, 1907.

54
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The brains of the microcephaUc idiots are far under the minimal size necessary i

for mental integrity, which is about 1000 grams (35 ounces avoirdupois) in the
\

male and 900 grams (31.7 ounces avoirdupois) in the female. Certain idiotic
[

individuals possess brains of normal size or even abnormally large brains, but \

structural defects underlie these forms of idiocy.

The whale, porpoise, dolphin, and elephant possess larger brains than man, •

but relative to the size and weight of the body the human brain is proportionately i'

larger.
!

E. A. S.

Fig. 619.—Basal aspect of the brain showing the superficial origin of the cranial nerves.
numerals indicate the nerves.

The Roman

The Development of the Brain and the Usual Classifications of its Sul^
divisions.—The cephalic region of the embryonic neural plate is characterized,

as already pointed out (p. 804), by a rapid process of expansion and intensity of

growth energy which seems to indicate the higher functional potentiality of what
is to become the brain. The fusion of the margins of the neural plate, proceeding

rapidly cephalad and caudad from about the cervical region, soon effects the

complete closing in of the brain portion of the neural tube and its complete separa-

tion from the overlying ectoderm. For a brief period prior to the completion of

the tube formation there exists a minute opening affording communication be-

tween the interior of the neural tube and the surrounding amniotic cavity; this

temporary passage is called the neuropore (Fig. 620), and is morphologically

the cephalic end of the tube. Its adult position is probably in the hypophyseal

region.
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The simple brain tube expands verv early in intrauterine life in a sac-like

manner, with the formation of three dilatations or pouches—the primary brain

vesicles—demarcated by two constrictions.^ The vesicles are designated respec-

tively the

Fore-brain (Prosencephalon). ]\Iid-brain (Mesencephalon).

Hind-brain (Rhombencephalon or Metencephalon).

ECTODERM

Fio. 620.—Brain tube of einbr>'o salamander, sagittal section,
showing neural segmentation (neuromeres): F.I.-III. Fore-brain
neuromeres. M. I. -II. Mid-brain neuromeres. H. I.—VI. Hind-
brain neuromeres. (Adapted from Kupffer.)

fORE-BRAlN

ID-BRAIN

•HIND-BRAIN

E. A. S.

PROTOVERTEBRAI.

Fig 621.—Brain tube of chick (25Ji
hours ),_ showing partly closed bram
tube with eleven folds or neuromeres.
(After C. HiU.)

This classification has been
found acceptable from every com-
parative standpoint in brain mor-
phology, but attempts have been
made to establish a further seg-

mentation into definite anatomical

divisions regarding which opinions

and usages differ widely and have
proved to be a hindrance rather

than an aid to the homologization
of brain structures in the vertebrate

series. The difficulties in formu-
lating a satisfactory schema of the

segmental divisions of the brain
will be overcome, perhaps, only
by distinguishing the neuromeres
or neural segments conforming to

the general segmental plan of the

%^rtebrate body. The existence

of a neuromerism that is akin to the metamerism or serial segmentation of the

bodv, or to the branchiomerism characterizing the arrangement of the branchial

arches, is indicated in several wavs, but thus far onlv the earliest embrvonic

Middle peduncle

Inferior pedtaieU

Medulla oblongata

Fig. 622.—Scheme showing the connection of the several
parts of the brain.

' The constriction between mid- and hind-brain has been called the i»thmu* rhombeneephali by Prof. His, and
he regariis it as coordinate with the other segments recognized by him; the region, however, no more deserves
a definitive segmental value than would the cephalic constriction even if it were dignified by the term itthmtu
protencephali.
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stages and the disposition of certain of the cranial nerves aflPord a clue to the defi-

nitive segmentation of the brain. According to the most recent researches, as

many as eleven, sixteen, and even more neuromeres have been established in

various 'vertebrate brains. The hind-brain alone shows from six to eight such

neural segments (Figs. 620 and 621). The whole matter is yet so obscure that

confusion will be avoided by restricting our description to the three primary

divisions and their derivatives without insisting upon the recognition of further

definitive segments proposed by various authors in consequence of preconceived

ideas obtained from the complicated adult structure of the brain. At this transi-

tional period the student is, however, obliged to be familiar with the commonly
accepted—yet provisional—schemes of segmentation and a comparative view

is given in the following table

:

Table Showing Comparison of the Segmental Schemas Adopted by

The Anatomische Gesellschaft
in 1895.

The Association of American
Anatomists in 1897. I

Partes ventrales. Partes dorsales.

VI. Telencephalon.

Pars optica hypothalami

I. Rhinencephalox.

Bulbi olfactorii with their tracts;

part of the aula and of the pre-

commissure.
f Corpus striatum ; rhinen- -I

\ cephalon; pallium. II. Prosencephalon.

V. Diencephalon.

n -1 • u +1. 1 ™- J Thalamus; metathala-
Pars mammilans hypothalami.

[ ^^^^ epithalamus.

IV. Mesencephalon.

Pedunculi cerebri. Corpora quadrigemina.

III. Isthmus Rhomrencephali.

Pedunculi cerebri.

Palliums, connected by part of

I
aula and part of the precommL

l sure.

III. Diencephalon.

Thalami, including the chia

geniculate bodies.

thF

f Brachia conjunctiva; ve-,

\ lum medullare anterius.
J

IV. Mesencephalon.

Crura and quadrigeminum.

Pons.

II. Metencephalon.

Cerebellum.

I. Myelencephalon.

Medulla oblongata.

I

Y. Epencephalon.

j Cerebellum; pons; preoblongata.

1 A'l. Metencephalon.

J Postoblongata.

Brief Consideration of the Phases of Development of the Brain Tube,

I. Fore-brain.—The cephalic or fore-brain vesicle widens and expands most

rapidly and attains to a comparatively large size even before the mid- and hind-

brain vesicles become markedly defined. A series of remarkable developmental

changes ensue in the following order: (a) Optic vesicles appear as two diverticula,

each budding from either side of the primary fore-brain vesicle, their distal ends

growing considerably and coming into contact with the overlying epidermis,

while the proximal or attached ends assume a stalk-like shape. The distal

sac-like end becomes invaginated and forms the retina of the eye, while the

stalk upon obliteration of its cavity forms the optic nerve. It is necessary to

state here that as development proceeds the optic stalks become relatively shifted

caudad and form more intimate connections with the thalamus and mid-brain.

(b) A second pair of budding vesicles arises cephalad in the dorsal portion of

the fore-brain vesicle and is destined to develop into the ponderous cerebral herai-
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spheres with their great ganglia, growing with great rapidity and exceeding in

this respect all other parts of the brain. The growth of these secondary fore-

brain vesicles is principally in the distal parts, and in this manner each forms

a great pouch whose interior communicates with the primary neural cavity through

a small opening, the foramen of Monro (porta). It must be remembered that in

Midbrain.

Hindbrain.

Auditory vesicle.

Xeiiral ridge.

-Head fold of amnion.

.-Forebraiii.

-Optic vesicle.

Heart.

Omphalo-mesenteric rem

I Protorertebrse or

) mesoblastic somites.

Sinus rhomhoidalis.

Remains of primitive
streak.

Fig. 623.—Chick embryo of thirty-three hours' incubation, viewed from the dorsal aspect.
(From Duval's Atlas d'Embryolojiie.)

X 30.

these initial stages the vesicles are all extremely thin-walled, but later the walls
thicken or hypertrophy to a marked degree, so that the neural cavity becomes
relatively small.

(c) Meanwhile (in the fourth week) the most cephalic portion of the fore-brain
also becomes differentiated. As the enlarging vesicles of the cerebral hemisphere
crowd upon the median, slower-growing portion, there is observed, on either
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side, the development of a groove or furrow, the primary arcuate fissure, whiclr

demarcates the olfactory region {rhinencephalon) into a cephalic and a caudal

portion. The cephalic portion develops into '

a blind tubular diverticulum, which grows

cephalad to form the olfactory bulb and tract,

its central cavity becoming obliterated (persist^«jj

cnt in certain other mammals), while the cauda^fl
portion forms tiie roots of the olfactory nerves, !

the anterior perforated space or preperforatum and ^

the subcallosal gyre.

(r/) At the ventral margin of the hemicerebral
j

or secondary fore-brain vesicle an excessive

proliferation of cells results in the production

several ganglionic masses—the basal gangl

of which the largest are the lenticular nuclei

(lenticula) and caudate nucleus (caudatum).

(e) The median cephalic terminal wall intei

vening between the large hemicerebral vesicle

persists as a thin and relatively undevelopc

lamina, the lamina terminalis.

(f) The remainder of the fore-brain undergc

great hypertrophy in its lateral walls to form

optic thalami, while the ventral portion develof

moderately to form the hypothalamus, tuber cin^

reum, posterior lobe of pituitary body, and corpol

albicantia. The dorsal wall fails to develoj

and remains epithelial except at a point imrad

diately adjacent to the quadrigeminal lamina

the mid-brain; here a diverticulum grows

to form the pineal body or epiphysis (a rue

mentary structure in man, but undoubtedly

functional use in ancestral vertebrates).

(g) The cavity of the primary fore-brain vesic

Fig 624 —Plan showing the mode of Undergoes alterations in form as the secondai

InTffcenlS'caltfofthelpi^al coS mctamorphoscs of its walls procecd in the cours

^.Prosencephalon. B. Thaianiencephaion. of development. The hollow Cerebral buds
C. Mesencephalon. D. Metencephalon. .,1^.111 p 1 1

•
i

E. Myeiencephaion. F. Central canal of rapidly outstriD all othcr parts ot the brain ths
cord. G. Lateral ventricle. H. Foramen ., ^. "'.

, ^ .^. f, , . , . • 1

cavities, the lateral ventricles

\J

of Monro. (After Gerrish.) their internal

NeurnJ, canal
Neural crest

Somatopleure

Pleuroperi

toneal cavity
Splanchnopleure

Omphalo-
mesenteric vein

Fig. 625.—Transverse section of a portion of a chick embryo of twenty-nine hours incubation.
(From Duval's Atlas d'Embryologie.)

become the most spacious of the ventricular system. The great hypertrophy of

the thalamic ganglia in the lateral walls of the primary fore-brain determine the
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safittally placed, slit-like form of the so-called third ventricle. The cavities of

the optic and olfactory buds become obliterated.

II. Mid-brain.—The second primary vesicle becomes somewhat later differen-

tiated and takes a less prominent part in the adult brain. Its dorsal wall goes

into the formation of four eminences, the corpora quadrigemina, while the lateral

and ventral sections grow considerably to form the crura cerebri. The neural

cavitv within the mid-brain persists as the narrow aqueduct joining the third and

fourth ventricles.

III. Hind-brain.—The third primary brain vesicle is demarcated from the mid-

brain bv a marked constriction to which has been given the term isthmus rhomb-

encephali. The hind-brain is specially characterized by the great expansion of

its thinned-out, membranous dorsal wall caudad, while cephalad the dorsal wall

becomes very much thickened as the proton or " anlage " of the cerebellum.

The ventral and lateral parts undergo thickening to form the pons and medulla

oblongata.

r, A.' - .^^hfc. ^. Pigmented layer
Forebrain.. A .". .^k. X /of retina.

Invagination of Ectoderm
to form the lens rudiment'

Ectoderm

^--Xeitral part

of retina.

Optic stalk.

Fig. 626.—Trans-section of head of chick embryo of forty-eight hours' incubation. X 55,
(From Duval's Atlas d'Embryologie.)

Flexures of the Brain Tube.—^The difference in growth rate of the differ-

ent parts of the brain tube and the marked disproportion between the rapid

brain growth and slower head growth causes the encephalic neural tube to become

liarply bent upon itself at certain points. The first flexure to occur is involved

in a bending of the entire head and takes place in the region of the mid-brain;

this flexure is termed the cephalic flexiire. A second bending of the tube occurs

at the junction of the spinal cord and hind-brain; this is termed the cervical flexure,

and is so pronounced in the fifth week of intrauterine life that the brain tube and

spinal cord form a right angle with each other. A third flexure is produced, in

consequence of the other two, in the region of the future pons, and is therefore

called the pontile flexure. Subsequently the cervical and pontile flexures are

il)literated by a gradual straightening of this portion of the brain axis.

Dorsal and Ventral Laminae or Longitudinal Zones of the Brain.—Quite

like the longitudinal division of the developing spinal cord, there is a differ-

,entiation of the brain tube into dorsal and ventraJ zones, though much less clearly

shown. The limiting furrow between the two is not demonstrable in the fore-

brain; at least it is disputed, on good grounds, that it exists there. It is claimed

even that three such longitudinal divisions exist on each side (Kupffer) and the

formation of the cranial nerves is not quite comparable to the spinal nerves,

although there is a fair homology with their dorsal-sensor and ventral-motor func-

tional differentiation, despite their frequent admixture in some cranial nerves or

the total absence of the one category in others. Thus the motor elements do
not extend higher than the mid-brain and the dorsal division preponderates

in the more highly organized parts of the brain, becoming predominant in the

higher vertebrate species—particularly in man.
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In its simplest expression the brain is a tube like the rest of the central ner\

axis, but a remarkably modified one. There is the same primitive ependyml

.ftVO-Bft^/..

OLFACTORY FOLD/

E. A. S.

Fig. 627.—Profile view of the brain of human embryos at three several stages, reconstructed from sectioaK_
A. Brain of an embryo of about fifteen days. B. brain of an embryo about three and a half weeks old.

""

Brain of an embryo about seven and a half weeks old. (After His.)

lining throughout its interior; there is likewise a central tubular gray mass

ganglionic tissue which, however, undergoes nuclear differentiation in some"
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portions, atrophies in others, while in certain localities it is crowded away from

the central cavity by the intrusion of white fibre masses which are chiefly com-

missural. A total atrophy occurs in a part of the dorsal wall of both fore-brain

and hind-brain; partial atrophy is observable in the floor of the third ventricle,

near the optic chiasm, once perhaps the optic centre in the earliest of the ancestral

vertebrates, but atrophied in higher forms as the visual tract became secondarily

projected in the thalamus and mid-brain. Great hyp)ertrophy characterizes the

growth of the ganglionic gray in the floor of the lateral ventricle (cerebral vesicle),

resulting in the formation of nugget-like masses, the caudate, lenticular, and amygf-

daline nuclei. The central gray of the primary' fore-brain also undergoes great

hvpertrophy, but in the lateral walls only, to form the large, compact thalami.

Thalanifis.

Foramen of Monro \

Posterior commissure.
1 Pineal body.

^^^^^H^^i ""j\^^^^S;^

0^ .J^
y^Z^Bfm^HPffff!9i^^\. Q'todri^eminal plate.

IV. Ventride.

Certhral hemisphere Olfactory lobe or '.-

rhinenceTphalof* \ 1 ',

Lamina terminalis. i
i

Optic nerte.

Optic chiasm.^

Pituitary body.

'

Tuber cinereum.

Corpus
albicans.

Medulla
oblongata.

Spiiuil cord.

Fio. 628.—Median section of brain of hutaan fetus during the third month. (After His.)

As in the cord, fibre masses develop ectad of the central tubular gray in some
localities, while in other regions the ganglionic gray remains at the surface and
the white conducting substance is developed on its inner aspect. Thus we have,
secondarily, the formation of superficial gray substance as the cortex (or rind) of
the cerebrum and cerebellum. The isolation of ganglionic gray masses from the
primitive central tubular gray and their differentiation into nerve cell nidi is also
observable in the reticular ganglionic formation of the medulla oblongata and pons
as well as in the roof of the mid-brain. Certain aggregations of gray ganglionic
tissue are intercalated in the course of fibre strands, receive an admixture of these,

and are regarded as terminal, interrupting, or as condensing stations not unlike
some very complex relay telegraph system. The olive, dentate nucleiis, red nu-
cleus, the nuclei of the gracile and cuneate funiculi, the basketwork intercalations
of the reticular and lemniscus fields belong to this intrafascicular type of ganglionic
structures.
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The plan of structure of the brain differs, therefore, from the comparatively

simple arrangement of the gray and white substance in the spinal cord. In the

brain the gray substance is not centrally situated throughout, and there is a tendency

to nuclear differentiation of great and small ganglionic masses. These are con-

nected with each other and with the centres in the cord by longitudinal strands

of fibres of greater and less length, as well as by transverse associating fibres

>.^^^o,

FASC.
SOUTARIUS

VAGUS
GANGLION

CONDARV

FASC.
SOLITARIU8

RHOMBOIDAL

homboidal lip
(fused)

FASC. SOLITARIUS

E. A. S.

Fig. 629.—Three stages in the development of the medulla oblongata, showing the metamorphosis of

the rhomboidal lip. (Modified after His.)

uniting the bilateral nuclei of the same ganglionic category; with the periphery

they gain connection through the cranial nerves and {via the spinal cord) the

spinal nerves.

In tracing the various structures of the brain from the medulla oblongata to the

cerebral cortex we follow anatomically what nature has done in the evolution

of the highest type of brain from that of the simplest and most ancient vertebrate.

In the medulla oblongata lie the centres which exert a very direct influence over

those of the entire cord. The striate bodies and the thalami form a connecting

link between the higher cerebral cortex and the medulla oblongata and cord below.

The extensive cerebral cortex, an aggregation of psychic centres and therefore

the seat of the will, controls the activities of the fore-brain ganglia (corpus striatum,

thalamus) and the cerebellar cortex, and these in turn preside over the functions
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of lower centres, as in the way of motor responses to external impressions; such

reactions may be delayed or immediate according to the exercise of the will power

residing in the cerebral cortex.

This control by the will is intensified the higher we ascend the animal scale;

the pyramidal tract, which originates in the cerebral cortex and threads its way

to the motor centres of the spinal cord without interruption along the brain axis,

is better developed in man than in any other animal. In the course of evolution

the lower or more automatic ganglia and tracts remain relatively about the same

in mass as in other mammalia, but the higher, more intellectual ganglia surpass

these in growth, so that there is an apparent but not real diminution of the auto-

matic systems observed in the human brain.

o^^^^^SZS^^r^^

BASAL GANGLIA
OF FORE-BRAIN

CORPORA
QUADRIGEMINA

TT RETICULAR GANGLION
WASS WITH CRANIA

NFRVE NUCLE

NTRAL GRAY (FLOOR OF
URTH VENTRICLE AND
ROUND aqueduct)

ENTRAL GRAY OF J
PINAL CORD

Fig. 630.—Schematic representation of the chief ganglionic categories (I to V). Accurate topographical relations
and interconnections are shown in other figures.

It has been seen from the foregoing brief accounts of the development of the

,

nerve system that the most prominent feature is the redundant growth of the

. cephalic or brain end of the neural tube. Comparative neuroanatomic re-

searches have thrown much light upon the probable genesis of this remarkable
characteristic. The ancestral vertebrate, built upon the segmental type, was a
swimming animal, and its locomotion took place in the direction of its long axis.

In its progress through the water the cephalic (or anterior) segments were those

which first encountered the foreign objects floating in the same medium. It was

j
for these segments to determine the quality of the objects encountered—whether
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they were inimical or indifferent or beneficial to its individual ends. The sense

periphery, in consequence of the demands of evolution, underwent specializatioi

in the development of olfactory and gustatory organs for testing the quality of thi

food and of the surrounding medium; optic organs for perceiving rays of light

auditory organs for the appreciation of certain oscillations of the surroundii

medium; while others, strictly tactile in nature, underwent elaboration as such i^

the development of sensitive antennfe or tentacles. Motor contrivances, usefi

in the quest for food or in encounters with the enemy, were developed in the wa|
of powerful jaws and masticatory muscles. In brief, a remarkable specializatioi

and differentiation of structui

attended the development of th^

head end, and with it the central

organ of control kept pace. In

the human species we find certain

of these structural characteristics

in a highly developed condition,

while others have dwindled or

disappeared in the course of evo-

lution. Thus, in the myxinoid
fishes and the lamprey the cere-

bral hemispheres themselves are

mere appendages of the olfactoi

lobes ; the sense of smell was prol

ably the most important in lowe

animals. In the brain of mal
conditions are reversed and thi

olfactory system is seen to ha\

dwindled to an extreme degree

compared with the immense sis

of the cerebrum; this in conformity with the relatively slight use made of the sme|

sense in the mental life of man. Other organs of special sense, however, becar

augmented, and these, together with the nerve mechanisms controlling the vit

functions (respiration, circulation), required a more and more elaborate centi

nerve organ for the harmonious interaction of the several elements. This centra

organ or brain developed, in bulk and complexity, hand in hand with the increaa

of the intellectual faculties. Man's most manifest distinction from other anima!

has resulted from a remarkable evolutionary growth in brain size and braiij

power; and as the brain is the material organ of mental and moral manifests

tions, we find in mankind the highest degree of superiority and culture—nc

only as compared with the nearest related apes, but of the civilized and progressiv^

races as compared with the primitive and unprogressive races.

Fig. 631.

Inferior peduncle

Medulla oblongata

-Scheme showing the connection of the several
parts of the brain.

DESCRIPTIVE ANATOMY OF THE ADULT HUMAN BRAIN.

Morphologically considered, the brain consists of a common trunk (or braij

axis) from which the two cerebral hemispheres crop out like swollen terminal buc

while the cerebellum is an excrescence of the trunk itself. The axially situat

brain axis or "brain stem"^ comprises, roughly speaking, the axial parts of a|

' Also "brain isthmus," a loosely used term. It may here be remarked that most extant accounts of the
anatomy of the brain overemphasize the distinction of brain parts from each other. Some authors follow

one or another system based upon the theories of the segmentation of the brain tube; others divide the brain
into (a) rhombencephalon or hind-brain and (h) cerebrum, comprising mid- and fore-brain. None of the

classifications proposed are, as already pointed out, quite satisfactory. The continuity of the parts can only
be interrupted arbitrarily, and such procedure leads to a too narrow conception of brain structures single and
apart rather than serial and connected.
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three priniarv divisions of the brain tube—(a) medulla oblongata, (6) pons, (c) mid-

brain, (d) thalamic division of fore-brain. In this brain stem lie the majority of the

fjanirlionic masses enumerated above, together with the nerve tracts uniting the

various cell nests in (presumable) automatic coordination as well as the great

nerve tracts connecting the spinal gray with the cerebral hemispheres, the thalami,

cerebellum, and the ganglia of the medulla oblongata (including the cranial nerve

nuclei), and still other tracts connecting the medulla oblongata with the cerebral

hemispheres, the cerebellum, and the special ganglia of the pons and mid-brain.

I Parts Derived from the Hind-brain (Rhombencephalon).
Morphology.

External

The Medulla Oblongata (myelencephalon oblongata; spinal bulb; postoblon-

gata of Wilder).—The medulla oblongata is the continuation cephalad of the

spinal cord, the transition lying at the level of the foramen magnum and marked
by the decussation of the p\Tamids. Its cephalic limit is sharply defined ventrad

bv the rounded margin of the pons, while its dorsal surface is sunk into the cere-

Ijellar vallecula. The length of the medulla oblongata along its ventral surface

is A to 1 inch (20 to 25 mm.) ; its maximum width at the pontile end is ^ inch (17

to 18 mm.), and half as much at its transition into the spinal cord; its maximum

SEMILUNAR GANGLION
OF TRIGEMINAL NERVE

FACIAL NERVE

N. INTERMEDIUS
ACOUSTIC NERVE

GLOSSOPHARYNGEAL NERVE
VAGUS NERVE

SPINAL ACCESSORY NERVE

HYPOGLOSSAL NERVE

t. CERVICAL NERVE

BASILAR GROOVE

POSTPONTILE RECESS

DECUSSATION
OF PYRAMIDS

VENTRAL FISSURE

Fig. 632.—Ventral view of pons and medulla oblongata, showing the attachments of certain cranial nerves on
one side. * The 'inter-radicular pons tract or corpus pontobulbare, described in the text.

Its expansion as it approaches the pons

The ventral surface rests upon the basilar

thickness is about 15 mm. (| inch),

gives it the form of a truncated cone,

groove of the occipital bone.

Fissures.^=-The ventral and dorsal fissures of the cord are continued upon
the medulla oblongata, making it a bilaterally symmetrical structure. The
ventral or ventromedian fissure {fissura mediana anterior) at the level of the foramen
magnum is interrupted l)v a number of obliquely intercrossing fibres, called the
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iSSI^PIdecussation of the pyramids. Beyond this interruption the ventral fissure pass

cephalad to end at the ventrocaudal border of the pons in a recess called the
'

postpontile recess or foramen cecum.
j

The dorsal or dorsomedian fissure (fissura mediaria 'posterior) is of short extent \

upon the medulla oblongata, for the neural cavity is here expanded into a rhom-
boidal fossa whose dorsal wall, profoundly atrophied, is represented only by a

delicate membranous lamina; the dorsal fissure rapidly becomes shallower as

it ascends, to cease at the caudal apex of the "fourth ventricle."

Like the spinal cord, the surface of each half of the medulla oblongata is divided

into three longitudinal districts by fissures called the ventrolateral and dorsolateral

fissures. Of these, the latter only is a continuation of the fissure of the same
name in the spinal cord.

The ventrolateral fissure (sulcus lateralis anterior) of the medulla oblongata

demarcates the ventral column (pyramid) from the lateral column as well as the

olive, and the roots of the hypoglossal nerve, arranged in linear order, emerge
from this fissure.

(The ventrolateral fissure of the spinal cord becomes obscured as it ascends into the oblon-

gata! region, for cephalad of the emergence of the ventral roots of the first cervical nerve

band of superficial arcuate fibres usually obliterates all traces of the furrow.)

v^^

The dorsolateral fissure (sulcus lateralis posterior) of the medulla oblongata is

directly continuous with the same-named fissure of the spinal cord, and the root

bundles of the spinal accessory, vagus, and glossopharyngeal nerves are attached

along the bottom of this fissure. Unlike the dorsal roots of the spinal nerves,

the root bundles of these three cranial nerves are not all composed of afferent

fibres arising in extraneous ganglionic cells and entering the medulla oblongata,

for the accessory nerve is purely efferent and the vagus contains both afferent

and efferent fibres.

Areas.—The ventrolateral and dorsolateral fissures with their rows of nerve

fascicles divide the surface of the medulla oblongata on each side into three dis-

tricts which appear to be continuous with the three columns of the spinal cord;

they are not so in reality, however, owing to the rearrangement of the fibre tracts

and the central ganglionic mass in the myel-oblongatal transition. This portion

of the brain axis is sculptured into several eminences and depressions ; of the emi-

nences, some, like the olives, the tubercula cinerese, and the clavae, are due to the

accumulation of gray substance beneath the surface at that point; others, like the

pyramids and restiform bodies, are due to the prominence at certain points of

the surface of the great nerve tracts.

Areas of the Medulla Oblongata.

I. Ventral Area:

Pyramid.

II. Lateral Area:

(a) Lateral tract.

(b) Olive.

III. Dorsal Area, marked by slight furrows dividing it into:

(a) Funiculus gracilis.

(b) Funiculus cuneatus.

(c) Funiculus lateralis and tuberculum cinereum.

The last three structures mentioned appear to become fused cephalad to continue as the

restiform body or restis; in reality the restiform body is formed in a different manner.
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I. The Pyramids {pyramides meduUae oblongaiae) constitute the oblongatal

portion of the direct cerebrospinal efferent tracts conveying (voluntary) motor

impulses from the precentral cortex, through the internal capsule, crusta, and

ventral pons to descend in the crossed and direct pyramidal tracts to the efferent

(motor) cell groups in the ventral horns of the spinal gray. In their external

appearance in the medulla oblongata they are moderately constricted at their

pontile ends, appear to become somewhat expanded, to again taper as they pass,

partly into the ventral columns of the cord, partly, by decussation, into the lateral

columns. Tlie p^Tamids are separated from each other by the ventral (or ventro-

median) fissure except where this is more or less completely obliterated by the

decussating bundles. Each pyramid is bounded laterally by a slight furrow, the

ventrolateral or pyramido-olivary groove, in which arise the hypoglossal nerve

roots and which separates the p\Tamid from the olive. The pontile end of each

pyramid is frequently traversed by a band of arched fibres {fihrae arciialae extemae);

ponticulus of Arnold (not the ponticulus of Henle), the ectal arcuate fibres.

The decussation of the pyramids (deeiissatio pyramiduni) is a term given to the

obliquely intercrossing bundles seen at the oblongata-myelon transition. The
extent to which this decussation occurs and the degree of its visibility varies in

different individuals. \Miile in most cases the majority (90 per cent.) of the fibres

cross the median line in this decussation to continue as the crossed or lateral

pyramidal tract, it is sometimes observed that a larger share of the fibres pass

into the direct or uncrossed p\Tamidal tract with a corresponding reduction of the

crossed tract. Occasionally the decussating bundles are so deeply situated in the

ventral fissure as not to be visible.

II. The Lateral Area of the medulla oblongata is continuous with that of the

spinal cord, and is bounded by the dorsolateral and ventrolateral fissures. It

is composed of the tract of Gowers {fasciculus anterolateralis superficialis) , the
ventrolateral ground bundle (fasciculus proprius anterolateralis), and the direct

spinocerebellar tract (fascicidus cerebellospinalis [Flechsig]), while it is invaded from
above by the crossed p^Tamidal tract. The olive is interpolated in the cephalic
part of this area.

The olive (olira; olivary body) is a prominent, elongated oval mass bulging from
the cephalic part of the lateral area of the medulla oblongata, bounded by shallow
grooves, of which one, for the h>-poglossal nerve roots (ventrolateral fissure)

separates it from the p\Tamid, while the other, containing the nerve fascicles of

the vagus, glossopharyngeal and spinal accessory nerves, separates the olive from
the restiform body. From the pons it is separated by a shallow groove in which
a band of arched fibres is sometimes seen. Numerous white fibres (external or
ectal arcuate fibres) emerging from the ventral fissure and traversing the p^Tamid
loop across the lower parts of the olive to enter the restiform body. The olive

is formed by the olivary nucleus, embedded in a thin layer of white substance.
The olive is about 12 mm. (^ inch) in length and 5 mm. (i inch) in breadth.
III. Dorsal Area.

—

(a) The funiculus gracilis is the direct continuation of the
tract of the same name in the spinal cord. It is a narrow white band placed along
the dorsomedian fissure, and separated from the funiculus cuneatus by the dorso-

paramedian fmrow (sulcus intermedins posterior). At the caudal apex of the rhom-
lioidal fossa (fourth ventricle) each funiculus gracilis diverges from the median
plane, presenting at this point a club-like enlargement, the clava. The promi-
nence of the funiculus gracilis (and clava) is due to the gray nucleus funiculi

gracilis beneath the surface.

(6) The funiculus cuneatus is the direct continuation of the tract of the same
name in the spinal cord. It enlarges as it ascends, exhibiting a slight eminence
or enlargement, the cuneate tubercle, which is marked only in the medulla ob-
longata of young indi\-iduals, and is due to the nucleus funiculi cuneati beneath
the surface.
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(c) The funiculus lateralis is a longitudinal prominence which gradually en-

larges cephalad into a slight tubercle, the tuberculum cinereum, marking the ap-

proach of the gelatinosa to the surface so as to form a prominence at a level with

the lower border of the olive.

The restiform body {corpus restiforme; restis) occupies the upper dorsolateral

area of the medulla oblongata on each side, lying between the floor of the fourth

ventricle and the roots of the vagus and glossopharyngeal nerves. This structure

might at first glance appear to be the continuation of the three funiculi just

described. But as a matter of fact it is made up of the direct spinocerebellar tract,

a set of external or ectal arcuate fibres (fibrae arcuatae externae) and a set of internal

or ental arcuate fibres {fibrae arcuatae internae). Each restiform body assists in

forming the lower part of the lateral boundaries of the fourth ventricle and then

enters the cerebellum as the inferior peduncle of that body.

The Pons {pons [Varolii^).—The pons is a prominent white mass on the ventral

aspect of the brain stem which is interposed between the medulla oblongata

and the crura cerebri. It is convex from side to side, and its fibres, running chiefly

in a transverse arched direction, are gathered into rounded, compact strands

on either side, to continue as the middle peduncles into the white substance of

the corresponding cerebellar hemisphere. The fibre bundles of the pyramidal

tracts thread their way through the pons on either side of the median plane and

small aggregations of gray substance {nuclei pontis) are packed in the intervals

between the transverse pontile and longitudinal pyramidal fibre bundles.

The Basilar or Ventral Surface of the pons is in relation with the basilar process

of the occipital and the dorsum sellae of the sphenoid. A shallow mesal groove

lies between the eminences produced by the pyramidal tracts in their course through

the pons. The groove is called the basilar groove {sulcus basilaris), as the basilar

artery is usually accommodated in it; the artery is not, however, a factor in the

production of the groove. The large sensor and small motor root bundles of the

trigeminal nerve pierce the mass of the pons near the anterior pontile border, and

a line drawn from this nerve root to that of the facial nerve is usually employed

as an arbitrary boundary between the pons proper and the middle peduncle

of the cerebellum. The abducent nerve emerges from the posterior pontile bor-

der (prepyramidal part); the facial and acoustic nerves are attached farther

laterad.

While most of the superficial fibre bundles of the pons are seen to arch trans-

versely, certain small compact bundles^ are seen to extend in an obliquely longitu-

dinal direction from the region of the trigeminal nerve root to and among the

roots of the facial and acoustic nerves.

The Pars Dorsalis Pontis {pars metencephalica viedullae oblongatae; preoblongata).—^The pars dorsalis pontis, or tegmental part, is not sharply demarcated from the

medulla oblongata or the tegmentum and crusta of the mid-brain, and the margins

of the pons on the ventral surface afford only arbitrary boundary lines; for in the

vertebrate series the pons varies greatly in width and its margins can hardly be

accepted as the boundaries of a definite brain segment. The dorsal surface

of the pars dorsalis pontis is continuous with that of the oblongatal ventricular

surface, and its description more properly belongs to a consideration of the anatomy

of the fossa rhomboidalis or "floor of the fourth ventricle."

Fourth Ventricle of the Brain {ventriculus quartus).—In a previous section

on brain development it has been pointed out how the growth changes and dift'er-

entiations in the hind-brain differ from those of the rest of the neural tube in that

there is a marked disproportion in the degree of growth in the dorsal and ventral

walls. While the ventral wall thickens greatly throughout to form the pons-oblon-

' Called the inter-radicular pons tract by E. C. Spitzka (1884), and more recently described as part of the corpun

ponlobulbare by Essick (American Journal Of Anatomy, vii, 1).
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gata, the dorsal wall hypertrophies in its cephalic portion to form the cerebellum,

wiiile caudad thereof the roof atrophies and expands and becomes so attenuated

as to be represented merely by a thin epithelial membrane. The outward folding

of the walls of the neural tube in this region creates an expansion of the central

cavity in the form of a rhomboidal fossa roofed in by the cerebellum and a thin

epithelial layer. A time-honored custom enumerates this as the fourth of a system

of ventricles of which the other three lie in the fore-brain.

A cast of the cavity (Fig. 696) shows it to be irregularly pyramidal, with a

lozenge-shaped base and ridge-like apex extending from side to side, corresponding

to the acute-angled recessus tecti in the fastigium ("gable roof") formed by the

valve of Vieussens and inferior medullary velum. Such a cast also indicates

the ventral extension of the cavity from the lateral angles of the rhomboidal

base in the form of the lateral recesses.

It is customary to describe for the fourth ventricle a roof and a floor, although an
examination of a sagittal section of a brain hardened in situ shows the floor to be

in a vertical plane in the erect attitude. Caudad the cavity is continuous with

the minute central canal of the spinal cord and postoblongata (in part); cepbalad

it passes into the aqueduct or mesocele. The dorsal wall or "roof" is formed

FiQ. 633.—Varieties of fourtli ventricle.

by the valvula (velum meduUare anterius), the superior peduncles, tela choroidea

ventriculi quarti, and fastigium of the cerebellum. The ventral wall or "floor" is

the rhomboidal fossa occupied by the expanded central gray of the pre- and post-

oblongatal portions of the hind-brain.

"Floor" of the Fourth Ventricle {fossa rhomhoidea)

.

—The "floor" of the fourth

ventricle is lozenge-shaped and exhibits regional elevations, depressions, and

color differences which are in relation with the deep anatomy of the medulla ob-

longata and tegmentum of the pons (preoblongata) . It is divided longitudinally

into symmetrical hahes by a median groove, and each lateral half is subdivided

into a larger cephalic and a smaller caudal triangle by white, transverse striae,

composed of bundles of myelinic fibres connected with the acoustic tract and ap-

pearing to sink beneath the surface near the median groove. The portion occupied

by these striae acusticae {striae medidlares) is termed by His the pars intermedia

as distinguished from the pars superior and pars inferior, or frontal and caudal tri-

angles respectively. ]\Iuch variation is met with in regard to the course and degree

of prominence of the striae acusticae (Fig. 633). There may be none visible or

as many as twelve distinct bundles; bilateral symmetry is the exception, and
not infrequently one or more bundles run obliquely cephalolaterad—the striae

65
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obliquae (conductor sonorus). This irregularity of the acoustic striae has led

to another mode of division of the "floor" for descriptive purposes—each side to

be divided into a median and a lateral area, indicated by a more or less well-

marked groove, the lateral furrow (sulcus limitans), connecting the superior and
inferior {ala einerea) fovese. This groove probably corresponds to one of the

interzonal sulci of the embryonic tube, and in a gross way it separates the motor
and sensor fields of the "floor," The median area is usually a continuous ridge

which is quite accentuated in the cephalic division as the eminentia abducentis,

while caudad it becomes narrowed as it approaches the closed part of the medulla
oblongata. The convergence of the median and lateral furrows at the caudal

apex of the rhomboidal fossa gives the appearance of the point of an ancient writ-

ing reed or quill pen; hence the term calamus scriptorius.

In the caudal quarter triangle a middle area is occupied by an elongated tri-

angular field whose depressed apex is directed frontad. A slight oblique ridge,

the funiculus separans, composed chiefly of neuroglia, separates the area postrema

caudally from the trigonum vagi or ala einerea of a pronounced grayish color. The
whole depression has been termed the fovea inferior. ^lesally lies a narrow

triangular field with its apex directed caudad and with slightly raised surface

—

the trigonum hypoglossi. This area is resolved into two fields by a single or double

formation of oblique rugae affording a "feathered" appearance to the lateral field,

the area plumiformis. Laterad of the trigoninn vagi lies the caudal portion of the

lateral area of the ''floor," also called (in part) the area vestibularis (area acusfica)

and crossed over its middle by the striae acusticae when these are present. The
area vestibularis is an irregularly triangular raised surface with its convex base

toward the median line, and extending laterally to the attachment of the tela

choroidea and into the lateral recess. In the fetus and in certain lower verteljrates

the area is more prominent and is designated the tuberculum acusticum s. vestibu-

laris.

The "frontal" division of the floor or triangular quarter-field is marked by a

depression at about its middle, the superior fovea (fovea trigemini) ,ivo\xi which the

slight "lateral furrow" runs caudad, and but for the intervention of the stria?

would reach the inferior fovea. Cephalad of the superior foVea, and continuing

some distance along the aqueduct, is the locus caeruleus, which owes its color to the

refraction of the pigmented cells, the substantia femiginea, by the milky-white

ependyma. At this altitude, the medial elevation between the superior fo\ea and

the median sulcus is accentuated into a fairly pronounced eminence, the eminentia

abducentis (eminentia medialis; e. teres), overlying the nucleus of the abducent

nerve and the genu of the root of the facial nerve. The portion of the median sul-

cus intervening between the eminentia abducentia is correspondingly depressed to

form the fovea mediana.

The ventricular features enumerated above correspond in a crude way to the

deep structures of the pons-oblongata, and most of the cranial nerve nuclei are

held in a rhomboidal frame formed by the superior and inferior peduncles. The
surface markings are only imperfect replicas of the subjacent structures; the various

cell nests overlap each other more or less and their relations can best be studied in

the projection drawing in Fig. 634.

Membranous Portion of the "Roof" of the Fourth Ventricle.—The caudal exten-

sion of the hypertrophied cerebellum hides from view the whole of the rhomboidal

fossa, but this structure, as before stated, forms but a part of the actual dorsal

wall or "roof." This includes the converging superior peduncles, the velum niedul-

lare anterius intervening between these, the fastigium of the cerebellum, the velum

medullare posterius, and the tela choroidea ventriculi quarti.

The velum medullare posterius is a thin and narrow lamina of white substance

continued laterad as the flocculi of the cerebellum. At its caudal edge, i. e.,

where nerve tissue ceases, the ependymai or ventricular lining epithelium and the
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pia o\'er this portion coalesce to form a delicate membrane—the tela choroidea—
attached along the caudolateral boundary line of the rhomboidal fossa. Along

this attachment there is another intrusion of nerve substance between the ependymal

and pial layers; this reenforced lamina is usually termed the ligola and may be

traced to the clava and cuneate tubercle, thence laterad over the restiform body

to bound the lateral recess. The structure is probably a vestige of the secondary

rhomboidal lip and has actually l)een found to be a part of the pontobulbar body

referred to above. Another small semilunar lamina of nerve tissue bridges the

caudal apex of the fourth ventricle and is called the obex. This structure is

often devoid of nerve tissue, and is then a mere membranous lamina.

Except in rare instances, the tela choroidea is f>erforated a short distance from

the calamus region. The opening is of variable shape and size; it permits of

communication between the ventricidar ca\"ity and the subarachnoid space and is

termed the foramen of Majendie (apertura medialis vefitriciili qmirti; metapore).

NF. QUAORICCMINAL
BODY

LOCUS C^RULCUS

FOVEA MCOIANA

FOVCA TRIGEMINI

EMINENTIA
ABOUCENTIS

AREA VESTIBULARIS

STRIAE ACUSTICAE
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N. IX AND X
EMINENTIA HYPOGLOSS

NOCL. INTERCALATUS
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Fig. 634.—Surface markings and topography of the principal nuclei of the floor of the fourth ventricle.
(Modified from Streeter.)

Similar apertures at the extremities of the lateral recesses, and called the
foramina Luschkae (apertura lateralis ventriculi qiiarti) also permit of a tidal flow
of the cerebrospinal fluid.

The choroid plexuses of the fourth ventricle (metaplexuses) are highly vascular
infoldings of the tela choroidea, one on either side of the median plane, from each
of whicli offshoots extend laterad into tiie lateral recesses. As the choroid plexuses
of the brain are always formed by infoldings or invaginations of the membranous
portions of the brain tube, the epend\-mal continuity upon them is interrupted
only at the margins of the foramina.

Internal Structure of the Medulla Oblongata.—^^^lile the spinal cord remains
a closed tul)e with centrally situated gray, the medulla oblongata opens out on the
dorsal aspect so as to uncover its part of the neural canal as the "floor" of the fourth



868 THE NERVE SYSTEM I
ventricle. This involves a tilting of the functionally differentiated gray segments f
and, after a gradual transition in the medulla oblongata, the motor gray is to be /

Corpora
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Fourth
ventricle

Inferior
medullary velum _

Choroid plexus

Ciaterna basalis of subarachnoid apace ^^ |f MEDULLA

Central canal

Fig. 635.—Scheme of roof of fourth ventricle. The arrow is in the foramen of Majendie

Ctstcrna pontis of
subarachnoid space

PYRAMIDAL
DECUSSATION

CROSSED PYRAMIDAL
TRACT

DIRECT PYRAMIDAL
TRACT

sought nearest the middle Hi

the mixed gray just ectad, whj

the sensor is the outermost of a|

Instead of the ventral, laterd

and dorsal horns of each half
i

the spinal cord, we have an ent

middle, and ectal comu in ea<

half of the medulla oblongfat

The positions alone have change^

the functional relations to ner

roots having corresponding fur

tions are homologous. Thi
the motor hypoglossal nucleus

placed in the mesal part of tl

ventricular floor, while the ten

nal nuclei of the afferent vagt

glossopharyngeal, and auditoij

nerves lie in the lateral part.

Another cardinal change in tl

internal structure of the medulf

"

oblongata, accompanying the pre-

ponderating development of the

cerebrum and great basal gan-

glia, is caused by interrupting and

decussating fibre systems which

seek passage through the brain

Fig. 636.—Schema of the pyramidal decussation Stcm and eUCroach more Or leSlI
on its primitive architecture*"

While in the spinal cord there is a perfect continuity of the central tubular gray, we
find in the medulla oblongata more pronounced peninsular and isolated insul

nuclei or ganglionic gray masses.



AREAS OF THE MEDULLA OBLONGATA 869

Pyramidal Decussation (decussatio pyramidum).—An important change in the

internal structure is caused by the passage of the fibres of the pyramidal tract as

these pass to the same and opposite sides of the cord, the latter category forming

the pyramidal decussation. In consequence of this passage of white (crossed

OOnSO-MEOIAN
FISSURE OORSO-LATERAL

COLUMN
DORSO-MEDIAN

FISSURE

.CROSSED PYRAM-
IDAL TRACT

VENTRO-MEDIAN
FISSURE

NUCLEUS GRACILIS

SENSOR
ROOTS

HEAD Of
DORSAL
HORN
BASE OF
'VENTRAL
HORN
HEAD OF
VENTRAL
HORN

OTOR
ROOTS

VENTRO-MEDIAN
FISSURE

Fig. 637.—Transverse section of the medulla oblongata
at its lower end. (Testut.)

Fig. 638.—Transverse section of the medulla
oblongata at the decussation oi the pyramids,
(Testut, after Duval.)

LATERAL
LEMNISCUS
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MEDIAL
LEMNISCUS
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CF LEMNISCI

INFERIOR
aUADRIGEMINAL
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COCHLEAR NUCLEUS

TERMINAL NUCLEI
OF AFFERENT
CRANIAL NERVES

NUCLEUS OF
F. GRACILIS

NUCLEUS OF
F. CUNEATUS

E. A. S.

*'iQ, 639.—Diagram showing the course of the lemnisci (fillets) and their decussation.
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pyramidal) fibres through its substance the ventral gray horn is broken up intcj

coarse netwoi-k, while one portion of it, the caput comu, is entirely separated from
the rest; only a small portion of the base of the cornu remains intact close to the
ventrolateral aspect of the central canal. The caput cornu, thus separated, is

displaced laterally, and comes to lie close to the caput cornu dorsalis, which has
also shifted its position. In consequence of this breaking up of the greater part

NUCLEUS
QRACILIS

(jvlMtATUS OORSOMEOIAN

•HEAD OF DORSAL HORN

BASE OF VENTRAL HORN

EAO OF VENTRAL HORN

irPOGLOSSAL NERVE

Fig. 640.—Transverse section of the medulla oblorigata at the crossing of the lemnisci or fillets. (Testut.^

of the ventral gray cornu by white fibres a coarse network is formed in the anterior

and lateral areas of the medulla oblongata, which is named the formatio reticularis.

The gelatinosa Rolandi (gliosa cornualis) of the dorsal horn is continued into

the oblongata, but becomes insignificant, relatively, in the pars dorsalis pontis.

The spinal root of the trigeminal nerve is in ectal relation with the gelatinosa

Rolandi; at higher levels the spinal root of the vestibular nerve intervenes.

FLOOR OF FOURTH VCNTRICLC

NUCLEUS GRACILIS

NUCLEUS CUNEATUS

BASE OF VENTRAL HORN
ROOT OF TRIFACIAL CAPPINQl
HEAD OF DORSAL HORN

VAGUS NERVE

HEAD OF VENTRAL HORN

SAL NERVe

LEMNISCUS VENTRAL PYRAMID

Fig. 641. -Transverse section of the medulla oblongata at the lower end of the olives. The roof of the fourth
ventricle is not represented. (Testut, after Duval.)

Decussation of the Lemnisci {fillets).—A similar change, dorsad and cephalad of

the pyramidal decussation, is caused by the decussation of axone bundles arising

in the nuclei of the gracile and cuneate fasciculi (Goll and Burdach). At this

level the base of the dorsal gray cornu undergoes change in the form of two thick

dorsal peninsular outgrowths which form the nuclei of termination of the axones

in the gracile and cuneate fasciculi; externally these gray masses produce the emi-

nences of the clava and cuneate tubercle. The axones from these nuclei stream

mesad and cephalad in a series of concentric arches, decussating in the raph^

with the bundles of the opposite side to form the decussation of the lemnisci' or

sensor decussation. Cephalad of this decussation the lemnisci are two bundles

of fibres coursing on either side of the raphe between the olives, and just dorsad

' Also called "meaal lemnisci" in contradistinction to the "lateral lemnisci"—of different origin.
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of the pyramids; their further course toward the cerebrum will be described

farther on.
Fasciculua

"~~
"" ' Fasciculus

~ /cuneatus

Fasciculi
pyramidaies

Fig. 642.—Trans-aection of the medulla oblongata at the decussation of the pyramidal tracta.

Canalis ceyitralis

Nucleus nervi hypoglossi

Nucleus alae ciuereae

Nucleus fasciculi gracilis

Nucleus
solitarius Nucleus fascieuH

'cuneali

Nucleus
tractus

spinalis JV.

trigemini

Tractus
rubiospinnlix

Nucleus
oliraris

inferior

Fasciculi

pyramitlales Nucleus arcuatus

Raphe

Fig. 643.—Trans-section of the medulla oblongata at the lower end of the olives.

With the extension of the central gray to form the floor of the fourth ventricle,

the caput cornu dorsale is displaced ectad so as to almost reach the surface,
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%iveTiwhere it forms a projection, the funiculus lateralis (Rnlandi), which enlarj

cephalad into a distinct prominence, the tuberculum cinereum. At a higher lev

the caput is separated from the surface by the spinal root of the trigeminal nerve

and by the external arcuate fibres (Fig. 644). The cervix of the cornu becomes
broken up into a reticular formation by the decussating fibres. A portion of the

base is placed ectad of the nucleus funiculi cuneati and is called the accessory

cuneate nucleus, supposed to be a continuation of Clarke's column.
The formatio reticularis (Fig. 644) consists of diffusely scattered gray substance

in a meshwork of white fibres. It is far more abundant in the medulla oblongata

than in the cord. In trans-sections of the medulla oblongata it is seen to be divided

by the hypoglossal nerve root fascicles into a mesal and a lateral field. In the

mesal field the gray substance is scanty, and white fibres—principally longitudinal

ones—preponderate; this is called the formatio reticularis alba in contradistinction

to the lateral grayer reticulated field, the formatio reticularis grisea. Its numerous
nerve cells mostly possess short axones and for the most part exercise associatS

FOURTH VENTRICLE. NUCLEUS INTERCALATUS FASCICULUS SOLITARIUS
iAND ITS NUCLEUS

NUCLEUS HVPOGLOSSi
DESCENDING ROOT VII

MEDIAL LONGITUDINAL FASC.\ ' '

SUBST.
GELATINOSA

SPINAL ROOT OP
TRIGEMINUS

''^VAGUS NERVE

ACCESSOr
OLIVE

EXT. ARCUATE FIBERS

HYPOGLOSSAL NERVE

HILUAA OLIViE

ARCUATE NUCLEUS
Fig. 644.—Trans-section of the medulla oblongata at about the middle of the olive.

functions for the constantly active centres of respiration (nuclei of the vagus,

phrenic, facial, etc.). Certain axones of longer course are collected into a small

compact bundle just ventrad of the ventricular floor and central canal (and aque-

duct in the mid-brain), and known as the medial longitudinal fasciculus (posterior

longitudinal bundle). This tract is in intimate association with the cranial nerve

nuclei. The formatio alba is principally made up of this tract and the lemniscus

(interolivary stratum)

.

The raph^ (Fig. 644) is situated in the middle 'line of the medulla oblongata

above the decussation of the pyramids. It consists of nerve fibres intermingleii

with nerve cells. The fibres have different directions, which can only be seen in

suitable microscopic sections, thus: (1) Some run dorsoventrad ; these are con-

tinuous with the external or superficial arcuate fibres. (2) Some are longitu-

dinal; these are derived from the arcuate fibres, which on entering the raphe

change their direction and become longitudinal. (3) Some are oblique; these are

continuous with the internal or deep arcuate fibres which pass from the raphe.
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The nerve cells of the raphe are multipolar; some are connected with the dorso-

ventral fibres, others with the superficial arcuate fibres.

The restiform body succeeds the gracile and cuneate nuclei in the dorsolateral

part of the medulla oblongata. Its fibres converge from various sources and
ultimately enter the cerebellum as its inferior peduncle. For a description of these

fii)re systems see the section on the "peduncles of the cerebellum."

The nucleus of the olive or inferior olivary nucleus {nucleus olivarius inferior)

is a corrugated lamina of gray substance whose extent nearly corresponds to that

of the external elevation called the olive. It can be compared to a hollow oval

c or purse, slit on its mesal aspect and the edges of the slit everted. The opening

is called the hilum. Numerous fibres stream into the interior through the hilum,

while others cut through the lamina to join the fibre arches of the reticular field

and then pass toward the restiform body.

What are known as accessory olivary nuclei (nuclei olivarii accessorii) are smaller

detached or semidetached portions of the olivary nucleus named, according to

their position, the dorsal and medial accessory olivary nuclei (^nuclei olivarii

accessorii , dorsalis et medialis).

The olivary nuclei play an important part as relay stations in cerebellar con«

nections. A considerable mass of fibres, the olivocerebellar fibres (fibrae cerebello-

olivares), originate in the olivary nucleus of one side to enter the cerebellum

along the restiform body of the opposite side. A much less number of fibres,

running contrariwise, reach the olivary nuclei from the opposite cerebellar hemi-

spheres—the cerebello-olivary {vestihido-olivary tract) fibres. Each olivary

nucleus is the terminus of the thalamo-olivary fibres, and Helweg's olivospinal

tract is believed to originate therein.

The Arcuate Fibre Systems.—The arcuate fibre systems comprise two sets of

fibres according as they course dorsad or ventrad of the olivary nuclei:

1. The internal or deep arcuate fibres comprise the olivocerebellar fibres, just

described, and a number of commissural systems for the association of the teg-

mental reticular gray ganglia and cranial-nerve nuclei. Others pass cerebralward.

others to the cerebellum.

2. The external or superficial arcuate fibres take origin (a) from the gracile

and cuneate nuclei and enter the restiform body of the same side; (hi) from the

same nuclei of the opposite side, decussating in the raphe and sweeping ventrad

over the p}Tamid and olive, forming a thin layer over them and ultimately reaching

the restiform body. ]\Iany of these fibres are interrupted, on each side, in the

nucleus arcuatus, a thin, isolated lamina of gray substance lying on the ventral

aspect of the pyramid.

The nucleus lateralis is seen in the lateral column (lower part of medulla ob-

longata) as a diffuse gray mass lying between the gelatinosa Rolandi and the olive;

it gradually disappears cephalad.

The nucleus intercalatus (of Staderini and Van Gehuchten) forms the elongated,

wed^-shaped elevation in the medial triangle of the caudal portion of the ventric-

ular floor called the area plumiformis (p. 869); the nucleus derives its name from
its (intercalated) position between the hypoglossal and dorsovagal nuclei. Its

functional connections are not yet precisely known.
A nucleus jwstremus has been described (J. T. VVilson) as lying subjacent to

the area postrema.

The nucleus funiculi teretis lies close to the median sulcus in the altitude of the

acoustic strife, and seems to bear an intimate relation to these.

Summary of the Gray Masses in the Medulla Oblongata:
*Central tubular gray (in "closed" part).

*Gray floor of fourth ventricle (in "open" part).

*Gelatinosa Rolandi or gliosa.

*Nucleus funiculi gracilis.
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*Nucleus funiculi cuneatus.

*Nucleus funiculi cuneati accessorius.

*Nucleus lateralis.

*Nucleus olivaris inferior.

*Nucleus olivaris accessorius dorsalis.

*Nucleus olivaris accessorius medialis.

*Nucleus arcuatus.

Nucleus nervi hypoglossi.

*Nucleus intercalatus.

*Nucleus postremus.

Nucleus vagi (alae cinereae).

Nucleus vestibularis (spinal division^.

^Nucleus funiculi teretis.

Nucleus ambiguus.

Nucleus tractus solitarii.

Nucleus tractus spinalis n. trigemini.

*Formatio reticularis.

In the foregoing enumeration of the gray masses of the medulla oblongata, thos

marked with an asterisk have been described above; the remaining structure

relate to the deep connections of the cranial nerves, and will be discussed in deta|

under that head.

Internal Structure of the Pons and Pars Dorsalis Pontis.—Trans-sections
the pons also pass through the tegmental part of the pons. To consider first tl

Lemniscus medialis

Nucleus trapezoides

Fasciculi pyramidales
Corpiis trapesoideum

Fig. 645.—Trans-section of the pons at its middle, showing the trapezoid body.

internal structure of the pons proper (or jiars hasilaris yontis) : The pons is com-
posed chiefly of (1) transverse fibres arranged in coarse bundles, (2) longitudinal

fibres gathered in compact bundles, and (3) diffusely scattered masses of gray

substance among the fibre bundles, the nuclei pontis.

The transverse fibres, corresponding to the large size of the cerebellum, are more
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abundant in man, relatively, than in any other animal. They form a massive

series of bundles coursing ventrad of the brain axis from one cerebellar hemisphere
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Section of superio,
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Nerve rells-^^

Posterior longitudinal fi\
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Lateral sulcua^^"^:^

Medial
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Transverse
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Pi/rami
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Superior medullary velum Lingula

Fourth ventricle: its

ependytna in yellovD

Transverse
fibres of
pons

Pyramidai
fibres

Trigeminal

Pyramidal
fibres

Raphl
Transverse fibres of pons

Fig. 646.—Section of the pons, at its upp)er part.

to the other. At the caudal border of the pons they embrace the pyramidal tracts

as well, but farther cephalad the transverse pontile fibres are seen to intersect

Decussation of trochlear nerves Loctis ccervleuS
Mesencephalic root of

trigeminal nerve

Medial longitudinal
bundle

Lateral lemniscus

ower's tract

Rubrospinal tract

Beginning of decussation
of superior peduncles
of cerebdlum

E. A. S.

Fig. 647.—Section of the pons near its junction with mid-brain. (BUgher level than Fig. 646.)

the pyramidal tracts, breaking these up into pyramidal fasciculi; still farther
cephalad the pyramidal tracts are wholly embedded in the mass of transverse
pontile fibres, so that these in turn, with reference to the location of the pyramidal
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tracts, may be divided into a superficial and a deep set. Laterad they are gathei

together to form the middle peduncles (described on p. 890).

The longitudinal fibres consist chiefly of the pyramidal tracts, which are soH
strands at their entrance to and exit from the pons, but are broken up into lesser

bundles at its middle, A certain number of the pyramidal fibres, as well as

other cerebropontile fibre tracts, terminate in relation with the cells of the nuclei

pontis, as well as certain of the efferent cranial nerve nuclei. This fact accounts

for the demonstrable diminution in bulk of the pyramidal tract in its course

through the pons.

The nuclei pontis are small aggregations of gray substance (which in serial

sections show them to be continuations of the arcuate nuclei) diffusely scattered

among the fibre systems of the pons proper. They are intercalated in the course

(1) of tracts passing from one cerebellar hemisphere to the other, and (2) of de-

scending cerebropontile tracts. The cells of the pontile nuclei send their axones
chiefly to the opposite cerebellar hemisphere and play an important part as links

in the complex chain of the neurone systems which make the cerebellum such an
important organ of sensomotor coordination.

In the contact zone of pons proper and the pontile tegmentum lies a group of

transversely decussating fibres with interspersed gray masses with large cells

called the trapezium. This body will be more fully described in connection with

the central auditory paths.

The tegmental part of the pons is of much smaller bulk than the pons proper,

as seen on trans-sections. On the dorsal surface is spread a layer of gray substance

covered by ependyma, which forms the floor of the cephalic part of the fourth

ventricle. Beneath this gray substance lies the formatio reticulans divided into

symmetrical halves by the raphe—continued from the medulla oblongata. Em-
bedded in the formatio reticularis are various isolated masses of gray substance

and various more or less compact fibre tracts. Among the gray masses are several

of the cranial nerve nuclei, to be described in a separate section, and the following:

The superior olivary nucleus (nucleus olivarius superior) is a small gray mass
or aggregation of several smaller masses situated laterad of the trapezium, inter-

calated in the path of the trapezial fibres and forming a link in the central acoustic

chain (Fig. 651).

The nucleus incertus (Streeter) is an aggregation of gray substance in the floor of

the fourth ventricle near the median sulcus and forming a slight, rounded elevation

which extends to the aqueduct. Its functional relations are unknown.
Fibre Tracts in the Pars Dorsalis Pontis.—Among the fibre tracts in the tegmental

part of the pons the chief ones are (1) the medial lemnisci, (2) the lateral lemnisci,

(3) the medial longitudinal bundle, and (4) the superior peduncles of the cerebellum.

Each medial lemniscus, or medial fillet, in its passage through the tegmental

part of the pons is gathered into a compact, ribbon-like bundle along the contact

zone of the tegmentum and pons proper, lateroventrad of the trapezium, some
fibres of which traverse it on their way toward the raphe. The medial lemniscus

has been described in the medulla oblongata as occupying the field between raphe

and inferior olivary nucleus (the interolivary stratum); in its ascent the medial

lemniscus gradually trends laterad, so that it almost reaches the surface (Figs.

639 and 647).

The lateral lemniscus is a constituent of the central auditory path, and will be

described more fully on pages 881 and 898. In trans-sections above the level of

the trigeminal nuclei the lateral lemniscus is seen as a flattened band spreading

over the surface (externally the trigonum lemnisci) ectad of the superior peduncle.

Its fibres are interrupted by an intercalated nucleus of the lateral lenmiscus.

The medial longitudinal bundle (posterior longitudinal bundle) maintains its

position just ventrad of the central gray, close to the raphe.

The superior peduncle of the cerebellum or prepeduncle is seen in trans-sections
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I to be a very compact bundle of crescentic outline with the concavity turned

toward the ventricular cavity. Its dorsimesal edge is joined to the superior

medullary velum; its veniral border is sunk into the tegmentum, and in its ascent

it becomes submerged laterally beneath the lateral lemniscus, dorsally beneath

j
the quadrigeminal plate of the mid-brain.

Summary of the Gray Masses in the Pars Dorsalis Pontis:

Nucleus of Abducent Nerve.

Nucleus of Facial Nerve.

Afferent and Efferent Nuclei of Trigeminal Nerve.

I
Nucleus of Spinal Root of Trigeminal Nerve.

r^ ^^ T^• • • / Dorsal Nucleus.
f Cochlear Division S tt , i x- i

I
I Ventral Nucleus.

Nuclei of Acoustic Nerve < ( Medial Nucleus.

( Vestibular Division < Lateral Nucleus.

V Superior Nucleus.
*Superior Olivary Nucleus.

Nucleus of Trapezium.

*Reticular Ganglionic Formation.

*Nucleus Incertus.

Nucleus of Lateral Lemniscus.

Those marked with an asterisk have already been described; the remaining

structures relate to the deep connections of several cranial nerves to be described

in the succeeding section.

Central Connections of the Cranial Nerves Attached to the Hind-brain.

—

Eight of the twelve pairs of cranial nerves are attached to the hind-brain portion

of the central axis. Their superficial or apparent origin and the cranial foram-

ina of exit are enumerated in the table on page 848. In coordination with

the internal descriptive anatomy of the hind-brain the central connections of

these eight cranial nerves must now be considered. They comprise

:

Purely efferent or motor
nerves

Mixed nerves

Purely afferent or sensor
nerve

XII. Hypoglossal nerve.
XI. Spinal accessor^' nerve.

VII. Facial nerve (proper).

VI. Abducent nerve.

X. Vagus nerve.

IX. Glossopharyngeal nerve.

V. Trigeminal nerve.

VIII. Acoustic nerve.

Motor to muscles of tongue.
(a) Motor accessory to vagus

nerve

:

(6) Motor to Trapezius and Sterno-
mastoid muscles.

Motor to muscles of scalp and
face.

Motor to External rectus muscle
of eyeball.

Sensomotor to respiratory tract
and upper part of alimentary
tract.

Sensor to tongue (and motor?)
to Stylopharyngeal muscle.

Sensor to face, tongue, teeth;

motor to muscles of mastica-
tion.

(a) Cochlear division for hearing.

(6) Vestibular division for equi-
librium.

Another nerve which pursues a remarkably aberrant course, becoming asso-

ciated with three of the above-mentioned cranial nerves, is the aervus intermediiis,

known peripherally as the chorda t3nnpani. It is chiefly sensor (taste) in function,

out also contains efferent fibres which are exutoglandulaf for the submaxillary
and sublingual salivary glands.

In the hind-brain axis lie certain gray masses which are functionally homol-
ogous with the nuclear masses in the different parts of the spinal central gray.
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thP

These defined nests of nerve elements, from their relations to the cranial nei

roots, are called the cranial nerve nidi or nuclei. Their analogy to the origii

of the spinal nerves extends to the shape and character of their cell elemenl

and their differentiation into (a) nuclei of origin and (h) nuclei of termination

recipient nuclei.

The nuclei of origin or motor nuclei are cell clusters from which arise the axon^

of efferent nerves or the efferent components of the mixed nerves. Some of thea

nuclei are in line with the basal portion of the ventral gray horn in the cord l)elo^

and are termed, owing to their sitij

ation near the mesal plane, t

medial nuclei of origin. Other nucl

are isolated cell columns in the line

of the caput comu ventrale detachi

by the ducussation of the pyrami
termed, from their position in

tegmental substance, the lateral nuclei

of origin. The different nuclei of

origin of the efferent cranial nerves

are under the dominance of the cere-

bral cortex by way of the cortico-

tegmental (or corticobulbar) path

—

usually included in the pyramidal

tract.

The nuclei of termination or sen-

sor cranial nerve nidi are likewise

repetitions in structure of the dorsal

horn of the spinal gray, but with less

regularity and definiteness of posi-

tion. Thus, while the gelatinosa

Rolandi of the cord is continuous

with the nucleus of the spinal root of

the trigeminal nerve, other recipient

or afferent nuclei are more or less

isolated in the tegmental substance,

while the two (lateral and ventral)

nuclei of the cochlear nerve actually

lie on the surface of the brain stem.

The afferent impulses carried in

by the sensor cranial nerves excite

impulses in the neurones of the nuclei

of termination; their axones enter

the tegmental substance as arcuate

fibres, cross the mesal plane to join

the lemnisci to connect with the thal-

amus and posterior quadrigeminal

body and via thalamus and posterior

quadrigeminal body with the cerebral

cortex. The location of the various cranial nerve nuclei in the brain stem may be

understood by a reference to the diagrams in Figs. 634, 648, 649, and 650.

Hypoglossal Nerve Nucleus.—The nucleus of origin of the hypoglossal nerve is

a rod-like cell column close to the mesal plane, extending for a})Out 7 mm. {\ inch)

in the caudal portion of the fourth ventricle, while its extraventricular portion

extends about 5 mm. {^ inch) caudad of the tip of the calamus. Its efferent

axones course ventrad between the formatio reticularis alba and grisea, thence

E. A. S.

Fia. 648.—The cranial nerve nuclei schematically repre-
sented in a supposedly transparent brain stem, dorsal
view. Motor nuclei in red; primary terminal nuclei of
afferent (sensor) nerves in blue. (Optic and olfactory
centres are omitted.)
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between the olivary and medial accessory olivary nuclei, sometimes mesad of the

latter, to emerge between pyramid and olive. None of the ribres decussate across

the middle line, but the nuclei are coordinated by commissural fibres. Axones

from cerebrocortical cells (ventrad third of precentral gyre) terminate in relation

mth the cells of the hypoglossal nucleus.

The hypoglossal nucleus permits of subdivision into groups: (a) a medial and

(6) a lateral sub-group. The lateral group innervates the Palatoglossus and

Pharvno'oglossus, while the medial nuclear group innervates the remainder of the

tongue muscles (Lingualis transversus and inferior, Genioglossus and Hyoglossus).

The Spinal Accessory Nerve Nucleus.—^The spinal accessory nerve is also a purely

motor or efferent nerve whose axones arise from an attenuated nucleus, with

large multipolar cells, in direct continuation with the nucleus ambiguus (of the

E. A. s.

CERViai NERVES

F'iG. 649.—Nuclei of origin of the cranial motor nerves schematically represented in a supposedly-
transparent brain stem, lateral \-iew.

ninth and tenth nerves) cephalad, and with the dorsolateral cell column of the

ventral horn of the upper five or six segments of the cord. The oblongatal portion

of the nucleus gives rise to the encephalic root of the accessory nerve and its axones

join the vagus to innervate the laryngeal muscles. Hence it may also be termed
the nidus laryngei (in contradistinction to the nidus phar3mgei or nucleus ambiguus,

whose axones join the vagus and glossopharyngeal nerves to be distributed to

the pharynx). The ventrolateral division of this cell column is believed to be
the cardioinhibitor centre. The axones from the spinal nucleus are distributed

to the Trapezius and Sternomastoid muscles.

The nucleus of the spinal accessory nerve is likewise under the dominion of the

cerebral cortex by way of the pyramidal tract, and a reflex arc is completed by
afferent axones from the dorsal roots of the spinal nerves.
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The Vagus and Glossopharyngeal Nuclei are usually considered in their aggrega

justified not only by their similarity in origin and central connections, but als^

by the uncertainty which prevails regarding their peripheral interlacement a

complex terminations. Both nerves are in greater part afferent, but also conti

efferent axones.

1 . Afferent Portions.—^The afferent axones of the vagus arise from the cells in

jugular ganglion and ganglion nodosum (ganglion of the trunk) ; the afferent axones

of the glossopharyngeal arise from the cells in its ganglion superius and ganglion

petrosum. The root fascicles of both nerves enter the medulla oblongata along

its dorsolateral groove, and the axones then undergo bifurcation into ascending

and descending rami, similar to those of the dorsal roots of the spinal nerves.

lIso '

ind
J

I

E. A.

Fig. 650.—Primary terminal nuclei of the afferent (sensor) cranial nerves schematically represented in a sup-
posedly transparent brain stem, lateral view. The optic and olfactory centres are omitted.

The ascending rami end in the nucleus alae cinereae (nucleus vagi et glossopharyn-

gei); the descending rami collect to form a compact bundle called the tractus

solitarius or trineural fasciculus,' and terminating in a gray cell column called the

nucleus of the solitary tract-—a caudal prolongation of the nucleus alae cinereae.

Both tract and nucleus become attenuated caudad, to disappear in the fourth

cervical segment (relation with phrenic nerve nucleus), while cephalad it has

been traced as far as the region of the locus caeruleus (relation with trigeminai

nerve nuclei).

From the cells of the nucleus alae cinereae and nucleus tractus solitarii axones

pass across the raph^ to the contralateral interolivary stratum to join the medial

'There are other "solitary "_ fasciculi in the nerve system, and the name "trineural fasciculus" aptly
characterizes a tract which has for its object the mutual interchange of functions among the central nuclei of

the accessory, vagus, and glossopharyngeal nerves.
2 The nucleus of the solitary tract lies to the mesal side of the tract. Another nucleus has been described

by Melius, lying laterad of the tract.
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lemniscus, establishing connections with the thalamus and cortex; other axones

join the tractus nucleocerebellaris.

2. Efferent Portions.—The efferent components of the vagus and glossopharyn-

geal nerves come from two sources—(a) the dorsal efferent (vagal) nucleus and

(6) the nucleus ambiguus.

The dorsal efferent nucleus lies ventromesad of the principal nucleus alae cinereae

and laterad of the hj'poglossal nucleus. The axones from its cells pass obliquely

ventrolaterad to enter the root fascicles of the vagus and to become distributed to

the oesophagus, stomach, trachea, and bronchi. ^Vhether the glossopharyngeal

nerve receives efferent axones or. not is still in debate.

The nucleus ambiguus {nidus pharyngei—so termed in contradistinction to the

nidus laryngei) is a rod-like mass of large, multipolar cells seen, in trans-sections,

lying in the gray, reticular formation midway between olive and fasciculus soli-

tarius and apparently a cephalic continuation of the accessory nerve nucleus.

The axones arising from its cells run dorsimesad at first, then turn abruptly ectad

to join the vagus (and glossopharyngeal?) nerve-root fascicles, becoming dis-

tributed to the pharyngeal muscles, oesophagus, Cricoth}Toid, and the other

Laryngeal muscles.

The Acoustic Nerve Nuclei.—The acoustic nerve consists of a cochlear and a

vestibular division; the former is concerned with the sense of hearing, the latter

with the sense of equilibrium.

1. The cochlear or true auditory nerve arises in the bipolar cells of the cochlear

spiral ganglion ; its axones terminate in (a) the dorsal nucleus (tuberculum acusti-

cum), a pyriform mass on the dorsolateral aspect of the restiform body, and (b)

the ventral nucleus, somewhat detached from the former.

From the dorsal nucleus cells arise the axones which compose the striae acusticae,

myelinic fibre bundles traversing the ventricular surface to near the median
sulcus, dipping into the tegmental substance, crossing to the opposite side in the

raphe, and eventually joining the lateral lemniscus to end in the posterior quadri-

geminal body and internal geniculate body.

From the ventral nucleus cells arise the axones which course transversely to form

the trapezium at the contact zone of the pons proper and tegmentum. Additional

axones from cells in the superior olives of both sides and in the trapezium itself

increase the bulk of this tract; some of the primary axones end in relation with

these cells. These axone groups form the contralateral lemniscus lateralis, which
contains the intercalated nucleus of the lateral lemniscus as a relay station, to be

continued to the posterior quadrigeminal and to the internal geniculate bodies

md thence to the cortical auditory "centre" in the supertemporal g}Te.

2. The vestibular nerve axones arise in the bipolar vestibular ganglion cells

i . of Scarpa), enter the brain stem, and bifurcate into ascending and descending
rami, which terminate as follows: The ascending rami end in the medial nucleus

(Schwalbe's); the descending rami end in the spinal vestibular nucleus, which
j?xtends down to the gracile and cuneate nuclear level; another group of axones

ends in the lateral nucleus (nucleus magnocellularis) (Deiters'); while a fourth

and last group ends in the superior nucleus (Bechterew's). From the cells of all

these nuclei of termination axones proceed toward the cortex, dentate nucleus,

and nucleus fastigii of the cerebellum, as part of the nucleocerebellar tract, to the
^nuclei of the abducent, troclilear, trigeminal, and oculomotor nerves by collaterals

from axones in the medial longitudinal bundle, to the thalamus, and to the ventral

' irn nuclei of the spinal cord along the tractus vestibulospinalis (ventral and lat-

ral). The far-reaching and complex connections of the vestibular nerve with the
erebellum and the centres for eye muscles and the spinal centres for bodily move-
iients make this cranial nerve a most interesting subject for the active research
'ow going on.

56
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The Facial Nerve Nucleus.—The facial nerve proper is to be distinguished from

ii

its so-called sensor root, or pars intermedia, or nervus intermedius.
\

The axones of the efferent facial nerve arise from cells forming the facial nucleus
\\

in the ventrolateral region of the reticular formation, in line with the nucleus
[

ambiguus or nidus pharyngei, a little over 4 mm. (g inch) from the ventricular

floor. These axones converge toward the ventricular floor to form a compact !

bundle which curves over the abducens nucleus from behind, overlying it like a

horseshoe over a ball {genu facialis internum) ; not as a straight but as a bent
'

horseshoe, bent so that its cephalic branch is directed more laterad than its caudal

branch. After having encircled the abducens nucleus, the facial root passes

ventrolaterad, passing its own nucleus ectad, and emerging in the postpontile

groove (recessus facialis).^

Pyramidal fibres from the precentral cortex place this nucleus under the in-

fluence of the will; it also receives fibres from the trigeminal and acoustic central
[

systems.
|

The nervus intermedius is a mixed nerve, containing afferent (taste) fibres and
\

efferent (excitoglandular or secretory) fibres. With respect to its afferent com-
\

ponent it may be regarded as an aberrant portion of the glossopharyngeal nei

Ascending
Nucleus of cerebellar

Bechterewjibres. . ^-^cleus of Fibres to
Reshform body. -^^ _ \ Deiters. ' /raphe.

Medial pourth
///y' >r^ } ,

'-/, r N^ I nucleus.

Descend, loot

of auditory.

Accessory
nucleus.

^ /////^*-*rWM'//////.\*''\ WW t^^ ^i
Raphe.

PiMet.

Inf. sensory root

of trigeminal.

Fig. 651.-

Fibres taking
oblique course.

Pyramidal tract.'

-Terminal nuclei of the vestibular root of the auditory nerve, with their upper oonnections,]
(Schematic.) (Testut.)

1. Afferent Portion.—^These axones arise from the cells of the geniculate ganglion,

implanted upon the genu facialis externum, and terminate in a nuclear extension

cephalad of the nucleus tractus solitarii. They probably convey gustatory sense

impulses from the anterior two-thirds of the tongue and the pillars of the soft palate.

2. Efferent Portion.—A nucleus of origin for the excitoglandular elements has

been described as a group of cells extending beneath the ventricular floor from

the level of the facial nucleus to that of the motor trigeminal nerve, close to tlie

raph^, and called the nucleus salivatorius. (Fig. 745).

Peripherally we shall study this nerve as the chorda tympani. The mixed nature

of the nervus intermedius and of the geniculate ganglion makes it probable that

they combine the elements of a sympathetic and a spinal ganglion; the nerve, at

least, contains both vegetative and sensorial elements.

• The peculiar course of the deep root of the facial nerve has been shown by Streeter to be due to a

wandering of the facial nucleus in the embryonic period.
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The Abducent Nerve Nucleus.—The abducent nerve is a small motor nerve,

supplying the External rectus muscle of the eyeball. Its nucleus of origin

' with iarge, multipolar cells, lies close to the median plane beneath the eminentia

abducentis. The axones from these cells pass ventrad through the tegmentum

land trapezium, and laterad of the pyramidal tract, to emerge in the postpontile

groove. The nuclei are brought under the dominion of the cerebral cortex by

pyramidal fibres of the opposite side. They are likewise brought into intimate

;
relation with the trigeminal, acoustic, and opposite oculomotor nerve nuclei.

Deac^sating fibres Direct fibres to Resiiform^^fl^f ^^^^^

to snp. o,Lr, sup. oU.a.-y boij. tS^^^
^ Central acoustic

^s, >/ tract [lateral
^ ^ fillet).

Tuherculum
aciusticum.

Accessory nnctetiA

of auditory nerve.

Decussating fihres to sup.
olivary body of oppo-
site side.

Trapezoid body.

Pyramidal tract.

Superior olivary^

body.

Trapezoid nucleus

Pro. 652.—Terminal nuclei of the cochlear nerve, with their upper connections. (Schematic.) The vestib-

ular root with its terminal nuclei and thin efferent fibres have been suppressed. On the other hand, in order
not to obscure the trapezoid body, the efferent fibres of the terminal nuclei on the right side have been
resected in a considerable portion of their extent. The trapezoid body, therefore, shows only one-half of its

fibres—viz., those which come from the left. (Testut.)

The Trigeminal Nerve Nucleus.—^The trigeminal is relatively enormous and has

correspondingly extensive central connections, including nuclei in the mid-brain,

pars dorsalis pontis and oblongata, and spinal cord. It is a mixed sensomotor

nerve and the afferent and efferent divisions must be considered separately.

1. Afferent Portion.
—

^The axones of the afferent or sensor root arise in the cells

of the large semilunar (Gasserian) ganglion. As in the dorsal roots of the spinal

nerves, these axones bifurcate, on entering the brain axis, into ascending qnd
descending rami. These terminate in a cephalic nuclear extension of the gela-

;
tinosi Rolandi of the cord; the ascending rami terminate in the so-called sensor

I nucleus of the trigeminus, the descending rami in the nucleus of the spinal tract

of the trigeminus, which extends as far as the second cervical segment of the cord.

The sensor nucleus, at the level of the entrance of the nerve, is quite massive,

becoming attenuated cephalad. The spinal tract, in its descent, likewise decreases

I

rapidly as it gives off its terminal axones to the nucleus of the tract. The cells

,
of these terminal nuclei send out axones which cross the median plane, giving off

,
collaterals to the facial nucleus, to join the medial lemniscus to reach the thal-

amus, and, via thalamus, the somesthetic cerebral cortex. Other axones are

distributed (a) to the motor or efferent nucleus of the trigeminus and (6) to the

motor or efferent cranial nerve nuclei.

2. Efferent Portion.—The efferent or motor component of the trigeminal nerve

; consists of axones arising from cells in two nidi: (a) the principal nucleus in the
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dorsolateral part of the pontile tegmentum, dorsomesad of the sensor nucleus*

(6) a small, slender, so-called mesencephalic root nucleus (nucleus radicis ascend-

entis nerv'i trigemini) extending cephalad of the region of the locus coeruleus to I

lie along the aqueduct in the mid-brain. The fibres from the principal nucleus

supply the muscles of mastication. The distribution of the fibres from the mesen-
cephalic root is not precisely known. Kolliker suggests that they may supply

|

the Tensor veli palatini. Tensor tympani, ^Mylohyoid, and anterior belly of thei

Digastric.

Like other motor nuclei, these efferent divisions of the trigeminus are under the

dominion of the cerebral cortex via pyramidal fibres.

The Cerebellum.—^The cerebellum occupies the greater part of the posterior

fossa or cerebellar part of the skull, and is the largest portion of the hind-brain.

It is overlapped by the occipital poles of the cerebrum, being separated from these <

by the tentorium. It lies dorsad of the pons oblongata and partly embraces this

portion of the brain stem. It is composed of a white central core with scattered

gray masses and a surface layer of gray substance that is of darker hue than the

cerebral cortex.

Ala lobuli centralis. Post-central
Lobulus centralis.

Great
horizontal

fissure.

Pre-clival fissure.

clival fissure.

Fig. 653.—Upper surface of the cerebellum. (Schiifer.)

The cerebellum is convoluted on a plan entirely different from that of the ce

brum. Each primary fold is folded by secondary and these in turn by tertia¥?

folds, so that on sagittal section a cypress-leaf appearance is noted, the arbor

vitae cerebelli. The interior or medullary white substance follows all these

branchings and sub-branchings, forming a skeleton of the minute folds which are

called folia. These folia are demarcated on the surface by numerous curved

and more or less parallel fissures of various depths.

The cerebellum is connected to the brain stem by three pairs of peduncles and

by vestigial portions of the primitive dorsal wall of the brain tube. Among the

latter the medullary vela or laminse are most important; they are the superior

medullary velum (valvula), and the inferior medullary velum (velum) which enter

into the formation of the "roof" of the fourth ventricle.

The rounded margin of the cerebellum demarcates two surfaces looking re-

spectively "upward" and "downward," or cephalic and caudal surfaces. Both

are convex, the inferior or caudal surface more so than the upper or cephalic.

The inferior surface shows a deep median depression, the vallecula, into which

the medulla oblongata is sunk. The ventral margin is widely notched to partly

embrace the brain stem (tegmental part of the pons and corpora quadrigemina)

;

a dorsal notch {incisura cerebelli posterior), which is smaller and narrower and
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lodf^es the cerebellar faix. separates the hemispheres as these project beyond

the inferior vermis.

The cerebellum is arbitrarily subdivided into a medial segment, the vermis or

worm, from its annulated appearance, and two lateral portions, commonly called

the cerebellar "hemispheres." The vermis may, according to the aspect in which

it is viewed, be divided into the superior vermis or prevermis on the upper or cephalic

surface, and the inferior vermis or postvermis on the inferior or caudal aspect.

The superior vermis is hardly distinguished from the adjacent sloping surfaces

of the hemispheres ; occasionally a slight furrow exists on either side. Ordinarily

the term is to be restricted to the high median elevation usually called the mon-

ticulus cerebelli. The inferior vermis is more distinctly bounded by a deep fissure,

the sulcus valleculae, on each side, separating it from the corresponding lateral

hemisphere.

Among the many fissures which traverse the surface of the cerebellum, one is

particularly conspicuous as a deep cleft which may be traced along the dorso-

lateral margin from the dorsal notch to the point of entrance of the cerebellar

Post- nodular Ussure
Flocculus.

Pre
pyramidal

fissure

Great
horizontal

fissure.

Post
pyramidal

Hssure. Tuber ralvu

Fig. 654.-—Under surface of the cerebellum. (Schifcr.)

peduncles. This is the peduncular sulcus or great horizontal sulcus (sulcus horizon-

talis cerebelli), and it divides the cerebellum into a cephalic or upper and caudal

or lower part. The sulcus is usually quite deep in the hemispheral portion, but

it frequently fails to traverse the vermis. Other deep fissures demarcate the lobes

, or major subdivisions of the intricately convoluted surface of the cerebellum.

I Conventionally the lobes and fissures or sulci are described upon the " upper" and
"lower" surfaces respectively, and this mode of description is partially adhered to

here. A better idea of the topographical relations of the lobes and sulci in the

vermis and the hemispheres may be gained from a study of the divisions of the

cerebellum as if extended in one plane as well as on sagittal sections through

, the mesal and lateral planes.

Lobes and Fissures of the Cerebellum.—The surface of the cerebellum is traversed

by eight more or less curved and deep fissures demarcating nine lobar subdivisions.

Distinctive names are given to the portions of each lobe in the hemispheres as

contrasted with that in the vermis, although often without warrant, as the two are

I quite continuous and merit no such distinction. This burdensome nomenclature
. seems so firmly rooted in descriptive anatomy that the various terms must be
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repeated here. The arrangement of the fissures and lobes will be understood bv
reference to the following schema, in which structures are named from "befoiv
backward," or cephalocaudad

:

a,

CO

Vermis. Hemisphere.

Lingula. Vincula lingualae

< - Precentral Fissure.

Lobulus centralis.

Culmen monticuli.

^
Clivus monticuli.

-^

Folium cacuminis

Tuber vermis.

<r

Pyramis.

Uvula.

Nodulus.

^

"^

Ala lobuli centralis.

Postcentral Fissure.

Anterior crescentic lobe.*

Preclival Fissure. >
Posterior crescentic lobe.

^Postclival Fissure.

Superior semilunar lobe.

Peduncular Fissure. >
{Inferior semilunar lobe.
< Postgracile fissure.

Gracile lobe.

Postpyramidal Fissure.

Biventral lobe.

Prepyramidal Fissure.

Tonsilla (Amygdala).

Postnodular Fissurci

Flocculus.

->

->

->

> \ Postero-inferior lob*

The lingula {lingula cerehelli) is a tongue-shaped process of the vermis lying!

the ventral cerebellar notch, ventrad of the central lobe, and is partially or col

pletely concealed by it. It consists of five, six, or seven lamellae lying upon
connected with the dorsum of the valvula. At either side the lingula graduf

shades off, being prolonged only for a short distance toward the region of

peduncles as the vincula lingulae.

The central lobe (lobulus centralis) is a small median mass situated in the vent

notch, dorsad of and overlapping the lingula. Its lateral, wing-like prolongatil

is called the ala lobuli centralis.

The culminal lobe is much larger than the two lobes just described, and c(

stitutes, with the succeeding k)be (the clival lobe), the bulk of the superior verm"
and "upper" surface of the cerebellum. It partly overlaps the central lobe. Its

lateral extensions are also termed the anterior crescentic lobes.

The clival lobe is of considerable size, separated from the culminal lobe by

the preclival fissure and from the cacuminal lobe by the postclival fissure. Its

lateral extensions are also termed the posterior crescentic lobes.

The anterior and posterior crescentic lobes of either side have been described

by some writers as the pars anterior and pars posterior of the quadrate lobe or lobulus

quadrangularis.

The cacuminal lobe or superior semilunar lobe (folium vermis) is a short, narrow

band at the dorsal margin of the vermis, which expands in either hemisphere

into a lobe of considerable size, of semilunar shape, and bounded caudad by the

peduncular fissure.

'The anterior and posterior crescentic lobes are often called the pars anterior and pars posterior, respectively,
of the " lobulus quadrangularis."
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The tuberal lobe is of small size in the region of the inferior vermis, but laterally

spreads out into the large inferior semilimar (lobidus semilunaris inferior) and

gracile lobes demarcated by the intervening postgracile fissure. These lobes com-

prise at least two-thirtls of the "inferior" surface of the cerebellar hemispheres.

Fig. 655.—Diagram showing fissures on under surface of the cerebellum. F. Flocculus. N. Nodule.
U. Uvula. Pi/. Pyramid. .4m. Amygdala or Tonsilla. Bivent. Biventral lobe.

The gracile lobe is often divided by an intragracile fissure into pre- and post-

gracile lobes.

The pyramidal lobe is a conical projection, forming the largest prominence

of the inferior vermis. It is continued laterad into the hemisphere as the biventral

lobe {lohulus biventer) ; the demarcation between the latter and the pyramis proper

is accentuated by the deep sulcus valleculae.

Anterior
rrexceiitic lohe.

Ala lohnli centralis.

Lingula.

Superior pedunclet
of cerebellum.

Slender lobe.
AmygdcUa or TonsUU. Nodule. Fourth ventricle.

Fig. 656. -Sagittal section of the cerebellum, near the junction of the vermis with the hemisphere.
(Schafer.)

The uvular lobe {uvida vermis) occupies a considerable portion of the inferior

vermis as the uvula, while its lateral extension in either hemisphere, the amygdala

,
or tonsilla {tonsilla cerehelli; amygdaline nucleus), is a rounded mass lying in a deep

j
fossa between the uvula and biventral lobe. (This fossa was termed by the
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older anatomists the nidus avis or "bird's nest" [lleil and Vicq d'Azyr].) Tin

junction of uvula and tonsilla is an attenuated isthmus marked by a few shallow

furrows and termed the furrowed band.

The nodular lobe comprises the nodulus {nodidiis vermis) (in the inferior vermis i

and the flocculus {fiocculi secondarii) of each side, connected by a delicate lamina

of white substance, the velum medullare posterius. Each flocculus lies adjacent to

the ventrolateral surface of the peduncular mass, extending into the ventral ex-

tremity of the peduncular fissure. The flocculi of the two sides are connected

with each other by a band of white substance, termed the posterior medullary velum

in its medial portion, while its lateral expansions toward the flocculi are termed

the peduncles of the flocculli.
Sulcus pieclivalis

Sulcus postclivalis

Inf. vied,

velum

Sulcus
postnodulai'is

Sulcus postgracilis

Sulcus pregracilis

Sulcus
intragracilis

Fig. 657.—Internal structure of the cerebellum.

The Internal Structure of the Cerebellum.—In any section of the cerebellum we
may recognize the interior white substance, corpus medullare, and the periph-

eral gray cortex. The white substance in each lateral hemisphere is more

bulky than in the median vermis, while the cortex is of more uniform thick-

ness throughout. In a sagittal section in the mesal plane the central white core

is seen to divide into two main branches

—

anterior ramus or preramus and posterior

ramus or postramus; these main branches divide and subdivide into a series of

medullary laminae surmounted by the foliated cortex, and presenting the charac-

teristic appearance known as the arbor vitae cerebelli.

Isolated Gray Masses or Nuclei of the Cerebellum.—Embedded in the white

matter of the cerebellum are several gray masses. They are four in number
on each side:

1. Dentate nucleus or dentatum.

2. Nucleus emboliformis or embolus.

3. Nucleus glohosus or globulus.

4. Nu/;leus fastigii or fastigatum.

The nucleus dentatus is the largest and best studied of the cerebellar nuclei. It

is located in the mesal part of the corresponding cerebellar hemisphere, in the direct

prolongation of the superior peduncle of the cerebellum, which appears to enter it.

It consists of a folded lamina of gray substance convoluted like the similar nucleus

of the olive, and opens cephalomesad where its hilum (hilu^ nuclei dentati) permits

of the entrance and exit of fibres from various sources.
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The nucleus emboliformis is a small mass of gray substance, elongated cephalo-
caudad, and placed entad of the dentate nucleus, partly covering its hilum.

The nucleus globosus consists of several small round or oval masses connected
with each other and lying entad of the preceding.

The nucleus fastigii (nucleus of the "roof") is second in size to the dentate
nucleus, situated close to the mesal plane directly dorsad of the fourth ventricle,

or in the fastigium of the cerebellum, and within the inferior vermis. The nuclei

of opposite sides approach each other so nearly as almost to fuse.

The Cerebellar Peduncles.—Three pairs of peduncles constitute the chief avenues
for the entrance and emergence of the fibres composing the white substance of

Toculus

MecL^pi

Fig. 658.—Diagram showing the origin and course of the fibres of the peduncles of the cerebellum. (Edinger.)

the cerebellum and connecting adjacent parts of the brain stem therewith. The
peduncles are, on each side, the superior, middle, and inferior peduncles.
The inferior peduncle {corpus restiforme; postpedunculus) is the continuation of

the restiform body of the medulla oblongata. It contains both afferent and
efferent fibres, connecting the cerebellar cortex with structures situated caudad:
(1) The dorsal or direct spinocerebellar tract, composed of axones arising in Clarke's
column (spinal cord) and terminating in the cortex of the superior vermis on both
sides of the median line, but chiefly on the opposite side. (2) The olivocerebellar
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tract, composed of axones (chiefly internal arcuate fibres) arising in the (inferior)

oHvary nuclei—principally from the contralateral or opposite olive, and terminat-

ing in the cortex of the superior vermis and adjacent hemispheral portions, as well

8TR
ACUST

Fig. 659.—The peduncles of the cerebellum.
_ On the left the three peduncles have been cut at their

entrance into the cerebellum; on the right side they are shown penetrating the cerebellar hemisphere.
(Poirier and Charpy.)

as in the dentate nucleus. (3) External arcuate fibres from the homolateral and

contralateral nuclei of the gracile and cuneate funiculi. (4) The nucleocerebellar

tract, composed of axones from the

recipient nuclei of certain cranial nerves

{vestibular, trigeminal). (5) The cere-

bellospinal (descending) tract, termi-

nating in relation with the ventral

horn cells at various levels of the spinal

cord.

The middle peduncles {hrachia pontis;

medipedunculi) are the largest of the

three pairs. They consist of a mass

of curved fibres comprising the pons

and entering either cerebellar hemi-

sphere between the parted lips of the

ventral end of the peduncular fissure,

just ectad of the inferior peduncle.

Each peduncle contains axones cours-

ing in opposite directions and in large

part may be considered as purely com-

missural fibres. Some of the axones

terminate, however, in the nuclei pontis to convey impulses to the cells therein;

these in turn send their axones (tractvs pontocerebellares) into the opposite mid-

dle peduncle, and therefore constitute interrupted commissural systems. A few

Fig. 660.—Semidiagram of the three cerebellar

peduncles. (Testut.)
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fibre systems in the middle peduncles establish relations with certain other

structures in the brain stem, notably the nuclei of the oculomotor, trochlear,

and abducent cranial nerves.

The superior peduncles (brachia conjunctiva; prepedunculi) emerge cephalad

from the cerebellum entad of the middle peduncles. As they extend cephalad

thev converge to form the lateral boundaries of the fourth ventricle and partly

roof it in. On trans-section they appear of oval outline, somewhat concave

toward the cavity of the ventricle. The superior medullary velum or valvula, a

thin lamina of white substance, spans the interval between the converging superior

peduncles, and thus completes the roofing-in of the cephalic portion of the fourth

ventricle.

The superior peduncles consist almost wholly of axones arising from the cells

of the dentate nucleus, the ectal part of the nucleus fastigii of the same side, and

mesal part of the nucleus fastigii of the opposite side. In their course, converging

cephalad, these bundles pass into the tegmentum of the mid-brain ventrad of

the inferior corpora quadriggmina, and decussate almost wholly. The fibres of

each peduncle terminate in the red nucleus of the opposite side, although a few

continue to enter the thalamus.

This system of fibres is also called the tractus cerebellotegmentalis, and axones

of inverse functional direction have been included therein.

The ventrolateral spinocerebellar tract (Gowers' tract) is in relation with the supe-

rior peduncle and superior medullary velum. Unlike the dorsal or direct spinocere-

bellar tract, it does not enter the cerebellum along the inferior peduncle. Its

fibres pass farther cephalad, through the reticular formation of the pars dorsalis

pontis and medulla oblongata, to become reflected dorsocaudad at the level of

the isthmus of the hind-brain, and entering the superior medullar^' velum, proceed

with the superior peduncle into the cerebellum.

The medullary vela are two thin, relatively undeveloped laminae of white sub-

stance, representatives of the mid-dorsal wall of the brain tube adjacent to the

cerebellar proton, and in the adult brain appear as prolongations of the white

central core of the cerebellum. They are the anterior or superior medullary velum

(valvula ; or valve of Vieussens) and the posterior or inferior medullary velum (velum).

The superior medullary velum is a thin lamina of white substance spanning the

interval between the converging superior peduncles, and with these assisting in

the formation of the "roof" of the fourth ventricle. Caudad it is continuous

with the white substance of the cerebellum, while on its dorsal surface lie the five

to seven folia of the lingula. Cephalad it narrows as the corpora quadrigemina

are approached, and a slight median ridge, the frenulum, descends upon the dorsal

surface of its apical portion from between the posterior quadrigemina; on either

side of the frenulum may be seen the superficial origin of the trochlear nerve.

The majority of the fibres in the superior medullary velum are longitudinal;

as already described (p. 838), the ventral spinocerebellar (Gowers') tract reaches

the cerebellum along the superior medullary velum.

The inferior medullary velum is a still thinner lamina of white substance which

6ears the same relations to the nodulus that the superior medullary velum pre-

sents to the lingula. Laterad it extends to the flocculus of either side. The
inferior medullary velum ends in a free crescentic edge and its ependymal and
pial coverings continue as a fused, delicate membrane, the tela choroidea ven-

triculi quarti.

The superior and inferior medullary vela enter the cerebellum at an acute

angle, forming the peaked roof (fastigium), while the tent-like recess is called the

recessus tecti.

The Fibres Proper of the Cerebellum.—The fibrae propriae of the cerebellum are

of two kinds: (1) commissural fibres, which cross the middle line to connect *he
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opposite halves of the cerebellum, some at the anterior part and others at the

posterior part of the vermis; (2) association fibres, which are homolateral fibres

connecting adjacent laminte with each other.

Microscopic Appearance of the Cerebellar Cortex.—^l^'he cerebellar cortex, on
section, presents two marked layers—an outer, of a pale gray color, the molecular

layer, and an inner, of a rusty-brown tint, the granular layer. At the contact line

of these two layers, but more within the molecular than the granular, are found
the characteristic nerve elements of the cerebellum, the flask-shaped Purkinjean

nerve cells.

The molecular or ectal layer consists of cells and delicate fibrillse embedded in a

neuroglial network. The cells are small and are characterized by the course of
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Fig. 661.—Trans-section of a cerebellar folium. (Diagrammatic after Cajal and KoUiker.)

their branching axones which run parallel with the surface of the folium, give

off numerous collaterals which pass in a vertical direction toward the cell bodies

of the Purkinjean elements and embrace these in a basket-like network. Hence

these cells are called basket cells (Fig. 661).

The Purkinjean cells are flask-shaped, and form a stratum at the junction of

the molecular and granular layers, their bases directed toward the latter. Each
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cell gives off an axone entad, while ectad it gives off numerous dichotomously

branching dendrites covering a very large field of the molecular layer. The axone,

after giving oft' several collaterals which pass toward different parts of the granular

layer, becomes myelinic not far from the cell body and passes into the white

substance to establish connections with other folia within the cerebellum or

with more distinct brain structures.

The granular or ental layer is characterized by containing numerous'small nerve

cells or granules of a reddish-brown color, together with many nerve fibrils, Most
of the cells are nearly spherical and provided with short dendrites, which spread

out in a spider-like manner in the granular layer. Their axones pass outward

into the molecular layer, and, bifurcating at right angles, run horizontally for

some distance. In the outer part of the granular layer are also to be observed

some larger cells, of the type termed Golgi cells (Fig. 661). Their axones undergo

frequent division as soon as they leave the nerve cells, and pass into the granular

layer, while their dendrites ramify chiefly in the molecular layer.

Finally, in the gray substance of the cerebellar cortex fibres are to be seen which

come from the white centre and penetrate the cortex. The cell origin of these

fibres is unknown, though it is believed that it is probably in the gray substance of

the spinal cord. Some of these fibres end in the granular layer, by dividing into

numerous branches, on which are to be seen peculiar moss-like appendages; hence

they have been termed by Ramon y Cajal the moss fibres (Fig. 661); they form

an arborescence around the cells of the granular layer. Other fibres derived

from the medullary centre can be traced into the molecular layer, where their

branches cling around the dendrites of Purkinje's cells, and hence they have been

named the clinging or tendril fibres (Fig. 661).

The cerebellum is an important sensomotor organ, transmuting sensor im-

pressions into motor impulses under tl^e dominance of the cerebral centres.

Its connections with other brain portions and the spinal cord are established by
the peduncular fibres. It is essentially an apparatus for the coordination of

movements and the space-sense perceptions or orientation of the body and its

parts in space. These functions depend principally upon the reception of sensor

impulses from (1) the vestibular nerve (from the semicircular canals) and (2)

the spinocerebellar (ascending) tracts conveying sensor impulses from the skin,

muscles and joints. Motor impulses pass along (1) the cerebellospinal (descend-

ing) tracts to the ventral horn nuclei of the cervical cord; (2) the tractus rubro-

spinalis, which arises in the red nucleus—an intercalated ganglionic mass con-

nected with the cerebellar cortex by the superior peduncles, or tractus cerebello-

tegmentalis. The tractus rubrospinalis is a tract for voluntary motor impulses

next in importance to the pyramidal tract.

Weight of the Cerebellum.—Its average weight in the male is 165 grams (5.8

ounces avoirdupois) and 155 grams (5.4 ounces avoirdupois) in the female.

It attains its maximum between the twenty-fifth and thirty-fifth years, its increase

in weight after the fourteenth year being relatively greater in the female than in

the male. The proportion between the cerebellum and the cerebrum is as 1 to

7.5; among eminent men it is 1 to 8.5, owing to the preponderance in bulk of the

cerebrum or thought-apparatus proper. In the new-born the ratio is as 1 to 20.

The Mid-brain (Mesencephalon).

The mid-brain is the short and constricted portion of the brain which lies in

the opening of the tentorium cerebelli (incisnra tentorii) and which connects the

pons with the inter-brain and hemispheres, and hence it is frequently called the

isthmus cerebri. It is developed from the second brain vesicle, the cavity of

which becomes the aqueduct. It comprises the crura cerebri, the corpora quadri-
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gemina, the internal geniculate bodies, and the aqueduct. Its two surfaces are ven-

tral and dorsal. They are free, but concealed; the ventral surface by the apices of

the temporal lobes which overlap it; the dorsal, by the overhanging cerebral hemi-
spheres. The ventral surface, when exposed by drawing aside the temporal lobes,

is seen to consist of two cylindrical bundles of white substance, which emerge
from the pons and diverge as they pass forward and outward, to enter the inner

and under part of either hemisphere. They are the crura cerebri, and between
them is a triangular area, the intercrural space ;^ near the point of divergence of the

crura cerebri the roots of the third nerve are seen to emerge in several bundles

from a groove, the sulcus oculomotorius (sulcus nervi oculomotorii) (Fig. 619).

The dorsal surface is not visible until a considerable portion of the cerebral hemi-
spheres and other overlying structures have been removed. It then presents

four rounded eminences placed in pairs, two cephalad and two caudad, and sepa-

rated from one another by a crucial depression. These are termed the corpora
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Fig. 662.—The brain stem, showing medulla oblongata, pons, mid-brain, and part of the optic thalami.

quadrigemina (Fig. 662). The ventral and dorsal surfaces meet on the side of the

mid-brain, and are separated from each other by a furrow, the lateral groove

(sulcus lateralis mesencephali) , which runs caudocephalad (Fig. 662).

External Morphology. • Dorsal Surface.—The corpora quadrigemina are four

rounded eminences placed in pairs separated by a shallow median groove and a

more sharply cut transverse furrow. The cephalic pair, the superior quadrigeminal

bodies (siqjerior colliculi; pregemina; the nates of older authors), are the larger,

and the pineal body rests in the flattened depression between them. The superior

quadrigeminal bodies are oval, their long diameter being directed cephalolaterad,

and are of a yellowish-gray color. The inferior quadrigeminal bodies (colliculi ivr

' Also called interpeduncular space, or posterior perforated space.
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fcriores^ postgemina; the testes of older authors) are hemispherical in form and
lighter in color than the preceding. The lamina quadrigemina, comprising the

whole of the dorsal wall of the mid-brain, extends from the root region (posterior

commissure) of the pineal body to the cephalic end of the superior medullary

velum.

Each superior and inferior quadrigeminal body is continued lateroventrad in

prominent white bands, the brachia. The band from the superior quadrigeminal

l)ody is termed the superior brachium or prebrachium; that from the inferior quad-

Iigeminal
body is called the inferior brachium or postbrachium.

The superior brachium or prebrachium (brachium quadrigeminum superius)

iroceeds cephaloventrad between the overhanging pulvinar and a light-gray

minence, the internal geniculate body. In reality it is a continuation of a part

f the optic tract. The inferior brachium or postbrachium (brachium quadrigem-

num inferiiis) proceeds in a similar direction to disappear beneath the internal

geniculate body.

Of the two geniculate bodies, on either side, the external geniculate body belongs

rather to the thalamus (p. 905), while the internal geniculate body may properly

be considered here among the structures of the mid-brain.

The internal geniculate body or postgeniculum (corpus geniculatum mediale)

is a small oval eminence of the lateral surface of the mid-brain in which the

mesal root of the optic tract appears to terminate. The inferior brachium like-

wise appears to run into this body; as a matter of fact, so far as is known, the

internal geniculate body is (1) a way-station for auditory impulses in their course

toward the cerebrum; (2) the origin and terminus for the infraconmiissure of

Gudden {commissura inferior [Guddeni]), by means of which circuitous path,

through the optic chiasm, and along the mesal root of the optic tract, the internal

geniculate bodies of the two sides are connected.

The quadrigeminal lamina Is continuous caudad with the superior peduncles

of the cerebellum and the intervening superior medullary velum. A slight, median
ridge-like projection, the frenulum valvulae, descends from between the inferior

quadrigeminal bodies onto the superior medullary velum; on either side of the

frenulum emerge the slender trochlear nerves.

The crura cerebri constitute the bulk of this portion of the brain stem. Upon
the ventral aspect of the brain they appear as two large, white, rope-like strands

emerging from the pons and diverging to either cerebral hemisphere, becoming
embraced by the optic tracts. Each crus is composed of a dorsal tegmental

part—a continuation of the tegmentum of the hind-brain—and a ventral crusta

or pes. These parts are demarcated from each other on the external surface

by the oculomotor sulcus ventrad (which looks into the intercrural space) and the

sulcus laterahs mesencephali on the lateral aspect. The lateral surface shows dor-
sally the superior cerebellar peduncle dipping into the substance of the mid-brain^
while between it and the crusta is a small triangular field of oblique fibre strands,

not always well defined, called the trigonum lemnisci because the lateral lemniscus

tends to reach the surface of the brain stem at this situation (Fig. 662)

.

The surface of the crura cerebri shows a rope-like twist in the course of its

fibre bundles. Oblique or transverse fasciculi are sometimes seen upon the sur-

face, two of which are fairly constant. They are (1) the taenia pontis, and (2)

Gudden's tractus peduncularis transversus (cimbia).

The taenia pontis, as Horsley has shown, takes origin contralaterally in the
gray substance continuous with the "interpeduncular ganglion," but ventral to
it. The taenia then passes over the lateral lemniscus and superior cerebellar

peduncle to the dentate nucleus and nucleus fastigii.

The tractus peduncularis transversus, or cimbia,^ may be traced from the supe-

' In architecture, a band or fillet about a column. Also called fasciculus arciformis pedis.
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rior quadrigeminal body and internal geniculate body over the surface^of the

crus cerebri to near the ventromeson, disappearing from view in the oculomotor
sulcus.

Internal Structures of the Mid-brain.—If a cross-section be made through
the mesencephalon it will be seen that each lateral half is divided into two unequal
portions by a lamina of deeply pigmented gray substance, named the substantia

nigra (intercalatum; ganglion of Soemmering). The postero-superior portion of

I
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Fig. 663.—Trana-section of the mid-brain through the level of the inferioi quadrigeminal body.

the crus is named the tegmentum, and the antero-inferior the cnista or pes. The
substantia nigra is curved on section with its concavity upward, and extends from

the lateral groove externally to the oculomotor sulcus internally. The two crustse

are in contact in front of the pons, from which point they diverge from each

other, but the two halves of the tegmentum are joined to each other in the mesal
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Fia. 664.—Trans-section of the mid-brain through the level of the superior quadrigeminal body.

plane by a forward prolongation of the raphe or median septum of the pons.

Laterally the tegmenta are free, but dorsally they blend with the corpora quadri-

gemina.

Traversing the mid-brain in the median plane and nearei* the dorsal surface is

the aqueduct, surrounded by the central tubular gray, which in this brain seg-
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ineiit has retained the comparatively primitive arrangement of the embryonic

brain tube.

The Aqueduct (mesocele) and Central Aqueduct Gray.—The aqueduct is a nar-

row canal connecting the third with the fourth ventricle, and demarcating the

lamina quadrigemina dorsad from the tegmental zone. Its shape on trans-

section varies at different levels, being T-shaped caudad, oval or quadrangular

along its middle, and triangular cephalad. It is lined by the ependyma (columnar

ciliated epithelium) and surrounded by the central aqueduct gray. The central

gray is sejiarated dorsally from the corpora quadrigemina by the stratum lemnisci;

\entrad near the median plane lie the medial longitudinal bundles. Within the

gray substance lie certain well-defined cell clusters, the nuclei of origin of the

oculomotor and trochlear nerves and the mesencephalic root of the trigeminal

nerve. These will be described in detail later.

The substantia nigra or intercalatum is a crescentic layer of deeply pigmented

gray substance interpolated between the crusta and the tegmentum. JNIesad it

nearly touches its fellow of the opposite side, being separated by the rudimentary

ganglionic gray (the posterior perforated substance or postperforatum) in the inter-

crural space. Its ventral face sends numerous ramifying prolongations among
the fasciculi of the crusta. It extends from the cephalic border of the pons to

the subthalamic region, while its lateral edge reaches the surface along the lateral

sulcus. Its cells are medium-sized, multipolar, their bodies approaching the

fusiform or angular in outline. The cells are characterized by a pigment (marked
only in man) which varies from a pale brown in the young to an absolute blackness

in the very aged. The axones arising from the cells, proceed in various directions

toward the tegmentum and crusta, but their exact course is not known. Experi-

mental excitation of this ganglionic mass elicits movements of deglutition accom-
panied by respiratory changes. Melius has found in the monkey that a portion

of the pyramidal tracts is interrupted in the substantia nigra.

The corpora quadrigemina are largely composed of gray substance, but the

superior and inferior corpora quadrigemina differ distinctly in structure.

The inferior corpora quadrigemina or postgemina are more homogeneous in

texture, comprising a pair of compact ganglia which on trans-section have the

shape of biconvex lenses, encapsulated by white substance. The cells are small,

multipolar, and very numerous, embedded in a fine molecular groundwork.
The white stratum zonale is principally derived from the fibres of the lateral

lemniscus, which terminate in the central gray of the inferior quadrigeminal body
as well as in the internal geniculate body. The axones of the cells in the inferior

quadrigeminal body course cephalad in the inferior brachium, dip beneath the

internal geniculate body into the tegmentum, and proceed to the thalamus. T-he

inferior quadrigeminal bodies are important links in the chain of the auditory
neurone system, and are special localities for the reflexion of auditory impulses.

The tegmentum of the mid-brain is continuous with the like formations in the

) hind-brain stem and consists of longitudinal fibre bundles intersected by transverse

arched fibre systems with gray substance irregularly scattered in the interstices,

< omposing the formatio reticularis. In its ventral portion, on either side, and at

the level of the superior quadrigeminal body, lies a gray ganglionic mass, the
red nucleus.

The superior corpora quadrigemina or pregemina present a true cortical type,

which is more evident in the optic lobes of lower vertebrates. In man the thin,

outermost white layer—the stratum zonale—is an expansion of the optic tract.

Beneath this lies a gray nucleus, with numerous small cells—the stratum cinereum—
a cup-like layer of crescentic outline on trans-section. The succeeding ental

,layer is a white stratum, also derived from the optic tract—the stratum opticum.

•Between this and the underlying stratum lemnisci is a second gray layer, less

defined because of the diffuse interlacinsr of white fibres.

A
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Each superior quadrigeminal body is one of a series of primary centres of vision

related more to eye-muscle reflexes resulting from optic and auditory stimuli

than to actual light and color perception. Fibres from the retina, for the most

part, form the stratum zonale and end in the ganglionic gray; others enter into the

formation of the stratum opticum. Return fibres from the occipital cortex also

enter the stratum opticum. The retinal and occipital fibers determine the forma-

tion of the superior brachium. Other fibres reach the superior quadrigeminal

body through the lateral and medial lemnisci—from both sides—to end in rela-

tion with the deeper cells of the stratum cinereum. The connections of the

superior quadrigeminal body with the cochlear centres afforded by the lateral

lemniscus establishes the so-called optic-acoustic reflex path.

The red nucleus or rubrum {nvdevs tegmenti; nucleus ruber), so termed from its

reddish tinge in the fresh brain, which it owes to the pigmentation of its cells as

well as to its great vascularity, is found subjacent to the superior quadrigeminal

body in those section-levels where the substantia nigra has its greatest expansion.

In trans-sections its outline is irregularly circular ; in sagittal sections an elongated

oval. The red nucleus is the end station for the majority of the decussated

fibres of the superior peduncles of the cerebellum, for fibres from the cerebral

cortex, and from the corpus striatum. These fibre bundles form for the nucleus

a capsule which is thicker on its ental surface. From the cells of each of the

nuclei arise axones which pass (1) to the thalamus and cerebral cortex (links in

the cerebello-cortical neurone-chain), and (2) axones which descend into the

spinal cord to form the tractus rubrospinalis (Monakow's)—a continuation of an

indirect motor path from the cerebral cortex to the peripheral motor nerve. The

tracts arising from the red nuclei of the two sides decussate with each other and

descend in the tegmentum.
In the intercrural space lies a primitive gray ganglionic mass, the posterior

perforated substance or postperforatum. In this posterior perforated substance,

cephalad of the pons and in the median line, lies a cluster of cells, the interpeduncu-

lar nucleus (Gudden). The fasciculus retroflexus (]\Ieynert), whose fibres arise

in the habenal ganglion, descends to end in the interpeduncular ganglion.

The principal longitudinal fibre tracts in the tegmentum of the mid-brain are (1)

the medial longitudinal fasciculus, (2) the lateral lemniscus, (3) the medial lemniscus.

(4) the decussating superior cerebellar peduncles, (5) the decussating rubrospinal

tracts, and (6) the central tegmental tracts.

The medial longitudinal bundle lies on each side of the median plane, just ventrad

of the central aqueduct gray in the mid-brain and continuous throughout the brain

stem in its formatio reticularis. It is the continuation and the equivalent, but

in' a more differentiated form, of the ventral basis bundle of the spinal cord.

It is formed by association neurones and acts as an associating agent with regard

to many cranial and spinal nerve centres for the performance of certain definite

functions. Its neurones receive impulses from afferent elements and transmit

them to motor or efferent elements. It particularly brings into relation the sensor

cranial nerve nuclei and the corpora quadrigemina with the motor nerves of

the eye (III, IV, and VI), of the face (VII), and of the trunk. A special nucleus

for the bundle is described as being situated in the gray floor of the third ventricle,

at its junction with the aqueduct. The axones from the cells of this nucleus cross

to the opposite side through the posterior commissure (Fig. 665)

.

The lateral lemniscus, we have learned, is a continuation of the auditory path

in its course to the cerebral cortex. Its formation is described on page 884. In

the mid-brain the fibres of the lateral lemniscus course through the lateral part

of the tegmentum, near the surface, and most of them end in the gray nucleus

of the inferior corpora quadrigemina and in the internal geniculate body. A few

fibres are carried into the superior quadrigeminal body.
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The medial lemniscus, or principal conduction path for sensor impulses from

the trunk ami extremities, and already discussed in the preceding (p. 876),

ascends in the tegmentum of the mid-brain in the contact zone with the crusta.

In its ascent it is deflected slightly dorsolaterad by the red nucleus. The lateral

l)order of the ribbon-like bundle is in contact with the lateral lemniscus, and

forms an angle with it, as seen on trans-section (Figs. 663 and 664).

POSTERIOR
COMMISSURC

SPECIAL NUCLEUS
OF THE MEDIAL
LONGITUDINAL
BUNDLE

FOUNTAIN
DECUSSATION

INFERIOR
OUAORICEMINA

LATERAL
LEMNISCUS

SUPERIOR
OUAORIGEMINA

Fig 663.- -The medial longitudinal bundle in black and red. Lateral lemniscus in blue,
identified by comparison with Fig. 648.)

(The nuclei may be

Many of the fibres of the medial lemniscus terminate in the superior quadri-
jeminal body: the remainder proceed to the thalamus.

The superior peduncles or prepeduncles of the cerebellum sink into the mid-brain
tegmentum in a cephaloventral direction, the two superior peduncles converging
and their fibres undergoing a complete decussation (Wernekinck's commissure)
ubjacent to the inferior quadrigeminal body. The crossed fibres end, for the
most part, in the red nucleus of each side; others circumvent the nucleus forming
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a white capsule for it which is thicker on its ental surface, and proceed to the

thalamus.

The tractus rubrospinalls (Monakow's) is composed of axones arising in the

red nucleus, decussating with those of the opposite tract, and descending in

the tegmentum to the lateral intermedial fasciculus of the cord, to terminate

in relation with ventral-horn cells.

The central tegmental tract {olivary fasciculus) probably arises in the inferior

olivary nucleus and ascends in the tegmentum. In the pars dorsalis pontis

it is best seen in trans-sections as a compact longitudinal bundle along the dorsi-

mesal aspect of the superior olive. Cephalad it is said to end in the lenticular

nucleus.

Fountain Decussation.*—A dense decussation may be found in the space between

the two red nuclei. The fibres composing the decussating bundles arise from

cells in the superior corpora quadrigemina and central aqueduct gray. After

having crossed the middle line they descend as the tectospinal tract, join the medial

longitudinal fasciculus, and give off collaterals to, or terminate in the nuclei of,

the eye muscle nerves, as well as to spinal centres for movements of the head and
neck.

The crusta or pes is somewhat crescentic in outline on section and is composed
of longitudinal fibre bundles—the continuation of the internal capsule—divisible

into three sectors. The middle sector comprises three-fifths of the cross-section

area of the crusta, and comprises the pyramidal tract on its way from the cerebral

cortex (motor area) to cranial and spinal centres below. The ectal sector, or

lateral one-fifth, comprises the temporopontile tract;* its axones arise from the

cortical cells in the temporal lobe and end in fine terminal arborizations in relation

with cells of the nuclei pontis. The ental sector, or mesal one-fifth of the crusta,

comprises the frontopontile tract; its axones arise from cells in the cortex of the

frontal lobe and terminate in the nuclei pontis.

The pyramidal tract is a direct voluntary motor tract; the two corticopontile

tracts enumerated above are links in a chain of neurones which constitute an
indirect motor tract. The series of neurones in the chain of the indirect motor

tract may be shown in the following order: Corticopontile tract; nuclei pontis;

cerebellocortex; dentate nucleus; superior cerebellar peduncle; red nucleus; tractus

rubrospinalls; spinal gray; spinal nerve; muscle.

Summary of the Gray Masses in the Mid-brain:

*Central aqueduct gray.

(a) Oculomotor n. nucleus.

(6) Trochlear n. nucleus.

Nucleus radicis descendentis nervi trigemini.

*Nucleus of medial longitudinal bundle and postcommissure

*Formatio reticularis.

*Substantia nigra (intercalatum).

*Red nucleus (rubrum).

*Stratum cinereum of superior corpora quadrigemina.

*Nucleus of inferior corpora quadrigemina.
*" Interpeduncular" ganglion.

Structures marked with an asterisk have been considered in the preceding

description. The central connections of the oculomotor, trochlear, and trigem-

inal nerves may now be described.

Deep Origin of Cranial Nerves Arising in the Mid-brain.^The mesen-

cephalic root of the trigeminal nerve has been described on page 884.

•Decussatio fontinalis, so called because of the resemblance of the scattering strands to the jets of :i fountain.
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The Trochlear Nerve Nucleus.—The trochlear nerve nucleus is situated in the

level of the cephalic half of the inferior quadrigeminal body. It is a small

oval mass of gray substance in the ventral part of the central aqueduct gray.

The cells are large, sometimes stellate in appearance. The root fibres pursue

a pecuHar course; they accumulate in the lateroventral angle of the aqueduct
gray, run caudad, gradually rising dorsad, and suddenly turn mesad to undergo

a complete decussation with the root of the opposite side in the superior medul-

lary velum, emerging laterad of the frenulum, or at the inner border of the superior

peduncle.

The nucleus is placed under the dominion of the cerebral cortex by p\Tamidal

fibres, and it is associated with other nuclei in the brain stem by the medial longitu-

dinal bundle.

The Oculomotor Nerve Nucleus.—^The oculomotor nerve nucleus is a group of

cell clusters in the ventral portion of the aqueduct gray, subjacent to the superior

quadrigeminal body, and extending cephalad to become lost in the gray wall

of the third ventricle at the slope formed by the opening out of the aqueduct.

Its nerve elements are arranged in definite groups. The most cephalic of these

is composed of smaller elements, closely crowded and embedded in deeply staining

Jf.

An/ero-extemal ntidetis -

Antero-internal nucleus-.

-

Nucleus of Edinger and
Westphcd.

-^r'^
Third ventrieie.

Central nucUiu.

-Anterior dorsal nudeus.
- Anterior ventral nudeu*.

Posterior ventral
nucleus.

-Posterior dorsal nucleus.

Crossed fibres.

Xudeus of origin of
trochlear nerve.

Decussation of trochlear
nerve.

Trochlear nerve.

Fig. 666.—Showing the different groups of cells, which constitute, accordmg to Perlia. the nucleus of origin
of the oculomotor nerve. (Testut.)

molecular ground substance. In a flat-wise section of the brain stem the outline
of this nucleus resembles an inverted L or the tip of a boat hook; the axones from
the cells of this nucleus (of Edinger and Westphal) supply the Ciliarv muscle and
Sphincter iridis (pupillary motion). The main* nucleus, composed of several
sub-groups, lies caudolaterad of the preceding, and is composed of larger cell
elements.

The root fibre bundles from this nuclear group pass ventrad, breaking through
the medial longitudinal fasciculus, separating like the strands of a horse's tail by
the interference of the red nucleus, to become gathered into more compact bun-
dles between the mesal edge of the substantia nigra and intercrural region, and
emerging by eight to twelve fascicles which compose the trunk of the oculomotor
nerve.
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Abducent
nerve nucleus

(Sixth nerve)

Fig. 667.—Cooperation of the nucleus of origin of the abducent and the
nucleus for the Internal Rectus. (Morat.j

The origin of each nerve is not limited to the nuclei of its side; a part is decus

sated and the decussated origin is related to the innervation of the Internal rectus

By means of association neu^

rones in the medial longitu-

dinal fasciculus the oculo-

motor and abducens nuclei

of one side are. brought into

relation, affording an organic

basis for the synergism exist-

ing between the Internal anrl

External recti muscles in the

• conjugated lateral eye move-
ments.

The paradox of the facial

nerve supplying muscles un-

der the reflex dominion of

the retina (Orbicularis oculi)

instead of the oculomotor

may be explained by the

assumed existence of fibres

emerging from the oculomotor nucleus, entering the medial longitudinal fasciculus

and joining the root of the facial.

Parts Derived from the Fore-brain.

The fore-brain or prosencephalon includes those portions of the brain which are

derived from the cephalic one of the three primar\' brain vesicles. It includes,

according to prevailing schemas, a thalamic portion (the thalamencephalon or

diencephalon) and the telencephalon. The two divisions constitute a structure

continuity and exhibit a mutual dependency so close that the arbitrary distinctic

now in vogue tends to mislead. The relations of "diencephalon" and "telei

cephalon" are further complicated by the intimate fusion of the sides of tl

former (thalami) with the floors of the latter; this caudatothalamic fusion, in tl

adult brain, gives rise to some difficulty in distinguishing the two segments. TKI
internal capsule which intervenes between thalamus and lenticular nucleus also in^

tervenes between lenticular nucleus and caudate nucleus, both telencephalic parts.

External Morphology.

—

The diencephalon or thalamencephalon comprises the

thalami, the pineiil body or epiphysis and habenulae, the external geniculate bodies,

and the pars mamillaris hypothalami. (Other classifications include also the

pars optica, with tuber cinereum, infundibulum, optic chiasm, and pituitary body or

hypophysis. It is also defined as so much of the fore-brain as does not enter into

the formation of the cerebral hemispheres.) Caudad it is continuous with the

mid-brain, cephalad with the cerebral hemispheres. Its primitive cavity becomes

metamorphosed in the adult into the third ventricle or diacele as the lateral walls

hypertrophy to form the thalami. Its ventral surface is the relatively insignificant

gray lamina in the intercrural space. Its dorsal surface is concealed from view

by the massive hemispheres and their great commissure, the corpus callosum,

and by the fornix. Its actual roof, separating it from the overlapping cerel)ral

parts, is a delicate membranous fold, the velum interpositum or diatela.

The Thalami.^—The thalami constitute the bulk of this portion of the brain.

They are large ovoid masses of gray substance so named by the ancients after their

resemblance to a pair of couches. Each thalamus is smaller frontad than caudad
and the caudal ends are more widely separated from each other. The mesal or

' Thalamos, bed or couch; bed-chamber.
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ventricular surface is largely free, except for an area, of variable size, by which

the two thalanii are fused in 90 per cent, of brains. The thalamic fusion is also

called the middle commissure or medicommissure. The free surface is co^•ered by

ependyma and is of smooth contour. Its dorsal limit is marked by an ependymal

ridge, usually' torn through in dissection, the taenia thalami or ripa,' fortified by

a subjacent narrow band of fibres called the stria medullaris, which may be traced

to the habenular nucleus and habenular commissure (or "stalk" of the pineal

body). Caudad lies a depressed triangular area—the trigonum habenulae, situated

cephalad of the superior quadrigeminal body.

The dorsal surface is usually described as being free, but only a narrow ectal

portion can be so described, the ependyma of the lateral ventricle being slightly

fOP»M'"N r^^ vc>»jp^

MIDDLE COMMISSURE
CHOROID PLEXUS OF

• / ^Hl RO VENTRICLE
TAENIA THALAMI

HABENULAR
COMMISSURE

POSTERIOR
COMMISSURE

HOSTmuM --

COPULA
ANTERIOR

COMMISSURE
LAMINA TERMINALIS

OPTIC CHIAS
OUADRIGEMlNM
LAMINA

AQUEDUCT
P. MEDULLARV
LUM

VENTRICLC

Fig. 668.—Mesal aspect of a brain sectioned in the median sagittal plane.

reflected upon it (the lamina aflfixa) before entering into the formation of the
choroid plexus of the lateral ventricle. The rest of the dorsal surface is not lined
by ependyma, but is in contact with the pial fold called the velum interpositum.

riiis surface is of a whitish color owing to a thin layer of white fibres, the stratum
zonale. A faint oblique groove crosses this surface in a caudolateral direction,

corresponding to the ectal edge of the fornix. Laterad it is demarcated from the
caudate nucleus by a groove which is occupied by the striatal vein and a slender
band of fibres, called the taenia semicircularis or stria terminalis. The surface is

not of even contour throughout, usually showing three eminences (in addition
to the pulvinar) corresponding to the main nuclear aggregations within the thal-
amus—viz.: Tuberculum anterius, medialis, and lateralis.

'The line formed by the rupture of the ependyma along the lines of its reflection from entocoelian (ventricular)
surfaces.
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The tuberculum anterius forms a marked bulging frontal extremity, which helps"

to form the boundary of the foramen of Monro or aperture of communication
between lateral and third ventricles.

The caudal extremity of the thalamus is a prominent bolster-like projection

which overhangs the brachia of the corpora quadrigemina and is called the pul-

vinar. A smaller oval prominence, situated ventrolaterad of the pulvinar, is

termed the external geniculate body or pregeniculum (corpus geniculatum laterale)
'

—

a partial end station for the optic tract.

FirTH VENTRICLE

SEPTUM LUCIDUM

ANTERIOR
COMMISSURE
TAENIA THALAMI
TAENIA SEMI-
CIRCULARIS
GROOVE COHRE-
SPONOING TO
FORNIX

trigonum
habenulae
posterior
commissure
superior ouaori-
geminal body
posterior quad-
bigeminal body
trochlear
NERVE

FRENULUM

,SUP. MEDULLARY
E. A. S. VELUM (cut)

Fig. 669.—Dissection showing the two thalami, the two caudate nuclei, and adjacent parts.

The lateral surface of the thalamus is in contact with the internal capsule—that 'if

great concentration of fibre tracts coursing to and from cerebral centres and 1

1

forming the crusta below. To this white stratum the thalamus itself contributes

fibres destined to reach the cortex, and in return it receives fibres from the cortex.

These thalamocortical and corticothalamic sets of fibres constitute the thalamic

radiation, forming a more or less distinct reticulated capsular zone (stratum

reticulatum; external medullary lamina) for the thalamus.
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The ventral or inferior surface is continuous with the hypothalamic tegmental

substance and with the central gray substance of the third ventricle lining its sides

and floor.

Internal Structure of the Thalamus.—The thalamus is composed of gray substance,

with large multipolar cells, which is subdivided into a number of distinct nuclei;

twenty such have been described; three are universally recognized. They are

separated from each other by a white layer {lamina medullaris interna) which

runs parallel to the wall of the third ventricle for its greater length; caudally

it runs mesad, overlapped by the ectal nucleus, and numerous sub-laminae run

into it. Frontad the internal medullary lamina subdivides into two branches,

thus permitting the intrusion of the nucleus anterius between the two main nuclei

(medial and lateral).

The nucleus anterius lies frontodorsad ; in it terminate the axones of the fasciculus

thalamomamillaris (fasciculus albicantiothalami; bundle of \'icq d'Azyr). The
nucleus medialis is lined mesad by the central gray of the third ventricle and is

usually fused with its fellow of the opposite side (middle commissure). A special

spheroidal cell cluster in this nucleus is called the centrum medianum (Luys),

The nucleus lateralis is the largest of the three, extending the entire length of the

thalamus and including the pulvinar. A special semilunar cluster of cells in the

ventral portion of this nucleus is called the nucleus semilunaris (Flechsig).

The Connections of the Thalamus.—The thalamus is a ganglion interposed

between the sensor tracts in the tegmentum and the cerebral cortex, as well as

an important link in the optic path. It also gives rise to motor tracts concerned

with instinctive movements of an emotional nature. It is a relay station for

the various tracts which convey sensations of touch, temperature, and pain from

the body, extremities, head and neck, of muscle ::ense, and of the special senses.

It transmits these impulses to, and, reciprocally, receives impulses from the

cerebral cortex. As an "emotional" centre it is also under the inhibitory influence

of the cerebral cortex, which, if the emotion be not too strong, prevents its external

manifestation.

The thalamocortical and corticothalamic fibres, with the internal capsule, enter

into the corona radiata or fan-like formation of the white substance of the cerebral

hemisphere. Although there is no anatomic subdivision into distinct groups of

these fibres as they stream to and from the thalamus, it is customary to distinguish

a frontal, a parietal, an occipital, and a ventral stalk. The frontal and parietal

stalks, as their names indicate, pass between the thalamus and frontoparietal

cortex, as well as to the lenticular nucleus and caudate nucleus. The occipital

stalk is composed of fibres passing in both directions between the pulvinar and
occipital cortex, constituting the so-called optic radiation. The ventral stalk

comprises the ansa lenticularis (thalainolenticidar) and the ansa peduncularis

(thalamotemporal and thalainoinsular). They will be described in detail farther on.

The external geniculate body, or pregeniculum (corpus geniculatuin laterale) is an
intercalar ganglion proper to the optic nerve, derived from the thalamus. On
section it is seen to be characterized by the regular alternation of deeply gray and
white laminae. The latter are thicker and composed of fibres which enter the
external geniculate body from the optic tract and optic radiation. The nerve
cells in the gray substance are large, multipolar, and pigmented.

[Note.—The external geniculate body and the more isolated internal genicu^
late body are generally included under the head of metathalamus.]
The hypothalamic tegmental substance, continuous with the mid-brain tegmen-

tum, is interpolated between the ventral face of the thalamus, the red nucleus,
and a continuation of the substantia nigra known as the corpus hypothalamicus
or body of Luys. Through the hypothalamic tegmentum stream the fibres of



906 THE NER VE SYSTEM

the medial lemniscus, of the superior peduncle of the cerebellum, and from the r*

nucleus, to end in relation with thalamic cells. The corpus hypothalamicus ii

a grayish-brown, lentiform mass which lies in the ideal continuation frontad oi

the lateral part of the substantia nigra, and, like it, situated between pes and teg-

mentum. It is made tip of fine myelinated fibres crowded in great profusion

and confusion, with numerous delicate, coiled capillaries and sparse, multipolarj

more or less pigmented, nerve elements of moderate size. The outline of the bod
is defined by a white capsule, some of the fibres of which are seen to decussa

in the floor of the third ventricle with those of the. opposite side, dorsocaudad

the corpora albicantia.

The Pineal Body {corpus pineale; epiphysis) (Figs. 668 and 669).—The pine

bod\' (from its shape resembling a fir-cone

—

pinus) is a small, reddish-gra;

body placed between the caudal ends of the thalami and occupying the depressio:

between the two superior quadrigeminal bodies. It is covered by the velum inte:

positum, which intervenes between it and the splenium of the corpus callosu

It is an outgrowth which is not regarded as an important neural ingredient

the human brain and is generally believed to be a rudimentary relic, representin

a Cyclopean eye^ of some extinct ancestral vertebrate, homologous with the parietal

organ, resembling a molluscan eye of a living species of Prosaurian (the Hatteria

New Zealand). Its attached base is a hollow peduncle divisible into a dorsal am
ventral part by the intrusion of the epiphyseal recess (recessus pinealis) of the thi

ventricle. The dorsal stalk continues on either side and upon each thalam

as the stria medullaris; it is reenforced by commissural fibres joining the habenul
of the two sides; hence another name for the dorsal stalk is the habenular com
missure (supracommissure of Osborn). The ventral stalk is folded over another

commissural band—the posterior commissure.

:al

I

Structure.—The pineal body consists of a number of follicles, lined by epithelium and
connected by ingrowths of connective tissue. The follicles contain a transparent viscid fluid

and a quantity of sabulous matter named brain sand {acervus cerebri), composed of phos-

phate and carbonate of lime, phosphate of magnesia and ammonia, with a little animal
matter. These concretions are almost constant in their existence, and are present at all periods

of life.

In the interval between the pineal body and the caudal end of the thalamus

lies a small triangular depression (sometimes an elevation) known as the tri-

gonum habenulae, marking the position of the nidus, or ganglion habenulae, a group

of small angular cells. The axones from these cells are collected ventrad into the

fasciculus retroflexus (Meynert), which courses through the tegmentum mesad of

the red nucleus to end in the interpeduncular ganglion (Gudden) in the posterior

perforated substance. In addition to this fasciculus, the habenula is the reunion

point for two other sets of fibres: (1) the stria medullaris and (2) habenular

commissure. The stria medullaris (p. 903) is made up of axones arising from
two sources: (1) cells in the hippocampus {via fornix) and (2) cells in the ganglion

opticum basale. These join near the anterior pillar of the fornix and run caudad
on the mesal thalamic surface, to end in the habenular ganglion of the same
side and, by crossing in the dorsal stalk of the epiphysis, help to form the

habenular commissure, to end in the corresponding nidus habenulae of the

opposite side.

The posterior commissure is a round band of white fibres crossing from side to

side in the ventral stalk of the pineal body bridging the aqueduct at its continua-

' Although most vertebrates show a single pineal body or parietal organ, it is double in the lamprey and certain
reptiles; the two bodies lie one in front of the other—not side by side (although probably paired organs originally).

The frontal organ sends its fibres into the habenular nucleus: the caudal organ to the region of the posterior com-
missure (tectum opticum).
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tion into the third ventricle. The posterior commissure shares relation with both

fore-brain and mid-brain structures and is formed of decussating fibres which

may be enumerated in the following systems: {a) fibres arising in the special

nucleus (described on p. 898) for the medial longitudinal bundle; (6) fibres con-

necting the two thalami; (r) fibres connecting the habenular nidi; {d) fibres connect-

ing the superior quadrigemina.

[Note.—The habenulae, pineal body, and posterior commissure are generally

included under the head of cpithahmus.]

The posterior perforated substance or postperforatum has been described on page

898. It marks the situation of the "interpeduncular ganglion," which is small

in man, but very large in rodent brains. From the cells in this primitive gray

lamina arise the fibre tracts already described as the taenia pontis (p. 895), and
often visible at the point of emergence from the gray substance of the intercrural

space.

The corpora albicantia (Fig. 673), or corpora mamUlaria, are two symmetrical,

~ CORPUS C A L LCLSVJ.^ ^^
EpendymaL lining

of ventricle

Vein of corpus
striatum

Lateral ventricle ^ \ ''\X JUfisH -r w a i a s* i < c / ^^Choroid plexus of
lateral ventricle

Velum interpositum

Veins of Galen

Epeiidi/mal Htiing of'

rentride

Choroid plexuses of
third ventricle .

Third ventricle

Fig. 670.—Coronal section of lateral and third ventricles. (Diagrammatic.)

small, round, white protuberances situated side by side in the intercrural space
cephalad of tlie posterior perforated substance, at a point where the floor or the

third ventricle rapidly decreases in thickness to form the tuber cinereum. The
color of each corpus albicans is white, owing to a superficial stratum of fibres

derived from the fornix. Within lie three nuclear masses—two medial, consti-

tuting the main mass, and a smaller lateral nucleus applied against the former,

so as to represent a crescent on cross-.section.

The fibres of the fornix terminate in the corpus albicans. From its cells arise

two fasciculi which have a common neur6ne origin. Cajal discovered, and Kolliker

confirmed the fact, that the axones from the medial nucleus cells bifurcate; one
set of limbs passes fronto-dorsad to form the bundle of Vicq d'Azjnr {fasciculus

thalamomamillaris) , which ends in the nucleus anterius of the thalamus, while the

other set of limbs of the primary axones passes caudad to form the fasciculus

pedunculomamillaris in the mid-brain tegmentum; its destination is doubtful.

The axones from the lateral nucleus join the latter bundle.

[Note.—The posterior perforated substance and the corpora albicantia are

generally included under the head of the Pars Mamillaris Hypothalami.]
Third Ventricle (ventriculus teriius) (Fig. 668).

—
^The third ventricle is the

adult representative of the cavity of the primary fore-brain vesicle, but only so



1
908 THE NER VE SYSTEM

much of it as is not carried laterad, on either side, in the rapidly growing, eventually
|

huge cerebral hemisphere buds to form the lateral ventricles. It is a narrow,
J

cleft-like interval between the two thalami and hypothalamic gray, limited frontad- 1-

by the terma, continuous caudad with the aqueduct and laterad, through the
\

foramina of Monro, with the lateral ventricles. Its roof is destitute of nerve i

tissue and is formed by a delicate, fused ependymal and pial layer, invaginated if

on either side of the median plane by the plexuses of the lateral ventricle. The
pial layer is one of the constituents of the fold known as the velum interpositum.

The floor of the ventricle is formed by structures already described on the basal

aspect in the intercrural space—viz., the tuber cinereum, corpora albicantia, and
posterior perforated substance, as well as the optic chiasm and a portion of the

tegmentum of the crura cerebri. ]\Iuch of the floor, it may be noted, is formed

by the primitive, undifferentiated central gray; and although the optic vesicle

develops from its ventrocephalic portion, the caudal shifting of central optic

connections to thalamus and mid-brain has made this portion of the neural tulx'

wall comparatively insignificant. The lateral walls are formed in part by the

thalami, in part by the hypothalamic gray ventral extension. The fornix may be

seen, shining through a thin lamina of gray substance and the ependyma, coursing

caudoventrad to the corpus albicans. A slight furrow, the aulix or sulcus of

!

Monro, may sometimes be traced from the aqueduct to the foramen of ]Monro,

curving ventrad of a bridge-like fusion of the two thalami— the middle commissure

(medicommissure). (The term commissure is inappropriate, as no commissural

fibres appear to pass from one thalamus to the other in this "thalamic fusion";

it is absent in about 10 per cent, of brains examined.)

The cephalic wall is formed by the lamina terminalis or terma, the rudimentary
mediancephalic wall of the neural tube. The terma is attached to the dorsum
of the optic chiasm; dorsally it is reinforced by the anterior commissure.

As seen in mesal section or as shown by a cast of the ventricle (Fig. 696) it

is seen to be of irregular outline. Frontad is the optic recess, dorsad of the

optic chiasm; caudad thereof is the infundibular recess in the tuber. The epi-

physeal recess is seen between the habenular commissure and the posterior com-
missure. Dorsad of the pineal body is a diverticular recess of variable extc

{recessus suprapinealis)

.

1
If the segmentation of the fore-brain into two divisions be adopted ultimately, it will be

necessary to allot one portion of the third ventricle (between the thalami) to the diencephalon

(hence diacele), and the rest to the telencephalon (the medial cavity of which is termed the

aula by Wilder).

[ the ij

In anticipation of the description of the cerebral hemispheres we may consi

here the remaining structures in the floor of the third ventricle, usually inclu

under the head of the pars optica hypothalami of the telencephalon, in order to lead

up to a description of the cerebral connections of the optic tract.

External Morphology of the Optic Portion of the Hypothalamus.—This in-

cludes the tuber cinereum and pituitary body or hypophysis, the lamina terminalis,

the optic chiasm, and the optic tracts.

The tuber cinereum (Fig. 668) is a thin-walled conical projection in the inter-

crural space cephalad of the corpora albicantia. Its apical portion is attenuated

to form the stalk of the pituitary body; this is generally termed the infundibulum,

while the cavity of the funnel-shaped diverticulum is called the infundibular

recess of the third ventricle. The gray lamina composing the tuber is continuous

with the central ventricular gray, and therefore with the lamina terminalis
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The pituitary body or hypophysis' is a structure of twofold origin, gi\'ing rise

to a division into a prehypophysis and a posthypophysis. The posth\'pophvsis

alone is of neural origin, developing as a ventral diverticulum from the primitive

neural tube. The prehypophysis or epithelial lobe, develops from the stomodeum,

or buccal cavity, as a tubular diverticulum (Rathke's), which eventually loses its

connection^ with the oral tissues to become included within the cranial cavity

and intimately attached to the neural bud. Both pre- and posthypophysis are

therefore of ectodermal origin and have developed from a conjunction of surface

tissues which have migrated from opposed (ventral and dorsal) parts through the

head! The prehypophysis is much the larger and somewhat embraces the post-

hvpophysis ; the two are inseparable, however, and together occupy the fossa

hypophyseos of the sphenoid.

LAMINA ANTEBIOB OPTIC
TERWflNALlS COMMISSURE RECESS

SSURC

FUNOIBULUM

CRUS CEREBRI

CORPUS ALBICANS

POSTERIOR CEREBRAL
ftRTCRV

Fig. 671.—The pituitarj- body, or h>-pophysis, in position. Shown in median sagittal section. (Testut.)

Tbe two parts of the pituitarj' body are as distinct in structure as they are in embrj-onic

origin. The posthj7)ophysis consists of a mass of nerve cells, neuroglia, connective tissue, and
bloodvessels; the structure of the prehyp>ophysis is distinctly glandular, resembling that of the

parathjToid bodies. It is surmised that the latter is the functional part of the pituitarj' body

—

concerned with the internal secretions, and usually involved in the pathological form of giantism

called acromegaly.

The lamina tenninalis or terma (Fig. 668) is a thin, easily torn lamina between
the optic chiasm and the anterior commissure, limited laterally by the closely ap-

proximated cerebral hemispheres and constituting the primitive, undifferentiated

cephalic boundary of the original neural tube.

The Optic Tract and its Central Connections.—In the section on the development
of the brain it was learned that the optic nerve is not a peripheral nerve; it is

rather a central brain tract extruded from the neural tube. Evidence is at hand
that in ancestral vertebrates the general cutaneous sensor system was also capable
of light {perception. ^Yith the recession of the neural tube from the surface and
in company with the morphological differentiation of the head end, a light-

perceiving pair of organs arose as a special development. The distal end of the
optic brain vesicle becomes the retina, in structure like the brain wall, whose cell

axones carry afferent impulses to the brain. Although the optic fibres enter the

'»^?"'''*^*' ^*u<iy of tli6 hj-pophysis cerebri with e^>ecial reference to its comparative histolog>'. Memoir No.
2 of Wistar Institute of Anatomy and Biolog>-, 1912.

'Occasionally the channel persists as the craniopharyngeal canaL
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ventral wall of the brain, the retina is originally derived from the dorsolateral

(sensor) wall of the second neuromere (Fig. 627). The parietal organs, also

light-perceiving, likewise developed as paired dorsal buds farther caudad, eventu-

ally to atrophy, as the more frontal optic organs better subserved the purposes

of the organism.

The remarkable and as yet unexplained fact regarding the optic apparatus

is that the afferent fibres from the retinal cells pass into the ventral wall to cross

to the opposite side, forming a decussation which is total, or nearly so, in verte-

brates below the mammals; the more laterally placed the eyes are the more nearly

total is the decussation.^

Although the optic vesicle is a diverticulum of the fore-brain in its cephalic

portion, the optic tract in its central connections becomes intimately related with

the external geniculate body and pulvinar, the occipital cortex of the cerebrum, and

with the superior quadrigeminal body of the mid-brain. Some of these central

structures are way-stations in reflex paths; the occipital cortex alone is the

actual visual centre, though visual perceptions are here brought into association

with tactile, auditory, and other impulses.

Optic Chiasm.—From the retina of each eye the so-called optic nerves converge

to partially decussate at the base of the brain to form the optic chiasm, a white quad-

rangular plate which presses in the primitive central gray floor of the third ven-

tricle, as previously described. Approximately one-third of the fibres of each

optic nerve do not cross to the opposite side. The optic chiasm is further re-

enforced by the infracommissure (of Gudden) and other lesser fibre tracts (com-

missura superior [Meynerti] and commissura ansata [Kolliker]). The fibres in

the chiasm are so complexly -interwoven that only through exhaustive experi-

mental development and pathological studies has it been possible to under-

stand its structure. Broadly stated, the fibres from the medial (or nasal)

halves of the retinae decussate in toto, while those from the lateral (or tempo-

ral) halves do not cross. Leaving the optic chiasm, the crossed medial and

uncrossed lateral fibres form the slightly flattened optic tracts coursing caudo-

laterad, embracing the crura cerebri and dividing in the neighborhood of the

lateral geniculate body into two "roots," a mesal and a lateral root. The
mesal root is in reality not a part of the true optic path ; it is a separate fascicu-

lar representation of the infracommissure of Gudden, composed of fibres form-

ing a reciprocal bond of union (commissural) between the internal geniculate

bodies of the two sides and coursing through the chiasm (Fig. 672). The lateral

root of the optic tract is the true visual path, composed of (a) the uncrossed

fibres from the lateral half of the retina of the same side and (6) the crossed

fibres from the mesal half of the retina of the opposite side. The fibres of the

lateral root are distributed to the primary or lower optic centres as follows: (1)

Most fibres end in the external geniculate body; (2) a less number end in the

pulvinar; (3) the remainder end in the nucleus of the superior quadrigeminal

body.

The lateral geniculate body and pulvinar are ganglionic way-stations or inter-

nodes in which visual impulses are reflected, in large part, to the visual cortex

in the occipital lobe; the superior quadrigeminal body, on the other hand, plays

no part in the conduction of impulses perceived as light or color; it presides rather

over the eye-muscle reflexes to visuaP stimuli, and in its turn is under the dominion

of the higher cortical centre. Reflex impulses are sent to the oblongata and spinal

centres along axones entering into the formation of the medial longitudinal bundle,

' Possibly the reflex contraction of the muscles on one side of the body in the ancestral vertebrate followed the

perception of a menacing object by the eye of the opposite side; hence the advantage of a decussation.
* And auditory stimuli as well ( see p. 898).
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The axones of corticifugal neurones proceed to the nucleus of the superior quadri-

geniinal body along the optic radiation/

Some fibres are detached from the optic tract and course through the crus

cerebri to the oculomotor nucleus. These fibres are small, and are believed to be
afferent branches for the Sphincter pupillae and Ciliary muscles.

The connections of the external geniculate body and pulvinar with the higher

cortical centre of vision are established by neurones, the cells of which lie in the

two ganglia just mentioned, and whose axones stream in an arched, more or less

LAT. GENICULATE
BODY

MEDIAL GENICU-
LATE BODY

SUPERIOR OUAORI-
GEMINAL BODY

OCULOMOTO
NUCLEU

TROCHLEA
NUCLEU

ABDUCEN
NUCLEU

OCCIPITAL CORTEX

P^G. 672.—Scheme showing central connections of the optic nerve and optic tract.

compact bundle in the white substance of the cerebral hemisphere toward the
occipital cortex. Another system of neurones, whose cells lie in the cortex, sends
its axones in the reverse direction (cortifugal) to the two lower centres. The
cerebral tract thus formed between primary and secondary (cortical) centres is

called the optic radiation (Fig. 712), to be studied more fully in the sequel. The
components of the optic path are delineated schematically in Fig. 672.

> Centrifugal fibres ending in the retina, and probably arising from cells in the superior quadrigeminal body, haveDeen discovered in the optic tracts. «
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The Cerebral Hemispheres.

External Morphology.—Of all the component parts of the brain, the cerebra

hemispheres form the largest part, and their preponderance and remarkabU

specialization underlie the extraordinary manifestations of the intellect so highlj

amplified in man.

FORAMEN OF MONRO
MIDDLE COMMISSURE

CHOROID PLEXUS OF
THIRD VENTRICLE

TAENIA THALAMI
/

HA8ENULAR
COMMISSURE

POSTERIOR
MISSURE

ROSTRUM
COPULA
ANTERIOR /

COMMISSURE
LAMINA TERMINALIS

OPTIC CHIASM / /"^MSi^.^
OPT'C / / r^ '

NERVE / / ytoCULOMO
PITUITARY BODY / /NERVE

/ CORPUS ALBICANS
TUBER CINEREUM

AQUEDUCT
SUP. medullar!
VELUM

FOURTH
VENTRICLE

Fig. 673.—Mesal aspect of a brain sectioned in the median sagittal plane.

The term cerebrum, often employed loosely as embracing several brain part
is here intended to include the brain mantle and the olfactory lobe—equivalent il

the telence'phalon of His, with the exception of the pars optica hypothalami. As
already indicated in the section on brain development, there has occurred, in the
evolutionary history of man's vertebrate ancestry, a progressive increase of the
secondary fore-brain, with concomitant reduction of the rhinencephalon, or smell

brain—the most archaic portion because of the important relations of the smell

sense to the life history of the earliest vertebrates.^

In a mesal view of a hemisected brain (Fig. 673) may be seen the various parts
of the brain stem and the cerebellum overlapped by the preponderatingly greater

cerebrum. Among the many notable features exposed to view in this brain
section are certain fibre masses, commissures, extending across the meson, and
therefore divided by the knife in this preparation. Of the commissures pertaining
to the cerebrum one is conspicuous for its size and firm consistency. This great
fore-brain commissure is the corpus callosum already mentioned as being demon-
strable in the depths of the intercerebral cleft on divaricating the lips of this

fissure. The corpus callosum constitutes a massive system of association fibres

for the bilateral coordination of corresponding cortical parts. It is thickened
caudally, forming the splenium of the corpus callosum; froritad it bends on itself

' For a more thorough discussion on the natural subdivision of the fore-brain, based upon comparative morphoi-
ogy. see the paper by G. Elliott Smith, Journal of Anatomy and Physiology, 1901.
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ventrocaudad to form the genu ("knee"), including an interv'al, between the two

limbs, which is flanked on both sides by a thin lamina (hemiseptum) and bounded

ventrad by the fomLx, constituting a closed cavit\-, the pseudocele (camm septi

felhcidi). The recurved ventral part of the genu tapers into a thinner, beak-

shaped part, the rostrum. The rostrum is joined to the lamina terminalis, frontad

of the anterior commissure, by a thin lamina, the copula {lamina rostralis).

OCCIPITAL INTERCERCBRAL
POLE FISSURE

INTERCEREBRAL
FISSURE

Fig. 674.—The cerebral hemispheres -siewed from above (Spaltebolz.)

An arched structure composed of longitudinal fibre bundles comes to view
in front of and below the junction of the splenium with the body of the corpus
eallosum, proceeds frontoventrad with its convexity frontad, to sink from view in

the substance of the hypothalamic gray at a point just caudad of the anterior

commissure. This white arched bundle is the fornix. Between it and the corpus
eallosum, rostrum, and copula stretches a thin, translucent lamina of nerve
tissue—the hemiseptum. The hemisepta of the two sides together have usually
been termed the septum pellucidum, while the enclosed narrow cavity is called the
pseudocele or fifth ventricle. The subjacent parts revealed in this section have
already been described; the morphology and internal relations of the corpus
eallosum, fornix, and hemiseptum will be described at a later stage.

58
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The cerebral hemispheres, together, as viewed from above or dorsally, app<

as two symmetrical masses in close apposition, conforming in outline to thatj

the cranial cavity, which they so nearly fill. The frontal extremities or poles

massive and rounded, preponderatingly so in comparison with the brains of any

related primate species. The occipital poles are each more pointed but expand

frontad into the widest part of the cerebrum—the parietal lobes. The cerebral

hemispheres or, briefly, the hemicerebra are partially separated from each other

by the intercerebral cleft or great longitudinal fissure (fissiira longitvdinalis cerebri),

into which fits a fold of the dura—the falx cerebri. By means of a large com-

missural band of white fibres—the corpus callosum—the cerebral halves are joined

together in the depths of the intercerebral cleft. All adjacent parts of the brain

are overlapped by the ponderous cerebrum so as to entirely conceal the thalamic

portion and the mid-brain, while the occipital lobes overlap the cerebellum with

Fig. 675.—Principal fissures and lobes of the cerebrum viewed laterally.

the intervening tentorium—another fold of the dura. Further description will

be restricted to each cerebral hemisphere.

Configuration of Each Cerebral Hemisphere.—^Each cerebral hemisphere

presents an outer convex surface (Jades convexa cerebri), applied to the correspond-

ing half of the cranial vault; a mesal flattened surface Qacies medialis cerebri),

which lies in a sagittal plane, applied to the corresponding surface of the opposite

cerebral hemisphere, with the great longitudinal fissure intervening, and for the

most part in contact with the falx cerebri; and a basal or ventral surface, of

irregular form, resting frontad upon the floors of the anterior and middle cranial

fossffij and caudad upon the tentorium cerebelli.

Prominent in the lateral and ventral views is the blunt projection of the temporal

pole, while at the ventrolateral border, nearer the occipital pole, is a slightly

marked indentation usually called the preoccipital notch. The deep vallecular

depression between the orbital surface and the temporal pole accommodates the

lesser wing of the sphenoid.

More or less distinct borders demarcate the surfaces. The arched dorsimesal
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border intervenes between the mesal and the convex surfaces; a straight mesorbital

border intervenes between the orbital and mesal surfaces of the frontal lobe; a

venfrolaferal border separates the tentorial surface from the lateral, convex sur-

face of the occipital and temporal lobes; while an obtuse border—the jnesoveniral

or internal oeeipifal border—separates the tentorial from the mesal surfaces.

Cerebral Fissures and Gyres.—^The surface of each cerebral hemisphere presents

alternating depressions or fissures which demarcate gyral elevations—the convolu-

tions or gyres.* The fissures vary in depth from that of a mere shallow groove

to as much as 30 mm., and may attain a length of 15 cm. They are more or less

nuous and ramified. They mark the surface with fairly approximate uniformity,

at is, one rarely finds an unfissured surface more than 15 to 20 mm. (|^ inch to

inch) in width. Numerous functional and mechanical influences must be

Credited with bringing about the complex foldings of the cerebral surface, prin-

cipally (a) resistance of the cranium to the expanding brain or "mechanical

packing;" (6) differences of growth rate in different parts of the cortical surface;

(f) differences of growth rate of different fibre bundles retarding cortical expansion

along the fissure lines and elongating to help in the formation of the gyres. The
obvious result, whatever the influences may be, is an expansion of the cerebral

cortex to an enormous degree, so that, instead of having a surface area of only

60,000 sq. mm. (if unconvoluted), the average adult cerebrum has a cortical area

of 200,000 sq. mm. or more. Furthermore, the vascular pia, closely investing

the surface and dipping into every fissure, is expanded in a like manner, affording

an ample and uniform supply of blood for the entire cerebral cortex.

The cerebral vesicle of the fetal brain presents a smooth surface during the

first half of intrauterine life," except for the depressed fossa at the site of the future

island of Reil—destined to become buried in the depths of the sylvian cleft formed
by the apposition of the more energetically growing contiguous parts of the cerebral

mantle. Some of the cerebral fissures develop early as infoldings of the com-
paratively thin wall of the vesicle, and hence produce corresponding projections

into the cerebral cavity; these are termed the total or complete fissures. The
remaining fissures are only linear depressions of the surface not involving the entire

thickness of the wall—the partial or incomplete fissures. The complete fissures and
their correlative projections into the cerebral cavity (lateral ventricle) are:

Fissure. Internal Eminence.

Hippocampal fissure. Hippocampus.
Calcarine fissure. Calcar.

Collateral fissure. Collateral eminence.
Occipital fissure. Occipital eminence.

Among the remaining cerebral fissures, of which over fifty have been recog-
nized and named, some are constant in representation in all normal brains, while
others are of variable occurrence in different individual specimens. The constant
fissures are those which regularly exist as interlobar and intergyral boundary
lines forming a common pattern for all normal brains, but these, like all cerebral
fissures, are subject to many individual variations as to course, depth, length,

'Consistent with the use of the English lobe and lobes (for lobus and lobi), the Enjtlish gyre and gj/rea are
preferable to gyrus and gyri. The term fissure is here uniformly employed for all anfractuosities of Sie sur-
face, though sulcus (pi. sulci^ is quite as generally used; sometimes both terms are indiscriminately mixed
in_other works on this subject.
-The so-called transitory fissures of older descriptions may be neglected, since the researches of Retzius,

Hochstetter, and Mall have shown these to be in reality artifacts due to postmortem swelling.
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mode of branching, and anastomosis with neighboring fissures or manner of

interruption by gyral isthmuses. The range of individual variations is so great

that no two brains can be said to be exactly alike; in fact, one may find numberless

stages of complexity in the cerebral surface configuration from the simply fissured

brains of mentally inferior individuals and races to the complexly fissured and

more highly organized brains of vigorous thinkers and talented geniuses among

the highly intellectual races of man.

INTERCEREBRAL F.

FISSURE

Fig. 676.—Cerebral fissures and gyres viewed dorsally. * * Show constant relations of central and paracentral

fissures.

Cerebral Lobes and Fissures.—The cerebral surface is divided into five prin-

cipal areas, called lobes, demarcated by certain constant fissures which are more

or less conspicuous, and were therefore selected by the older anatomists as arbi-

trary boundary lines; these are termed the interlobar fissures.

The lobes are: (1) the frontal; (2) the parietal; (3) the temporal; (4) the occipital;

(5) the island of Reil or insula. The interlobar fissures are: (1) the sylvian; (2)

the central; (3) the occipital; (4) the calcarine; (5) the circuminsular. A series of

fissures demarcating the rhinencephalon from the pallium or cerebral mantle

proper will be considered at a later stage.

The Interlobar Fissures. The Sylvian Fissure and Its Rami [fissura cerebri later-

alis [Sylvii]).—This fissure is a well-marked cleft on the base and side of the

cerebral hemisphere. Traced laterad from the region of the anterior perforated

substance, it begins as a deep depression between the orbital surface of the frontal

lobe and the temporal pole, corresponding to the bony ridge formed by the lesser

wing of the sphenoid and extending to the convex surface. This portion of the
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I
fissure is termed the basisylvian fissure or yallecula sylvii, as far as the sylvian point.^

The sylvian point marks the conjunction of the main portion of the sylvian fissure

with its basisylvian part as well as one or two rami. These rami are (1) the

presylvian ramus and (2) the subsylvian ramus.

The presylvian ramus^ usually proceeds dorsad, slightly inclined frontad, for

a distance of 2 to 3 cm. into the subfrontal gyre.

The subsylvian ramus (anterior horizontal limh) extends frontad for a distance

of 1.5 to 2 cm., parallel to the orbitofrontal (superciliary) margin.

These two rami often rpring as shorter branches from a common stem, and both

may be replaced by a single unbranched limb.

The sylvian fissure proper is the most conspicuous part. It extends from the

svlvian point in a caudal direction, inclined slightly dorsad,^ on the lateral surface

of the cerebrum for a distance averaging 6 cm. (2\ inches). It separates the

temporal lobe wholly from the frontal and partly from the parietal lobe. It usu-

ally ends in an upturned manner, in the parietal lobe, the change of direction

being oftener abrupt than gradual; this terminal piece receives the name of epi-

sylvian ramus. Occasionally a short ramus is sent ventrad into the supertemporal

gyre and is called the hyposylvian ramus.

The sylvian fissure ranges in depth from 15 mm. or less at the presylvian point

to 25 or 30 mm. (1 inch to li inches) at the postsylvian point, correlative wnth

the contour of the island of Reil, which lies in its depths. If the lips of the sylvian

fissure be divaricated, the island of Reil is revealed as a cortical district, of tetra-

hedral form, which is normally completely concealed by overlapping portions of

the cerebral hemisphere called the opercula. These are four in number: (1) the

operculum proper, (2) the preoperculum, (3) the suboperculum, and (4) the post-

operculum.

The operculum (frontoparietal operculum) is composed of the adjacent portions

of the ventral border of the frontal and parietal lobes, the sylvian fissure inter-

vening between it and the postoperculum, which is the overlapping part of the

temporal lobe. The preoperculum is a small triangular portion embraced by the

presylvian and subsylvian rami, and is also called the pars triangularis or Broca's

cap. The suboperculum (orbital operculum) is small, demarcated h\ the sub-

sylvian ramus, and, for the most part, on the orbital face of the frontal lobe,

projecting slightly over the frontal part of the island of Reil, with its margin
separated from the temporal pole by the basisylvian cleft.

The o\erlapping opercula are demarcated from the island of Reil by the cir-

cuminsular fissure {sulcus circidaris Reili).

Development of the Island of Reil and the Sylvian Cleft.—The insular cortical

district is topographically correlative with the great gray ganglia of the cerebral

hemisphere, particularly the lenticular nucleus, from whose ectal surface the insular

cortex is but little removed. As will be learned at a later stage, few if any pro-

jection fibres pass to and from the island of Reil; its function is almost wholly
associative for adjacent parts of the cerebral mantle. The island of Reil there-

fore becomes buried beneath the more energetically growing and bulging parts

immediately around it. There is at first a slight fossa (observable in the tenth

to twelfth week) which, as development proceeds, and as the overhanging opercula

encroach upon the island of Reil, becomes more deeply situated as a cleft-like

depression until at birth the fossa has become a fissure, with the island of Reil

perhaps slightly exposed near its cephalic extremity, where the incomplete apposi-

' So called in cranial topography.
' AL<5o called the anterior ascending limb. In BNA terms the name for this fissural branch is Ramus anterior

ascendent fissurae cerebri lateralis.
' Its inclination to the horizontal plane is called the sylvian angle, approximately 15 degrees.
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tion of the opercula leaves a triangular space. This space is usually obliterate

in childhood, but is commonly met with in certain races (negro, Australian^

and in brains showing developmental defects or arrest. The mechanics of the

formation of the surface outline of the sylvian fissure by the apposition of tl

growing and plastic opercula may be understood by a reference to Fig. 682.

INTERLOCKING
GYHI

PRECENTRAI,
GYRE

Fia. 677.—Central fissure fully opened up, so as to exhibit the interlocking gyrea.

The central fissure (fissure of Rolando [sulcus centralis'^) is situated at about tl

middle of the convex surface, and, coursing obliquely laterofrontad, divides this

surface into approximately equal parts, intervening between the frontal and parietal

lobes. It may be traced from a point at or near the dorsimesal border, about

1 cm. (f inch) caudad of the mid-point of the occipitofrontal arc. It then runs

sinuously laterofrontad to within a short distance of the sylvian fissure, about

2 cm. (1^ inch) caudad of the sylvian point; its line of general direction makes an

angle of about 70 degrees with the median line (Rolandic angle). If measured

along its sinuosities, its length averages 10.5 cm. (4 inches). Its curved course

may be analyzed into five alternate curves (sometimes more or less), of which

three are convex frontad and two caudad. It is rarely very much branched and

does not often anastomose with neighboring fissures. Its dorsal end bears a con-

stant relation to the caudal limb of the paracentral, frontad of which it can be found

as a hook-like curve (Figs. 676 and 679) . If the lips of the central fissure be divari-

cated, interdigitating sub-gyres are commonly seen in its depths (Fig. 677).

These interlocking gyres are often fused to a greater or less degree, and a total

interruption of the fissure has, in rare instances, been observed. The central

fissure develops at about the end of the fifth month of intrauterine life, not as

a single integer, but as the result of the union of two segments—a short dorsal and

a longer ventral segment. As development proceeds these segments eventually

unite end to end, and at the site of this union a vadum (or shallow uprising of the

floor of the fissure) or even a complete isthmus may be demonstrated in the adult

brain. Only three cases of bilateral interruption are on record.

The occipital fissure (fissura occipitalis) is a deep cleft across the dorsimesal

border trans-secting the occipitofrontal arc at about 5 cm. (2 inches) from the

occipital pole, and extending upon both the mesal and the convex surfaces. On
the meson it attains a length of 3 to 3.5 cm. (li to If inches) (to its junction with

the calcarine fissure) while its lateral extent is shorter (2 to 2.5 cm., f to 1 inch).

It is quite deep throughout and usually shows a number of interdigitating sub-

gyres.
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The calcarine fissure {fissiira calcarina) is a slightly arched fissure which is

usually joined with the occipital fissure at the apex of the cuneus and extends

cautlad to the occipital pole, ending in a bifurcation. The fissure is composed of

two integers which may be partially or completely separated (by a vadum or an

isthmus); the caudal s^ment may then be distinguished as the postcalcarine

fissure.

The occipital and calcarine fissures join to form a Y-shaped junction; the two

limbs of the Y embrace the cuneus, while the stem is continued as the occipito-

calcarine stem for a distance of about 3 cm. This fissural stem is allotted to the

occipital fissure by some and to the calcarine fissure by other authors. As there

is no greater frequency of confluence with one as against the other, so far as present

statistics go, it is preferable to assign no special relationship for this stem to one

or the other principal fissure.

I. Frontal Lobe. Fissurbls of the Frontal Lobe.—1. The lateral surface

is bounded by the dorsimesal arched border, by the fronto-orbital (or superciliary)

border, by the sylvian fissure (in part), and by the central fissure. The principal

fissures marking this surface demarcate four gyres: (1) the precentral, (2) super-

frontal, (3) medifrontal, and (4) subfrontal gyres. The fissures are (1) the pre-

central, (2) superfrontal, and (3) subfrontal fissures. In addition must be described

certain fissures which are intragyral and of more or less constant occurrence.

The Precentral Fissural Complex (sulcus praecejitralis).—Two fissural integers

which are sometimes joined extend more or less parallel with the central fissure.

The mesally situated piece is usually of zygal (yoke-shaped) shape or triradiate, and

usually anastomoses with the superfrontal fissure. From its position it is termed

the supercentral or superior precentral fissure (sulcus praecentralis superior). The
laterally situated piece is of longer extent, sometimes straight or slightly sinuous,

sometimes arched like an inverted L, or T-shaped. It usually anastomoses with

the subfrontal fissure. The two precentral segments demarcate the precentral

gyre from the remaining three gyres of the lateral surface of the frontal lobe.

The superfrontal fissure (sulcus frontalis superior) usually springs from the

supercentral and pursues a sinuous course frontad, to become lost, as a rule, in

the zigzag or transverse ramifications of the prefrontal region. It is usually quite

ramified and often anastomoses with other fissures. It demarcates the superfrontal

from the medifrontal gyre.

The subfrontal fissure (sulcus frontalis inferior) is most often confluent with the

precentral, less often with the supercentral fissure. It proceeds frontad in an
arched course, to end either in a bifurcation or by anastomosing with other fissures

(radiate fissure, orbitofrontal fissure, or medifrontal fissure). The subfrontal

fissure demarcates the medifrontal from the subfrontal gyre.

Both the superfrontal and medifrontal gvres are characterized by a more or

less pronounced longitudinal subdivision by less constant fissural segments. They
are: (1) the paramesal fissure occupWng an intermediate position between the
superfrontal fissure and the dorsimesal border, in the superfrontal gyre, more often

composed of a series of short segments which become lost in the more complex
configuration of the prefrontal region; (2) the medifrontal fissure situated in the
prefrontal part of the medifrontal gyre, rarely extending throughout, and usually

ending cephalad in a vsidely spread bifurcation which constitutes the orbitofrontal

fissure when independent. The medifrontal fissure is usually very much ramified
and frequently anastomoses with neighboring fissures. The fissure is a char-

acteristic of human and anthropoid brains only.

By the occurrence of either or both paramesal and medifrontal fissures, the
ordinary three-tier type of frontal lobe is converted into a four-tier and five-tier

type; the latter more often in the brains of the more highly intellectual—a feature
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which is concomitant with the comparatively late phyletic and embryonic develoi

ment of the two secondary fissures described.

Other, less important, fissures are: (1) the inflected fissure (fissura inflexa"

incising the dorsimesal border between the central fissure and the cephalic limb

of the paracentral; (2) the radiate fissure, near the lateral orbitofrontal border; (3)

the transprecentral, a short oblique piece ventrad of the central and usually dipping

into the sylvian cleft; and (4) the diagonal fissure between the presylvian ramus
and the ventral end of the central, and often confluent with the precentral (Fig.

678).

2. The mesal surface of the frontal lobe is bounded by the dorsimesal border,

the mesorbital border, and the callosal fissure An arcuate fissure or system

of fissures intermediate between the dorsimesal margin and the supercallosal

fissure divides this surface into the superfrontal gyre, mesal aspect, and the callosal

gyre. The name "callosomarginal" was usually applied to this fissure, but an
examination of many brains reveals a certain integrality of fissural parts, which
are not always connected. One constant segment from its relations with the

central fissure is called the paracentral fissure, composed of a main stem with a

cephalic and a caudal limb, embracing the paracentral gyre. Frontad thereof

extends the supercallosal fissure, often in two segments, running a concentric

course between the arched dorsimesal border and the genu of the callosum.

The supercallosal may be confluent with the paracentral. The supercallosal is,

SUPERCENTRAL F.

R. = RAMUS

Fig. 678.—Fissures and gyres of the lateral .surface of the left hemicerebrum.

as a rule, quite ramified, its branches transcribing the superfrontal gyre. In

the prefrontal region and ventrad of the genu of the corpus callosum lie one or

two fissures, more or less parallel to the mesorbital border, and called, respect-

ively, the rostral and subrostral fissures.

3. The orbital surface of the frontal lobe is constantly marked by a straight

fissure, the olfactory fissure {sulcus olfactorms), which runs parallel to the mesorbital

border and is occupied by the olfactory bulb and tract.- It is about 5 cm. in length

and demarcates the mesorbital gyre from the remaining orbital gyres. This
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orbital surface is marked by a fissural system (sulci orhitales) that is usually of

zygal type, H-shaped or K-shaped, quadriradiate, or, rarely, triradiate. When the

transverse element is sufficiently pronounced it merits the name of transorbital

fissure, demarcating the preorbital from the postorbital gyral field.

(rYREs OF THE Froxtal Lobe {lohus frontalis). 1. Lateral Surface.~The pre-

central gyre (gyrus centralis anterior), one of the chief motor areas of the cerebral

cortex, is a moderately sinuous gyre extending from the dorsimesal border to

the sylvian fissure and demarcated by the central and the precentral fissures

(supercentral + precentral).

G. = GYRE

F.= FISSURE

E. A. S.

Fig. 679.—Fissures and gyres of the mesal surface of the left hemicereTorum.

The superfrontal gyre is limited laterally by the superfrontal fissure, while it

is continuous over the dorsimesal border with its mesal surface.* It merges
insensibly with the medifrontal gyre in the prefrontal region, while it may be
partially subdivided by the paramesal fissure.

The medifrontal gyre (gyrus frontalis medium) is broader than the preceding,

demarcated by the superfrontal and subfrontal fissures, and often marked by the

medifrontal fissure in its prefrontal portion.

The subfrontal gyre (gyru^ frontalis inferior) is limited by the subfrontal fissure

and the basisylvian + sylvian proper. It is traversed by the presylvian and sub-

sylvian rami, embracing the preoperculum or pars triangularis. The gyre is of

historic importance since Broca, in 1861, declared it to be the seat of speech con-

trol. (See Cerebral Localization.)

2. Mesal Surface.—On the mesal surface of the frontal lobe and embracing
the dorsal end of the central fissure lies an oval lobule or gyre called the paracentral

gyre (Iphidus paracentralis), limited by the paracentral fissure with its caudal

and cephalic limbs, Frontad thereof extends the large arched mesal surface of

the superfrontal gjie (gyrus frontalis superior), limited by the supercallosal fissure.

Between the latter fissure and the callosal fissure, concentrically situated with

respect to the superfrontal, lies the callosal gyre (tlie "gyrus fornicatu^" of other

authors).

' There being no fissure at this border, it is improper to give the mesal surface of this gyre a different nams
'». e., "marginal gyrus" of the authors).



922 THE NERVE SYSTEM

Frontad these two gyres arch around the genu of the corpus callosum, to become
merged through the disappearance of the intervening supercallosal fissure, and the
rostral fissures alone mark this surface.

INTERCEREBRAL F.

E. A. S.

SSURE
G.= GYRE

Fig. 680.—Fissures and gyres of the basal surface of the cerebrum.

3. Orbital Surface.—^The olfactory fissure and the mesorbital border "bound

the mesorbital gyre (gyrus rectus). The remaining orbital surface is not regularl}'

divisible on account of the great variability of the orbital fissures; when the trans-

orbital fissure is pronounced, a pre- and postorbital gyre may be distinguished.

The postorbital limbus is a formation occasionally met with on the orbital sur-

face. It consists of 1 curved, welt-shaped eminence demarcated by an incisure

created by the lesser wing of the sphenoid, and due, apparendy, to the intrusion

of the postorbital portion into the middle fossa of the skull.

II. Parietal Lobe (lobu^ parietalis). Fissures of the Parietal Lobe.— 1.

The lateral surface is bounded by the dorsimesal border above, by the central

fissure in front, and by a part of the sylvian fissure below; it is only partially de-

marcated from the occipital lobe by the occipital fissure, and merges graduallj^
into the temporal lobe. ]H
The principal fissures marking its surface consist of a group of integral segments

showing various degrees of confluence in different individuals and formerly

known in the aggregate as the intraparietal sulcus of Turner (sulcus interparietal^.

Two of the fissural segments present much the same parallelism to the central fis-

sure which was noted for the precentral group, and hence these are termed the

postcentral fissural complex.

The postcentral fissural complex comprises a longer mesal and a shorter lateral

4
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(and ventral) segment, which are confluent in about 75 per cent, of brains and

then very much resemble in length, continuity, and course the central fissure.

This appearance has given rise to reports of alleged duplication of the central;

an analysis of the relations of the dorsal ends of the fissures in question with the

caudal limb of the paracentral removes all doubt.

The postcentral fissure (proper) is the longer mesal (and dorsai) segment. Its

dorsal end is frequently bifurcated and then usually embraces the dorsal exten-

sion of the caudal limb of the paracentral. The subcentral fissure constitutes the

shorter lateroventral segment.

The parietal fissure is usually a slightly arched fissure inclining mesocaudad,

sometimes independent but more often confluent, with one or both of the post-

central segments just described. It demarcates the parietal gyre from the sub-

parietal district.

The paroccipital fissure, in whole or in part, probably represents a part of the

simian exoccipital or "Affenspalte," isolated by the upgrowth of gyral protons

which are totally submerged in the ape brain, but rose to the surface concomitant

with the rise in functional dignity of cortical areas so important in the human
brain. The fissure is almost invariably of zygal shape, its stem directed sagittally,

its ends bifurcated. Its confluence with the parietal fissure seems to be subject

to some morphologic law; continuity is the rule on the left side (77 per cent.), and
occurs less often on the right. The combination of continuity on the right and
separation on the left is a rare one (6 per cent.).

I^ss constant fissures are the transparietal, in ihe parietal lobe, and the inter-

medial (Fig. 678). In the subparietal district terminate the upturned ends of

the sylvian (i. e., episylvian ramus) of the supertemporal and the meditemporal

fissures.

2. The mesal surface of the parietal lobe is equivalent to the quadrangular

precuneus, limited by the paracentral and occipital fissures, while ventrad it is

imperfectly separated from the callosal gyre by the precuneal fissure (postlimbic

sulcus), usually of zygal or triradiate form and occasionally confluent with the

paracentral.

Gyres of the Parietal Lobe. 1. Lateral Surface.—^The postcentral gyre

{gyrus centralis posterior) is one of the chief somesthetic areas of the cortex. It

is a long, more or less sinuous convolution extending obliquely from the dorsimesal

border to the sylvian fissure and demarcated by the central and the postcentral +
subcentral fissures.

The parietal gyre {lobulus parietalis superior) lies between the dorsimesal border

and the parietal fissure, bounded cephalad by the postcentral, caudad partly by
the occipital fissure, the transition to the occipital lobe being maintained by the

arched paroccipital gyre.

The subparietal district or lobule (lobulus parietalis inferior) is divided into

three convolutions which arch around the upturned ends of the sylvian, super-

temporal, and meditemporal, and merge insensibly with the adjacent temporo-
occipital gyres. The marginal gjrre (gyrus supramarginalis) arches over the ex-

tremity of the episylvian ramus and is connected frontad with the postcentral

gyre, ventrad with the supertemporal gyre. The angular gyre (gyrus angularis)

arches over the upturned extremity of the supertemporal fissure, and its limbs

fuse with the supertemporal and meditemporal gyres. The postparietal gyre is

not always clearly defined ; it arches around the upturned end of the meditem-
poral or its representative segment; mesally it is bounded by the paroccipital

fissure. Variable intermedial fissures sometimes help to define the angular gyre
from its two neighbors.

2. The mesal surface of the parietal lobe has already been described as equiva-
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lent to the precuneus, from its position in "front" of the cuneus or quadrate lobe

from its general shape. It is sometimes marked by a mesal extension of the

transparietal fissure or by intraprecuneal fissures,

III. Occipital Lobe {lohiis occipitalis). Fissures of the Occipital Lobe.—
1. The lateral surface of the occipital lobe is imperfectly demarcated from the

adjacent parietal and temporal lobes in most brains. The sharply defined

exoccipital fissure or " Affenspalte" of other primates has, in the ancestry of man,
been reduced to a series of fissural segments by the upgrowth of submerged cor-

tical parts. The paroccipital fissure, we have already learned, probably repre-

sents one of the gaps in the series; another may be the sulcus lunatus (Elliott

Smith), usually termed the lateral occipital by the authors; lasdy, a fissure some-
times called the inferior occipital {suboccipital), and usually embraced, on the

occipital pole, by the bifurcate limbs of the postcalcarine, may complete the series.

Further researches are necessary to elucidate the morphology of this region.

2. The mesal surface is equivalent to the wedge-shaped region embraced by
the occipital and calcarine fissures, and called the cuneus, A fairly constant

cuneal fissure traverses its surface parallel to the calcarine.

If it is ever determined that the morphological boundary of the occipital lobe is

as oudined above, the lobe is practically excluded from the basal surface of the

hemicerebrum.

IV. Temporal Lobe (lobus temporalis). Fissures of the Temporal Lobe,— 1.

The lateral surface of the temporal lobe is bounded by the basisylvian and sylvian

fissures and by the ventrolateral border; caudally it merges into the adjacent

parietal and occipital lobes.

The supertemporal fissure (sulcus temporalis superior) is a deep, long (10 to 12

cm.), and usually continuous fissure which begins near the temporal pole, proceeds
ventrad of but parallel with the sylvian, to become upturned in the parietal lobe

and embraced by the arched angular gyre.

The meditemporal fissure (sulcus temporalis medius) is rarely continuous; more
often it is represented by a series of segments, two, three, or four in number, the

caudal segment running more vertically into the parietal lobe to be embraced by
the postparietal gyre. The meditemporal fissural segments run nearly parallel

with the supertemporal and demarcate the meditemporal from the subtemporal
gyre,

2. Tentorial or Ventral Surface.—Close to the ventrolateral margin and more
or less parallel with it runs the subtemporal fissure (sulcus temporalis inferior),

extending from near the temporal to near the occipital pole. It is rarely continu-

ous, being usually broken up into two or more segments. It demarcates the sub-

temporal from the subcollateral gyre.

The collateral fissure (fissura collateralis) is a well-marked, long (8 to 12 cm.), and
deep fissure extending from near the occipital to near the temporal pole. Caudally
it demarcates the subcalcarine gyre from the subcollateral; frontad it intervenes

between the latter gyre and the hippocampal gyre. Its middle part is correlative

with the collateral eminence. On the ventromesal aspect of the temporal lobe

and near its pole, cephalad of the uncus, is a moderately marked fissure or groove,

called, because of its topographic relation to the amygdaline nucleus—a gray,

ganglionic mass—the amygdaline fissure (fissura ectorhinalis s. postrhinalis), or

incisura temporalis.

3. The dorsal or opercular surface of the temporal lobe enters into the formation

of the sylvian cleft. It is but slightly marked by a few oblique or transverse

furrows (transtemporal fissures) demarcating slightly elevated transtemporal gyres.

Gyres of the Temporal Lobe.—The five principal fissures named subdi^•ide

the lobe into five gyres. On the lateral surface lie the supertemporal, meditemporal.
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and subtemporal gyres (gg. temporalis superior, mediiis ei inferior); on the ten-

torial surface are the subcalcaxine {gyrus lingualis), subcollateral {gyrus fusiformis;

g. occipitotemporalis) and part of the subtemporal.

The hippocampal g3rre (gyrus hippocampi), formerly included in the "limbic

lobe," but morphologically belonging to the neopallium, occupies the dorsiraesal

part of the ventral surface of the temporal lobe. The longer or shorter extension

of the occipitoc-aicarine stem partially (forming the isthmus gyri luppocampi)

interrupts its continuity with the callosal gyre. It is demarcated by the collateral

fissure (in part) and the hippocampal fissure, broadens out toward the temporal

pole, and appears to become bent upon itself dorsally to form the uncinate gyre

uficus). As will l)e learned in the sequel, the hippocampal g\Te is demarcated

irom the uncus proper by the intervention of the frenulum Giaeomini—^an exten-

sion of the narrow, gray, dentate gyre.

CEREBELLUM
OLFACTORY

LOBE.

Fig. 6S1.—Brain of a six-months' human embrj'o,
Litural size, right side. The insula la erpoaed.
Kolliker. i

Flo. 682.—Cerebrum of an eight-months' human embryo,
leftside. The insula is nearly covered in. iTestut.i

Near the temporal pole it is demarcated from the subcollateral gyre by the

fissura rhinica,^ or postrhinal fissure; this fissure is not infrequently confluent with

the collateral.

The surface of the hippocampal g>Te, particularly in the zone along the hippo-

campal fissure, is of a more whitish color than is characteristic of other cerebral

gyres; this is due to a white reticular stratum of fibres, the substantia reticularis

alba. The convex, broader part of the gyre is marked by numerous small,

wart-like eminences, resembling the skin of an amphibian, and called by Retzius

the verracae gyri hippocampi. Just ventrad of the uncinate portion, or the ter-

minus of the hippocampal fissure, lies a groove marking the impression of the

free edge of the tentorium cerebelli.

The Island of Reil (insula: central lobe) (Figs. 682, 683).
—

^The island of Reil

hes deeply in the sylvian cleft and can only be seen when the lips of that cleft are

widely separated, since it is overlapped by the opercula already described. With
the opercula removed, the island of Reil presents a tetrahedral shape with its apex

or pole directed frontoventrad. Its borders are sharply outlined by the cir-

cuminsular fissure except in the depths of the basis^lvian cleft, where the insular

cortex is continuous with the gray substance of the anterior perforated substance

—

the threshold or limen insulae (belonging to the rhinencephalon). An oblique

transinsular or central insular fissure divides this district into a larger preinsula

and a smaller postinsula. The postinsula is usually a single long g\Te (gyrus

longus insulae), while the preinsula is subdivided by shallow fissures into three,

' Called by Wilder, on account of its correlation with the amygdaline nucleus, the amygdaline fissure. Schwalbe
calls it ( in part i the incisura temporalis.
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four, or five shorter preinsular gyres {gyri breves insidae), built upon a radiate plan,

converging in the region of the insular pole. As already hinted, the island of ;

Reil represents an area of the brain mantle whose growth did not keep pace with I

that of the surrounding parts; hence its submergence by them. The close appo- !

sition of the insular region to the subjacent basal ganglia, and the failure of devel* i

opment of great masses of projection fibres so prominent elsewhere, were doub^H
lessly factors therein. The insular cortex is uninterruptedly continuous with tfliPI

rest of the cortex, but it has become specialized into the purest association centre

in the cerebrum, and we shall learn of its intimate relations to the faculty of spec

on page 961.

Fig. 683. -The left island of Reil schematically represented in a supposedly transparent cerebral hemisphere,
showing how it is concealed from view by the opercula.

The Rhinencephalon, or Olfactory Lobe (lobus olfdctorius) (Figs. 684, 685).

—

The grouping of the parts constituting the central olfactory structures under the

term "rhinencephalon" as distinguished from the rest of the fore-brain (pallium)

was first clearly made by Turner and proved by His to be embryologically well

founded and by Edinger to agree with phylogenetic development: More light

has been thrown upon the subject recently by Retzius and Elliott Smith. The
sense of smell, while highly useful in the quest for food in earlier and lower forms

of vertebrates, is relatively little used in the mental life of man. The enormous

preponderance of the cerebral mantle and the concomitant atrophy of the rhinen-

cephalon in the human brain afford one of the most striking contrasts in brain

morphology. This relatively feeble development in bulk of the olfactory apparatus

in the human brain by no means renders its description simple. In fact, not

until its development in lower macrosmatic animals was studied could anatomists

form even an approximately clear conception of the seemingly disjointed remnants

in the human brain of an olfactory apparatus so relatively huge in lower animals.

The great expansion of the cerebral hemispheres and of the great commissure

which connects them (the corpus callosum) has been an important factor in widely

displacing primitively connected parts. The developmental history must be

sought for in the writings of Edinger, Retzius, and Elliott Smith.
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The Rhinencephalon comprises:

1. Peripheral parts.

2. Central or Cortical parts.

A comprehensive term for the peripheral part is lobos olfactorios, divisible into

pre- and postolfactory parts.

Preolfactory lobe

Postolfactorv lobe

1. Bulhus olfaciorius.

2. Tractus olfaciorius.

3. Tuberculum olfadorium and irigonum.

4. Area parolfactoria (Broca).

5. Stria olfactoria medialis.

6. Stria olfactoria intermedialis.

. 7. Stria olfactoria laieralis.

J 8. Anterior perforated substance.

\ 9. Gyrus suhcallosus and Broca's diagonal band.

C. OLFACTORIO
OR8ITALIS

LATERAL STRIA

ANSULUS LATERALIS

INTERMEOiATE STRIA

ANTERIOR
PERFORATED
SUBSTANCE

GYRUS AMBIENS

GYRUS SEMILUNARIS

r^ENULUM GIA^OMINI'

UNCUS

CYRUS SUBCALLOSUS

AREA PAROLFACTORIA

CYRUS OLFACTORIUS
MEDIALIS

LIMCN INSULAC

BROCA-S OIAGONAV
BAND

LAMINA TERMI*
NALIS

ULCUS SEMI-
ANNULARIS

Fig. 684.—Schematic representation of the rhinencephalon, basal asi>ect.

The Preolfactory Division.—^The olfactory bulb and tract form a long and
slender band with a bulbous extremity situated on the basal aspect of the frontal

lobe and constituting a rudimentary remnant of a relatively large diverticulum,

developed from the sensor ectoderm close to the border of the neural plate before

it becomes converted into the neural tube and situated on either side of the neu-

ropore at the extreme frontal end. Although hollow at first, the cavity (rhinocele)

soon becomes obliterated.

The olfactory bulb (bulbus olfactorius) is an oval mass of reddish-gray color,

which rests on the cribriform plate of the ethmoid and is received in the olfactory

fissure on the orbital surface of the frontal lobe. It receives the numerous
olfactory ner\'es (fila olfactoria) from the nasal mucous membrane. The olfactory

tract (tractus olfactorius) is a band of white substance, of prismatic outline on
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section, its apical ridge fitting into the olfactory fissure. Toward its root region

it is somewhat narrowed.

The medial and lateral olfactory gyres are also termed the medial and lateral

roots of the tract, and diverge in the region of the trigonum. The olfactory

tubercle is best seen if the bulb and tract be lifted away from the olfactory fissure;

the tubercle appears as a small pyramidal elevation, its apex buried in the olfac-

tory fissure, its irregularly triangular base forming the trigonum olfactorium, a

small gray area frontad of the anterior perforated substance. This area is marked

by ridge-like elevations which appear like radiating roots of the tract, and named,

according to their position, the medial, intermediate, and lateral roots, striae or

gyres. The lateral olfactory stria is continuous with the limen insulae in the depths

of the basisylvian cleft, and thence passes to the uncus to end in the gyrus, ambiens

and gjmis semilunaris. The sharp turn made at the limen insulae is called the

angulus lateralis. The medial olfactory stria, a narrow gyral band, proceeds

mesad and merges with the adjacent cerebral surface; its extension on the

mesal surface is known as the parolfactory area (Broca) limited frontad by the

anterior parolfactory sulcus {sulcus parolfactorius anterior) and separated from

the subcallosal gyre by the posterior parolfactory sulcus (sulcus parolfactorius

posterior) .

The intermediate stria is not always very distinct ; when present it may be traced

from the proximal end of the olfactory tract for a short distance over the gray

^eld of the trigonum, to plunge into the gray of the anterior perforated sub-

stance.

PosTOLFACTORY DIVISION.—The anterior perforated substance or space oc-

cupies an irregular quadrate field between the olfactory trigone and the optic

chiasm and tract. A more or less marked groove {sulcus parolfactorius posterior),

which is identical with the fissura prima (His) of the embryo, separates the trigo-

num from the anterior perforated substance. Its frontal part, much perforated,

is of a darker color than the hind portion; the latter is distinguished by the name
of Broca's diagonal band. This courses obliquely laterad along the optic tract

toward the uncus; mesally the bands of the two sides converge, frontad of the

lamina terminalis, and proceed tow^ard the rostrum of the corpus callosum as

narrow fields which taper to curve around the genu and continue in the indusium

of the corpus callosum as the striae longitudinales. The narrow field seen on the

mesal aspect frontad of ^he lamina terminalis and anterior commissure is known
as the gsrrus subcallosus {formerly peduncle of the corpus callosum). The con-

tinuity of the various parts may be understood by reference to Figs. 684 and

685.

The cortical and central part of the rhinencephalon comprise:

1. The hippocampus.*

2. The uncus.

3. Gyrus dentatus.

4. Fasciola cinerea.

]
5. Indusium, medial and lateral longitudinal striae upon the corpus

callosum.

I 6. Gyri Andreae Retzii.

L 7. Gyri subcallosi.

8. Fornix and fimbria.

9. Corpus albicans and albicantiothalamic tract.

10. Part of anterior commissure (jprecommissure).

. 11. Part of septum pellucidum.

' Not to be confounded with the hippocampal gyre of the palliuiD,

Cortical

Central
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Central or Cortical Parts of the Rhinencephalox.—Following the sug-

gestion made by Broca in 1S7S, it has been customary to designate these various

parts by the comprehensive terra limbic lobe. Broca's notion of the limbic

lobe in man was founded upon attempts to homologize the human cerebral con-

figurations with those found in lower animals. More recent researches have

proved that Broca's "limbic lobe" included parts belonging to the neopallium and
not to the rhinencephalon. The term is therefore inappropriate in a morphologic

sense.

The hippocampus is the submerged, peculiarly folded margin of the cerebral

hemisphere produced by the hippocampal fissure. Its architecture can best

be understood by referring to a frontal section (Fig, 686). It is seen that the

whole cerebral marginal wall is pushed into the ventricular ca\'ity (middle cornu)

as a fold caused by the intrusion of the hippocampal fissure. A secondary

fold not produced by a fissure, however—constitutes the gyrus dentatus. Super-

imposed lies a prominent white band—the fimbria—composed of axones from

INDUSIUM,«ND STRliE

FUSION OF FASCIOLA
CINEREA AND DEN.
TATE GYRE

GYRI ANDREC
RETZM

CIOLA CINEREA

GYRUS SEMILUNARIS

GYRUS AMBIENS

E. A. S.

Fig. 685.—^Schematic representation of the rhinencephalon, mesal aspect.

the hippocampal cells, assisting in the formation of a white lamina, subjacent
to the ependyma of the ventricle, and called the alveus. The whole formation
is characteristic of this region, and from its fancied resemblance to a ram's horn

—

a s^-mbol used on the temple of Jupiter Ammon—the name of cornu ammonis'
has been given; the name hippocampus was applied because of a fancied resem-
blance to the marine animal of the same name. The ventricular relations and
internal structure of the hippocampus will be given farther on (p. 942).
The uncus, with the atrophied lateral olfactory stria, is all that remains in the

human brain of the relatively large p\Tiform lobe of lower forms. It appears
to be a hook-like retroflexion of the hippocampal gyre which is partially encircled
by the gyrus dentatus. ^Morphologically speaking, it is only the apical portion,
or that which lies caudad of the dentate g\Te which is the true uncus (the gyrus
iniraUmbicus of Retzius); the remainder is neopallial and a part of the hippo-
campal gyre. The uncinate or intralimbic gyre may be traced caudad in the

' Frequentiy, but incorrectly, given as Amnion's Horn.
69
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depths of the fimbriodentate fissure, along the dentate gyre, the dentatofasciolar

groove intervening, to be continued as the fasciola cinerea (gyrus fasciolaris of

Retzius) over the splenium of the corpus callosum.

If the hippocampal gyre be depressed for the purpose of examining the depths

of the hippocampal fissure, there is revealed a narrow, gray band whose surface

is scored by numerous incisures and whose edge is notched at frequent intervals.

This corrugated band is the dentate gyre or fascia dentata. Partly overlapping it,

but farther laterad, lies a white band—the fimbria—extending caudad from the

uncus to become continued as the fornix.

Fig. 686.—Trans-section of the hippocampal gyrus. (Edinger.)

The dentate gyre is demarcated from the hippocampal gyre by the hippocampal

fissure, from the fimbria by the fimbriodentate fissure, in whose depths lies the

narrow continuation of the uncus or gyrus intralimbicus—the fasciola cinerea.

Extending caudad, and for the most part parallel with the fimbria, it loses its

corrugated appearance on approaching the splenium, then fuses with the fasciola

cinerea, parting company with the fimbria (which now becomes fornix), to be

continued upon the corpus callosum as a thin, broad plate of gray substance

—

the indusium or gyrus epicallosus. At the uncus the dentate gyre makes an abrupt

turn to appear upon the mcsal surface, out of the depths of the hippocampal fissure,

and encircles the neck of the uncus, forming the frenulum Giacomini. Beyond
this point it can be traced, in rare instances, to the gyrus semilunaris.

The g3n-i Andreae Retzii are rudimentary gyral formations consisting of small,

rounded, oval or spirally corrugated eminences situated ventrad of the splenium

in the angular interval between the dentate and the hippocampal gyres. Struc-

turally they have been shown to belong to the hippocampal formation.
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The indusiuin (g>TUS epicallosus s. supracallosus), considered to be a vestige

of the hippocampus, is a thin strip of gray substance superimposed upon the

corpus callosum and raised into two paired ridges by longitudinal fibre bundles

which constitute the mesal and lateral longitudinal striae.^ The indusium and its

strise are continued cephalad into the gyrus subcallosus; perhaps, also, into the

parolfactory area (Fig. 685).

The central connections of the rhinencephalon will be considered in the de-

scription of the internal configuration of the hemisphere. (See Fornix, Anterior

'Mmmissure. etc.)

Internal Configuration.—Each cerebral hemisphere contains a ca\'ity, the

lateral ventricle (paracele), an extension of the primitive neural cavity carried

outward, its contours modified by the developmental changes in the growth history

of the secondary fore-brain vesicle. This central cavity is surrounded by the thick,

convoluted walls of nerve tissue which make up the bulky cerebral hemispheres.

The cerebral tissue, as elsewhere in the central axis, is made up of giuy and white

FASCIOLA
CINERE*
GVRI ANDREAK
RETZII

DENTATE GYRE

GYRUS
SEMILUNARIS E. X. S.

F-RENULUM
GIACOMINI

Fig. 687. -Mesal view of a partly disserted cerebral hemisphere, to show the relations of fimbria, fasciola
cinerea. dentate g>'re, and uncus.

substances. Two well-marked types of gray substance are recognizable: (a)

the cortical, so named because its situation upon an interior white centre invites

comparison with the rind (cortex) of a fruit; (6) the massive ganglionic or nugget-
like mas.ses not dissimilar from the thalamus already described, comprising, in

this divi.sion of the brain, the caudate, lenticular, and amygdaline nuclei. The
white substance fills out the entire space intervening between the cortex, the cavity

of the lateral ventricle, and the great basal ganglia, and is composed of myelinic
axones which connect the elements of the cortex with other parts of the nerve
system, or with other regions of the cortex of the same or the opposite cerebral

hemisphere.

If a brain, resting upon its basal surface, be sliced by successive horizontal
sections from above, the peripheral gray and internal white are brought into view.

> The mesal strise are also called Striae Landaii; the lateral strise. Teniae tedae.
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The more superficial sections reveal relatively more gray than white substan(

deeper sections show a reverse condition, and a section immediately dorsad of tl

corpus callosum reveals, in each cerebral hemisphere, a very extensive semiovf

field of white substance, the centrum semiovale, surrounded on all sides by a narrov

convoluted margin of gray substance, the cortex. A close examination of the ci

surface, in a fresh and normal brain, shows it to be studded with numerous minu^

red dot's (puncta vasculosa) produced by the escape of blood from divided blo(

vessels.

The Cortex.—The cortex, as revealed in such a section, is not of uniform thickne

throughout; different regions show different cortical thicknesses. In general, tl

cortex is somewhat thicker at the summit of a gyre than in the depths of

adjoining fissure, and it is thicker upon the convex than upon the mesal or basal

surfaces. The maximum thickness is observed in the cortex of the central gyre

Fig. 688.—Corpus callosum. (From above.)

and the insula; the minimum at the frontal and occipital poles, notably the lattc

Not only is the cortex not of uniform thickness, but it is not of homogeneous

structure as seen with the naked eye. An alternation of gray and white stripes

is discernible, particularly in the occipital cortex, where a white band runs parallel

with the cortical surface between two gray strata; this white stripe, first described

by Gennari and usually bearing his name, is also called the band of Vicq d'Azyr,

The preponderance of white substance over gray substance in the cerebrum is a human charac-

teristic concomitant with the relative increase of the association cortex, in turn demanding a more

intricate interconnection of the many nerve cells by a mukitude of association neurones. These.

I
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coordinating fibre systems are as truly representative of the complexity of man's thought app>a-

ratus as the number of interconnecting wires within a telephone " central" station is indicative

of the amplitude of connections possible in that system. The proportions of gray and white

substances are expressed in the following tabulation:

Grav substance i
Cortex 33 per cent.

( Ganglia o per cent.

^Miite substance 61 per cent.

The removal, by successive slices, of the dorsal parts of the cerebrum soon

brinjLjs into view the large expanse of transverse myelinic fibres, the corpus callosmn,

which connects the two hemi.spheres.

The Corpus Callosmn (Trabs cerebri; commissura maxima).—The corpus callosum

is a thick stratum of transversely directed nerve fibres, by which almost every part

of one cerebral hemisphere is connected \^"ith the corresponding part of the other

cerebral hemisphere (Figs. 689 and 690). The axones composing it arise from the

Fig. 689.—Diagram of coronal section of cerebrum to Fig. 690.—Diagram of horizontal section of cere-
show course of fibres of corpus callosum. (Testut.) brum to show course of fibres of corpus callosum.

(Testut.)

small pyramidal or the polymorphous cells of the cerebral cortex, or they may
be collaterals from the long association or even the projection neurones. They
pass in both directions and within the centrum semiovale radiate in various direc-

tions iradiatio callosi) between the fibres of the corona radiata to terminate in

the layer of small p\Tamidal cells of the cortex, thus forming a great transverse

commissural system, and at the same time roofing in the greater part of the lateral

ventricle in each half. A portion of the dorsal surface is free for a width of about
1 cm. on either side of the mesal plane, partly covered by the indusium and
overlapped by the callosal gyres of the two sides, a fold of pia intervening.

The mass of radiating fibres may, for convenience of description, be sub-
divided into a pars frontalis, a pars parietalis, and a pars occipitotemporalis. The
frontal and occipitotemporal portions are compressed or thickened mesally because
the fibres cannot pass directly across, but curve, respectiveh', frontad and caudad
in each hemicerebrum to form two tong-like bundles, the forceps anterior s. minor

(preforceps) , and forceps posterior s. major (postforceps). The pars parietalis

constitutes the greater part of the "body" of the corpus callosum. The fibres

traversing the body (truncus corporis callosi) and the adjacent part of the splenium
curve around the posterior cornu and trigonum ventriculi of the lateral ventricle,

to form a thin but definite white stratum, the tapetnm, in the roof and ectal wall

of these parts of the cavity.

The transverse direction of the fibres is rendered apparent in a dorsal view
of the exposed corpus callosum in the form of the striae transversae. These are
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but little obscured by a thin, gray lamina—the indusium—which is thickened

longitudinally by two symmetrically situated fibre strands, the mesal (striae

Lancisii) and lateral longitudinal striae (teniae tectae), already mentioned as rudi-

ments of the rhinencephalon.

The best conception of the size and form of the corpus callosura is obtained froi

a view of a mesal section. It is then seen to be a long, thick, somewhat flattene

arch which bends sharply upon itself frontad to form the genu {genu corpor

callosi), while its caudal end is rounded and somewhat folded closely upon itsel

to form the splenium. The corpus callosum ranges in length from 7 to 10 crai

its cross-section area from 5 to 10 sq. cm., being longer and larger in heavic

brains and in those of the highly intellectual as compared with smaller and les

highly efficient brains. It extends to within 4 cm. of the frontal pole and to withij

6 cm. of the occipital pole. The thickness of the "body" averages 5 mm.; of tl

splenium, 9 mm. or more, while the maximum thickness of the genu is aboi

13 to 15 mm. The reflected portion or rostrum {rostrum corporis callosi) gradual

tapers into a very thin lamina, the copula {lamina rostralis), which in turn joii

the lamina terminalis frontad of the anterior commissure.

The splenium {splenium corporis callosi) projects as a rounded w^elt over tl

mid-brain, but is separated from it by a pial fold—the velum interpositui

Farther frontad the fornix becomes fused to the ventral surface of the corpt

callosum for a short distance, to again leave it in its more arched course towai

the corpus albicans. Two thin laminae, one on either side of the median plai

but closely applied to each other and frequently partially fused, occupy the intervj

between corpus callosum and the fornix of each side. The laminae togeth^

are termed the septum lucidum of the authors, each one being called a hemisepti

the enclosed cavity is called the fifth ventricle or pseudocele, though not derive

from the original neural cavity.

HIPPOCAMPAL
COMMISSURE

CORPUS CALLOSUM
HIPPOCAMPUS

CORPUS
CALLOSUM

-ANT. COMMISSURE
REGION OF
ANT. COM.

OLF. _
~

/ ^1. ^ E.
ANT. COMMISSURE G. SUBCALLOSUS /

ANT. COMMISSURE LAMINA TERMINALIS

A B C

Fig. 691. —Schemata showing the development of the corpus callosum and its relations to hippocampi!
fornix, and anterior commissure. Lamina terminalis (terma) in heavy black, corpus caliosum dotted. * Re
resents the attenuated indusium and longitudinal striae already described.

Development.—The corpus callosum develops as a mass of commissural fibres which gro^

from side to side in the lamina terminalis (terma). The lamina terminalis serves as a matrix

for several commissural systems—viz., the hippocampal commissure and the anterior commissure,

in addition to the corpus callosum. The last develops rapidly in higher mammalian brains,

thrusts aside the hippocampal margin of the pallium so that it atrophies in large part, and
stretches out within its sharply bent arch a portion of the precommi.ssural wall of each

cerebral vesicle. It thus withdraws a part of the intercerebral cleft, eventually enclosing it

entirely as the fifth ventricle. The stages of development are shown schematically in Fig. 691

and its development in the human embryo is shown in Fig. 692. The corpus callosum is most

fully developed in man and does not appear below the marsupials. Its growth kept pace with

the preponderatingly greater development of the neopallium in higher forms, and it may be

looked upon as an index of the elaboration of at least one division of the association systems
~

those concerned with bilateral coordinations.
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Fig. 692 Fig. 693. f**^

Fig. 694

Fig. 695.

E. A. a

^^
Figs. 692-695.—Brains of human embo'os; mesal aspects of median sagittal section show the development of

tne corpus callosum. Fig. 692. Fourth month. Fig. 693. Fifth month. Fig. 694. Sxth month. Fig. 695.Seventh month.
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The Lateral Ventricles.—An incision through the corpus callosum, on either sic

of the median plane, will expose two large, irregular, symmetrically situate

cavities, the lateral ventricles, extending through a great part of each cerebral

hemisphere. Each lateral x^entricle communicates with the third ventricle

through a small opening, the foramen of Monro, situated between the forni-

column (anterior pillar of fornix) and frontal end of thalamus. The cavity is

lined throughout by ependyma; it is narrow in some and wide in other localities,

and contains cerebrospinal fluid.

The shape of the lateral ventricle is best understood by reference to a cast of its

interior, and its location within the cerebrum may be appreciated by a study o\

Figs. 696 and 697. Conventionally the lateral ventricle or paracele is described

being composed of a body or cella and three horn-like extensions or comua. View(

laterally its contour corresponds to that of the cerebral hemisphere and its cornu(

project toward the three poles—viz., frontal, occipital, and temporal.

^^^^^^^^^ a -
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Fig. 696.—Showing the ventricular system of the brain as a solid cast as if seen through a transparent brain.

The body {yars centralis ventricidi lateralis) or cella of the lateral ventricle i^
defined as that portion which extends from the foramen of Monro to the regio^Bj

of the splenium. Its frontal prolongation is called the anterior horn or precoma. '

Near the splenium the cavity may be traced ventrolaterad into a capacious part

(trigonum ventriculi), from which the posterior horn (postcornu) and middle horn

(medicornu) are prolonged, respectively, toward the occipital and temporal poles.

The anterior horn or precomu (cornu anterius) passes frontad, inclined slightlx'

ventrolaterad. Its floor is the head {caput) of the caudate nucleus, forming a

rounded incline sloping mesad toward a trench-like recess floored by the rostrum

of the corpus callosum. Its roof is the anterior forceps of the corpus callosum.

Its mesal wall is formed by a portion of the hemiseptum of the septum lucidum.

Laterally it is limited by the apposition, at an acute angle, of the corpus callosum

and the caudate nucleus. Its apex reaches the ventricular surface of the genu

I
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the corpus callosum. The general outline of this part of the ventricle, in a

frontal section, is triangular (Fig. 707).

The body of the cavity is curved with its convexity dorsad; its outline in trans-

sections varies from the triangular to a mere slit which slopes slightly meso-

ventrad. It is wholly roofed in by the corpus callosum {jpars froivtoparietalis).

lis floor is formed by tlie following structures named in order from its ectal toward

ANTERIOR
COMMISSURE

LCNTICUtAR
NUCLEUS

HIPPOCAMPAl
OIGITATIONS

COLLATERAL
EMINENCE

E. A. S

Fig. 697.—Dissection showing the left lateral ventricle (paracele) exposed-

its ental limit: (1 ) caudate nucleus or caudatum; (2) a groove which marks the

Une of coalescence of caudate nucleus and thalamus and lodges the taenia! rein

and a narrow fibre strand—the taenia semicircularis, beneath the ependyma;
(3) a reflexion of the epejidyma onto a narrow area of the thalamus; (4) the

choroid plexus of the lateral ventricle; (5) the thin, sharp (fimbriated) edge of the

fornix. The caudate nucleus narrows rapidl^ as it passes caudad. The taenia
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semicircularis, lying along the ental border of the ventricular surface of the
caudate nucleus, is a small band of white fibres arching from the amygdaline
nucleus (near the temporal pole) to the anterior perforated substance. The
entrance of a part of the thalamus into the formation of the floor of the lateral

ventricle is apparent enough, but morphologically it should be strictly excluded
therefrom. The thalamus is in no way formed from the parietes of the secondary
fore-brain vesicles (telencephalon), for it is, in fact, excluded by a layer of ependyma
(lamina affixa) reflected onto, and often separable from, the surface of the thala-

mus, so that it appears as a constituent of the floor because of the transparency of

the ependymal sheet. The choroid plexus of the lateral ventricle is a richly

vascular invagination over which the ependyma is continuous to again become
reflected onto the fornix along its sharp edge. A reference to Fig. 670, show-
ing the topographical relations of these structures in a frontal section, may be of

assistance.

The cavity is thence continued ventrolaterad in a bold sweep to become ex-

panded as an obliquely pyramidal space of a somewhat triangular outline on
section, and placed subjacent to the parietal lobe—the trigonum ventriculi {tri-

gonum collaterale) . A conspicuous feature in its floor is the collateral eminence,

correlated with the collateral fissure. From the trigonum, the most capacious

part of the lateral ventricle, the cavity is prolonged in opposite directions as the

middle and posterior cornua.

Tail of caudaie nucleus

Choroid 2>lexus

Epithelial lining of ventricle

Pia mater

Fimbria
Fintirio-dentate.

fissure

Alveus

Dentate gyrus'

Dentate fissure/

Fig. 698.^Coronal section of descending horn of the lateral ventricle. (Diagrammatic.)

The middle horn or medicomu (cornii iiiferius) is a prolongation of the ventricular

cavity, from its trigone toward the temporal pole, which pursues a curved course

with its convexity directed ventrolaterad (Figs. 696 and 697), corresponding

to the curved contour of the temporal lobe, and situated at a depth of about 3 cm.

from its lateral surface as well as from the temporal pole. The roof is formed by

(a) the tapetum of the corpus callosum; (h) the cauda (tail) of the caudate nucleus;

(c) the taenia semicircularis. The medial wall is principally composed of the

hippocampus, a prominent welt-like eminence bulging into the cavity, largely

filling it, and produced by the hippocampal fissure. The hippocampus nearly

conceals from view the actual floor, which is of variable extent in different brains

and usually marked by an extension of the collateral eminence previously described.

Surmounting the corrugated hippocampal formation and projecting slightly

into the cavity, is the fimbria, and from its sharp edge the ventricular ependyma
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is reflected upon the invagina ted choroid plexus of the lateral ventricle. The
choroid plexus of the middle cornu is more voluminous than that of the body

of the ventricle, and must be lifted in order to expose the whole of the ventricular

aspect of the hippocampus.

At the apex of the middle cornu the roof presents a more or less pronounced

bulo'ing, the amygdaloid tubercle, due to the presence of the amygdaline nucleus,

a small mass of ganglionic gray from which the taenia semicircularis arises and in'

which the caudate nucleus apparently ends.

The posterior cornu or postcomu is a shorter diverticulum which passes toward

the occipital pole in a gendy curved course, with its convexity directed laterad.

It is not very capacious, usually slit-like on section, and tapers to a point within

2 or 3 cm. of the occipital pole. Its roof, slanting lateroventrad, is formed by the

Fio. 609.- -Diagram showing the topography of the lateral ventricle, naiddle meningeal artery. *nd cerebrum within
the cranium.

tapetum of the corpus callosum. On the inner or inesal wall two elongated

bulgings may be observed. The upper or dorsal elevation, called the occipital

bulb or bulb of the cornu (bulbus cornu posterioris, callosal eminence [Wilder]),

is formed by the compact arched posterior forceps of the corpus callosum as it

curves around the very deep occipital fissure. The occipital bulb is not always
well marked. Yentrad of it lies a more constant limbus or welt-like elevation,

the calcar (calcar avis: hippocampus minor), a projection produced by the infolding

of the cerebral wall along the calcarine fissure. The floor is continuous \^-ith the col-

lateral eminence in front. The choroid plexus does not enter the posterior comu.
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The choroid fissure or rima (fissure of Bichrit) is not a true fissure, and only

becomes one when the choroid plexus of the lateral ventricle is torn from its

connections. The choroid fissure is nevertheless a gap between the diencephalic

part and the overlapping and recurved telencephalon produced by the extension

of the secondary fore-brain vesicles in an arcuate manner. It is along this arcuate

and fissure-like gap (Fig. 700) that the richly vascular (pial) choroid plexus invag-

inates the atrophied parietes of the secondary fore-brain to form the choroid plexus

which is everywhere covered by ependyma. The choroid fissure extends from the

foramen of IMonro to near the tip of the middle cornu in an arcuate course, and

ependymal reflections everyw^here close in this gap except at the foramen of jNIonro.

The manner in which this is accomplished may best be understood by a study

of a trans-section showing the ependymal reflections from the ventricular wall

onto the invaginated choroid plexus (Figs. 670 and 698). The caudatothalamic

fusion and the intrusion of the great fibre masses constituting the cerebral crura

play their parts in complicating the relations in brains of higher type.

E. A. S.

Fig. 700.—Diagram showing the choroid fissure. (Bich&t.)

The Choroid Plexus of the Lateral Ventricle and Velum Interpositum.

—

The cho-

roid plexus is a highly vascular, fringe-like structure composed of pia which is

invaginated into the lateral ventricle along the choroid fissure, or gap between

cerebral hemisphere and diencephalon. The portion of the choroid plexus

protruding into the "body" of the lateral ventricle is the fringed vascular bor-

der

—

a triangular fold of pia—the velum interpositum {tela choroidea sujjerior),

which, as its name implies, is interposed between the relatively small primary

fore-brain and the enormous overlapping secondary fore-brain, and is produced

by the overgrowth of the latter onto the former. Inasmuch as the nerve tissue

in the roof of the third ventricle atrophies totally, the ventral fold of the pia comes
into contact with the ependyma of that ventricle and here permits a similar

vascular invagination in the form of two parallel fringes hanging into the cavity

(diaplexus or choroid plexuses of the third ventricle). The dorsal leaf of the pial

fold is in contact with the ventral face of the body of the fornix. Frontad, the

velum interpositum tapers toward the region of the two foramina of Monro,

where the choroid plexuses of the two sides are continuous with each other.

The ventricular surface of the choroid plexuses is everywhere covered by ependyma
which is reflected from it to the fimbriated edge of the fornix on the one hand and

to the line of the taenia semicircularis (over the thalamus by the lamina affixa)

on the other. Its vascular components, in addition to undefined lymphatic

channels, are the anterior choroid artery, a branch of the internal carotid, entering
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Fornix

Thalamus

Corpora quadrigemina

Fig. 70L—Diagram showins the mode of formation of the velum inteipositum.

Fig. 702.—The fomLx, velum interpositum. and middle comu of the lateral ventricles
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the plexus of the middle cornu; and the posterior choroid artery from the posterior

cerebral artery reaching the choroid plexus in the neighborhood of the splenium.

The venules of the plexus join to form a tortuous middle comual vein which

terminates frontad by joining one of the velar veins.

The velar veins (veins of Galen), one on either side close to the median line,

running in the fold of the velum interpositum, are formed by the union of t

tenial, striatal, and middle comual veins. The two velar veins unite to form

common trunk which empties into the straight sinus.

The Hippocampus and Fornix.—The hippocampus and the fornix merit speci

description. The hippocampus, as seen in the middle cornu, is a white eminen
about 5 cm. (2 inches) in length, of a curved elongated form, enlarging cephala

and tapering caudad as the hippocampal fissure decreases in depth. The enlarg

extremity is marked by alternate elevations and depressions, usually three i

number, the hippocampal digitations; because of its reseml)lance to a lion's paw
is sometimes called the pes leonis or pes hippocampi. The white appearan

of the ventricular aspect of the hippocampus is due to a stratum of white substano

the alveus, made up of myelinic axones from hippocampal cells and continu

into the fimbria. The fimbria is folded so that its sharp margin is directe

Choroid plexus

B7ilb ofposterior cornu

Calcar

I

Fissure of,

Sylvius

Eminentia collateraha

Fimbria

Hippocampus

Fig. 703.—Posterior and descending cornua of left lateral ventricle exposed from the side.

toward the cavity of the middle cornu; eventually its fibres will be seen to enter

into the formation of the fornix. The formation of the hippocampus is best ob-

served in a coronal section (Fig. 686). In this view it is seen to be a peculiarly

folded margin of the cerebral cortex, corrugated by the intrusion of the hippo-

campal and fimbriodentate fissures. Morphologically it is a vestigial sub-

merged portion of the rhinencephalon, as a part of which it has already been

described (p. 929).

The fornix (Figs. 704, 705) is really a paired structure consisting of bilaterally

symmetrical halves composed of longitudinally directed fibres which arch on each

side from the region of the uncus to the corpus albicans. The two lateral parts

join each other in the mesal plane along the summit of the arch to form the body

of the fornix (corpus fornicis). Frontad they diverge slightly as they proceed
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toward the corpus albicans; caudad they diverge more widely. The paired

di\'erging portions are called respectively the anterior and posterior pillars of the

fornix. The fibres of each half fornix arise from the pyramidal cells in the hippo-

campus, and their course will be traced from this source to the ending in the corpus

FRENULUM
GIACOMINI

HIPPOCAMPAL
COMMISSURE

FASCIOU
CINEREA

E. A. S.

Fig 704.—The fornix, hippocampal ronunissure, splenium, and dentate g>-re seen from the basal aspect.

albicans. Beginning at first as a stratum of white substance {alveus) consti-
tuting the ectal surface of the ventriculor bulge of the hippocampus, the fibres
become collected along its medial border in a narrow but distinct folded band,
the fimbria. This increases in diameter as increments are added to it along

*NT. PILLARS
OF FORNIX

HIPPOCAMPUS

Pig. 705.—Diagram of the fornix. (E. A. S.)

Its course, until, at the apical region of the trigonum ventriculi, it leaves the
dwindling hippocampus to ascend in a curv-ed course (dorsimesad) toward the
subsplenial callosal surface as a thick, flattened band. Once free from the hippo-
campus on each side, the two converging bands of opposite sides are called the
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posterior pillars or crura fomicis. The majority of the fibres continue frontad

in each half fornix, but a number course transversely to enter the crus fomicis

of the opposite side to end in the hippocampal formation. These fibres, of

transverse course, form a thin lamina filling in the small triangular space in the

subsplenial region between the converging crura fornicis and constituting the

hippocampal commissure (lyra; psalterium). Occasionally a small recess called

Verga's ventricle is formed between the corpus callosum and the hippocampal

commissure.

The two half fornices now become joined in the mesal plane and, leaving the

subsplenial surface of the corpus callosum, dip frontoventrad in an arch—the

body of the fornix. Its caudal part is broad and each half is of triangular outline

(on section) with a sharp edge directed laterad. Where it is not in contact with

the corpus callosum it affords attachment, on each side of the mesal plane, to

the hemiseptum of the septum lucidum. Laterad of these lines of attachment

the dorsal surface of each fornix enters into the formation of the floor of the lateral

CORPUS CALLOSUM

caudate nucleus
(caput)

anterior cornu op
lateral ventricle

CORPUS CALLOSUV
(rostrum' >. j^ I

i-^^m-^ T? k a^—'Ss.jy^^ E. A. S.

PSeUDOCELE

Fig. 706.—A coronal section of the brain slightly caudad of the genu of the corpus callosum.

ventricle and is covered by ependyma (Fig. 697). The ventral surface rests

upon the velum interpositum, which separates it from the third ventricle and thHj

dorsal surface of the thalamus (Fig. 670). ^ll
Near the region of the anterior commissure the fornix again divides into its

constituent lateral halves, separating as rounded strands called the anterior

pillars. These curve ventrad to form the frontal boundary of the foramen

of Monro and thence plunge into the hypothalamic gray, inclined slightly caudad,

to end in the corpus albicans. The terminals of the fornix fibres come into rela-

tion with the cells of the nucleus of the corpus albicans, which, in turn, give

off the bifurcating Y-shaped axone bundles already described (p. 907).

In rare instances each anterior pillar has been seen to divide on approaching

the anterior commissure a part passing frontad thereof as an anomalous pre-

commissural pillar of the fornix. The fornix, in its course from hippocampus

to corpus albicans, gives off, in addition to those described as hippocampal

commissural fibres, axones (a) to the opposite half fornix, decussating in the

fused portion (body), (6) to the hemiseptum of the septum lucidum, and (c) to

I
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le gray tissues of the anterior perforated substance (Fig. 685). It constitutes

an inner olfactory arc as distinguished from the epicallosal or outer arc, repre-
sented by the atrophied indusium and its longitudinal strise.

i
CORPUS CALLOSUM

ANTERIOR CORNU OF-

LATERAL VENTRrCLC
CORPUS CALLOSUM

>ROSTRUM>

CLAU8TRUM

Fig. 707.—A coronal section through the brain in the plane of the Junction of caudate r^nd lenticular nucleL

LATERAL VENTRICLE

CAUDATE NUCLEUS

INTERNAL CAPSULE

ANT. PILLAR
OF FORNIX

CLAUSTRUM

ANTERIOR
COMMISSURE

AMYGDALINE
NUCLEUS

Fig. 708.—A coronal section of the brain in the plane of the anterior commissure.

The Septum Luciduin (septum ijellucidum).—The so-called septum lucidum
really consists of two vertically placed laminae or hemisepta. Between them lies

a narrow, enclosed space, the cayum septi pellucidi (pseudocele; fifth ventricle),

60
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roofed in by the corpus callosum, while the floor consists of the fused fornices

and the rostrum. Each hemiseptum bounds a part of the anterior cornu and body
of the lateral ventricle in its mesal wall, and in a lateral view is of triangular out-

line. The hemisepta represent the thin, undeveloped parts of the mesal walls

of the cerebral vesicles, which were enclosed within the rapidly developing arch of

the corpus callosum. The cavum septi pellucidi is therefore a closed-off part

of the original intercerebral cleft and not a part of the neural cavity, as its older

name, "fifth ventricle," seems to imply.

The Anterior Commissiire.—The anterior commissure, or precommissure, is a bun-

dle of white fibres, of oval outline in a sagittal section, which crosses the midline as

a localized reenforcement of the lamina terminalis, slightly bulging into the frontal

part (aula) of the third ventricle and clothed by its ependyma. It is a comparatively

insignificant intercerebral commissure in the human brain, having become dimin-

ished as the corpus callosum increased in mammalian development. It courses

from side to side frontad of the anterior pillars of the fornix, ventrad of the head

of the caudate nucleus, and passes, in part, through the frontal end of the lenticular

nucleus (Fig. 708). Its fibres radiate chiefly to the cortex of the temporal lobe and

to certain parts of the rhinencephalon.

The bundle is slightly twisted in each lateral, buried part. Two divisions are

distinguishable: (1) The pars anterior or frontal part (in the median plane) con-

tains two groups of fibres belonging to the olfactory apparatus—(a) fibres arising

from the mitral cells in the olfactory bulb of one side to the same layer in the

opposite bulb; (6) 'fibres which associate the uncus of one side with that of the

other. (2) The pars posterior contains the fibres passing between the cortices

of the two temporal lobes.

Gray Masses in the Cerebral Hemisphere.—Aside from the cortex, the cerebral

hemisphere contains certain gray ganglionic masses in its interior, more or less

embedded in the white centrum, and called, because of their proximity to the base

of the cerebrum, the basal ganglia. These comprise the caudate, the lenticular,

and the amygdaline nuclei. It i? usual to include the claustrum among the basal

ganglia, but morphologically this structure belongs rather to the insular cortex of

the island of Reil.

Conventionally the caudate nucleus and lenticular nucleus together are described
,

as the corpus striatum {striatum), a ganglionic mass which in earlier vertebrate

\

brains bore intimate relations with the olfactory apparatus, but later, with the
'

rise in functional dignity and growth of the neopallium, underwent specialization -

and differentiation concomitant with the reduction of the rhinencephalon. The -

intrusion of great projection fibre masses, thrusting the cortical gray outward,

has not been everywhere uniform, and we still find, in the human brain, a common
ground in which the neopallial cortical gray, the corpus striatum, rhinencephalon,

and amygdaline nucleus meet—the site of fusion being in the gray substance

of the anterior perforated substance. To the cortical mantle they are regarded

as bearing the relation of subordinate (subcortical) centres. In the human brain

the corpus striatum—so called because of its striated appearance in sections-

is composed of two masses, the caudate and lenticular nuclei, directly continuous

with each other at their frontal ends (Fig. 710). The connecting gray bridgt

becomes broken up into numerous small bands of gray substance as the fibrf

masses of the internal capsule insinuate themselves between the two nucle

(Fig. 707).

The caudate nucleus {nucleus caudahis; caudatum) (Figs. 709, 710) presents i

ventricular and a capsular surface; the ventricular surface, covered by ependyma

forms part of the floor of the body and anterior cornu of the lateral ventricle, whilt

in the middle cornu it is a constituent of its roof, owing to its arched contour in cor

respondence with the sweeping curve of the ventricle itself. It is of a pyriforn
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shape A^ith a very much attenuated tail. The large, thick head projects into the

anterior cornu, while its thinner tail is prolonged caudolaterad, separated from the

thalamus by the narrow taenia semicircularis. Following the curved contour of

the ventricle it is prolonged as a narrow gray band in the roof of the middle cornu,

where it joins the amygdaline nucleus. The nonventricular or capsular surface is

embedded in the white substance of the cerebral hemisphere, and is chiefl\' related

to the internal capsule.

Fig. 709.—The basal eanglia and thalamus schematically represented in a supposedly tr&iisparent
brain (.right side); on the left is shown the outline of the lateral ventricle.

The ventricular surface shows,, in microscopic sections, a dense ependymal
lining. The capsular face is not sharply outlined, numerous strands of fibres,

to and from the internal capsule, entering it obliquely so as to appear as streaks
which extend to about the middle of the ganglion, there separating into finer

and finer strands which become lost to the naked eye.

The lenticular nucleus (lenticula) (Figs. 708 and 709) is wholly embedded in the
white substance, and must be studied in sections. In its shape it resembles an
irregular triangular pyramid with its convex base directed laterad and parallel ^\-ith

and near to the cortical expanse of the island of Reil and of about the same extent.
Its ental, apical portion is directed toward the interval between caudate nucleus
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AMYGDALA

(head) and thalamus. The contour and slope of the surfaces of the ental pyra-

midal face may be judged from the model pictured in Fig. 710. Its outline, as

revealed in sections passing in different planes, is shown in Figs. 708 and 711.

Sections of the lenticular nucleus show it to be composed of three^ concentric

segments separated by two white medullary laminae. The segments are known as

articuli; the ectal one is designated the putamen; the two ental zones constitute

the globus pallidus (pallidum) . The puta-

men is the larger and of a deeper reddish-

gray tint; the two mesal divisions are

lighter in color owing to a greater pro-

portion of radiating streaks of white

fibres passing to and from the internal

capsule. The ectal outline of the puta-

men is sharply defined against a white

lamina, the external capsule.

The amygda line nucleus (amygdala)

is usually regarded as an hypertrophied

aggregation of the temporal cortex which

has become nearly isolated from its

cortical connection by intruding white

substance. It is a rounded, gray, striated

mass situated in the fore part of the

temporal lobe in the roof of the middle

cornu at its apex, where it produces the

bulging called the amygdaloid tubercle.

Caudad it is joined by the tail of the

caudate nucleus; frontad it is continuous

with the putamen. Except for the

marked streaking shown in sections,

its structure is like that of the cortex.

Its cells apparendy give rise to the narrow

band of fibres—the taenia semicircularis—

which courses along the mesal margin of

the ventricular surface of the caudate nucleus throughout its arched course

and ends in the gray of the anterior perforated substance, so that it nearly

completes a circle.

The claustrum is a thin plate of gray substance embedded in the white substance

which intervenes between the putamen and the cortex of the island of Reil,

and corresponds in extent to these. Its dorsal edge is very much attenuated;

traced ventrad it thickens considerably and becomes continuous with the surface

gray at the anterior perforated substance. Its ectal surface presents alternate

ridges and depressions which correspond to the corrugations of the cortex of the

island of Reil. The "external capsule" intervenes between its ental face and

the putamen of the lenticular nucleus. From the cortex of the island of Reil

proper it is separated by a white lamina which may be termed the periclaustral

lamina or capsula extrema. Apparently the claustrum is the thickened and isolated

spindle-cell stratum of the cortex of the island of Reil, a feature which may l)e

of significance in relation to the preponderatingly associative function of the insular

region.

Internal Capsule' (Fig. 711).—Between the lenticular nucleus on the one hand

and the caudate nucleus and thalamus on the other lies the internal capsule, a broad

• Four and even five have been observed.
, • ,

2 The terms internal capsule and external capsule owe their derivation to the fact that the lenticular nucleus

is almost com;>letely enveloped by white substance in the form of a capsule. Of these the internal or mesal

portion is relatively massive, while the external or lateral portion is thin.

AMYGDALA

Fig. 710. —Two views of a model of the striatum: A.
Lateral aspect. B. Mesal aspect. (E. A. S.)
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band of white fibres which, as seen on horizontal section, appears bent, very much
as a leg is Ix-nt on the thigh, with the knee (genu ) directed mesad. The frontal

or caudatolenticular division or limb is confined between the opposed faces of

the caudate nucleus and lenticular nucleus. The genu rec-eives the mesal apex

of the lenticular nucleus in its hollow, while the caudal or thalamolenticular

limb lies between the opposed faces of lenticular nucleus and thalamus. The
frontal limb constitutes about one-third, the caudal limb two-thirds of the internal

capsule mass

»NT. CORNU OF
L*T. VENTR.
CAVUM SEFTI

PCLLUCIOI
CORTEX OF ISLAND

CLAUSTRUM
EXTERNAL CAPSULE

ALBICANTIO-
THALAMIC TH

PARACLAUSTRAL
WHITE LAMINA

EPIPHVSiS

TAIL OF CAUDATE
NUCLEUS

HIPPOCAMPUS

CHOROID PLEXUS

OPTIC RADIATION

TAPETUM,

CALCARINE
FISSURE

WHITE STRIPE Of
VICO DAZYR

Fig. 711.

E. A. S.

-Horizontal section through the cerebrum. The various structures are shown in tbeir natural
appearance on the right side and are named on the left side.

The term "internal capsule" is often loosely employed and is variously stated

to include fibre tracts which do not course between the cerebral cortex and the

"lower" brain centres. In a strict sense it is a mass of fibres which converge,
like the sticks of a fan, toward the cerebral base and into the crusta. Dorsad
of the basal ganglia the fibres radiate in Aarious directions, streaming among the

radiating callosal fibres and forming the so-called corona radiata. Yet other
fibre tracts leave and enter the great ganglia at various altitudes along the internal

capsule, and we must therefore distinguish the following cerebral fibre systems.

Projecting systems, ascending and descending (in the functional sense), of
longer and shorter course, connecting the cerebral cortex with (a) spinal gray
centres; (6) mid-brain and pontile nuclei; (c) basal ganglia and thalamus. The
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last-mentioned system traverses the internal capsule to a greater or less extent,

but does not continue into the crusta. These various systems are summarized on

page 956. It may here be mentioned that the internal capsule, topographically,

exhibits a functional dissociation in that its frontal or lenticulocaudate limb is

composed of preponderatingly corticipetal fibres, while corticifugal fibres form the

major portion of the thalamolenticular limb (Fig. 712). In the frontal limb

are the thalamofrontal and thala-

mostriate fibres," the former ending

in the cortex of the frontal lobe,

the latter in the caudate and
lenticular nuclei. The chief cor-

ticifugal components are the fron-

topontile tract, and fewer fronto-

thalamic and striatothalamic fibres.

The frontopontile tract arises in

the cortex of the prefrontal region,

traverses the frontal limb of the

internal capsule, forms the ental

sector (one-fifth) of the crusta,

and ends in the nuclei pontis.

In the genu and the thalamo-

lenticular limb of the internal

capsule course several important

fibre tracts which are chiefly cor-

ticifugal.

The pyramidal (motor) tract, in

its course from the precentral

cortex to the low^er motor centres,

occupies the frontal half of this

limb. The portion ia the genu,

often designated the geniculate

tract, comprises the pyramidal

fibres which are destined to go to

the facial and hypoglossal nerve

nuclei; farther caudad lie, in suc-

cession, the fibres going to the

motor centres for the upper and

the lower extremity and trunk.

More posteriorly pass the corti-

cipetal fibre-systems conveying

sensor impressions from the per-

iphery via thalamus (Fig. 712).

The most caudal segment (also

called the retrolenticular part) of

the internal capsule contains (a)

the optic radiation, composed of

fibres coursing in both directions

between the occipital cortex and the pulvinar, external geniculate and superior

quadrigeminal bodies; (6) the auditory radiation, composed of fibres passing

in both directions between the cortex of the temporal lobe (auditory centre)

and the posterior quadrigeminal and internal geniculate bodies; (c) the occipito-

pontile and temporopontile tracts from the occipital and part of the temporal

cortex, coursing through the caudal segment of the internal capsule, constituting

the ectal (one-fifth) sector of the crusta and ending in the nuclei pontis. In ad-

dition there are scattered fibre bundles which arise from the ventral portion of

Fig. 712.—Diagram of the tracts in the internal capsule.

Motor tract red. The sensor tract (blue) is not direct, but
formed of neurones receiving impulses from below in the thala-

mus and transmitting them to the cortex. The optic radiation

(occipitothalamic) is shown in violet.
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the thalamus, enter the internal capsule to pass toward the cortex, in part through

the lenticular nucleus, in part in the sublenticular zone, to form the ansa lenticu-

laris. The reenforcement of this sublenticular white-fibre tract hy- cortico-

thalamic fibres from the temporal lobe to thalamus forms the ansa pednnculaiis.

The topographic relations of the various tract masses as seen in a flatwise section

is schematically shown in Fig. 713; on the whole, they correspond to the cortical

areas with which thev are connected.

Motor area of
eoriez

<y ;

DeeuMHLtioHofyyrawiUa

-Direet ffraatidal traei

-Crotsed pfT^tntdal haet

•-- Anterior fwrre roots

Fig. 713.—The motor tract. (Modified from Poirier.)

The external capsule (Fig. 711) is a thin lamina of white substance interposed

between the ectal face of the lenticular nucleus and the claustrum. Dorsally,

frontad and caudad, at the corresponding borders of the lenticular nucleus, it

joins the internal capsule mass, while ventrally it is continuous with the white

centrum of the temporal lobe. Its comparatively few projection fibres course

to and from the ventral parts of the thalamus; its chief constituents are associa-

tion axones for the circuminsular cortical areas.

Minnte Structure of the Cerebral Cortex and its Special Types in Different Regions
Fig. 714).—A section of the cerebral cortex reveal.-^ a tendency on the part of its constituent

cells to arrange themselves in layers which alternate with zones less rich in cellular elements.

Among the cells course the axones arising from them or terminating in their neighborhood.
The axones are chiefly amyelinic, though some are myelinic for a part of their intracortical
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> MOLECULAR LAYER

course. The cells, of various sizes and shapes, together with their dendrites and axones, are

embedded in a matrix of neuroglia.

The nerve cells in a ti/pical section of the cortex are arranged in five tangential layers, as fol-

lows: (1) the molecular layer; (2) the ectal polymorphous cell layer; (.3) the layer of small
pyramidal cells; (4) the layer of large pyramidal cells; (5) the ental pol3anorphous cell layer.

The molecular layer {neuroglia layer) lies imme-
diately subjacent to the pia, and is chiefly made up
of glia cells and fibres, among which the dendrites of

the subjacent layer of cells intrude.

The ectal polymorphous layer cells are polygonal,

triangular, and fusiform in shape, and tend to gather

in groups in certain cortical regions. The fusiform

cells are placed with their long axes parallel (i. e.,

tangential) to the gyral surface and are presumably
associative in function.

The Layer of Small and the Layer of Large
Pyramidal Cells.—The cells in the second and third

layers may be studied together, since, with the excep-

tion of the difference in size and the more superficial

position of the smaller cells, they resemble each
other. The body of each cell is pyramidal in shape,

its base being directed to the deeper parts and its

apex toward the surface. It contains granular pig-

ment, and stains deeply with ordinary reagents.

The nucleus is nucleolated, of large size, and round
or oval in shape. The base of the cell gives off

the axone, and this passes into the central white
substance, giving off collaterals in its course to be
distributed as a projection, commissural, or asso-

ciation fibre. Both the apical and basal parts of

the cell give off dendrites. The apical dendrite is

directed toward the surface, and ends in the molec-

ular layer by dividing into numerous branches, all

of which may be seen to be studded with projecting

bristle-like processes when prepared by the silver or

methylene-blue method. The larger pyramidal cells,

especially in the precentral gyre, may exceed 50 fi

in length and 40 // in breadth, and are termed giant

cells. The chief function of the small pyramidal
cells is commissural and associative. The chief

function of the large pyramidal cells in the pre-

central and paracentral cortex is motor, but they

have also commissural and associative functions.

Layer of Ental Polymorphous Cells.— The cells

m this layer, as their name implies, vary greatly in

contour, the c(^nmonest varieties being of a spindle,

star, oval, or triangular shape. Their dendrites are

directed outward, toward, but do not reach, the

molecular layer; their axones pass into the subjacent

white substance. From this layer come commissural

fibres, long association fibres, and some projection

fibres.

There are two other kinds of cells in the cerebral

cortex, but their axones pass in a direction opposite

to that of the pyramidal and polymorphous cells,

among which they lie. They are: (a) the cells of

Golgi, the axones of which do not become myelin-

ated, but divide immediately after their origin into

a large number of branches, which are directed toward the surface of the cortex; (6) the cells

of Martinotti, which are chiefly found in the polymorphous layer. Their dendrites are short,

and may have an ascending or descending course, while their axones pass out into the molec-
ular layer and form an extensive horizontal arborization.

Nerve Fibres in the Cortex.—These fill up a large part of the intervals between the cells.

Some of these fibres form fasciculi; some are isolated, and others are arranged in plexuses.

They may be myelinic or arnyelinic, the latter comprising the axones of the smallest pyramidal
cells and the cells of Golgi. In their direction the fibres may be either transverse, the transverse

LAYER or LARGE
* PYRAMIDAL CELLS

ENTAL POLYMOR-
PHOUS CELL LAYER

E. A. S.

FlQ. 714.—Typical arrangement of the
layers in the cerebral cortex.

cell
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tangential or horizontal fibres, or vertical, the vertical or radial fibres. The tangential fibres

run parallel to the surface of the hemisphere, intersecting the vertical fibres at a right angle.

They consist of several strata, of which the following are the most important: (1) A stratum
of white' fibres covering the su|>erficial aspect of the molecular layer; (2) the iMmd of Bech-
terew, found in certain parts of the superficial portion of the layer of the smaller pvramidal
cells; (3) the external or outer band of Baillarger or the band of Gennari, which runs through
the layer of large pyramidal cells; (4) the internal band of Baillarger, which interA'enes between
the layer of large p\Tamidal cells and the polymorphous layer. Acc-ording to Cajal, the tangen-
tial fibres consist of (a) the collaterals of the pyramidal and polymorphous cells and of the

cells of Martinotti; (6) the arborizations of the axones of Golgi's cells; (c) the collaterals and
terminal arborizations of the projection, commissural, or association fibres. The vertical fibres:

Some of these^viz., the axones of the pjTamidal and polymorphous cells—are directed toward
e central white substance, while others—the terminations of the commissural, projection, or

ssociation fibres— pass outward to end in the cortex. The axones of the cells of Martinotti are
also ascending fibres.

In certain parts of the cortex this typical structure is departed from. The chief of these
regions are (1) the occipital lobe, (2) the transtemporal gyres, (3) the hippocampus, (4) the
dentate gyre, and (5) the olfactory bulb.

Special Types of Gray Substance. 1 . The Occipital Lobe.—In the cuneus and the calcarine

fissure of the occipital lobe Cajal has recently descriVjed as many as nine layers. Here the inner

band of Baillarger is absent; the outer' band of Baillarger or band of Gennari is, on the other

hand, of cx>nsiderable thickness. If a section be examined microscopically, an additional laver

is seen to be interpolated between the molecular layer and the layer of smaD pyTamidal cells.

This extra layer consists of two or three strata of fusiform cells, the long axes of which are at

right angles to the surface. Each cell gives off two dendrites, external and internal, from the

latter of which the axone arises and passes into the white central substance. In the laver of

small pyramidal cells, fusiform cells, identical with the above, are seen, as well as ovoid or star-

like elements with ascending axones, the cells of Martinotti. This area of the cortex forms the

visual centre, and it has been shown by Dr. J. S. Bolton* that in old-standing cases of optic

atrophy the thickness of Gennari's band is reduced by nearly 50 per cent.

2. The Transtemporal Gyres are distinguished by a reduction of thickness of the p\Tamidal
cell layer with closer approximation of the giant cells to each other, while the fusiform cell layer

is more deeply situated than elsewhere. This cortical fonnation is the end station for cochlear

nerve projections.

3. In the Hippocampus (Fig. 686) the molecular layer is very thick and contains a large number
of Golgi cells. It has been divided into three strata : (a) S. convolutum or S. granulosum, con-
taining many tangential fibres; (6) S. lacunosum, presenting numerous lymphatic or vascular
spaces; (c) S. radiatum, exhibiting a rich plexus of fibrils. The tfc-o layers of p\Tamidal cells are
condensed into one, and these are mostly of large size. The axones of the cells in thepolymorphous
layer may run in an ascending, descending, or horizontal direction. Between the polvmorphous
layer and the ventricular ependyma is the white substance of the alveus-

4. The Dentate Gyre.—In the rudimentary dentate convolution the molecular layer contains
some pyramidal cells, while the pyramidal layer is almost entirely represented by small ovoid
elements.

5. The Olfactory Bulb (Fig. 715).—In many of the lower animals this contains a cavitj' which
commimicates through the hollow olfactory stalk with the cavity of the lateral ventricle. In man
the original cavity is filled by neuroglia and its wall becomes thickened, but much more so on its

ventral than on its dorsal aspect. Its dorsal part contains a small amoimt of gray and white
substance, but this is scanty and ill defined. A section through the ventral part shows it to

consist of the following layers from without inward: (1) A layer of olfactory nerve fibres, which
are the myelinated axones prolonged from the olfactory cells of the nose, and which reach the

bulb by passing through the cribriform plate of the ethmoid bone. At first they cover the bulb,

and then penetrate it to end by forming synapses with the dendrites of the mitral cells, presently

to be described. (2) Glomerular layer (stratum qlomerulosum): This contains numerous sphe-

roidal reticulated enlargements, termed glomeruli, which are produced by the branching and
arborization of the processes of the olfactory nerve fibres with the descending dendrites of the

mitral cells. (3) Molecular layer: This layer is formed of a matrLx of neuroglia, embedded in

which are the mitral cells. These cells are pyramidal in shape, and the basal part of each gives

off a thick dendrite which descends into the glomerular layer, where it arborizes as above, or, on
the other hand, interlaces with similar dendrites of neighboring mitral cells. The axones pass
through the next layer into the white substance of the bulb, from which, after becoming bent on
themselves at a right angle, they are continued into the olfactory tract. (4) Xerve fibre layer:

This lies next the central core of neuroglia, and its fibres consist of the axones or afferent processes
of the mitral cells which are passing on their way to the brain; some efferent fibres are, however,

J Phil. Trans, of Royal Society, Series B, vol. cxciii, p. 165.
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also present, and terminate in the molecular layer and presumably come via the anterior com-

missure from the mitral cells of the opposite bulb.

The claustrum, although usually enumerated among the basal ganglia, is probably the thick-

ened and isolated deepest layer of fusiform cells belonging to the cortex of the island of Reil,

The white lamina* intervening between it and the cortex proper consists of association axones

of longer and shorter course

Summary of the Cerebral Fibre Systems.—^The white substance of the cerebrum

consists of myelinic fibres intricately interwoven but permitting of classification

into three systems arranged according to the course they take. These systems

comprise: (1) association fibres, which connect neighboring or distant parts

within the same cerebral hemisphere; (2) commissural fibres, which unite allied

parts in the two cerebral halves and come transversely across the midline to form

the commissures; (3) projection fibres, which connect the cerebral cortex with

lower centres in the brain and spinal cord, and, conversely, those fibres which

connect lower centres with the cerebral cortex.

Wliite substance {dorsal part)

White substance [ventral

part)

Medullary layer

.y'^~\^ Mitral cells

Molecular
layer

Glomerular layer

Layer of olfactory nerve fibres

Fia. 715.—Coronal section of olfactory bulb. (Schwalbe.)

1. The association fibres (Fig. 716) connect different structures in the same hemi-

spheres, and are in or near to the cortex. They take origin from the small pyram-

idal and polymorphous cells of the deep layer of the cortex. Their direction is

parallel to the surface of the hemisphere, and in their course they cross the pro-

jection and commissural fibres. They are of two kinds: (1) Those which unite

adjacent convolutions, short association fibres; (2) those which pass between more

distant parts in the same hemisphere, long association fibres.

The short association fibres are situated immediately beneath the gray cortex of

the hemispheres, and connect adjacent convolutions. They constitute subcortical

tracts and are divided into arcuate fibres and tangential fibres. Thus, some of

these fibres connect the "visual sensor area with the visual memory area, and

the auditory sensor with the auditory memory area."

The long association fibres associate cerebral centres which are far apart. They
are gathered into bundles and dip down deep into the centrum ovale. They
include the following: (a) the uncinate fasciculus; (6) the superior longitudinal

fasciculus; (c) the inferior longitudinal fasciculus (doubtful); (d) the cingulum; and

(e) the fasciculus rectus.

' Previously described as the periclauafral lamina or capsula exlrema (p. 948').
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(a) The uncinate fasciculus (/. uncinatus) passes between the uncinate gyre

and the orbital portion of the frontal lobe; in its course it curves beneath the

depths of the basisylvian fissure (Fig. 716).

(6) The superior longitudinal fasciculus (/. longitudinalis superior) (Fig. 716)

i> beneath the convex surface of the hemisphere arching over the lenticular

nucleus. It joins the frontal cortex with the parietal and temporal cortex and
brings into relation the motor speech centres and the centres of auditory and
visual memories.

(c) The inferior longitudinal fasciculus (/. longitudinalis inferior) is usually

described as a tract associating the centres of auditory and visual memory. Such
-ociation fibres undoubtedly exist, but it is doubtful whether they are collected

,..to a distinct fasciculus. The bundle which is usually designated by this term

E. A. s.

Fig. 716.—Diagram showing the principal 8>'8teins of associating.fibres in the cerebrum.

has been proved to be in part the projection system between the occipital cortex and
the thalamus and external geniculate body (E. Redlich) and in part also the fibres

from the temporal cortex (meditemporal and subtemporal gyre) to the crusta.^

id) The cingulum, also called the fornix periphericus, is a band of white fibres

that course in the white substance of the callosal g\Te and runs excentrically to

the corpus callosum. Its fibres may be traced frontad into the mesal olfactory

stria and the anterior perforated substance, while caudad they radiate into the

hippocampus. It may be regarded as an association tract of the rhinencephalon

akin to the fornix.

{e) The fasciculus rectus or perpendicular fasciculus runs dorsoventrad in the

occipitoparietal transition and associates the subparietal gjTes with the medi-
and subtemporal gyres; a part of the fasciculus associates the dorsal occipital

region with its ventral part and with the subcollateral gyre (Fig. 716).

The fornix, previously described, may be enumerated among the long associa-

tion tracts; it belongs exclusively to the olfactory apparatus.

2. The commissural fibres are groujjed under the following heads: (a) the
corpus callosum, descriljed on page 933 ; (6) the anterior commissure, described on
page 946; and (c) the hippocampal commissure, described on page 944.

'E. J. Curran <Jour. Comp. Neurol, and Psychol., xut, 6, Dec., 1909) describes a "fasciculus occipitofrontalia in-
f,.r,r.r " "oursing ventrolaterad of the lenticular nucleus.
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3. The projection fibres connect the cerebral cortex with lower brain centres

(caudate and lenticular nuclei, thalamus, hypothalamic region, corpora quadri-

gemina, pons, medulla oblongata), and with the spinal cord centres. They
either project impulses from the cortex to the periphery or bring in impressions

from without. Their radiations to and from the cortex, together with the radia-

tions of the callosal fibres, give, rise to the characteristic appearance of the corona

radiata. We may distinguish the projection tracts of long course from those of

short course, and, in the functional sense, those that are centrifugal, descending,

or motor,' from those that are centripetal, ascending, or sensor. The last mode

of classification is more desirable.

PBECENTRj,,^

Fig. 717.—The projection tracts joining the cortex with lower nerve centres. Sagittal section showing the
arrangements of tracts in the internal capsule: A. Tract from the frontal lobe to the frontal half of the capsule,

thence in part to the optic thalamus, .4-, and in part to the pons, and thus to the cerebellar hemisphere of the

opposite side. B. Motor tract from the precentral convolution to the facial nucleus in the pons and to the
spinal cord. C. Sensor tract from dorsal columns of the cord, through the dorsal part of the medulla oblon-
gata, pons, crus, and capsule to the parietal lobe. D. Visual tract from the thalamus (07') to the occipital

lobe. E. Auditory tract from the internal geniculate body (to which a tract passes from the VIII N. nucleus)
to the temporal lobe. F. Superior peduncle. G. Middle peduncle. H. Inferior peduncle. CN. Caudate
nucleus. CQ. Corpora quadrigemina. The numerals refer to the cranial nerves. (Starr.)

1. Descending (corticifugal) tracts are composed of axones arising from tlx

cortical pyramidal cells,

(a) The pyramidal or motor tract from the "motor area," comprising the pre-

central gyre and paracentral gyre, courses through the genu and frontal two-

thirds of the thalamolenticular limb of the internal capsule, forms the middle

(three-fifths) sector of the crusta, and passes through the pons into the medulla

oblongata and spinal cord. The tract may be subdivided into a corticobulbar and

a corticospinal division.

The corticobulbar division is the pyramidal tract to the efferent cranial ner\c

nuclei. Only those fibres which are destined to go to the facial and hypoglossal

can be traced throughout. They originate in the ventral part of the precentral

gyre (face and tongue centre), course through the genu of the internal capsule,
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1 and end, contra laterally, in relation with the facial and hx-poglossal nene nuclei
' (also called the emissary speech tract ).

The corticospinal division arises from the remainder of the motor area, courses

throuirh the frontal two-thirds of the posterior limb of the internal capsule,

through crusta, pons, and medulla oblongata, to form the p\Tamids, and, under-

going partial decussation, forms the direct and the crossed pyramidal tracts

descrilxxl in the spinal cord.

(6) The frontopontile tract (Arnold's bundle) arises in the midfrontal cortex,

curses through the internal capsule (caudal part of frontal limb), forms the mesal

ector (one-fifth) of the crusta, and ends in the nuclei pontis.

(c) The temporopontile tract {Ttirck's bundle) arises in the cortex of the tem-

poral lolje, descends through the internal capsule (caudal segment), forms the

ectal (one-fifth) sector of the crusta, and ends in the nuclei pontis. The existence

of occipitopontile fibres is denied by Archambault in a recent contribution (1906).

{d) The occipitomesencephalic tract arises in the visual area (cuneus and cal-

carine formation), courses through the retrolenticular part of the internal capsule,

to end in the superior quadrigeminal body and in relation with the nuclei for move-
ments of the eyeball.

(e) Part of the fibres composing the optic radiation are corticipetal, arising in

the occipital cortex and ending in the pulvinar of the thalamus and the external

geniculate body.

CENTRIFUGAL FIBRE
TERMINATING IN BULB

OLFACTORY
GLOMERULI

OLFACTORY
MUCOSA

Fig. 718.—Schema of the olfactory bulb and tract neurones.

2. Ascending (corticipetal) tracts arise mostly from the nuclei of the thalamus
and h\'pothalamus, mid-brain, and cerebellum.

(a) The terminal or cerebral part of the general sensor pathway of the body
comprises the axones arising in the cells of the lateral nucleus of the thalamus
and the h\'pothalamic nucleus—interposed way-stations which transfer the im-
pressions carried along the medial lemniscus from the nuclei of the gracile and
cuneate fasciculi in the myeloblongata transition. They convey sensor impres-
sions from the body periphery to the somesthetic area of the cortex—chiefly the

postcentral and parietal gyres.

(6) The terminal or cerebral part of the general sensor pathway of the head and
neck comprises the axones which arise from the afferent cranial nerve nuclei

(excepting the auditory) and course along the medial lemniscus to the thalamus
and hvpothalamic nucleus, to be thence projected to the somesthetic cerebral
cortex.

(c) The terminal or cerebral part of the auditory pathway from the inferior quadri-
geminal body, internal geniculate body, and the interposed nucleus of the lateral

lemniscus, ending in the auditory sphere of the cerebral cortex.

(d) The terminal part of the visual pathway, described on pages 909-911.
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(e) The terminal (ascending) cerebellocortical pathway, arising as the fibres

the superior peduncles of the cerebeUum, decussating and ending in the red nucleus

and lateral nucleus of thalamus, is thence directly projected by new axones to the

somesthetic cortical area, or indirectly projected via thalamus (lateral nucleus).

Connections of the Corpus Striatum.^—The connections of the caudate and len-

ticular nuclei with each other and with the cortex may be summarized as follows:

(a) Fibres from the cortex to the caudate and lenticular nuclei, entering into

the formation of the corona radiata.

(6) Fibres from the caudate nucleus and putamen of the lenticular nucleus

coursing to the thalamus and hypothalamic region. Those from the caudate

nucleus pass through the internal capsule to traverse the globus pallidus, are joined

by the fibres from the putamen to again traverse the internal capsule and end
in the thalamus, forming the striatothalamic radiation.

(c) Fibres coursing ventrad in the medullary laminae of the lenticular nucleus,

and reenforced by additional fibres from the globus pallidus, course mesad to i

the hypothalamic region to form the subthalamic radiation or ansa lenticularis

(described on p. 951). This radiation is further reenforced by the ventral stalk

of the thalamocortical radiation to form the ansa pedimcularis (described on p. 951).

The Olfactory Pathways. 1. Peripheral Pathway.—Impressions from the

upper portion of the Schneiderian mucous membrane pass along the olfactory fila

(central processes of the intraepithelial bipolar olfactory cells) to the glomeruli

olfactorii in the olfactory bulb (Fig. 718).

2. Central Pathway.—In the glomeruli the impression is transmitted to the

brush-like, dendritic endings of the mitral cells and brush cells; the axones of:

these cells carry the impression centrad to the gray masses of the olfactory tract,
|

trigonum olfactorium, anterior perforated substance, and adjacent parts (Fig.

713). These constitute the primary centres.

The primary centres are connected with secondary or cortical centres (hippo-

campus, gyrus dentatus, uncus) by the following tracts: (1) Lateral olfactory

striae, from the olfactory trigone to the uncus, ending in the gyrus ambiens and
gyrus semilunaris (p. 928). (2) Axones from cells in the olfactory trigonal

gray through the fornix to hippocampus. (3) Striae mediales (Lancisii) from the

trigone into gyrus subcallosus around the corpus callosum to gyrus dentatus and

hippocampus.

The amygdaline nucleus is by some regarded as a cortical centre to which f

impressions are carried by the taenia semicircularis.
j

The fornix fibres arise from the pyramidal cells in the hippocampus and the^j

polymorphous cells of the dentate gyre. Some fibres traverse the median plane'

as the hippocampal commissure to the opposite hippocampus; the remainder end
I

in the corpus albicans, gray nucleus, or, in small part, are retroflexed as the stria f

medullaris thalami to the habenular ganglion. In the corpus albicans impressions

are transmitted to the cells of two nuclear masses; from the medial nucleus arise'

axones constituting the fasciculus albicantis princeps, each axone bifurcating

and the diverging bundles forming, respectively, the albicantiothalamic and the

albicantiotegmental fasciculi (p. 907).

The stria medullaris thalami consists of the following bundles ending in the

habenular ganglion: (a) Axones from hippocampus via fornix—the cortico-

habenular tract; (6) axones from the hemiseptum of the septum lucidum and

olfactory gray—the olfactohabenular tract; (c) axones from the thalamus to the

habenular ganglion—the thalamohabenular tract. In the habenular ganglion

axones arise which pass as a distinct bundle ventrad through the tegmentum to

the gray of the posterior perforated substance (ganglion interpedunculare [inter-

crurale] of Gudden)—the fasciculus retrqflexus of Meynert.

The primary olfactory centres of the two sides are connected by the pars
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olfactoria of the anterior commissure, a bundle of fibres passing from side to side

to end in the tract, granular stratum, and glomerular layer of the bulb. Further

connections are established with the tuber cinereum, mid-brain, and even spinal

centres; one division has been named the olfactomesencephalic tract (Wallenberg).

The cingulum or fornix pcriphericus is an arcuate association bundle, or

rather an arcuate series of short bundles which establishes the connections of the

rhinencephalon with the adjacent cortical areas (p. 955).

CORTICAL LOCALIZATION OP FUNCTION.

Patient researches conducted along clinicopathological, experimental, physiological, and de-

velopmental lines have furnished us with a topographic map of the somesthetic and sense

areas, and, inferentially, of the association areas of the cerebral cortex. The somesthetic and
sense areas constitute less than one-third of the cortical area, while the remainder is presumed
to be devoted to the elaboration of the higher mental activities manifested by abstract thought,

ideation, reasoning, and language. The acquisition of these specifically human mental attri-

butes has been the chief factor in bringing about the superior structure of the human brain, and
those cortical regions which were subjected to increased associations rose in functional dignity

and increased in size. With over nine billion functional nerve cells in the human cerebral

cortex devoted to the mental processes, and leas than one-third of these concerned with emissary

and receptive functions, the intricacy and capacity of the human brain for the manifold registra-

tion of sensations and the numerous transformations that characterize man's mental processes

far exceed that of anv other animal.

E. A. S.

Fio. 719.—Mesal view of left cerebral hemisphere, showing localization of functions,
fissure-s and gyres is the same as in Fig. 679.

The schema of the

The delineation of areas called motor, visual, auditory, etc., is not to be deemed as mathe-
matically accurate or sharply defined as the boundaries of a State, county, or township. The
areas rather shade off in a diffuse manner, and the arbitrary demarcations employed in the

appended figures merely show the maximum concentration of those cortical parts which most
distinctly appertain to the function alleged for them.
The principal areas that are known to be functionally differentiated are the following:

1. Motor Area.—The motor area comprises the precentral g}Te and parts of the frontal g>'res

adjacent thereto, together with the paracentral gyre and the adjacent portion of the superfrontal

gyre on its me-sal face. Stimulation of various parts of this area causes movement, while their

destruction impairs or abolishes voluntary movements. Within this motor area may be defined

districts which are cortical projections of the muscular systems of the body. Thus, movements
of the lower limb seem to be controlled by the dorsal part of the precentral and the paracentral
gj're; the trunk musculature by the area lying frontad both on the mesal aspect and in the dorsal
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superfrontal; the upper limb seems to be controlled by the midportion of the precentral; while

the facial musculature is projected in the ventral part. The motor regions for the tongue,

larynx, muscles of mastication, and pharynx lie in the frontal opercular part ; and the movements
of the head and eye are dominated by the medifrontal gyre, adjacent to the precentral. Re-
calling the fact that the pyramidal (motor) tract decussates in its course to the primary motor

centres, it follows that the motor centres in one cerebral hemisphere control the movements of

the opposite side of the body. As elsewhere in the cortex, these motor areas gradually pass one

into the other and the boundaries are indeterminate. The localization of motor function is

rather for coordinated groups of muscles than for individual muscles; as a rule, the most powerful

articulation, as the thigh and the shoulder, is localizable frontad in the respective limb centres,

while the smaller articulations and those differentiated as regards motility (digits, etc.) are local-

izable more posteriorly.

2. Sensor Areas.—(a) The area for tactile and temperature impressions is more intensely

localized in the postcentral gyre and in corresponding order with its neighboring precentral

motor areas; that is to say, there is the most intimate intercommunication between the sensor

and the motor regions which preside over corresponding parts of the body. So closely coupled

are the related sensor and motor cells in the highest category of the reflex arc system represented

in the cerebral cortex that both sensor and motor areas are included under the term of somes-
thetic or sensomotor area, devoted to the registration of cutaneous impressions, impressions

Fig. 720.—Lateral view of left cerebral hemisphere, showing localization of functions. The schema of the fissures
and gyres is the same as in Fig. 678.

from the muscles, tendons, and joints; in short, the sense of movement. The cortical area

embraced by the parietal gyre, together with its extension in the precuneus on the mesal
aspect, appears to be devoted to the concrete perception of the form and solidity of objects,

and is therefore termed the stereognostic sense area.

{h) The auditory area is localized in the middle and posterior thirds of the supertemporal gyre
and in the adjacent transtemporal gyres in the sylvian cleft.

(c) The visual area is most intensely localizable in the region of the calcarine fissure as well

as in the cuneus as a whole. There seems to be an interrelation between the visual function and
the special type of cortex already described, and chiefly characterized by the stripe of Gennari.

(d) 'The olfactory area comprises the uncus, frontal pari of hippocampus, indusium, sub-

callosal gyre, parolfactory area, and anterior perforated substance.

{e) The gustatory area has not yet been accurately localized; presumably it lies in the neigh-

borhood of the olfactory area in the temporal lobe (uncinate and hippocampal gyre?).

3. The Language Areas.—The cortical zone of language comprises certain specialized areas

which take part in the intimate relations of speech to thought expression, to memory, in its

reading form to sight, in writing to manual muscular innervation, and in "word understanding"
to hearing.

(o) The emissi'^e {articular) centre for speech is localized in the region of the junction of the

subf'oiital gyie with the precentral gyre—a region known to be intimately related to the control

I
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of the muscles used in speech (larynx, tongue, jaw muscles). Destruction of this region at least

causes a loss or disturbance of articulation of words.

(6) The auditory perceptive centre, clinically known as the centre of "word deafness," is

localized in the marginal g>Te and adjacent parts of the super- and meditemjxjral gjTes, espe-

cially the latter. A patient suffering with a lesion of this area may clearly hear but not under-

stand the spoken word. This di\-ision of the centre might also be called the lalognostic (word-
understanding) centre.

(c) The visual perceptive centre, clinically known as the centre of "word blindness," is local-

ized in the angular gjTe Lesion of this area renders the patient incapable of understand-
ing the significance of the words and objects which he sees.

(rf) .\n emissive "writinir" centre, not positively proved to exist, has been localized in the

medifrontal g>Te. frontad of the motor area for the upper limb.

{e) Of not a little importance with reference to the intellectual control of the faculty of language

is the island of &eil, purely an association centre, serving to connect the various receptive sense

areas relating to the understanding of the wTitten and spoken word with the somesthetic emissary
centre related to articulate sjjeech and \sTiting; in other words, a centre for language-arrangement.

Fio. 721 —Diagram showing the language zone. The opercula are divaricated to exjKJSe the island of ReiL

The union of the various centres enumerated above forms the cortical zone of langua^,
and is most intensely, if not exclusively, localized, or at least, active, in the left cerebral hemi-

sphere in riirht-handed persons, and vice versa in left-handed persons.

4. The Association Areas.—^The remaining area of the cerebral cortex is presumably the

organic substratum for the higher psychic activities. At the present time not much is known
about them, but broadly stated the frontal association area is concerned rather with the powers
of thought in the abstract—creative, constructive, and philosophic. The paiieto-occipito-

temporal association area, on the other hand, seems to be more concerned with the powers of

conception of the concrete, for the comprehension of analogies, comparing, generalizing, and
svstematizin;2 things heard, observed, and felt.

The great extent of the association areas in the human brain is a somatic expression of man's
possession of an associative memory or ability to register and compare sensations far greater than
that of the highest ape. The pattern of the fissures and g^TCs in the brains of the higher anthro-

poids and man presents the same general featm-es in all these types. In the course of evolution,

however, the regions known as association areas assumed a greater energy- of growth and ex-

panded in proportion to the rise in functional dignity of these areas. They are regions of " un-
stable erjuiliVjrium" which afford greater and more complex associations as mental development
goes on in the species, and concomitant with this great cortical expansion the associating or

coordinating fibre systems became more elaborate, complex, and far-reaching,

^^ith the aid of the microscope the maturing of the brain elements can be followed from the

earliest stages of embryonic life to the adult period. The Flechsig methotl has shown how the

function of nerve fibres within the brain is only established when the myelin sheath has developed

61
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But this development of mature nerve fibres does not occur simultaneously throughout the brain,

but step by step in a definite order of succession; equally important bundles are myelinated

simultaneously, but those of dissimilar importance develop one after another in accordance

with Flechsig's law. The successive myelinization of fibre bundles to and from the cerebral

cortex corresponds to the successive awakenings of mental activities and faculties in the growing

child. Flechsig's method of investigation has been of great service in the elucidation of the

problems of cerebral localization.

Craniocerebral Topography.—The position of the principal fissures and convolutions of the

cerebrum and their relation to the outer surface of the scalp (Fig. 677) have been the subject of

much investigation, and many systems have been devised by which one may localize these parts

from an exploration of the external surface of the head.

These plans can only be regarded as approximately correct for several reasons; in the first

place, because the relations of the convolutions and fissures to the surface are found to be quite

Fig. 722.- -Drawing to illustrate craniocerebral topography. (Taken from a cast in the Museum of the Royal

College of Surgeons of England, prepared by Professor Cunningham.)

variable in different individuals; secondly, because the surface area of the scalp is greater than

the surface area of the brain, so that lines drawn on the one cannot correspond exactly to fissures

or convolutions on the other; thirdly, because the fissures and convolutions in two individuals

are never precisely alike. Nevertheless, the principal fissures and convolutions can be mapped

out with sufficient accuracy for all practical purposes, so that any particular convolution can be

generally exposed by removing with the trephine, or by the flap method, a certain portion of the

skull. An excellent method is given by Chipault in his Chirurgie operatoire du sijsteme rwrveux,

1894, vol. i. The following systems have been the longest in vogue:

The various landmarks on the outside of the skull, which can be easily felt, and which serve

as indications of the position of the parts beneath, have been already referred to, and the rela-

tion of the fissures and convolutions to these landmarks is as follows:

Intercerebral or Longitudinal Fissure.—This corresponds to a line drawn from the

glabella at the root of the nose to the external occipital protuberance.
|
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The Sylvian Fissure.—The position of the syU-ian fissure is marked bv a line starting

from a point 3 cm. (1^ inches) horizontally behind the external angular process of the frontal

bone to a point 2 cm. (* inch) below the most prominent point of the parietal eminence. The
first 2 cm. (* inch) will represent the basisvlvian fissure, the remainder the sylvian fissure proper.
The sylvian point is therefore 5 cm. (2 inches) behind and about 1 cm. (? Inch) above the level

of the external angular process. The presylvian ramus of the fissure passes upward from this

point parallel to, and immediately behind,- the coronal suture.

The Tentorial Hiatus or Transverse Fissure.—This is between the cerebrum and cere-
bellum, and corresponds to a line drawn from the inion to the external auditory meatus.
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Fig. 723—Kronlein's method for determining the portions of certain fissures of the brain.

Central Fissure.—To find the dorsal end of the central fissure, a measurement should be
iaken from the glabella to the external occipital protuberance. The position of the top of the
fissure will be, measuring from in front, .5-5.6 per cent, of the whole distance from the glabella to
the external occipital protuberance. Professor Thane adopts a somewhat simpler method. He
divides the distance from the glabella to the external occipital protuberance over the top of the
head mto two equal parts, and, having thus defined the middle point of the vertex, he takes a
point half an inch behind it as the top of the sulcus. This is not quite so accurate as the former
method; but it is sufficiently so for all practical purposes, and on account of its simplicitv is very
generally adopted. From this point the fissure runs downward and forward for 9 to 10 cm.
(3J to 4 inches), its axis making an angle of about 70 degrees with the middle line. In order
*" "lark this groove, two strips of metal may be employed—one, the shorter, being fixed to the
middle of the other at the angle mentioned. If the longer strip is now placed along the sagittal
suture so that the junction of the two strips is over the point corresponding to the top of the furrow.
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the shorter, obHque strip will indicate the direction and 9 to 10 cm. will mark the length of the

furrow. Dr. Wilson has devised an instrument, called a cyrtometer, which combines the scale

of measurements for localizing the fissure with data for representing its length and direction.'

The Occipital Fissure on the dorsal surface of the cerebrum runs outward at right angles to the
great longitudinal fissure for about 2 to 3 cm. (* to H inches), from a point 0.5 cm. (i inch)

in front of the lambda. Reid states that if the sylvian line be continued onward to the sagittal

suture, the last 2 to 3 cm. of this line will indicate the position of the fissure.

The Precentral Fissure begins 2 cm. (* inch) in front of the middle of the central fissure and
extends nearly, but not quite, to the sylvian fissure.

The Superfrontal Fissure runs backward from the supraorbital notch, parallel with the line

of the longitudinal fissure to 1 cm. (f inch) in front of the line indicating the position of the

central fissure.

The Subfrontal Fissure follows the course of the supertemporal ridge on the frontal bone.

The Intraparietal Fissure, comprising the parietal, subcentral, and paroccipital fissures, begins

on a level with the junction of the middle and lower third of the central fissiu-e, on a line carried

across the head from the back of the root of one auricle to that of the other. After passing up-
ward it curves backward, lying parallel to the longitudinal fissure, midway between it and the

parietal eminence; then curves downward to end midway between the posterior fontanelle

(lambda) and the parietal eminence.

Kronlein's method for determining the portions of certain fissures of the brain is very useful

and easy of application (Fig. 723). It is as follows: (1) The base line, Z M, is a horizontal

line running at the level of the lower border of the orbit and the upper border of the external

auditory meatus. (2) Another horizontal line, K K', is drawn parallel to Z M. The second
horizontal line is on a level with the supraorbital ridge. (3) A vertical line, Z K, is erected

from Z M at the middle of the zygoma and is carried to the line K K'. (4) Another vertical line,

A R, is erected from the base line at the level of the articulation of the mandible and is carried

to R. (5) A third vertical line, M P, is erected from the base line at the j)osterior border of the

mastoid process and is carried to the middle line of the skull, which is marked P. (6) A line is

drawn from K to P. The portion of this line between R and P' corresponds to the central

fissure. (7) The angle P K K' is bisected by the line K S. K S corresponds to the sylvian fis-

sure, and K is directly over the sylvian point. To reach the anterior branch of the middle
meningeal, apply the trephine at K; to reach the posterior branch, apply it at A''. In abscess

of the temporal lobe the trephine should be applied, according to von Bergmann, in the region

Aa K M.

THE MENINGES, OR MENINGEAL MEMBRANES OP THE BRAIN
(MENINGES ENCEPHALI).

Dissection.—To examine the brain with its membranes, the skullcap must be removed.
In order to effect this, saw through the external table, the section commencing, in front, about
2 cm. (I inch) above the margin of the orbits, and extending, behind, to a little above the level of

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 skullcap, and the

dura will be exposed. The adhesion between the bone and the dura often is very intimate,

particularly along the sutures.

The membranes of the brain are from without inward—the dura, arachnoid,

and the pia.

The Dura of the Brain (Dura Mater Encephali) (Figs. 724, 729).

The dura of the brain is a thick and dense, inelastic, fibrous membrane
which lines the interior of the skull. It is a covering for the brain and is also

the internal cranial periosteum. It is composed of two layers closely connected,

except in certain situations, where, as already described (p. 721), they separate

to form sinuses for the passage of venous blood. Upon the outer surface of

the cranial dura, in the situation of the longitudinal sinus, may be seen numerous
small whitish bodies, the glandulae Pacchionii {granulatiojies arachnoideales).

Its outer surface is rough and fibrillated, and adheres closely to the inner surface

• Lancet, 1888. vol. i, d. 408
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of the bones, the adhesion being most marked opposite the sutures and at the base

of the skull. Its inner surface is smooth and lined by a layer of endothelium.

It sends inward four processes which divide the cavity of the skull into a series

of freely communicating compartments, for the lodgement and protection of the

different parts of the brain; and it is prolonged to the outer surface of the skull,

through the various foramina which

exist at the base, and thus becomes
a)ntinuous with the pericranium; its

fibrous layer forms sheaths for the

nerves which pass through these aper-

tures. At the base of the skull it

sends a fibrous prolongation into the

foramen cecum; it sends a series of

tubular prolongations around the fila-

ments of the olfactory nerves as they

pass through the cribriform plate, and
another around the nasal nerve as it passes through the nasal slit; a prolongation
is also continued through the sphenoidal fissure into the orbit, and another is

carried into the same cavity through the optic foramen, forming a sheath for the

optic nerve, which is continued as far as the eyeball. In the posterior fossa it

ENDOSTEAL
LAYER
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LAYER

NOOTHELUL
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Fio. 724.—The structure of the dura. Section through
the cranial vault of a child, slightly enlarged. (Poirier
and Charpy.)
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Fig. 725.—The tentorium cerebelli. (Poirier and Charpy.)

sends a process into the internal auditory meatus, ensheathing the facial and
auditory nerves; another through the jugular foramen, forming a sheath for the
structures which pass through tliis opening; and a third through the anterior con-
dylar foramen. Around the margin of the foramen magnum it is closely adherent
to the bone, and is continuous with the spinal dura.
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Processes of the Dura (processus durae matris).—The processes of the dura

which project into the cavity of the sTiuU are formed by redupHcation of the inner

or meningeal layer of the membrane, and are four in number—the falx cerebri,

the tentorium cerebelli, the falx cerebelli, and the diaphragma sellae.

The falx cerebri (Figs. 725 and 726), so named from its sickle-like form, is

a strong arched process which descends vertically in the intercerebral fissure

between the two hemispheres of the brain. It is narrow in front, where it is

attached to the crista galli of the ethmoid bone, and broad behind, where it is

connected with the upper surface of the tentorium cerebelli. Its upper margin
is convex, and attached to the inner surface of the skull, in the middle line, as

far back as the internal occipital protuberance; it contains the superior or great

longitudinal sinus [sinus sagittalis superior). Its lower margin is free, concave, and

INTERNAL JUGULAR
VEIN

Fig. 726 --F'alx cerebri and tentorium cerebelli. left lateral view. (Testut.)

presents a sharp, curved edge, which contains the falcial or inferior longitudinal

sinus (sinus sagittalis inferior). The tentorial or straight sinus (sinus rectus) is

formed by the attachment of the falx cerebri to the tentorium cerebelli.

The tentorium cerebelli (Figs. 725 and 726) is an arched lamina of dura, elevated

in the middle and slightly inclined toward the circumference. It intervenes

between the upper surface of the cerebellum and the occipital lobes of the cerebrum.

It is attached, behind, by its convex border to the transverse ridges upon the inner

surface of the occipital bone, and there encloses on each side the transverse or

lateral sinus (sinus transversus); frontad, to the superior margin of the petrous por-

tion of the temporal bone on either side, there enclosing the superpetrosal sinus

{sinus petrosus superior)', and at the apex of this bone the free or internal border

and the attached or external border meet, and, crossing one another, are continued

forward, to be attached to the anterior and posterior clinoid processes respectively.
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Along the middle line of its upper surface the posterior border of the falx is attached,

the tentorial or straight sinus being placed at their point of junction. Its frontal

border is free and concave, and with the dorsum sellae forms a large oval opening.

This opening is called the incisura tentorii and transmits the mesencephalon.

The falx cerebelli (falcula) (Fig. 725) is a small triangular process of dura
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

cerebelli; its posterior margin, to the lower division of the vertical crest on the

inner surface of the occipital bone. As it descends it sometimes divides into two
smaller folds, which are lost on the sides of the foramen magnum.
The diaphragma sellae (Fig. 725) is a small, circular, horizontaF fold, which

constitutes a roof for the sella turcica. This almost completely covers the

h\7)ophysis, presenting merely a small central opening (Joramen diaphragmatis

sellae) for the passage of the infundibulum.

Structure (Fig. 724).—The dura consists of white fibrous tissue with connective-tissue

cells and ekstic fibres arranged in flattened laminae, which are imperfectly separated bv lacunar
spaces and bloodvessels into two layers, endosteal and meningeal. The endosteal layer is

the internal periosteiun for the cranial bones and contains the bloodvessels for their supply

SUPERIOR LONGI-
TUDINAL SINUS

FALX CERCBR.

TENTORIUM
EREBELLI

FALX CEREBELLI

Fig. 727.—Crucial prolongation of the dura. Frontal section passing through the tentorium cerebelli The
torcular herophili is seen in the centre. (Poirier and Chaipy.)

At the margin of the foramen magnum it becomes continuous with the periosteum Hning the
vertebral canal. The meningeal or supporting layer is lined on its inner sinface by a layer of
nucleated endothelium, similar to that found on serous membranes. By its reduplication the
meningeal layer forms the falx cerebri, the tentorium cerebelli and falx cerebelli, and the
di^hragma sellae. The Vko layers are connected by fibres which intersect each other obliquely.
The arteries of the dura (see section on Arteries) are very numerous, but are chiefly distributed

to the bones. Those found in the anterior fossa are the' anterior meningeal branches of the
anterior and posterior ethmoidal and internal carotid, and a brarch frcm the middle meningeal.
Those in the middle fossa are the middle and small meningeal branches of the internal maxil-
lary; a branch from the ascending pharyngeal, whirh enters the skull through the foramen
lacerum medium; branches from the internal carotid, and a recurrent branch from the lac-
nmal. Those in the posterior fossa are meningeal branches from the occipital, one of which
enters the skull throush the jugular foramen, and the other through the mastoid foramen; the
posterior meningeal from the vertebral; occasional meningeal branches from the ascending
pharyngeal, which enter the skull through the jugular and anterior condvlar foramina; and a
branch from the middle meningeal.
The veins which return the blood from the dura (see p. 717), and partly from the bones,

anastomose with the diploic veins (see p. 727). They 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 spinosum to join the internal maxillary vein; above, the meningeal veins communicate
vMth the superior longitudinal sinus. The sinuses are considered on pages 721 to 727 inclusive.
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On either side of the superior longitudinal sinus, especially near its middle, and also near

lateral and straight sinuses, are numerous spaces in the dura which communicate with the sinl

either by a small opening or a distinct venous channel. These spaces are the parasinoidal a'

uses (lacunae laterales). Many of the meningeal veins do not open directly into the sinus _
but indirectly through the parasinoidal sinuses. These venous lacunae are often invaginated by-

arachnoid villi, and they communicate with the underlying cerebral veins, and also with the^

diploic and emissary veins.

The nerves of the dura are filaments from the trochlear, the ophthalmic division of the

geminal, the semilunar or Gasserian ganglion, the vagus, the hypoglossal, and the symf
thetic.

The Arachnoid (Arachnoidea Encephali) (Fig. 728).

The cranial arachnoid is a delicate membrane which envelops the lirain, lying

between the pia internally and the dura externally; from this latter membrane

it is separated by a very fine slit or space, the subdural space (cavum subdumle).

The subdural space contains a very minute quantity of fluid of the nature of lymj

'

OLFACTORY
NERVE

VERTEBRAL
ARTERY

ARACHNOID

Fig. 728.—The arachnoid upon the base of the brain. On the right the arachnoid has been partly removed

to show the cerebrum and cerebellum with their superficial veins. (Poirier and C harpy.)

The arachnoid is prolonged upon emerging nerves and joins the lymph spaces of the

nerves. The subdural space does not communicate with the subarachnoid space.

The arachnoid invests the brain loosely, being separated from direct contact

with the cerebral substance by the pia, and a cjuantity of loose areolar tissue, the

subarachnoidean areolar tissue. On the upper surface of the cerebrum the arachnoid
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is thin and transparent, and may be easily demonstrated by injecting a stream of

air l^eneath it V\v means of a blowpipe; it passes over the convolutions witliout

dipping down into the fissures between tliem, but does pass into the sylvian and

intercerebral fissures and is prolonged upon the nerves as a sheath. At the base

of the brain the arachnoid is thicker, and slightly opaque toward the central part;

it covers the orbital surface of the anterior lobes and extends across between the

two temporal lobes so as to leave a considerable interval between it and the brain,

the cistema basalis.

The subarachnoid space (cavum subarachnoideale) (Fig. 729) is the interval

between the arachnoid and pia. It is not only on the surface, but dips between

Ithe convolutions. It is not, properly speaking, a space, for it is occupied every-

where by a spong\' tissue consisting of trabeculse of delicate connective tissue

covered with endothelium, which pass from the pia to the arachnoid, and in the

meshes of which the subarachnoid fluid is contained. This so-called space is

small on the surface of the cerebrum; but at the base of the brain the subarachnoid

tissue is less abundant and its meshes larger.

fmMMry mil

VenoM lacuna \ Cerebral vevn

8up. longiiudinal «tNHJ

Pacchioiiiau body

Diploic rein

Meningeal vein

Subdural space

Subarachnoid space

Fig. 729.—Diagrammatic representation ot a section across the top of the skull, showing the membranes of the brain,

etc. (Modified from Testut.)

In certain regions the arachnoid and pia are farther apart than was p^e^^ously

indicated, and these spaces are called subarachnoid cistemaB (cisternae subarach-

noidales). The largest space is the continuation of the posterior part of the sub-

arachnoid space of the spinal cord. It is called the postcistema or cistema magna
(cisferna cerebeUomeduUaris) . It is a space formed by the arachnoid passing across

the back and under portions of the medulla oblongata and cerebellum. It com-

municates with tlie fourth ventricle by three foramina. The largest opening is

the foramen of Magendie (apertura medialis centriciih quart i; metap)ore). It is in

the middle line of the tela choroidea. At the end of each recessus lateralis of the

fourth ventricle there is also an opening, and each opening is called the foramen of

Luschka or of Key and Retzius (apertura lateralis ventriculi quarti). The cistema
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pontis is the continuation upward of the anterior part of the subarachnoid space of

the cord. About the medulla oblongata it is continuous with the postcisterna, so

this important nerve centre is surrounded by a large subarachnoid space. The
cistema basalis (cisterna interpedummlaris) is formed by the arachnoid extending

between the two temporal lobes. There is a cisterna between the inferior edge of

the falx cerebri and the superior surface of the corpus callosum which contains

the anterior cerebral arteries, a cisterna in the sylvian fissure (cisterna sylviana)

which contains the middle cerebral artery, and a cisterna between the corpora

quadrigemina which contains the vena magna Galeni.

The cerebrospinal fluid (coeliolympha; liquor cerebrospinalis) fills the subarach-

noid space. 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 1.5 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 nerve centres, and
to prevent the effects of concussions communicated from without.

Structure.—The arachnoid consists of bundles of connective tissue, the fine fibres of which
form one layer and cross each other in every direction. At the level of the large fissures, and
especially around the circle of Willis, it is reenforced by thick fibrous tissue. Both surfaces are

covered with endothelium. There are no bloodvessels in the arachnoid; the vessels which
appear to be in it are really in the pia. There is no positive proof that nerves are present in

the arachnoid. It is true that Bochdalek and Luschka long ago described arachnoid nerves,

but these observations have never been corroborated.

The Arachnoid Villi or Pacchionian Bodies (Crraniilationes Arachnoideales).

The arachnoid villi, erroneously called glandulae Pacchioni, are numerous
small whitish or purplish projections, usually collected into clusters of variable

size, which are found in the following situations: (1) Upon the outer surface of the

dura, in the vicinity of the superior longitudinal sinus, being received into small

depressions on the inner surface of the calvarium. (2) On the inner surface of the

dura. (3) In the superior longitudinal sinus and the other sinuses.

A hasty examination would lead us to suppose that these bodies spring from
the dura, but, as a matter of fact, they originate from the arachnoid. They are

not glandular in structure, but are simply enlarged normal villi of the arachnoid.

In their growth they appear to perforate the dura, and when a group of villi is

of large size it causes absorption of the bone, and comes to be lodged in a pit oi

depression (foveola granvlaris [Pacchioni]) on the inner table of the skull. Theii

manner of growth is as follows: At an early period they project through minute

holes in the inner layer of the dura, which open into large venous spaces situatec

in the tissues of the membrane, on either side of the longitudinal sinus and com-
municating with it. In their onward growth the villi push the outer layer of the

dura before them, and this forms over them a delicate membranous sheath. Ii

structure they consist of spongy trabecular tissue, covered over by a membrane,
which is continuous with the arachnoid. The space between these two coverings^

derived from the dura and arachnoid respectively, corresponds to and is con-i

tinuous with the subdural space. The spongy tissue of which they are composec

is continuous with the trabecular tissue of the subarachnoid space; so that fluic

injected into the subarachnoid space finds its way into the Pacchionian bodies

and through their coverings filters into the superior longitudinal sinus. They arc

supposed to be a means of getting rid of an excess of cerebrospinal fluid wher

its quantity is increased above normal, or for replenishing the cerebrospinal

fluid from the blood plasma when needed. Another means of getting rid of
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cerebrospinal fluid is absorption by the lymph spaces of the cranial nerves,

which possess sheaths of arachnoid up to the points at which they emerge from

the skull.

These bodies are not found in infancy, and very rarely until the third year.

They are usually found after the tenth year; and from this period they increase

in number as age advances. Occasionally they are wanting.

ANT. PILLARS
OF FORNIX

MEDIAN
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CAUDATE
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VENA MAGN«
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Fig. 730.—Velum interposituin. (Poirier and Charpy.)

The Pia of the Brain (Pia Mater Encephali) (Figs. 729, 730).

The pia of the brain is a vascular membrane, and derives its blood from the

internal 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 laminae, and

is prolonged into the interior, forming the velum interpositum and the choroid

plexuses of the lateral and fourth ventricles.

The velum interpositum or the tela chorioidea superior {tela choriaidea ven-

iriculi tertii) (Fig. 7.30) is the prolongation of the pia into the interior of the brain

through the medium of the transverse fissure. It is a double triangular vascular

fold, that lies between the body of the fornix above and the thalami and the

epithelial roof of the third ventricle below, and passes fonsard to the foramen of

Monro. At each edge of the velum interpositum is the choroid plexus {plexus

chorioideus ventriculi lateralis; paraplexus) of the corresponding lateral ventricle.

In front the two plexuses join behind the foramen of Monro, and at the point

of junction two lesser choroid plexuses pass back along the under surface of

the velum interpositum to the third ventricle, the diaplexus or median plexus

(plexus chorioideus ventriculi tertii). The velar veins or veins of Galen (p. 720)

are two veins which lie on either side of the middle of the velum interpositum

and pass back. Each velar vein is formed by the union of the vein from the

corpus striatum and the choroid vein from the choroid plexuses. The two velar

veins unite and form the vena magna (Galeni), which empties into the straight

sinus.

The pia of the surfaces of the hemispheres, where it covers the gray substance
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of the convolutions, is very vascular, and gives off from its inner surface a multi-

tude of minute vessels, which extend perpendicularly for some distance into the

cerebral substance. At the base of the brain, in the situation of the anterior and
posterior perforated substance, a number of long, straight vessels are given off,

which pass through the white substance to reach the gray substance in the interior.

On the cerebellum the membrane is more delicate, and the vessels from its inner

surface are shorter. The pia of the spinal cord is thicker, firmer, and less vascular

than that of the brain, and as it is traced upward over the medulla oblongata

it is seen to preserve these characters. At the upper border of the medulla ob-

longata it is prolonged over the lower half of the fourth ventricle, forming, before

it is reflected onto the under surface of the cerebellum, a covering for the fourth

ventricle called the tela chorioidea inferior {tela chorioidea ventrictdi quarti; metatela)

;

this carries the choroid plexus of the fourth ventricle {plexus chorioideiis ventriculi

tjuarti).

The arteries of the pia (see pp. 614, 617, and 621) (Figs. 450 and 451) are the anterior, middle,

and posterior cerebral, anterior choroid and choroid, superior, anterior inferior, and posterior

inferior cerebellar. (The vessels of the cerebral ganglionic system and of the cortical arterial

system are considered on p. 618.)

The veins of the pia (see pp. 719, 720, and 721) are the basilar vein, the velar veins (Fig.

730), the veins constituting the choroid plexuses of the third ventricle, the lateral ventricles^

and the fourth ventricle; the cerebral veins (Fig. 728) and the cerebellar veins (Fig. 728).

The nerves of the pia accompany the branches of the arteries and are derived chiefly from

the sympathetic. A few fibres are derived from certain cranial nerves, all of which are prob-

ably of the afferent variety.

THE CRANIAL NERVES (NERVI CEREBRALES).

The irregularities of origin and distribution of the cranial nerves, as compared

with the relatively simple spinal nerves, are so great and their functions were for-

merly so litde known that the older anatomists contented themselves with number-

ing them in order, beginning at the frontal end of the brain, and named them

with reference to their anatomic connections. The enumeration of the cranial

nerves was as variously given, almost, as there were writers upon the subject;

the systems of Willis and of Sommering were most in vogue for a time, but the

latter prevails today. In Sommering's arrangement twelve pairs of cranial nerves

are recognized, but, on morphological and functional grounds, the nerves of

the seventh and eighth pairs should each be considered as being composed of two

nerves, the eleventh pair should be included with the nerves of the tenth, and the

optic "nerve" is rather a diverticulum of the brain itself than a nerve in the strict

sense. Furthermore, while some of the nerves are sensor or motor in a sense

stricdy comparable with the spinal nerves, others are mixed in function, and

yet others constitute nerves of special sense and lack general sensibility. The
numerical names, based upon the order in which they pass through the foramina

in the base of the cranium, are being abandoned gradually for the more appro-

priate functional names, but not yet entirely so. Thus glossopharyngeal has

not yet given way to '-'gustatory;" "vagus" is shorter than " piwumogastric"—

a term which is misleading for a nerve which is distributed not only to lungs

and stomach, but also to the meninges, the pharynx and oesophagus, larynx and

trachea, heart and pericardium, liver and spleen.

The cranial nerves, as usually enumerated, together with their superficial

"origin" or attachment to the brain and their foramina of exit from the skull, are

tabulated on page 849. The central olfactory pathway is described on page 958,

and the central connections of the optic tracts are given on page 911. The central

connections of the remaining cranial nerves are des'cribed on pages 877 to 902.
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The following is a brief summarj of the twelve pairs of cranial nen'es, indicating

their functional nature:

No. Name. Functional nature.

I. Olfactory (fila). Smell sense.

II. Optic. Visual sense.

III. Oculomotor. Motor to muscles of eyeball and orbit.

n-. Trochlear. Motor to Superior oblique muscle of eyeball.

V. Trigeminal. Mixed: Sensor to face, tongue, and teeth; motor to
muscles of mastication.

VI. Abducent. Motor to External rectus muscle of eyeball.

VII. Facial. Motor to muscles of scalp and face.

Xervus intermedius. Mixed: Sensor (gustatorj-) to tongue; excitoglandular to

submaxillary and sublingual salivarj' glands.

VIII. Acoustic:

I. Cochlearis. Hearing sense.*

II. Vestibularis, Equilibratory.

IX. Glossopharyngeal. Mixed' Sensor (and gustatory) to tongue and pharj-nx;

motor (?) to Stj'lopEaiyngeus muscle.

X. Vagus. Mixed: Sensorimotor to respiratory tract and part of ali-

mentarj' tract.

XI. Spinal accessory.

I. Accessory to vagus. Motor to muscles of palate, pharynx, etc. ; respiratory or-

gans; inhibitorj- to heart.

II. Spinal part. Motor to Trapezius and Stemoma-stoid muscles.

XII. Hypoglossal. Motor to muscles of tongue.

THE FIRST OR OLFACTORY NERVE (N. OLFACTORIUS).

The olfactory nerves or fila are the special nerves of the sense of smell, and are

about twenty in number on each side. These filaments constitute the first or

olfactory nerves and are the axones of the olfactory cells, lying in the small olfac-

tory region in the upper part of the superior turbinated process of the ethmoid

and corresponding portion of the nasal septum and are macroscopically differenti-

ated from the respiratory region in being of a more brownish hue (Fig. 731).,

The olfactory fila are amyelinic and exhibit a plexiform arrangement in the deeper

layers. After piercing the cribriform plate of the ethmoid they become attached

to the under surface of the olfactory bulb, an oval mass of a grayish color, which

rests on the cribriform plate of the ethmoid bone and forms the anterior expanded

extremity of a slender process of brain substance, named the olfactory tract.

The olfactory tract and bulb have already been described (p. 927). The olfactory

tubercle [trigonum olfacioriuni) is a small triangular mass of gray substance between

the diverging roots of the optic tract (p. 928).

Each nerve is surrounded by tubular prolongations from the dura and pia,

tne former being lost on the periosteum lining the nose, the latter in the neuri-

lemma of the nerve. The nerves, as they enter the nares, are di\-isible into two

groups—an inner group, larger than those on the outer wall, spread out over the

upper third of the septum; and an outer set, which is distributed over the superior

turbinated process and the surface of the ethmoid in front of it. As the filaments

descend, they appear to unite in a plexiform network, and are believed by most

observers to terminate by l^ecoming continuous with the deep extremities of the

olfactory cells.

The olfactory nerves differ in structure from other nerves in being composed
exclusively of amyelinic fibres. They are deficient in the white substance of

Schwann, and consist of axones with a distinct nucleated sheath, in which there

are, however, fewer nuclei than in ordinary amyelinic fibres.

The central olfactory pathways are described on page 958).
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Applied Anatomy.—Destruction of the olfactory tract of one side causes loss of smell {anos-

mia) on the side of the injury, because the olfactory tract is practically uncrossed. In severe

injuries to the head the olfactory bulb may become separated from the olfactory nerves, thus

producing loss of the sense of smell, and with this a considerable loss in the sense of taste, as much
6f the perfection of the sense of taste is due to the sapid substances, being also odorous and

i

Fig. 731.—Extent of true olfactory mucous membrane (v. Brunn.)

simultaneously exciting the sense of smell. When the sense of smell is lost, an individual

cannot distinguish the flavor of food, but he can distinguish that a substance is salt, or sweet,

or bitter, or acid. The most usual cause of injury to the olfactory nerve is fracture of the base

of the skull, the line of fracture passing through the cribriform plate of the ethmoid bone, but a
blow upon the face, forehead, or back of the head which does not produce fractiure may injure

the nerves.

THE SECOND OR OPTIC NERVE (N. OPTICUS).

The fibres of the optic nerve, the special nerve of the sense of sight, are the central

processes of the retinal ganglion cells which, after converging to the optic papilla,

leave the eyeball by piercing its fibrous and vascular tunics as a cylindric cord.

The point of emergence is situated a little mesad (3 to 4 mm.

—

^ to \ inches)

of the posterior pole of the globe. Behind the eyeball the nerve passes back-

ward and inward through the orbital fat and optic foramen to enter the middle

fossa of the craniurn. The total length of the nerve averages 45 to 50 mm.
(1|^ to 2 inches). The two nerves converge to decussate partially, forming the

chiasm.

The optic chiasm (chiasma opticum) (Figs. 732 and 733 and p. 910) is somewhat
quadrilateral in form, rests upon the olivary eminence and on the anterior part of

the diaphragma sellae, being bounded above by the lamina terminals; behind hy

the tuber cinereum; on either side by the anterior perforated substance. Within

the commissure the optic nerves of the two sides undergo a partial decussation

(Figs. 672 and 733), described in detail on pages 910 and 911.
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From the optic chiasm the optic tracts wind as flattened bands obliquely caudo-

iaterad around the crura cerebri to subdi\4de, each into two bands, one (mesal

root) passing to the medial geniculate body and not a true continuation of the

optic path (see Gudden's commissure, p. 910), the other (lateral root) passing to

the lateral geniculate bodv, the puh'inar, and the superior quadrigeminal body
(p. 910).

The optic path has been described on pages 909 to 911.

Applied Anatomy.—The optic nerve is peculiarly liable to become the seat of neuritis or

undero:o atrophy in affections of the central nerve system, and, as a rule, the pathological rela-

tionship between the two affections is exceedingly diflScult to trace. There are, however, certain

points in connection with the anatomy of this nerve which tend to throw light upon the frequent

association of these affections with intracranial disease: (1) From its mode of development

and from its structure the optic nerve must be r^prded as a prolongation of the brain substance,

rather than as an ordinary- cerebrospinal nerve. (2) As it f>asses from the brain it receives

sheaths from the three cerebral membranes—a perineural sheath from the pia, an intermediate

sheath from the arachnoid, and an outer sheath from the dura, which is also connected with

the periosteum as it passes through the optic foramen. These sheaths are separated from each

other bv spaces which communicate with the subdural and subarachnoid spaces respectively.

The innermost or perineural sheath sends a process around the arteria centralis retinae into the

interior of the nerve, and enters immediately into its structure. Thus, inflammatory infections

of the meninees or of the brain may readily extend themselves along these spaces or along the

interstitial connective tissue in the nerve.

To optic nenx
ofsamefide.

Of oppotiU
side.

Fig. 732.—The left optic nei^e and optic tracts. Fig. 733.—Course of the fibres in the optic chiasm.

The course of the fibres in the optic chiasm has an imp>ortant pathological bearing, and has
been the subject of much controversy. Microscopic examination, experiments, and pathology
all seem to point to the fact that there is a partial decussation of the fibres, each tract supplying
the corresponding half of each eye, so that the right tract supplies the right half of each eye, and
the left tract the left half of each eye. At the same time, Charcot believes—and his view has
met with general acceptation—that the fibres which do not decussate at the optic chiasm will
decussate in the corpora quadrigemina, so that lesion of the cerebral centre of one side causes
complete blindness of the opposite eye, because both sets of decussating fibres are destroved.
WTiereas should one tract—say the right—be destroyed by disease, there will be blindness of
the rigfht half of both retinae.

A sagittal section through the optic chiasm would di\nde the decussating fibres, and would
therefore produce blindness of the inner half of each eye; while a section at the margin of the
side of the optic chiasm would produce blindness of the external half of the retina of the same
side.

The optic nerve may also be affected in injuries or diseases invoh-ing the orbit, in fractures
of the anterior fossa of the base of the skull, in tumors of the orbit itself, or those invading this
favity from neighboring parts.
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THE THIRD OR OCULOMOTOR NERVE
(Figs. 734, 735).

(N. OCULOMOTORIUS)

1

Infratrochlem
nerve.

The third or oculomotor nerve supplies all the muscles of the orbit except the

Superior oblique and External rectus; it also supplies, through its connection

with the ciliary ganglion, the Sphincter muscle of the iris and the Ciliary muscle.

It is a rather large nerve, of cylindric form and firm texture.

Its apparent origin is from the oculomotor groove along the ventromesal border
of the crus. The deep origin may be traced through the substantia nigra, red

nucleus, and tegmentum of the crus to a nucleus situated on either side of the

median line beneath the floor of the aqueduct. The nucleus of the oculomotor
nerve also receives fibres from the abducent nerve of the opposite side. The
nucleus of the oculomotor nerve, considered from a physiological standpoint,

can be subdivided into several

smaller groups of cells, each group
controlling a particular muscle (see

p. 901).

On emerging from the brain, the

nerve is invested with a sheath of

pia,and enclosed in a prolongation

from the arachnoid. It passes

between superior cerebellar and
posterior cerebral arteries, and then

pierces the dura in front of and
external to the posterior clinoid

process, passing between the two

processes from the free and attached

borders of the tentorium, which

are prolonged forward to be con-

nected with the anterior and poste-

rior clinoid processes of the sphe-

noid bone. It passes along the

outer wall of the cavernous sinus

(Figs. 505 and 506) ; above the other

orbital nerves, receiving in its course

one or two filaments from the

cavernous plexus of the sympa-
thetic, and a communicating branch
from the first division of the tri-

geminal nerve. It then divides into

two branches, which enter the orbit

through the sphenoidal fissure, be-

tween the two heads of the External

rectus muscle (Fig. 734). On
passing through the fissure, the nerve is placed below the trochlear nerve and
the frontal and lacrimal branches of the ophthalmic nerve, while the nasal nerve is

placed between its two divisions (Fig. 743)

.

The superior division (ramus superior} (Fig. 735), the smaller, passes inward

over the optic nerve, and supplies the Superior rectus and Levator palpebrae

muscles. The inferior division (ramus inferior) (Fig. 735), the larger, divides

into three branches. One passes beneath the optic nerve to the Internal rectus;

another, to the Inferior rectus; and the third, the longest of the three, passes

forward between the Inferior and External recti to the Inferior oblique. From

Fig. 734.-

Motor root

Sensory root,

-Nerves of the orbit, seen from above

Recurrent filament
to dura mater.
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this latter a short, thick branch, radix brevis ganglii ciliaris, is given off to the lower

part of the ciliary or lenticular ganglion and forms its short or Tnotor root (Figs.

735 and 738). All these branches enter the muscles on their ocular surface,

except that to the Inferior oblique, which enters its posterior border,

Applied Anatomy.—Paralysis of the oculomotor nerve may be the result of many causes:

as cerebral disease; conditions causing pressure on the cavernous sinus; periostitis of the bone

entering into the formation of the sphenoidal fissure; fracture of the orbit. It results, when
complete, in (1) ptosis, or drooping of the upper eyelid, in consequence of the Levator palpebrae I

being paralyzed; (2) external strabismus, on account of the unopposed action of the External I

rectus muscle, which is not supplied by the oculomotor nerve, and is not therefore paralyzed; •

(3) dilatation of the pupil, because the sphincter fibres of the iris are paralyzed; (4) loss of

power of accommodation, as the Sphincter pupillse, the Ciliary muscle, and the Internal rectus |

are paralyzed; (5) slight prominence of the eyeball, owing to most of its muscles being relaxed. |

^Oculomotor Nerve

From Cavernous Plexus

Fig. 735.—Plan of the oculomotor nerve.

Occasionally paralysis may affect only a part of the nerve; that is to say, there may be, for ex-

ample, a dilated and fixed pupil, with ptosis, but no other signs. Irritation of the nerve causes

spasm of one or other of the muscles supplied by it; thus, there may be internal strabismus from
spasm of the Internal rectus; accommodation for near objects only from spasm of the Ciliary

muscle, or contraction of the pupil (myosis), from irritation of the sphincter of the pupil.

The oculomotor nerve is particularly liable to become involved in a syphilitic periarteritis

where it passes between the superior cerebellar and posterior cerebral arteries; associated with
locomotor ataxia various partial or complete paralyses of the nerve are often seen.

THE FOURTH OR TROCHLEAR NERVE (N. TROCHLEARIS) (Figs. 633, 734).

The fourth or trochlear nerve is, with the exception of the n. intermedins, the

smallest of the cranial nerves, and supplies the Superior oblique muscle.

It arises from a nucleus in the floor of the mid-brain aqueduct at the level of

the inferior quadrigeminal body. From its origin the nerve runs outward, curving

around the central aqueduct gray to turn inward and backward into the superior

medullary velum, decussating with the corresponding nerve of the opposite side

and emerging from the surface laterad of the frenulum veli, immediately behind
(or caudad of) the posterior quadrigeminal body.

Emerging from the superior medullary velum, the nerve is directed outward
across the superior peduncle of the cerebellum, and then winds forward around
the outer side of the crus cerebri, immediately above the pons, pierces the dura
in the free border of the tentorium, just behind, and external to, the posterior

clinoid process, and passes forward in the outer wall of the cavernous sinus,

between the oculomotor nerve and the ophthalmic division of the trigeminal

nerve (Figs. 505 and 506). It crosses the oculomotor nerve and enters the
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orbit through the sphenoidal fissure (Fig. 743). It now becomes the highest

of all the nerves, lying at the inner extremity of the fissure internal to the frontal

nerve. In the orbit it passes inward, above the origin of the Levator palpe-

brae, and finally enters the orbital surface of the Superior oblique muscle.

Branches of Communication.—In the outer wall of the cavernous sinus it forms

communications with the cavernous plexus of the sympathetic and with the

ophthalmic division of the trigeminal nerve. In the sphenoidal fissure it occa-

sionally gives olT a branch to assist in the formation of the lacrimal nerve.

Branches of Distribution.—It gives off a recurrent branch, which passes backward

between the layers of the tentorium cerebelli, dividing into two or three filaments

which may be traced as far back as the wall of the lateral sinus.

Applied Anatomy. —The trochlear nerve when paralyzed causes loss of function in the Su-

perior oblique, so that the patient is unable to turn his eye downward and outward. Should the

patient attempt to do this, the eye on the affected side is twisted inward, j^roducing diplopia or

double vision. Accordingly, it is said that the first symptom of this disease which presents itself

is giddiness when going down hill or in descending stairs, owing to the double vision produced

by the patient looking at his steps while descending.

THE FIFTH, TRIGEMINAL, OR TRIFACIAL NERVE (N. TRIGEMINUS)
(Figs. 737, 738).

The fifth, trigeminal, or trifacial nerve is the largest cranial nerve. It resembles

a spinal nerve (1) in having two roots, motor and sensor; (2) in having a ganglion

developed on its sensor root. It is the great sensor nerve df the head and face and

the motor nerve of the muscles of mastication; its upper two divisions are entirely

sensor, the third division is partly sensor and partly motor. It arises by two roots;

of these, the ventral is the smaller, and is the motor root (Fig. 649); the dorsal, the

larger and sensor root. It emerges from the side of the pons near the upper border,

by a small motor and a large sensor root. The small root consists of three or four

bundles; the large root consists of numerous bundles of fibres, varying in number
from seventy to a hundred. The two roots are separated from each other by a few

of the transverse fibres of the pons. The deep termination of the large or sensor

root is chiefly in a long tract in the medulla oblongata, the lower sensor nucleus,

which is continuous below with the substantia gelatinosa Rolandi. The fibres

from this nucleus form the so-called ascending root of the fifth nerve ; tliey pass

upward through the pons and join with fibres from the upper sensor nucleus (Fig.

650), which is situated to the outer side of the motor nucleus, from which the lower

part of the motor root takes origin. The deep origin of the small or motor root

is derived partly from a nucleus embedded in the gray substance of the upper

part of the floor of the fourth ventricle and partly from a collection of nerve cells

situated at the side of the aqueduct from which the fibres pass caudad under the

name of the mesencephalic or descending root of the fifth nerve (Fig. 650).

The two roots of the nerve pass forward below the tentorium as it bridges over

the notch on the inner part of the superior border of the petrous portion of the

temporal bone (Fig. 737) ; they then run between the bone and the dura to the

apex of the petrous portion of the temporal bone, where the fibres of the sensor

root appear to enter into the formation of the large semilunar or Gasserian ganglion

(Figs. 736 and 737), while the motor root passes beneath the ganglion without

having any connection with it, and joins outside the cranium with one of the

trunks derived from it (Figs, 736 and 737).

The Gasserian or semilunar ganglion^ {ganglion semilunare) (Figs. 736 and

737) is lodged in an osteofibrous space, the cavum Meckelii (Fig. 726), near the

* A Viennese anatomist, Raimund Balthasar Hirsch (1765), was the first who recognized the ganglionic nature
of the swelling on the sensor root of the fifth nerve, and called it, in honor of his otherwise unknown teacher,
Jon. Laur. Gasser, the "Ganglion Gasseri." Julius Casserius, whose name is given to the musculocutaneous
nerve of tlie arm, was professor at Padua, 1545 to 1605. (See Hyrtl, Lehrbuch der Anatomic, p. 895 and p. 55.)
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apex of the petrous portion of the temporal bone. The ganglion is of somewhat

crescentic form, with its convexity turned forward. Its upper surface is intimately

adherent to the dura. Besides the small or motor root, the large superficial petrosal

nerve lies underneath the ganglion.

OCULOMOTOR TROCHLEAR ABOUCCNS
NERVE NERVC NERVE

SUPERIOR
MAXILLARY

NCRVE

:/
MANDIBULAR

NCRVE

MOTOR PORTION
OF FIFTH NERVC

SENSOR PORTION
F TRIGEMINAL NERVC

SEMILUNAR NERVE
(Gaiiserian ganglion)

Fia. 736.—Tho right HPmilnnarm Ci».o!>t-n».n ganglinn, vipwpH fmm th«» m<»Hiid mAp.. (Enlarged.) (^>alteboIx. I

Branches of Communication.—This ganglion receives on its inner side filaments

from the carotid plexus of the s^Tiipathetic.

Branches of Distribution.—It gives off minute branches to the tentorium cerebelli

and the dura in the middle fossa of the cranium. From its anterior (convex)

border, which is directed forward and outward, three large branches proceed

—

the ophthalmic, superior maxillary, and
inferior maxillary. The ophthaimic

and superior maxillarv consist exclu-

sively of fibres derived from the large

root and ganglion, and are solely/

nerves of common sensation. The
third division, or inferior maxillarv.

is joined outside the cranium by the

motor root, and is, therefore, strictly

speaking, the only portion of the tri-

geminal nerve which can be said to

resemble a spinal nerve.

Associated with the three divisions

of the trigeminal nerve are four small

ganglia—the ophthalmic, sphenopala-

tine, otic, and submaxillary ganglia.

The ophthalmic nerve. («. ophthal-

micus), or first division of the tri-

geminal, is a sensor nerve. It supplies

sensor branches to the cornea, ciliary

muscle, and iris, to the lacrimal gland,

to a part of the mucous lining of the nasal fossae, and to the integument of the
eyelids, eyebrow, forehead, and nose (Fig. 742). It is the smallest of the three
divisions of the fifth, arising from the upper part of the Gasserian ganglion. It

is a short, flattened band, about 2 cm. (4 inch) in length, which passes forward

SENSOR ROOT
OIVIOEO

SUPERIOR
PETROSAL SINUS

FACIAL AND
ACOUSTIC NERVES

SCNSOR ROOT
Fig. 737.—The course of the motor root of the trigeminal

nerve. (Poirier and Charpy.)
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along the outer wall of the cavernous sinus (Figs. 505 and 506), below the oculo-

motor and trochlear nerves (Fig. 736), and just before entering the orbit, through

the sphenoidal fissure, divides into three branches

—

lacrimal, frontal, and nasal.

Branches of Communication.—^The ophthalmic nerve is joined by filaments

from the cavernous plexus of the sympathetic, and gives off minute branches

to communicate with the oculomotor and abducent nerves, and not infrequently

with the trochlear.

Branches of Distribution.—It gives off recurrent filaments (ii. tentorii) which

pass between the layers of the tentorium cerebelli, and then divides into

—

Lacrimal. Frontal. Nasal.

The lacrimal nerve (n. lacrimalis) (Figs. 738 and 739) is the smallest of the three

branches of the ophthalmic. It sometimes receives a filament from the trochlear

nerve, but this is possibly derived from the branch of communication which

passes from the ophthalmic to the trochlear. It passes forward in a separate

tube of dura, and enters the orbit through the narrowest part of the sphenoidal

fissure (Fig. 743). In the orbit it runs along the upper border of the External

rectus muscle, with the lacrimal artery, and communicates with the temporomalar

branch of the superior maxillary nerve. It enters the lacrimal gland and gives

off several filaments, which supply the gland and the conjunctiva. Finally, it

pierces the superior palpebral ligament, and terminates in the integument of the

upper eyelid, joining with filaments of the facial nerve. The lacrimal nerve is

occasionally absent, when its place is taken by the temporal branch of the superior

maxillary. Sometimes the latter branch is absent, and a continuation of the

lacrimal is substituted for it.

•The frontal nerve {n. frontalis) (Figs. 734 and 738) is the largest division of the

ophthalmic, and may be regarded, both from its size and direction, as the continu-

ation of the nerve. It enters the orbit above the muscles, through the sphenoidal

fissure (Fig. 738), and runs forward along the middle line, between the Levator

palpebrae and the periosteum. Midway between the apex and the base of the

orbit it divides into two branches, supratrochlear and supraorbital.

The supratrochlear branch (??. supratrochlear is) (Fig. 734) the smaller of the

two, passes inward, above the pulley of the Superior oblique muscle, and gives

off a descending filament, which joins with the infra trochlear branch of the nasal

nerve. It then leaves the orbit between the pulley of the Superior oblique and
the supraorbital foramen, curves up on to the forehead close to the bone, ascends

beneath the Corrugator supercilii and Occipitofrontalis muscles, and, dividing

into branches which pierce these muscles, it supplies the integument of the lower

part of the forehead on either side of the middle line and sends filaments to the

conjunctiva and skin of the upper eyelid.

The supraorbital branch (/?. supraorhitalis) (Fig. 743) passes forward through

the supraorbital foramen, and gives off, in this situation, palpebral filaments to

the upper eyelid. It then ascends upon the forehead, and terminates in cutaneous

and pericranial branches. The cutaneous branches, two in number, an inner and
an outer, supply the integument of the cranium as far back as the vertex. They
are at first situated beneath the Occipitofrontalis, the inner branch perforating

the frontal portion of the muscle, the outer branch its tendinous aponeurosis.

The pericranial branches are distributed to the pericranium over the frontal and

parietal bones.

The nasal nerve (//. nasociliaris) (Figs. 734 and 738) is intermediate in size

between the frontal and lacrimal, and is more deeply placed than the other branches

of the ophthalmic. It enters the orbit by way of the sphenoidal fissure (Fig.

743) between the two heads of the External rectus, and passes obliquely inward

across the optic nerve, beneath the Superior rectus and Superior oblique muscles,

I
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to the inner wall of the orbit. Here it passes through the anterior ethmoidal

foramen, and, entering the cavity of the cranium, tra,verses 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 (Fig. 7-10), where it divides

into two branches, an internal and an external branch. The internal branch

{rami nasales mediales) supplies the mucous membrane near the fore part of the

septum of the nose. The external branch (rami nasales laferales) 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 die outer wall of the nares as far as

the inferior turbinate process; it then leaves the ca\ity of the nose, between the

lower border of the nasal bone and the upper lateral cartilage of the nose, and,

ssing down l^eneath the Compressor nasi, supplies the integument of the ala

and the tip of the nose, joining with the facial nerve.

The branches of the nasal nerve are the ganglionic, long ciliary, and infratrochlear.

The ganglionic branch or the long root of the ciliary ganglion (radix longa ganglii

ciliaris) (Figs. 735 and 73S) is a slender branch, about 1 to 2 cm. in length, which

usually arises from the nasal nerve, between the two heads of the External rectus

IniemcLl carotid

and carotid

Fig. 738.—Ners-es of the orbit and ophthalmic ganglion, side \-iew.

muscle. It passes forward on the outer side of the optic nerve, and enters the

postero-superior angle of the ciliary ganglion, forming its long root. It is some-

times joined by a filament from the cavernous plexus of the sympathetic or from

the superior division of the oculomotor nerve.

The long ciliary nerves (nn. ciliares longi), two or three in number, are given

off from the nasal as it crosses the optic nerve. They accompany the short ciliary

nerves
{ Figs. 735 and 738) from the ciliary ganglion, pierce the posterior part of

the sclera, and, running forward between it and the choroid, are distributed to

the Ciliary muscle, iris, and cornea.

The infratrochlear branch (n. infratrochlearis) (Fig. 734) is given off just before

the nasal nerve passes through the anterior ethmoidal foramen. It runs forward

along the upper border of the Internal rectus muscle, and is joined, beneath

the pulley of the Superior oblique, by a filament from the supratrochlear nerve.

It then passes to the inner angle of the eye, and supplies the integument of the

eyelids and side of the nose, the conjunctiva, the lacrimal sac, and the caruncula

lacrimalis.
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The ophthalmic, lenticular, or ciliary ganglion (ganglion ciliare) is a small, quad-

rangular, flattened ganglion of a reddish-gray color, 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 exposure by dissection some-
what difficult.

Its branches of communication or roots are three, all of which enter its posterior

border. One, the long or sensor root (radix longa ganglii ciliaris), is derived

from the nasal branch of the ophthalmic and joins its postero-superior angle.

The second, the short or motor root (radix hrevis ganglii ciliaris), is a short, thick

nerve, occasionally divided into two parts, which is derived from the branch of

the oculomotor to the Inferior oblique muscle, and is connected with the postero-

inferior angle of the ganglion. The third, the sympathetic root (radix sympa-
thetica ganglii ciliaris), is a slender filament from the cavernous plexus of the

sympathetic. This is frequently blended with the long root, although it some-
times passes to the ganglion separately. The ganglion occasionally receives a

filament of communication from the sphenopalatine ganglion.

Its branches of distribution are the short ciliary nerves (nn. ciliares breves) (Figs.

735 and 738). These are delicate filaments, from six to ten in number, which
arise from the fore part of the ganglion in tMo bundles, connected with its superior

and inferior angles; the lower bundle is the larger. They run forward with the

ciliary arteries in a wavy course, one set above and the other below the optic nerve,

and are accompanied by the long ciliary branches of the nasal nerve. They pierce

the sclera at the back part of the globe, pass forward in delicate grooves on its

inner surface, and are distributed to the Ciliary muscle, iris, and cornea. One,
small branch is said to penetrate the optic nerve with the arteria centralis retinae.

The superior maxillary nerve (/?. maxillaris) (Figs. 734 and 737), or seconi

division of the trigeminal, is a sensor nerve. It is intermediate, both in positionJ

and size, between the ophthalmic and inferior maxillary. It connnences at tin

middle of the Gasserian ganglion as a flattened plexiform band, and, passin^^

horizontally forward, it leaves the skull through the foramen rotundum, where it

becomes more cylindrical in form and firmer in texture. It then crosses the

sphenomaxillary fossa (Fig. 67), inclines outward on the back of the maxilla,

and enters the orbit through the sphenomaxillary fissure; it traverses the infra-

orbital canal in the floor of the orbit, and appears upon the face at the infra-

orbital foramen.^ At its termination the nerve lies beneath the Levator labii

superioris muscle, and divided into a leash of branches, which spread out upon
the side of the nose, the lower eyelid, and upper lip, joining with filaments of the

facial nerve.

Branches of Distribution.—The branches of this nerve may be divided into four

groups: (1) Those given off in the cranium. (2) Those given ofl^ in the spheno-

maxillary fossa. (3) Those in the infraorbital canal. (4) Those on the face.

In the cranium .... Meningeal or dural.

• ( Orbital or temporomalar.
Sphenomaxillary fossa . j Sphenopalatine.

V- Posterior superior dental.

Infraorbital canal . . .
I Middle superior dental

I

Anterior superior dental.

( Palpebral.
On the face . . . . j Nasal.

V Labial.

' After it enters the infraorbital canal the nerve is usually called the infraorbital (re. infraorbitalis), and isi

therefore, the terminal branch of the superior maxillary nerve (Fig. 742>.
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The Meningeal or Dural Branch {n. meningeus medius) is given off from the supe-

rior maxillarv nerve directly after its origin from the Gasserian ganglion; it accom-

panies the middle meningeal arterv and supplies the dura of the middle fossa

of the base of the skull.

The Orbital or Temporomalar Branch {u. zygoinaticus) (Figs. 738 and 739) arises

in the sphenoniaxillarv fossa, enters the orbit by the sphenomaxillary fissure,

and divides at the back of that cavity into two branches, temporal and malar.

The temporal branch (ramus zygomaticotemporalis) runs along the outer wall

of the orliit in a groove in the malar bone, receives a branch of communication

from the lacrimal, and, passing through a foramen in the malar bone, enters the

temporal fossa. It ascends between the bone and the substance of the Temporal
muscle, pierces this muscle and the temporal fascia about an inch above the

Aurieulo-temporal
nerre.

Fig. 739.—Distribution of the second and third divisions of the trigeminal ner\-e and submaxillary gang^on.

zygoma, and is distributed to the integument coveiing the temple and side of
the forehead, communicating with the facial and the auriculotemporal branch of
the inferior maxillary nerve. As it pierces the temporal fascia it gives off a slender
twig, which runs lietween the two layers of the fascia to the outer angle of the
orbit. The malar branch (ramus zygomaiicofacialis) passes along the external
inferior angle of the orbit, emerges upon the face through a foramen in the malar
lione, and, perforating the Orbicularis palpebrarum muscle, supplies the skin
'•n the prominence of the cheek, where it is named the sabcutaneus malae. It

joins with the facial and the palpebral branches of the superior maxillary.

The Sphenopalatine Branches (un. sphenopalatini (Fig. 739), two in number,
descend to the sphenopalatine ganglion, of which ganglion they are the sensor
or short roots.
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The Posterior Superior Dental Branches {rami alveolares superiores posteriores)

(Fig. 739) arise from the trunk of the nerve just as it is about to enter the infra-

orbital canal; they are generally two in number, but sometimes arise by a single

trunk, and immediately divide and pass downward on the tuberosity of the

maxilla. They give off several twigs to the gums and neighboring parts of the

mucous membrane of the cheek, superior gingival branches (rami gingivales

superiores). They then enter the posterior dental canals on the zygomatic surface

of the maxilla, and, passing from behind forward in the substance of the bone,

communicate with the middle dental nerve by a plexus formation, and give off

branches to the lining membrane of the antrum and three twigs to each molar

tooth. These twigs enter the foramina at the apices of the fangs and supply

the pulp.

The Middle Superior Dental Branch (ramus alveolaris superior medius) is given

off from the superior maxillary nerve in the back part of the infraorbital canal,

and runs downward and forward in a special canal in the outer wall of the antrum

to supply the two bicuspid teeth. It communicates with the posterior and anterior

dental branches by a plexus formation (plexus dentalis superior).

At its point of communication with the posterior branch, above the root of the second bicuspid

tooth, is a slight thickening which is the so-called ganglion of Valentin; and at its point of

communication with the anterior branch is a second enlargement, which is called the ganglion

of Bochdalek. Neither erf these is a true ganglion.

The Anterior Superior Dental Branch (ramu^ alveolaris superior anteriores), 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 divides into a series of branches which supply the incisor and canine teeth.

It communicates with the middle dental nerve by a plexus, and gives off a nasal

branch, which passes through a minute canal into the nasal fossa, and supplies

the mucous membranes of the fore part of the inferior meatus and the floor of the

cavity, communicating with the nasal branches from the sphenopalatine ganglion.

The Palpebral Branches (rami palpebrals inferiores) pass upward beneath the

Orbicularis palpebrarum muscle. They supply the integument and conjunctiva

of the lower eyelid, joining at the outer angle of the orbit with the facial nerve

and the malar branch of the orbital.

The Nasal Branches (rami nasales interni) pass inward; they supply the integu-

ment of the side of the nose and join with the nasal branch of the ophthalmic.

The Labial Branches (rami lahiales superiores), the largest and most numerous,

descend beneath the Levator labii superioris muscle, and are distributed to the

integument of the upper lip, the mucous membrane of the mouth, and the labial

glands.

All these branches are joined, immediately beneath the orbit, by filaments

from the facial nerve, forming an intricate plexus, the infraorbital plexus.

The Sphenopalatine or Meckel's Ganglion (ganglion sphenopalatinum) (Fig.

740), the largest of the ganglia associated with the branches of the trigeminal

nerve, is deeply placed in the sphenomaxillary fossa, close to the sphenopalatine

foramen. It is triangular or heart-shaped, of a reddish-gray color, and is situated

just below the superior maxillary nerve as it crosses the fossa.

Branches of Communication.—Like the other ganglia of the trigeminal nerve, it

possesses a motor, a sensor, and a sympathetic root. Its sensor root is derived

from the superior maxillary nerve through its two sphenopalatine branches

(p. 983). These branches of the nerve, given off in the sphenomaxillary fossa,

descend to the ganglion. Their fibres, for the most part, pass in front of the

ganglioi), as they proceed to their destination, in the palate and nasal fossa, and

are not incorporated in the ganglionic mass; some few of the fibres, however,
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enfer the ganglion, constituting its sensor root. Its motor root is derived from the

facial nerve through the large superficial petrosal nerve, and its sympathetic

root from the carotid plexus, through the large deep petrosal nerve. These two

nerves join together before their entrance into the ganglion to form a single nerve,

the Vidian.

The large or great superficial petrosal branch (/;. petrostis superficialis major)

(Fig. 744) is given off from the geniculate ganglion implanted on the external genu

of the facial nerve in the facial canal or aquaeductus Fallopii; it passes tlirough

the hiatus canalis facialis, enters the cranial cavity, and runs forward, being

contained in a groove on the anterior surface of the petrous portion of the temporal

bone, and lies lieneath the dura. It then enters the cartilaginous substance which

fills in the foramen lacerum medium, and, joining with the large deep petrosal

nerve, forms the Vidian nerve.

Termination of
nasopalatine

nerre.

Fig. 740.

—

The sphenopalatine or Meckel's ganglion and its branches

The large deep petrosal nerve (n. pefrosus profundus) (Fig. 745) is given off

from the carotid plexus of the s%Tnpathetic upon the internal carotid arterv,

, and runs through the carotid canal on the outer side of the internal carotid arterv.

It then enters the cartilaginous substance which fills in the foramen lacerum

medium, and joins with the large superficial petrosal nerve to form the Vidian.

The Vidian nerve (n. canalis pterygoidei) (Fig. 740), formed by the junction of

the two preceding nerves in the cartilaginous substance which fills in the middle

lacerated foramen, passes forward, through the Vidian canal, with the artery of

,
the same name, and is joined by a small ascending nerve branch, the sphenoidal

branch, from the otic ganglion. Finally, it enters the sphenomaxillary fossa, and
joins the posterior angle of the sphenopalatine ganglion.

Branches of Distribution of the Sphenopalatine Ganglion.—^These are divisible

into four groups—^ascending, which pass to the orbit; descending, to j;he palate;

1 internal, to the nose; and posterior branches, to the nasopharynx.
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The ascending branches (rami orhitales) are two or three delicate filaments which

enter the orbit by the sphenomaxillary fissure, and supply the periosteum and the

nonstriated muscle parts of the I^evator palpebrae or Superior tarsal muscle,

the Inferior tarsal muscle, and the Orbital muscle of Miiller. According to

lAischka, some filaments pass through foramina in the suture between the os

planum of the ethmoid and frontal bone to supply the mucous meriibrane of

the posterior ethmoidal and sphenoidal sinuses.

The descending or palatine branches {iin. palatini) (Fig. 740) are distributed

to the roof of the mouth, the soft palate, tonsil, and lining membrane of the nose.

They are almost a direct continuation of the sphenopalatine branches of the

superior maxillary nerve, and are three in number

—

anterior, middle, and posterior.

The anterior palatine nerve^ (n. palatinus anterior) descends through the posterior

palatine canal, emerges upon the hard palate at the posterior palatine foramen,

and passes forward in 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 nasopalatine nerve (see

below). While in the posterior palatine canal it gives off inferior nasal branches

(rami nasales posteriores inferiores), which enter the nose through openings in

the palate bone and ramify over the turbinated bone and middle and inferior

meatuses; and, at its exit from the canal, a palatine branch is distributed to both

surfaces of the soft palate.

The middle palatine nerve (n. palatinus medius) descends through one of the

accessory posterior palatine canals, distributing branches to the uvula, tonsil,

and soft palate. It is occasionally wanting.

The posterior palatine nerve (n. palatinus posterior) descends with a minute
artery through the posterior palatine canal, and emerges by a separate opening
behind the posterior palatine foramen. It supplies the soft palate, tonsil, and
uvula. The middle and posterior 'palatine join with the tonsillar branches of

the glossopharyngeal to form a plexus around the tonsil (circulus tonsillaris).

The internal branches are distributed to the septum and oucer wall of the nasal

fossae. They are the superior nasal and the nasopalatine.

The superior nasal branches (rami nasales posteriores superiores), four or five

in number, enter the back part of the nasal fossa by the sphenopalatine foramen.

They supply the mucous membrane covering the superior and middle turbinated

processes, and that lining the posterior ethmoidal cells, a few being prolonged

to the upper and back part of the septum.

The nasopalatine nerve (n. nasopalatinus) also enters the nasal fossa through

the sphenopalatine foramen; it passes inward across the roof of the nose, below

the orifice of the sphenoidal sinus, to reach the septum, and then runs obliquely

downward and forward along the lower part of the septum, to the anterior palatine

foramen, lying between the periosteum and mucous membrane. It descends

to the roof of the mouth through the anterior palatine canal (Fig. 740). The two

nerves are here contained in separate and distinct canals, situated in the inter-

maxillary suture, and termed the foramina of Scarpa, the left nerve being usually

anterior to the right one. In the mouth they become united, supply the mucous
membrane behind the incisor teeth, and join with the anterior palatine nerves.

The nasopalatine nerve furnishes a few small filaments to the mucous membrane
of the septum.

Posterior Branch.

—

The pharyngeal or pterygopalatine nerve (Fig. 740) is a small

branch arising from the back part of the sphenopalatine ganglion. It passes

through the pterygopalatine canal with the pterygopalatine artery, and is dis-

tributed to the mucous membrane of the upper part of the pharynx^ behind the

Eustachian tube.

' Formerly called the great palatine nerve.
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The Inferior Maxillary or Mandibular Nerve {n. mandibularis) (Figs. 738

and 739).—The inferior maxillary or third division of the trigeminal nerve dis-

tributes branches to the teeth and gums of the mandible, 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 a large branch. It is the largest

of the three divisions of the trigeminal, and is made up of two roots—a large or

sensor root, proceeding from the inferior angle of the Gasserian ganglion; and a
small or motor root, which passes beneath the ganglion and unites with the sensor

root just after its exit from the skull through the foramen ovale (Figs, 736 and 739).

Immediately beneath the base of the skull this nerve divides into two trunks,

anterior and posterior. Previous to its division the primary trunk gives off from

its inner side a recurrent (meningeal) branch and the nerve to the Internal ptery-

goid muscle.

The Recurrent or Meningeal Branch (?i. s'pinosus) is given off directly after its exit

from the foramen ovale. It passes backward into the skull through the foramen
spinosum with the middle meningeal artery. It divides into two branches, anterior

and posterior, which accompany the main divisions of the artery and supply the

dura. The posterior branch also supplies the mucous lining of the mastoid cells.

The anterior branch communicates with the dural branch of the superior maxillary

nerve.

The Internal Pterygoid Nerve (ji. pterygoideus internus), given off from the

inferior maxillary previous to its division, is intimately connected at its origin

with the otic ganglion. It is a long and slender branch, which passes inward to

enter the deep surface of the Internal pterygoid muscle.

The anterior and smaller division of the inferior maxillary nerve, which receives

nearly the whole of the motor root of the trigeminal nerve, divides into branches

which supply the muscles of mastication. They are the masseteric, deep temporal,

J5)uccal,) and external pterygoid branches (Fig. 739).

The masseteric branch {n. massetericus) passes outward, above the External

pterygoid muscle, in front of the temporomandibular articulation and behind
the tendon of the Temporal muscle ; it crosses the sigmoid notch with the masse-

teric artery, to the deep surface of the Masseter muscle, in which it ramifies

nearly as far as its anterior border. It gives a filament to the temporoman-
dibular joint.

The deep temporal branches (jin. iemporales profundi), two in number, anterior

and posterior, supply the deep surface of the Temporal muscle. The posterior

branch (n. temporalis profundus posterior), of small size, is placed ^t the back of

the temporal fossa. It sometimes arises in common with the masseteric branch.
The anterior branch (;?. temporalis profundus anterior) is frequently given off with
the buccal nerve; it is reflected upward, at the pterygoid ridge of the sphenoid,

to the front of the temporal fossa. Frequentlj^ a third branch (middle deep tem-
poral) is present.

The buccal or buccinator branch (n. huccinatorius) passes forward between the

two heads of the External pterygoid; and downward beneath or through the fibres

of the Temporal muscle; it gives a branch to the External pterygoid during its

passage through that muscle, and a few ascending filaments to the Temporal
, muscle, one of which occasionally joins with the anterior branch of the deep tem-

I poral nerve. The superior or upper branch supplies the integument and upper
part of the Buccinator muscle, joining with the facial nerve around the facial

vein. The inferior or lower branch passes forward 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.^

^
' There seems to be no reason to doubt that the branch supplying the Buccinator muscle is entirely a nerve of

. ordinarj- sensation, and that the true motor supply of this muscle is from the facial.
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The external pterygoid nerve (n. perygokleus externus) is most frequentl}'

derived from the buccal, but it may be given off separately from the anterior

trunk of the inferior maxillary nerve. It enters the muscle on its inner surface.

The posterior and larger division of the inferior maxillary nerve is for the most

part sensor, but receives a few filaments from the motor root. It divides into three

branches—auriculotemporal, lingual, and inferior dental (Fig. 739).

The auriculotemporal nerve (/?. auriculotemporalis) (Fig. 741) generally arises

by two roots, between which the middle meningeal artery passes. It runs back-

ward beneath the External pterygoid muscle to the inner side of the neck of the

mandible. It then turns upward with the temporal artery, between the external

auditory canal and the condyle of the mandible, under cover of the parotid gland,

and, escaping from beneath this structure, ascends over the zygoma and divides

into two temporal branches.

The branches of communication of the auriculotemporal nerve are with the facial

and with the otic ganglion. The branches of communication with the facial

(rami anastomotic i cum n.faciali), usually two in number, pass forward from behind

the neck of the condyle of the mandible, to join this nerve at the posterior border

of the Masseter muscle. The filaments of communication with the otic ganglion

are derived from the commencement of the auriculotemporal nerve.

The branches of distribution are:

Anterior auricular. Parotid.

Articular. Superficial temporal.

Branches to the external auditory meatus.

The anterior auricular branches (nn. auriculares anteriores) are usually two in

number. They supply the front of the upper part of the pinna, being distributed

principally to the skin covering the front of the helix and tragus.

A branch to the temporomandibular articulation, the articular branch, is usually

derived from the auriculotemporal nerve. ^^
The parotid branches (rami parotidei) supply the parotid gland. ^H
The superficial temporal branches (rami temporales superficiales) accompany u9n

temporal artery to the vertex of the skull, and supply the integument of the tem-

poral region, communicating with the facial nerve, and with the temporal branch

of the temporomalar from the superior maxillary nerve.

The branches to the external auditory meatus (n. meatus auditorii externi), two

in number, ^nter the canal between the bony and cartilaginous portion of the

meatus. They supply the skin lining the meatus ; the upper one sending a filament

to the membrana tympani (ramus memhranae tympani).

The lingual nerve (n. lingualis) (Fig. 7.39) supplies the papillae and mucous

membrane of the anterior two-thirds of the tongue, and is deeply placed throughout

the whole of its course. It lies at first beneath the External pterygoid muscle,

being placed to the inner side and in front of the inferior dental nerve, and is

occasionally joined to this nerve by a branch which may cross the internal maxil-

lary artery. The chorda tympani nerve also joins it at an acute angle in this situ-

ation. The nerve then passes between the Internal pterygoid muscle and the

inner side of the ramus of the mandible, and crosses obliquely to the side of the

tongue over the Superior constrictor of the pharynx and the Styloglossus muscles,

and then between the Hyoglossus muscle and the deep part of the submaxillary

gland; the nerve finally runs across the submaxillary or Wharton's duct, and along

the side of- the tongue to its apex, lying immediately beneath the mucous membrane, i

The branches of communication are with the inferior dental and h}poglossal

nerves and the submaxillary ganglion, and, apparently only, with the facial through

the chorda tympani. The branches to the submaxillary ganglion are two or three
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in number; those connected with the h}'poglossal nerve form a plexus at the anterior

margin of the Hyoglossus muscle.

The branches of distribution supply the mucous membrane of the mouth, the

gums, the sublingual gland, and the mucous membrane of the anterior two-

thirds of the tongue; the terminal filaments communicate at the tip of the tongue,

with the hN-poglossal nerve. The chorda t\Tnpani fibres which join the lingual

nerve are probably taste fibres and excitoglandular for the submaxillary and sub-

ungual salivary glands.

The inferior dental nerve (n. alveolaris inferior) (Fig. 739) is the largest of the

branches of the inferior maxillary nerve. It passes downward with the inferior

dental artery, at first beneath the External pterygoid muscle, and then between

the internal lateral ligament and the ramus of the mandible to the dental foramen.

It then passes forward in the dental canal of the mandible, lying beneath the teeth,

as far as the mental foramen, where it divides into two terminal branches, incisor

and mental.

The branches of the inferior dental are the mylohyoid, dental, incisor, and

mental.

The mylohyoid (/?. mylohyoidem) is derived from the inferior dental just as thaf"

nerve is about to enter the dental foramen. It descends in a groove on the inner

surface of the ramus of the mandible, in which it is retained by a process of fibrous

membrane. It reaches the under surface of the ^Mylohyoid muscle, and supplies

it and the anterior belly of the Digasl:ric.

The dental branches supply the molar and bicuspid teeth. They correspond

in number to the tangs of those teeth, each nerve entering the orifice at the point

of the fang and supplying the pulp of the tooth.

The incisor branch is continued onward within the bone to the middle line, and

supplies the canine and incisor teeth.

The dental branches and the incisor branch form a plexus {plexus dentalis infe-

rior), and from this plexus come the branches to the teeth {rami dentales inferiores)

and to the gums {rami gingivaJes inferiores).

The mental branch {n. mentalis) emerges from the bone, at the mental foramen,

and divides beneath the Depressor anguli oris muscle into two or three branches;

one descends to supply the skin of the chin, and another (sometimes two) ascends

to supply the skin and mucous membrane of the lower lip. These branches com-

municate freely with the facial nerve.

Two small ganglia are connected with the inferior maxillary nerve—the otic

with the trunk of the nerve, and the submaxillary with its lingual branch.

The Otic Ganglion {ganglion oticum) (Fig. 739) is a small, oval-shaped, flattened

ganglion of a reddish-gray color, situated immediately below the foramen ovale,

on the inner surface of the inferior maxillar}' nerve, and surrounding the origin

of the internal pterygoid nerve. It is in relation, externally, with the trunk of

the inferior maxillary nerve, at the point where the motor root joins the sensor

portion; internally, with the cartilaginous part of the Eustachian tube, and the

origin of the Tensor palati muscle; behind, it lies in relation with the middle

meningeal artery.

Branches of Communication.—^This ganglion is connected with the internal

pterygoid branch of the inferior maxillary nerve by two or three short, delicate

filaments. From this nerve the ganglion may obtain a motor root, and possibly

also a sensor root, as these filaments from the nerve to the Internal pterygoid

perhaps contain sensor fibres. The otic ganglion communicates with the glosso-

pharyngeal and facial nerves through the small superficial petrosal nerve (Figs. 741

and 744) continued from the t}Tnpanic plexus, and through this communication
it probably receives its sensor root from the glossopharyngeal and its motor root

from the facial; its communication with the sympathetic is effected by a filament
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from the plexus surrounding the middle meningeal artery. The ganglion alsc

communicates with the auriculotemporal nerve (ramus anastomoticus cum n\

auriculotemporali). This communicating filament is probably a branch froi

the glossopharyngeal which passes to the ganglion, and through it and the auriculc

temporal nerve to the parotid gland. A slender filament, the sphenoidal, ascen(

from it to the Vidian nerve.

Branches of Distribution.—Its branches of distribution are a filament to thi

Tensor tympani (n. tensoris tympani) and one to the Tensor palati (/?. tensori

veli palatini). The former passes backward on the outer side of the Eustachiai

tube; the latter arises from the ganglion, near the origin of the internal pterygoid

nerve, and passes forward. The fibres of these nerves are, however, mainlj

derived from the nerve to the Internal pterygoid muscle.

The Submaxillary Ganglion (ganglion suhmaxillare) (Fig. 739) is of small size]

fusiform in shape, and situated above the deep portion of the submaxillary glandj

near the posterior border of the Mylohyoid muscle, being connected by filament

with the lower border of the lingual nerve.

Fig. 741.—The otic ganglion and its branches

Branches of Communication.—This ganglion is suspended from the lingual nervl

by two filaments (rami communicantes cum n. linguuli), w^hich join it separatelj

at its fore and back part. It also receives a branch from the chorda tympanij

and communicates with the sympathetic by filaments from the sympathetic plexi

around the facial artery.

Branches of Distribution.—These are five or six in number; they arise from i\^

lower part of the ganglion, and supply the mucous membrane of the mouth anc

the submaxillary or Wharton's duct, some being lost in the submaxillary glanc

(rami submaxillares). The branch of communication from the lingual nen
to the fore part of the ganglion is by some regarded as a branch of distributioi

by which filaments of the chorda tympani pass from the ganglion to the lingua

nerve, and by it are conveyed to the sublingual gland and the tongue.

Surface Marking.—It will be seen from the aboye description that the three termir

branches of the three divisions of the trigeminal nerve emerge from foramina in the bones

the skull and pass on to the face; the terminal branch of the first division emerging through ti



THE FIFTH, TRIGEMISAL, OR TRIFACIAL NERVE 991

supraorbital foramen; that of the second through the infraorbital foramen; and the third through

the mental foramen. The supraorbital foramen is situated at the junction of the internal and

middle third of the supraorbital arch. If a straight line is drawn from this point to the lower

border of the mandible, so that it passes befween the two bicuspid teeth of the mandible, it will

pass over the infraorbital and mental foramina, the former being situated about one centimetre

(two-fifths of an inch) below the margin of the orbit, and the latter varving in position according

to the age of the individual. In the adult it is midway between the upper and lower borders of

the mandible; in the child it is nearer the lower border; and in the edentulous jaw of old age

it is flose to the upper margin.

Applied Anatomy.—In fracture of the base of the skull the trigeminal nerve or one of its

branches may be injured. It seems certain that occasionally, though seldom, the trigeminal

nerve mav be actually divided by such an injury. The trigeminal nerve may be affected in its

cntiretv, or its sensor or motor root may be affected, or one of its primary main divisions. In

injurv to the sensor root there is anesthesia of the half of the face on the side of the lesion, with

the exception of the skin over the parotid gland; insensibility of the conjimctiva, followed, if

the eye is not temporarily protected with a watch glass, by destructive inflammation of the cornea.

SUPRATROCHLEAR S.

SUPRAORBITAL N.

!NPRATROCHLEA'»

NASAL NER'.

BUCCAL NERVE

MENTAL NERVE-

TEMPORAL Bft.

OF TEMPORO-MALAH

MALAR BR. OF
TEMPORO -MALAR

AURICULO-TEMPORAL
NERVE

Fig. 742.—Sensor areas of the head, showing the general distribution of the three divisions of the fifth
nerve. Gerrish's .\natoiny. (Modified from Testut.)

partly, it is held, from loss of trophic influence, and partly it is certain, from the irritation pro-

duced by the presence of foreign bodies on it, which are not perceived by the patient, and there-

fore not exj^elled by the act of winking; diyness of the nose, loss to a considerable extent of the

sense of taste, and diminished secretion of the lacrimal and salivary glands. In injury to the

mqjtor root there is impaired action of the mandible from paralysis of the muscles of mastication

on the affected side.

The trigeminal nerve is often the seat of neuralgia, and each of the three divisions has been
divided or a portion of the nerve excised for this affection. The supraorbital nerve may be, ex-

posed by making an incision an inch and a half in length along the supraorbital margin below the

eyebrow, which is to be drawn upward, the centre of the incision corresponding to the supra-
orbital notch. The skin and Orbicularis palpebrarum having been divided, the nerve can be
easily found emerging from the notch and lying in some loose cellular tissue. It should be drawn
up by a blunt hook and dixided. or. what is better, a p)ortion of it should be removed.
The infraorbital nerve has been divided at its exit by an incision on the cheek; or the floor of the

orbit has been exposed, the infraorbital canal opened up, and the anterior part of the nerve
resected; or the whole nerve, together with Meckel's ganglion as far back as the foramen rotun-
dum, has been removed. This latter operation, though undoubtedly a severe proceeding,
appears to have been followed by better results than has nerve resection. The operation is per-

formed as tcl'ows The maxilla is first exposed by a T-shaped incision, one limb of the incision
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passing along the lower margin of the orbit, the other from the centre of the first cut vertically

down the cheek toward the angle of the mouth. The nerve is then found, is divided, and a
piece of silk is tied to it as a guide. A small trephine (one-half inch) is then applied to the bone

'

below, but including the infraorbital foramen, and the antrum opened. The trephine is now
applied to the posterior wall of the antrum, and the sphenomaxillary fossa exposed. The
infraorbital canal is now opened up from below by fine cutting pliers or a chisel, and the nerve

drawn down into the trephine hole, it being held on the stretch by means of the piece of silk;

it is severed with fine curved scissors as near the foramen rotundum as possible, any branches

coming ofiF from the gaiiglion being also divided.^

The mental branch of the inferior dental nerve may be divided at its exit from the foramen
through an incision made through the mucous membrane where it is reflected from the alveolar i

process on to the lower lip; or a portion of the trunk of the inferior dental nerve may be resected
I

through an incision on the cheek through the Masseter muscle, exposing the outer surface of
|

the ramus of the mandible. A trephine is then applied over the position of the inferior dental !

|

foramen and the outer table removed, so as to expose the inferior dental canal. The nerve is

dissected out of the portion of the canal exposed, and, having been divided after its exit from
the mental foramen, it is by traction on the end exposed in the trephine hole, drawn out entire, and

}

cut off as high up as possible.^ The inferior dental nerve has also been divided through an in-

eision within the mouth, the bony point guarding the inferior dental foramen forming the guide

to the nerve. The buccal nerve may be divided by an incision through the mucous membrane
of the mouth and the Buccinator muscle just in front of the anterior border of the ramus of the

mandible (Stimson).

In inveterate neuralgia of one or two of the branches of the trigeminal nerve a peripheral

operation may cure the case, but seldom does. It often gives relief, perhaps for months. In

neuralgia of the second division or third division, or of the second division and third division,

Abbe, of New York, opens the skull and divides the nerve or nerves by an intracranial opera-

tion, removes a piece of nerve so that the foramen of exit is empty, and covers the foramen with

rubbef tissue, to hinder regrowth of the nerve. Other operators, after removing a piece from

each nerve, have plugged the foramina of the exit with dentists' cement or silver foil.

Rose's method of neurectomy is very valuable for neuralgia of the second division. It is a

modification of the Braun-Lossen method. The infraorbital nerve is exposed, a ligature is

tied about it, the roof of the infraorbital canal is chiselled open, and the nerve is freed as far

back as possible. An incision is made from below the external angular process outward along

the zygoma to in front of the lobule of the ear, downward to just above the angle of the mandible,

and forward for two inches. The flap is raised and the zygoma is exposed. The root of the

zygoma is drilled at two points, and the zygomatic process of the temporal bone is drilled at two

points. The bone is sawed in two places between the drill holes. The freed arch is lifted down
and back, the tendon of the Temporal muscle is drawn bat'kward, and the pterygomaxillary

fossa is thus exposed. The internal maxillary artery is divided between two ligatures. The
External pterygoid muscle is separated from the greater wing of the sphenoid and from the root

of the external pterygoid process. The superior maxillary nerve is grasped and twisted off as '

near the ganglion as possible. The entire nerve is then draw n back from the infraorbital forameg_,

a,nd removed. The wound is then closed. If the third division is also haunted by neuraldM
it too should be removed a few weeks after the performance of Rose's operation. ^^|

If a peripheral operation fails, or if all the branches of the trigeminal are involved, the Gaff* '

serian ganglion must be removed, or the sensor root of the trigeminal must be divided, as sug-
j

jested by Frazier and Spiller.

Removal of the Gasserian ganglion was suggested by J. Ewing Mears in 1884, and was first i|

carried out by Rose in 1890. The method chiefly in vogue was devised by Hartley, and was i

first performed by him in 1891. An osteoplastic flap is made in front of the ear, the dura is
[

exposed and lifted. Following Krause's advice, the third division is exposed and clamped.

The second division is exposed and clamped. The nerves are loosened from their beds and

then are rolled about the clamps. Tbis twisting pulls out the ganglion intact along with the '

motor root, and also the sensor root from the pons. A difficulty in the Hartley operation is the

danger of division of the middle meningeal artery. If this happens, the surgeon may be able

to arrest bleeding and proceed with the operation. If the vessel is torn off at the foramen spi»

nosum, it will be necessary to pack the wound and postpone any further operative manipulation

for forty-eight hours. Dr. Harvey Gushing has modified Hartley's operation by trephining the

wall of the temporal fossa very low down. He opens the skull belorv the arch of the meningeal

vessels, and thus avoids the middle meningeal artery at the foramen spinosum, and also the

sulcus arteriosus of the parietal bone. After the removal of the ganglion. Professor Keen,

in order to prevent undue inflammation of the eye, sews the eyelids of the affected side together,

leaving a space open at each angle, and covers the eye with a watch crystal. Boric acid solution

> Carnochan. American .Journal of the Medical Sciences, 1858, p 136.
* Mears, Transactions of the American Surgical Association, vol. ii, p. 469.
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is flushed into the opening at the external angle at frequent intervals. The stitches are removed

from the lid in from eight to ten days.

The linqual nerve is occasionally divided with the view of relieving the pain in cancerous

disease of the tongue. This may be done in that part of its course where it lies below and behind

the last m3lar tooth. If a Hne is drawn from the middle of the crown of the last molar tooth to

the angle of the mandible, it will cross the nerve, which lies about half an inch behind the tooth,

parallel to the bulging alveolar ridge on the inner side of the body of the bone. If the knife is

entered three-quarters of an inch behind and below the last molar tooth and carried down to the

bone, the nerve will be divided. Hilton divided it opposite the second molar tooth, where it

b covered only by the mucous membrane, and Lucas pulls the tongue forvsard and over to the

opposite side, when the nerve can be seen standing out as a firm cord under the mucous mem-
brane bv the side of the tongue and can be easily seized with a sharp hook and divided or a

portion excised. This is a simple enough operation on the cadaver, but when the disease is

extensive and has extended to the floor of the mouth, as is generally the case when division of

the nerve is thought of, the operation is not practicable.

THE SIXTH OR ABDUCENT NERVE (N. ABDUOENS) (Fig. 738).

The sixth or abducent nerve supplies the External rectus muscle. Its sn-per-

ficial origin is by several filaments from the postpontile groove, between pons and

pyramid. Its deep origin is from the upper part of the floor of the fourth ventricle,

close to the median line, beneath the eminentia abducentis (Fig. 650). From the

nucleus of the abducent nerve some j^ibres are supposed to pass through the

medial longitudinal bundle to the oculomotor nucleus of the opposite side and

into the oculomotor nerve, along which they are carried to the Internal rectus

muscle. See, however, the description already given on page 901).

The nerve pierces the dura on the basilar surface of the sphenoid bone, runs

through a notch immediately below the posterior clinoid process, and enters the

cavernous sinus. It passes forward through the sinus, lying on the outer side

of the internal carotid artery (Fig. 505). It enters the orbit through the sphenoidal

fissure, and lies above the oph-

thalmic vein, from which -it is Frontal, ^f*^"'^

separated by a lamina of dura

(Fig. 7-43). It then passes be-

tween the two heads of the

External rectus muscle, and is

distributed to that muscle on

its ocular surface. t (\ >k >^ci ©t^""~~- Superior dtrinon of oeulo-moior.

Brancnes of Communication. k|^ ^^^^S^injerior dirvrion of ocuio-motor.

—It is joined by several fila- 'wftA L^^'^^^onww^^'' •

ments from the carotid and llill^ r^l^

cavernous plexuses, and by
one from the ophthalmic nerve.

Relations to One Another of ^'"
'"'•^^"'"''''sphenoidS'fiS^e'''^''''

'^""*'* *^'

the Oculomotor, Trochlear, Oph-

thalmic Division of the Trigeminal, and Abducent Nerves as they Pass to the Orbit.

—The oculomotor, trochlear, the ophthalmic division of the trigeminal, and the

abducent nerves, as they pass to the orbit, bear a certain relation to one another

in the cavernous sinus, at the sphenoidal fissure, and in the cavity of the orbit,

which will now be described.

In the cavernous sinus (Figs. 505 and 506) the oculomotor, trochlear, and
ophthalmic division of the trigeminal are placed on the outer wall of the sinus,

in their numerical order, both from above downward and from within outward.

The abducent nerve lies at the outer side of the internal carotid artery. As these

nerves pass forward to the sphenoidal fissure, the oculomotor and trigeminal

nerves become divided into branches, and the abducent nerve approaches the rest

so that their relative position becomes considerably changed.

63
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In the sphenoidal fissure (Fig. 743) the trochlear nerve and the frontal and
lacrimal branches of the ophthalmic division of the trigeminal 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 Plxternal rectus muscle. The superior division of the

oculomotor nerve is the highest of these; beneath this lies the nasal branch of

the ophthalmic nerve; then the inferior division of the oculomotor nerve; and
the abducent nerve lowest of all.

In the orbit (Figs. 734 and 738) the trochlear nerve and the frontal and lacrimal

divisions of the ophthalmic nerve lie on the same plane immediately beneath the

periosteum, the trochlear nerve being internal and resting on the Superior oblic|ue

muscle, the frontal nerve resting on the Levator palpebrae muscle, and the lacrimal

nerve on the External rectus muscle. Next in order comes the superior division

of the oculomotor nerve, lying immediately beneath the Superior rectus muscle,

and then the nasal branch of the ophthalmic nerve, crossing the optic nerve

from the outer to the inner side of the orbit. Below these is found the optic

nerve, surrounded in front by the ciliary nerves, and having the ciliary ganglion

on its outer side, between it and the External rectus muscle. Below the optic

nerve is the inferior division of the oculomotor nerve and the abducent nerve

which lie on the outer side of the orbit.

Applied Anatomy.—It is often stated that the abducent nerve is more frequently involved in

fractures of the base of the skull than any other of the cranial nerves. As a matter of fact, however,

it is injured in only about 2 per cent, of cases of fracture of the skull (Putscher). Cases have been
reported in which the nerve was actually severed. The nerve may be injured by traction,

pressure of a blood clot, of a tumor, or of an arteriovenous aneurism. The result of paralysis of

this nerve is internal or convercjent stjuint. ^Yhen injured so that its function is destroyed, there

is, in addition to the paralysis of the External rectus muscle, often a certain amount of contrac-

tion of the pupil, because some of the sympathetic fibres to the radiating muscle of the iris pass

along with this nerve.

THE SEVENTH OR FACIAL NERVE (N. FACIALIS) (Figs. 744, 745).

I
The seventh or facial nerve is the motor nerve of all the muscles of expression

in the face, and of the Platysma and Buccinator; the muscles of the external ear,

the posterior belly of the Digas-

Exta-nalsuperficialpetrosal. fCQl ^ISf '/.'^'%A'\
*^''''

i^""^
^^'^ Stylohyoid. The

Branch to join smau sMpc^-AL^Jjlj^^fV-;^^ A chorda tvmpani ( or ncrvus mter-
flcial petrosal>^~„, Mi^"Kt&^£''ifk^ ft*/;// A ^' \ • p i i

Large superficial petrosal .- \ v<jMy^"fe^,y^ meduis) IS referred to as the sen-

Geniculate ganglion ^rijf^^J^^A I 1"\ sor portion of the facial.

iP^^^ *"^^
\ m'-\

Its superficial origin is horn the

Facia.in':-;;,'^^k!s^^W^A f'A upper end of the medulla oblon-
^^^ gata, in the groove between the

Fig. 744.—The course and connection of the facial nerve r^lii't. o nA foctifnrm Knrlir Tfc f1i>pn
in the temporal bone. OIlVC allQ rCSlUOrm DOOy.^ ilS aeip

origin is from a nucleus situated in

the tfoor of the fourth ventricle, beneath the superior fovea (Fig. 650). The facial

nucleus is deeply placed in the reticular formation of the lower part of the pars

dorsalis pontis, a litde external and ventral to the nucleus of the abducent nerve.

From this origin the fibres pursue a curved course in the substance of the pars

dorsalis pontis. They first pass backward and inward, and then turn upward

and forward, forming the genu internum, which with the nucleus abducentis

produces an eminence, the eminentia teres or abducentis, on the floor of the fourth

ventricle, and finally bend sharply downward and outward around the upper end

of the nucleus of origin of the abducent^erve, to reach their superficial origin

between the olive and restiform body. fFrom the nucleus of the oculomotor
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nerve some fibres arise which descend in the medial longitudinal bundle and join

the facial just before it leaves the pars dorsalis pontis; these fibres are said to supply

the anterior belly of the Occipitofrontalis, the Orbicularis palpebrarum, and the

Corrugator supercilii, as these muscles have been observed to escape paralysis

in lesions of the nucleus of the facial nerve.

The acoustic or auditory nerve lies to the outer side of the facial nerve; and between the

two is a small fasciculus, the nervus intennedius or pars intermedia of Wrisberg, which
apparently arises from the medulla oblongata and joins the facial nerve in the internal auditory

meatus. The centra! processes of the ganglion cells, known as the nervus intennedius, end
in the upper end of the nucleus of the glossopharyngeal nerve. If it is to be classified as part

of the facial then the nervus intermedins may be regarded as the sensor root of the facial

nerve, analogous to the sensor root of the trigeminal, and its real nucleus of origin consists of

the geniculate ganglion (see p. 882). It will be remembered that a portion of the nervus inter-

niedius is efferent (excitoglandular), arising from the nucleus salivatorius (p. 882).

SwUeua Saltvatoriua

Superior StaxiUary tf.

Vidian N.

)

Post
Auricular Br.

"'

To Digastric

To Stylo-hyoid

E. A. S.

Afferent (taste) fibers

Efferent (excito-glandular)

fibers to subtna^llary and
sublingual ganglia and glands

Fig. 745.—Plan of the facial and intermediate nerves and their communication with other nerves.

,

The facial nerve, firmer, rounder, and smaller than the auditory, passes forward
1
and outward upon the middle peduncle of the cerebellum, and enters the internal

auditory meatus with the auditory nerve and artery. Within the meatus the facial

nerve lies in a groove along the upper and anterior part of the auditory nerve,
and the nervus intermediu.yis placed between the two and joins the inner angle
of the geniculate ganglion. ^Beyond the gandion its fibres are generally regarded

,

as forming the chorda tympani (see p. 997). J
At the bottom of the meatus the facial nerve enters the canalis facialis or aquae-

ductus Pallopii and follows the course of that canal through the petrous portion of
the temporal bone, from its commencement at the internal meatus to its termina-
tion at the stylomastoid foramen (Figs. 50 and 744). It is at first directed outward
.between the cochlea and vestibule toward the inner wall of the tympanum; it
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In the internal auditory meatus

then bends suddenly backward and arches downward behind the tympanum
to the stylomastoid foramen. At the point in the aqueduct of Fallopius where the

nerve changes its direction (geuiculum n. facialis), it presents a reddish, gangli-

form swelling, the geniculate ganglion (^ganglion geniculi) or intumescentia gangUo-

formis (Fig. 744). The geniculate ganglion receives a branch from the vestibular

division of the auditory nerve. On emerging from the stylomastoid foramen

the facial nerve runs forward in the substance of the parotid gland, crosses the

external carotid artery, and divides behind the ramus of the mandible into two
primary branches, temporofacial and cervicofacial, from which numerous offshoots

are distributed over the side of the head, face, and upper part of the neck, supply-

ing the superficial muscles in these regions. As the primary branches and their

offshoots diverge from each other, they present somewhat the appearance of a
bird's claw; hence the name of pes anserinus is given to the divisions of the facial

nerve in and near the parotid gland.

Branches of Communication (Fig. 745).—The communications of the facial

nerve may be thus arranged

:

'With the acoustic nerve. The nervus

intermedins, which is between the

facial and acoustic, is supposed to give

branches to both. The branch given

to the acoustic accompanies it for a
certain distance, and then departs-

from it to join the geniculate ganglion.

With the acoustic as explained above.

With the sphenopalatine ganglion by
the large superficial petrosal nerve

With the otic ganglion by the s

superficial petrosal nerve.

With the sympathetic on the mid
meningeal artery by the external super^

ficial petrosal nerve,

uic c-ctuaix^ xaciaii« ui X aiiupmxi r ^j^j^ ^^^ auricular branch of the vagi
aqueduct j

°

With the glossopharyngeal.

With the vagus.

With the great auricular.

. With the auriculotemporal.

Behind the ear With the small occipital.

On the face With three divisions of the trigeminal

In the neck With the superficial cervical.

In the internal auditory meatus some minute filaments pass between the faci^,.

and acoustic nerves. jl
The large superficial petrosal nerve arises from the geniculate ganglion and con-

sists chiefly of sensor branches which are distributed to the mucous membrane
of the soft palate. It probably also contains a few motor fibres which form the

motor root of the sphenopalatine (Meckel's) ganglion. It passes forward through

the hiatus canalis facialis (Fallopii) and runs in a groove on the anterior surface

of the petrous portion of the temporal bone beneath the Gasserian ganglion to

the foramen lacerum medium. It receives a twig from the tympanic plexus,

and in the foramen is joined by the great deep petrosal, from the sympathetic

plexus on the internal carotid artery, to form the Vidian nerve. This nerve passes

through the Vidian canal and ends in the sphenopalatine (Meckel's) ganglion.

The geniculate ganglion is connected with the otic ganglion by a branch which

From the geniculate ganglion

In the canalis facialis or Fallopian )

At its exit from the stylomastoid

foramen

malL

danBi



THE SEVENTH OR FACIAL NERVE 997

joins the small superficial petrosal nerve; and also with the sympathetic filaments

accompanying the middle meningeal artery, by the external petrosal nerve (Bidder).

From the gangliform enlargement, according to Arnold, a twig is sent back to

the auditory nerve. Just before the facial nerve emerges from the stylomastoid

foramen it generally receives a twig of communication from the auricular branch

of the vagus.

After its exit from the stylomastoid foramen, it sends a twig to the glosso-

pharvngeal, another to the vagus nerve, and communicates with the great auricular

branch of the cervical plexus, with the auriculotemporal branch of the jnferior

maxillary nerve in the parotid gland, with the small occipital nerve behind the

ear, on the face with the terminal branches of the three divisions of the fifth,

and in the neck with the transverse cervical.

Branches of Distribution (Fig. 745).—^The branches of distribution of the facial

nerves may be thus arranged:

Within the canalis facialis or aquae- / Tympanic, to the Stapedius muscle.

ductus Fallopii \ Chorda tympani.

* X -x -^ e ^u i 1 i. -A f Posterior Auricular.
At Its exit from the stylomastoid ta- . •

. i Digastric.
f«^°^^°

Ist^ihyoid.
r Temporal.

r Temporofacial . . < Malar.

On the face J '^
Infraorbital.

[^ Cervicofacial . . < Mandibular.

[^ Cervical.

The Tympanic Branch (n. sta'pedius) (Fig. 745) arises from the nerve opposite

the pyramid; it passes through a small canal in the pyramid and supplies the

Stapedius muscle.

The Chorda Tympani (Figs. 744 and 745) is apparently given off from the facial

as it passes vertically downward at the back of the tympanum, about 5 mm.
(i inch) before its exit from the stylomastoid foramen. It passes from below

upward and forward in a distinct canal, and enters the cavity of the tympanum
through an aperture (iter chordae posterius) on its posterior wall between the open-

ing of the mastoid cells and the attachment of the membrana tympani, and be-

comes invested with mucous membrane. It traverses the cavity of the tympanum,
between the fibrous and mucous layers of the membrana tympani, crosses over the

handle of the malleus, emerges from the cavity through a foramen at the inner

end of the Glaserian fissure, which is called the canal of Huguier (iter chordae

anterius). It then descends between the two Pterygoid muscles on the inner

aspect of the spine of the sphenoid, which it sometimes grooves, and joins the

lingual nerve at an acute angle. A portion of the nerve (excitoglandular division)

passes to the submaxillary ganglion; the rest is continued onward through the

muscular substance of the tongue to the mucous membrane covering its anterior

two-thirds. These constitute the nerves of taste for this portion of the tongue.

A few of its fibres probably pass through the submaxillary ganglion to the sublin-

gual gland. Before joining the lingual nerve it receives a small communicating
branch from the otic ganglion. ^\s already stated, the chorda tympani nerve

is regarded as the peripheral portion of the nervus intermedins) (see p. 989).

The Posterior Auricular Nerve (n. auricvlaris jJosterior) (Figs. 745 and 746) arises

close to the stylomastoid foramen, and passes upward in front of the mastoid
process and between the mastoid process and the external ear, where it is joined

by a filament from the auricular branch of the vagus, and communicates with the
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mastoid branch of the great auricular and with the small occipital. As it ascenc

between the external auditory meatus and the mastoid process it divides into t\

branches, the auricular and the occipital branches. The auricular branch suj

plies the Retrahens aurem and the small muscles on the cranial surface

the pinna. The occipital branch (ramus occipitalis), the larger, passes backwalj

along the superior curved line of the occipital bone, and supplies the occipit

portion of the Occipitofrontalis.

The Digastric Branch of the Facial Nerve (ramus digasiricus) arises close to t!

stylomastoid foramen; it divides into several filaments, which supply the posterid

belly of the Digastric; one of these perforates that muscle to join the glossopharyij

geal nerve.

The Stylohyoid Branch (ramus stylohyoideus) frequently arises by a commc
trunk with the digastric; it is long and slender, and passes inward to enter

Stylohyoid muscle about its middle.

The Temporofacial Division (Figs. 745 and 746), the larger of the two termii

branches of the facial, passes upward and forward through the parotid glani

crosses the external carotid artery and temporomaxillary vein, and passes ovi

the neck of the condyle of the mandible, being connected in this situation wil

the auriculotemporal branch of the inferior maxillary nerve. It breaks up inj

branches which are distributed over the temple and upper part of the face; tht

are divided into three sets—temporal, malar, and infraorbital.

The temporal branches (rami iemporales) cross the zygoma to the tempoi

region, supplying the Attrahens and AttoUens aurem muscles, and join wi
the temporal branch of the temporomalar division of the superior maxillal

nerve, and with the auriculotemporal branch of the inferior maxillary ner\

The more anterior branches supply the frontal portion of the Occipitofrontal!

the Orbicularis palpebrarum, and Corrugator supercilii muscles, and join wii

the supraorbital and lacrimal branches of the ophthalmic.

The malar branches (rami zygomatici) pass across the malar bone to the ou<

angle of the orbit, where they supply the Orbicularis palpebrarum muscle and jc

with filaments from the lacrimal nerve and the malar branch (subcutaneus mala

of the superior maxillary nerve.

The infraorbital branches of larger size than the rest, pass horizontally forwai

to be distributed between the lower margin of the orbit and the mouth. Tl

superficial branches run beneath the skin and above the superficial muscles

the face, which they supply; some branches are distributed to the Pyramidal

nasi, joining at the inner angle of the orbit with the infratrochlear and nass

branches of the ophthalmic. The deep branches pass beneath the Zygomatici an^

the Levator labii superioris, supplying the Levator anguli oris, the Levator labij

superioris alaeque nasi, and the small muscles of the nose, and form a plexus

infraorbital plexus, by joining with the branches of the infraorbital branch of tl

superior maxillary nerve and the buccal branches of the cervicofacial.

The Cervicofacial Division of the facial nerve passes obliquely downward an^

forward through the parotid gland, crossing the external carotid artery. In

this situation it is joined by branches from the great auricular nerve. Opposite

the angle of the mandible it divides into branches w^hich are distributed on the

lower half of the face and upper part of the neck. These may be divided into

three sets—buccal, mandibular, and cervical.

The buccal branches (rami buccales) cross the Masseter muscle. They supply

the Buccinator and Orbicularis oris, and join with the infraorbital branches of

the temporofacial division of the nerve, and with filaments of the buccal branch

of the inferior maxillary nerve.

The mandibular branch (ramus marginalis mandihulae) passes forward beneat
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the Platysma and Depressor anguli oris, supplying the muscles of the lower lip and
chin, and communicating with the mental branch of the inferior dental nerve.

The cervical branch {ramus colli) runs forward l)eneath the Platysma, and forms

a series of arches across the side of the neck over the suprahyoid region. A branch

descends vertically to join with the superficial cervical nerve from the cervical

plexus; others supply the Platysma.

Terminatioui

of supratrochlear.

of infratrochlear

of

Fig. 746.—The ner\-es of the scalp, face, and side of the neck.

Applied Anatomy.—The facial nene is more frequently paralyzed than any of the other
of the cranial nerves. The paralysis (facial pahy) may depend either upon ( 1 ) central causes
—i- P; blood clots or intracranial tiunors pressing on the nerve before its entrance into the
internal auditors- meatus. It is also one of the nerves involved in bulbar paralysis. Or (2) it

may be paralyzed in its passage through the petrous bone by damage due to middle-ear disease
or by fractures of the base of the skull. Or (3) it mav be affected at or after its exit from the
stylomastoid foramen. This is commonly known as BelFs paralysis. It may be due to exposure
to cold or to injure' of the nerve, either from accidental wounds of the face or during some surgical
operation, as removal of parotid tumors, opening of abscesses, or op>erations on the mandible.
Wien the cause is central, the abducent ner\-e is usually paralyzed as well, and there is also

hemiplegia on the opposite side. In these cases the electric reactions are the same as in health;
whereas, when the paralysis is due to a lesion in the course of the nerve, the reactions of degenera-
tion develop. ^\Mien the nerve is paralyzed in the petrous bone, in addition to the paralysis of the
muscles of expression, there is loss of taste in the anterior part of the tongue^nd the patient is
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unable to recognize the difference between bitters and sweets, acids and salines, from involvement
of the chorda tympani. The mouth is dry, because the salivary glands are not secreting; the

sense of hearing is affected from paralysis of the Stapedius, but there is no hemiplegia. When the

cause of the paralysis is from fracture of the base of the skull, the acoustic nerve and the petrosal

nerves, which are connected with the intumescentia ganglioformis, are also involved. When
the injury to the nerve is after its exit from the stylomastoid foramen, all the muscles of expression

except the Levator palpebrae, together with the posterior belly of the Digastric and Stylohyoid, ««
are paralyzed. There is smoothness of the forehead, and the patient is unable to frown; the <**

eyelids cannot be closed, and the lower lid droops, so that the punctum is no longer in contact

with the globe, and the tears run down the cheek; there is smoothness of the cheek and loss of

the nasolabial furrow; the nostril of the paralyzed side cannot be dilated; the mouth is drawn
to the sound side, and there is inability to whistle;(food collects between the cheek and gum
from paralysis of the Buccinator.j

The facial nerve is at fault in cases of so-called histrionic spasm, which consists in an almost

constant and uncontrollable twitching of the muscles of the face. This twitching is sometimes
so severe as to cause great discomfort and annoyance to the patient and to interfere with sleep,

and for its relief the facial nerve has been stretched. The operation is performed by making an
incision behind the ear from the root of the mastoid process to the angle of the mandible. The
parotid is turned forward, and the dissection carried along the anterior border of the Sterno-

mastoid muscle and mastoid process until the upper border of the posterior belly of the Digas-

tric is found. The nerve is parallel to this on about a level with the middle of the mastoid process.

When found, the nerve may be stretched by passing a blunt hook beneath it and pulling it for-

ward and outward. Too great force must not be used, for fear of permanent injury to the nerve.

In facial paralysis of extracerebral origin it may be advisable to expose the nerve, cut it across, and
anastomose the distal end of the paralyzed nerve to the accessory nerve, or, better, to the hypo-
glossal nerve (facioaccessory anastomosis or faciohypoglossal anastomosis). The idea was first

proposed by Ballance, and has been put in practice by Ballance and Stewart, Keen, Gushing,
Paure. Kennedy, and others.

THE EIGHTH OR ACOUSTIC NERVE (N. ACUSTICUS) (Fig. 747).

The eighth or acoustic or auditory nerve comprises two distinct sets of fibres

which, although both are devoted to the transmission of alTerent impulses, differ

in their peripheral distribution and in their central connections. The two divi-

sions appear blended in the interval between the medulla oblongata and the in-

ternal auditory meatus, running obliquely laterofrontad in company with the

facial nerve and internal auditory artery. At the internal auditory meatus the

two divisions of the nerve are separable, the vestibular division above, the cochlear

below.

The cochleax nerve (radix cochlearis) is the true nerve of hearing, lacking

general sensibility, however, and therefore a nerve of special sense. The fibres

of this division arise from the cells of the spiral ganglion of the cochlea as axones

of bipolar cells whose dendrites or peripheral processes terminate about the

(auditory) hair cells of the organ of Corti (p. 1143). The central connections of

the cochlear division are described on page 881.

The vestibular nerve (radix vestibularis) conducts impulses of equilibratory

sense from the semicircular canals, utricle, and saccule to the vestibular nuclei.

The ganglion of origin of this nerve differs from ordinary sensor ganglia in that

its cells are of bipolar structure, having retained this embryonic characteristic

of the ganglion cells throughout life. The central processes of the cells of the

vestibular ganglion (or ganglion of Scarpa) enter the medulla oblongata with the

trunk of the cochlear nerve in the postpontile groove, laterad of the facial nerve,

id establish central connections already described on page 881. The peripheral

processes constitute the two main branches of the nerve—viz., (a) the utriculo-

ampullar and (b) the sacculoampuUar.

The upper or utriculoampullar branch divides into:

(o) The utricular branch, passing through the superior macula crilvosa of the

vestibule to end in the macula acustica of the utricle.
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(6) The superior ampullar branch, accompanying the utricular branch, to end

in the crista acustica of the ampulla of the superior semicircular canal.

(c) The lateral ampullar, to the ampulla of the lateral semicircular canal.

The lower or sacculoampullar branch is somewhat longer and divides into:

(a) The posterior ampullar, passing through the foramen singulare and the

inferior macula cribrosa to end in the ampulla of the posterior semicircular canal.

(h) Tlie saccular branch, passing through the middle macula cribrosa to end in

the macula acustica of the sacculus.

Fig. 747.—Distribution of the acoustic ner\-e. (Semidiagranunatic.) (Testut.)

Applied Anatomy.—The acoustic nerve is frequently injured, together with the facial nerve,

m fractures of the middle fossa of the base of the skull implicating the internal auditors- meatus.

The nerve may be either torn across, producing permanent deafness, it may be bruised, or it may
be pressed upon by extravasated blood or inflammatory exudation, when the deafness will in all

probability be temporary. The nene may also be injured by violent blows on the head without

fracture, and deafness may follow loud explosions of dynamite, etc., probably from some lesion

of this nerve, which is more Uable to be injured than the other cranial nerves on account of its

structure. The test that the nene is destroyed and that the deafness is not due to some lesion

of the auditor^- apparatus is obtained by placing a \-ibrating tuning-fork on the head. The
vibrations will be heard in cases where the auditory apparatus is at fault, but not in cases of

destruction of the auditory nerve.

Tinnitus aurium is commonly present in cases of ear disease. Tte sounds are variable in

intensity and nature—buzzing, hissing, whistling, rushing, bell-ringing, and so forth. In the

insane, tiimitus is associated with delusions and hallucinations of hearing, and may be due to

nothing more than impacted cerumen in the meatus. Meniere's disease is discussed in the

.\pplied Anatomy of the Labj-rinth.

THE NINTH OR GLOSSOPHABTNGEAL NEBVE (N. GLOSSOPHASTNGEUS)
(Figs. 748, 749).

The ninth or glossopharyngeal nerve is distributed, as its name implies, to the

tongue and phar\Tix, being the nerve of ordinary sensation to the mucous mem-
brane of the pharvnx, fauces, and tonsil; and the ner\'e of taste to all parts of

the tongue to which it is distributed.
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Fig. 748.—Origin, ganglia, and
communication of the ninth, tenth,
and eleventh cranial nerves.

Its (apparent) superficial origin is by three or four filaments, closely connectec

from the upper part of the medulla oblongata, in the dorsolateral groove (Fig. 748)
The central connections are described on page 880. The small motor component

arises from cells in the nucleus ambiguus. The real origin of the sensor fibres

of the glossopharyngeal must be looked for in the jugular and petrosal ganglia

which are developed from the neural crest.

From its superficial origin it passes outward across the flocculus, and leaves

the skull at the central part of the jugular foramen, in a separate sheath of the

dura external to and in front of the vagus and spinal accessory nerves (Fig. 749).

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 forward

between the jugular vein and internal carotid artery,

and descends ventrad of the latter vessel, and beneath
the styloid process of the temporal bone and the

muscles connected with it, to the lower border of the

Stylopharyngeus muscle. The nerve now curves in-

ward, forming an arch on the side of the neck, and
lying upon the Stylopharyngeus muscle and the Middle
constrictor of the pharynx. It then passes beneath

the Hyoglossus muscle, and is finally distributed to

the mucous membrane of the fauces and baSe of the

tongue, and the mucous glands of the mouth and tonsil.

In passing through the jugular foramen the nerve presents, in succession, two
gangliform enlargements. The superior and smaller is called the jugular ganglion;

the inferior and larger, the petrous ganglion or the ganglion of Andersch.

The superior or jugular ganglion (ganglion superius) is situated in the upper

part of the groove in which the nerve is lodged during its passage through the

jugular foramen. It is of very small size, and involves only part of the trunk of

the nerve. It is usually regarded as a detached portion from the lower ganglion.

The inferior or petrous ganglion (ganglion inferius) is situated in a depression

in the lower border of the petrous portion of the temporal bone; it is larger than

the superior ganglion and involves the whole of the fibres of the nerve. From
this ganglion arise those filaments which connect the glossopharyngeal with the

vagus and sympathetic nerves.

Branches of Communication.—The branches of communication are with the

vagus, sympathetic, and facial.

The branches to the vagus are two filaments, arising from the petrous ganglion,

one of which passes to the auricular branch of the vagus, and one to the upper

ganglion of the vagus.

The petrous ganglion is connected by a filament with the superior cervical

ganglion.

The branch of communication with the facial perforates the posterior belly of

the Digastric muscle. It arises from the trunk of the nerve below the petrous

ganglion, and joins the facial just after its exit from the stylomastoid foramen.

Branches of Distribution.—The branches of distribution are the tympanic,

carotid, pharyngeal, muscular, tonsillar, and lingual.

The Tympanic Branch or Jacobson's Nerve (n. tympanicus) arises from the petrous

ganglion, and enters a small bony canal' {canaliculus tympanicus) in the lower
surface of the petrous portion of the temporal bone, the lower opening of which
is situated on the bony ridge which separates the carotid canal from the jugular

fossa. It ascends to the tympanum, enters that cavity by an aperture in its

floor close to the inner wall, and divides into branches which are contained in

grooves upon the surface of the promontory. These branches form a tympanic
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plexus {plexus tympanicus). This plexus gives off (1) the small superficial

petrosal nerve (Fig. 745); (2) a branch to join the great superficial petrosal

nerve; and (3) branches to the t\Tnpanic ca\'ity, all of which will be described

in connection with the anatomy of the ear.

The Carotid Branches (n. caroticotympaniciis superior and n. caroticotympanicus

inferior) descend along the trunk of the internal carotid artery as far as its com-

mencement, communicating with the pharyngeal branch of the vagus and with

branches of the sympathetic.

The Pharyngeal Branches (rami pharyngei) are three or four filaments which

unite opposite the Middle constrictor of the pharynx with the phar\Tigeal branches

of the vagus and s^Tnpathetic nerves to form the pharyngeal plexus, branches

from which perforate the muscular coat of the pharynx to supply the muscles

and mucous membrane.
The Muscular Branch (ramtis stylopharyngeus) is distributed to the Stylo-

pharyngeus muscle.

The Tonsillar Branches {rami tonsillares) supply the tonsil, forming a plexus

(circulus tonsillaris) around this body, from which branches are distributed to

the soft palate and fauces, where they communicate with the palatine nenes.

The Lingual Branches (ra?ni linguales) are two in number; one supplies the cir-

cumvallate papillie and the mucous membrane covering the surfac-e of the base

of the tongue; tlie other perforates its substance, and supplies the mucous mem-
brane and follicular glands of the posterior one-third of the tongue and communi-
cates with the lingual nerse.

The Gustatory Path.—The impressions of taste reach the glossopharyngeal

nucleus in the medulla oblongata in two ways. From the posterior one-third

of the tongue and from the palate they reach the nucleus by the glossophar\Tigeal

nerve. From the anterior two-thirds of the tongue impulses of taste are conveyed

by the chorda tympani or portion of the nervus intermedins. From the glosso-

phar^'ngeal nucleus gustatory impressions pass by way of the medial fillet to the

thalamus of the op|X)site side, and from the thalamus through ventral thalamo-

cortical radiation to the gyrus hippocampi, where the cortical gustatory centre

is situated.

Applied Anatomy.—Injun- may produce hemorrhage about the roots of the nerve. Berg-

mann reported such a case. The patient died from edema of the glottis after presenting evi-

dences of disorder of speech and difficulty in swallowing. Disease of the glossophar^Tigeal

nerve alone cannot usuallv be diaarnosticated.

THE TENTH, VAGUS, OR PNEUMOGASTRIC NERVE (N. VAGTTS)
(Figs. 748, 749).

The tenth, vagus, or pneumog&stric nerve 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 sensor fibres.

It supplies the organs of voice and respiration with motor and sensor fibres, and
the pharynx, oesophagus, stomach, and heart with motor fibres. Its superficial

origin (Fig. 748) is by eight or ten filaments from the groove between the olive

and the restiform body below the glossopharyngeal; its central connections are

described on page 880.

The real origin of the sensor fibres of the vagus is to be found in the cells of

the ganglia on the nerve—^^z., the ganglion of the root and the ganglion of the

trunk. The filaments become united and form a flat cord, which passes outward
beneath the flocculus to the jugular foramen, through which it emerges from the

cranium (Fig. 749). In passing through this opening the vagus accompanies
^he spinal accessory nerve, being contained in the same sheath of dura with it, a
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Glossopharyngeal. \
Vagus.

Spinal accessory.

membranous septum separating them from the glossopharyngeal, which lies in
front (Fig. 749). The nerve in this situation presents a well-marked ganglionic

enlargement, which is called the

superior ganglion, or jugular

ganglion; to it the vagal ac-

cessory part of the spinal ac-

cessory nerve is connected by
one or two filaments. After

its exit from the jugular fora-

men the nerve is joined by the

accessory portion of the spinal

accessory nerve and enlarges

into a second gangliform swell-

ing, called the inferior ganglion

or the ganglion of the trunk of

the nerve, through which the

fibres of the spinal accessory?

nerve pass unchanged, being
principally distributed to the

pharyngeal and superior laryn-

geal branches of the vagus; but
some of the filaments from it

are continued into the trunk of

the vagus below the ganglion

to be distributed with the re-

current laryngeal nerve, and
probably also with the cardiac

nerves. The vagus nerve passes

vertically down the neck within

the sheath of the carotid ves-

sels lying between the internal

carotid artery and the internal

jugular vein as far as the thy-

roid cartilage,and then between
the same vein and the common
carotid to the root of the neck
(Fig. 749). From here the

course of the nerve differs on

the two sides of the body.

On the right side (Fig. 749)

the nerve passes across the sub-

clavian artery between it and
the right innominate vein, and
descends by the side of the

trachea to the back part of the

root of the right lung, where it

spreads out in a plexiform net-

work, the posterior pulmonary

plexus (^plexus yulinonalis pos-

terior), from the lower part
of which two cords descend upon the oesophagus, on which tube they divide,
forming, with branches from the opposite nerve, the oesophageal plexus {plexus
gidae); 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

Vagus
Fig. 749.—Course and distribution of the glossopharyngeal, vagus

and spinal accessory nerves.
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posterior surface of the stomach, joining the left side of the solar plexus, and send-

ing filaments to the splenic plexus and a considerable branch to the coeliac plexus.

On the leit side the vagus nerve enters the thorax l^etween the left carotid and

subclavian arteries, behind the left innominate vein. It crosses the arch of

the aorta and descends behind the root of the left lung, forming the posterior pul-

monary plexns {plexus pidmonalis posterior), and along the anterior surface of the

oesophagus, where it unites with the nerve of the right side in forming the oesopha-

geal plexus. It passes to the stomach, distributing branches over the anterior

surface of that viscus, some extending over the fundus, and others along the lesser

curvature. Filaments from these branches enter the gastrohepatic omentum and

in the hepatic plexus.

The ganglion of the root or the jugular ganglion (ganglion jugidare) is of a
gravish color, circular in form, about 4 mm. or ^ inch in diameter.

Branches of Communication.—To this ganglion the accessory portion of the

spinal accessory nerve is connected by several delicate filaments; it also communi-

cates by a twig with the petrous ganglion of the glossophar\Tigeal, with the facial

nerve by means of its auricular branch, and with the si.Tnpathetic by means of

an ascending filament from the superior cervical ganglion.

The ganglion of the trunk or the inferior ganglion (ganglion nodosum) is a

plexiform cord, cylindrical in form, of a reddish color, and about an inch (2 cm.)

in length; it involves the whole of the fibres of the nerve, and passing through it

is the vagal accessory portion of the spinal accessory nerve, which blends with

the vagus below the ganglion, to be then continued principally into its pharyngeal

and superior laryngeal branches.

Branches of Communication.—This ganglion is connected with the hN'poglossal,

the superior cervical ganglion of the SNTnpathetic, and the loop between the first

and second cervical nerves.

Branches of Distribution.—The branches of the vagus are:

T ^1 • 1 f ( Meningeal or dural.
In the lugular fossa . . . s . . ?

"• ^
( Auricular.

I

Phar^^lgeal.

In the neck \
Superior laryngeal.

I Recurrent laryngeal.

L Cervical cardiac.

Thoracic cardiac.

In the thorax . . . . {
Anterior or ventral pulmonary.

Posterior or dorsal pulmonary.
- (Esophageal.

In the abdomen .... (jastric.

The Meningeal or Dural Branch (ramtis meningeus) is a recurrent filament

given off from the ganglion of the root on the jugular foramen. It passes back-
ward, and is distributed to the dura lining the posterior fossa of the base of the

skull.

The Auricular Branch or Arnold's Nerve (ramus auricularis) (Fig. 750) arises

from the ganglion of the root, and is joined soon after its origin by a filament

from the petrous ganglion of the glossophar\Tigeal ; it passes outward behind the

jugular vein, and enters a small canal on the outer wall of the jugular fossa.

Traversing the substance of the temporal bone, it crosses the facial canal or

aquaeductus Fallopii about 4 mm. (^ inch) above its termination at the stylo-

mastoid foramen; here it gives off an ascending branch, which joins the facial.

The continuation of the nerve reaches the surface by passing through the auricular

fissure between the mastoid process and the external auditory meatus, and divides
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into two branches, one of which communicates with the posterior auricular nerve,

while the other supplies the integument at the back part of the pinna and the

posterior part of the external auditorymeatus.

The Pharyngeal Branch (ramus pharyiigeus), the principal motor nerve of the

pharynx, arises from the upper part of the ganglion of the trunk of the vagus.

It consists principally of filaments from the vagal accessory portion of the spinal

accessory nerve; it passes across the internal carotid artery to the upper border

of the ]\Iiddle constrictor of the pharynx, where it divides into numerous filaments

which join with those from the glossopharyngeal the superior laryngeal (its

external branch), and sympathetic, to form the pharyngeal plexus (plexus pharyn-

geus), from which branches are distributed to the muscles and mucous membrane
of the pharynx and the muscles of the soft palate, except the Tensor palati. From
the pharyngeal plexus a minute filament is given off, which, descends and joins

the hypoglossal nerve as it winds around the occipital artery.

TO EXTERNAL AUDITORY
ME^DUS AND SACK

TWIG TO FACIAL

ARNOLDS FORAMEN

TO POSTERIOR
AURICULAR OF

FACIAL

FROM GLOSSOPHARYNOEAU

AURICULAR BRANCH
OF VAGUS

ARTERIOSUS

Fig. 750.—Plan of Arnold's nerve. (W. Keiller.) Fig. 751.—Relations of vagus and recurrent laryn*
geal nerves to the great vessels. (W. Keiller.)

I
The Superior Laryngeal Nerve (n. laryngeus superior) (Figs. 748 and 749) is

larger than the preceding, and arises from the middle of the ganglion of the

trunk of the vagus. In its course it receives a branch from the superior cervical

ganglion of the sympathetic. It descends by the side of the pharynx behind the

internal carotid artery, where it divides into two branches, the external and internal

laryngeal.

The external laryngeal branch (ramus externum) (Fig. 749) the smaller, descends

by the side of the larynx, beneath the Sternothyroid, to supply the Cricothyroid

tnuscle. It gives branches to the pharyngeal plexus and the Inferior constrictor,

and communicates with the superior cardiac nerve, behind the common carotid.

The internal larjmgeal branch (ramu^ internus) descends to the opening in the

thyrohyoid membrane, through which it passes wnth the superior laryngeal artery,

and is distributed to the mucous membrane of the larynx. A small branch com-
municates with the recurrent laryngeal nerve. The branches to the mucou>
membrane are distributed, some in front to the epiglottis, the base of the tongue,

and the epiglottidean glands; while others pass backward, in the arytenoepi-

glottidean fold, to supply the mucous membrane surrounding the superior orifice

of the larynx, as well as the membrane which lines the cavity of the larynx as

low down as, the vocal cord. The filament which joins with the recurrent laryn-
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geal descends beneath the mucous membrane on the inner surface of the th\Toid

cartilage, where the two nerves become united.

The Inferior or Recurrent Laryngeal Branch of the Vagus («. reeurrens) Figs.

749 and 751), so called from its reflected course, is the motor nerve of the lar-

jTix. It arises, on the right side, in front of the subcla\-ian artery; winds from
before backward around that vessel, and ascends obliquely to the side of the trachea

behind the common carotid artery, and either in front of or behind the inferior

thvToid artery. On the left side it arises in front of the arch of the aorta, and
winds from before backward around the aorta at the point where the imperious
ductus arteriosus is attached, and then ascends to the side of the trachea. The
nerve on each side ascends in the groove between the trachea and oesophagus,

and. passing under the lower border of the Inferior constrictor muscle, enters the

larynx behind the articulation of the inferior cornu of the th^Toid cartilage with
the cricoid, being distributed to all the muscles of the lar\Tix except the Crico-

th^Toid. It communicates wnth the superior laryngeal ner\e and gives off a

few filaments to the mucous membrane of the lower part of the larvnx.

The recurrent laryngeal, -as it winds around the subclavian artery and aorta,

gives off several cardiac filaments, which unite with the cardiac branches from
the vagus 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 tra-^hea; and some pharvngeal
filaments to the Inferior constrictor of the pharynx.
The Cervical Cardiac Branches (rami cardiaci superiores), two or three in number,

arise from the vagus, at the upper and lower parts of the neck.

The superior branches are small, and communicate with the cardiac branches
of the sympathetic. They can l>e traced to the great or deep cardiac plexus.

The inferior branches, one on each side, arise at the lower part of the neck,
just above the first rib. That from the right vagus passes ventrad or by the
side of the innominate artery, and communicates with one of the cardiac rierves

proceeding to the great or deep cardiac plexus; that from the left runs across the
left side of the arch of tlie aorta and joins the superficial cardiac plexus.

The Thoracic Cardiac Branches (rami cardiaci inferiores), on the right side,

arise from the trunk of the vagus as it lies by the side of the trachea, and from its

recurrent laryngeal branch, but on the left side from the recurrent nerve onlv;
passing inward, they terminate in the deep cardiac plexus.

The Anterior or Ventral Pulmonary Branches, two or three in number, and of
small size, are distributed on the anterior aspect of the root of the lungs. They
join with filaments from the s^Tnpathetic, and form the anterior pulmonary plexus
(plexus pidmxjnalis anterior).

The Posterior or Dorsal Pulmonary Branches, more numerous and larger than
the anterior, are distributed on the posterior aspect of the root of the lung; they
are joined by filaments from the third and fourth (sometimes also from the first

and second) thoracic ganglia of the s\-mpathetic, and form the posterior pulmonary
plexus (plexus pidmonalis posterior). Branches from both plexuses accompany
the ramifications of the bronchi through the substance of the lungs (rami hronchiales
anteriores and rami bronchioles posieriores).

The (Esophageal Branches (rami oesophagei) are given off from the vagus both
above and l)elow the pulmonary branches. The lower are more numerous and
larger than the upper. They form, together with branches from the opposite
nerve, the oesophageal plexus. From this plexus branches are distributed to the
back of the pericardium.

The Gastric Branches (ram,{ gastrici) (Fig. 749) are the terminal filaments of
the vagus nerve. The nerve on the right side is distributed to the posterior
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surface of the stomach. The right vagus sends branches to the coeliac plexus

{rami coeliaci), to the splenic plexus (rami lienales), and to the renal plexus* {rami

renales) . The nerve on the left side is distributed over the anterior surface of

the stomach and along the lesser curvature. They unite with branches of the

right nerve and with the sympathetic, some filaments {rami hepatica) passing

through the lesser omentum to the hepatic plexus.

Applied Anatomy.—It is a well-recognized fact that disease or injury of the vagus may induce

serious symptoms. Bruising may cause such symptoms; so may injury of the nerve by a stab,

a bullet, or during surgical operations. Either accidental ligation or crushing with clamp for-

ceps is particularly dangerous. Michaux accidentally ligated the vagus, and the patient became
comatose and ceased to breathe, but was restored on removing the ligature. Tillmanns, while

removing a cancer, accidentally caught and crushed a portion of the nerve in a clamp, and bo+h

pulse and respiration ceased. The clamp was removed, the patient was restored with diflBculty,

and the nerve was sutured. Recovery followed. It thus becomes evident that division of the

vagus on one side is not, as was so long taught, a necessarily fatal accident; in fact, it is sometimes

undertaken deliberately in removing tumors adherent to the nerve. Division of a nerve which
has been long compressed is probably not so dangerous as division of a healthy nerve, as in the

former case the opposite vagus has probably assumed some of Its colleague's duties. A number
of cases of deliberate division have been reported. Twenty-three cases are referred to in the

system of surgery by von Bergmann and Mikulicz, and in twelve the patients died, but in none
of the deaths was the removal of the vagus the apparent cause of the fatality. Three American
cases are notable: One was operated upon by Dr. W. Joseph Hearn, one by Dr. Melvin Franklin,

and one by Dr. J. Chalmers Da Costa. All three recovered, and not one presented any serious

disturbance, although each had hoarseness and weakness of voice.

One would assume that after division of the vagus below the superior laryngeal nerve and
above the recurrent laryngeal nerve (the region usually attacked) there would be paralysis

of all the muscles of one side of the larynx, except the Cricothyroid, and widespread aberration

evinced by disturbances of the heart, stomach, and lungs. As a matter of fact, this has not been

the case. It might be and probably would be the case, were a healthy nerve divided; but the

surgeon who deliberately divides the nerve does so during the removal of a tumor which has long

made pressure. In most cases there is no change in the pulse or respiration. In some cases

dysphagia and pneumonia arise, but they may be due to other causes than vagus-nerve injury

(the formidable nature and the duration of the operation—the ligation of vessels of large size

—

the age of the subject).

Laryngeal symptoms, to a greater or less degree, are always noted. The difference in the

degree of the palsy is explainable when we recall Exner's statement that the muscles supplied

by the recurrent laryngeal also receive some innervation from the superior laryngeal. In fact,

Mills points out that a portion of the recurrent laryngeal has been resected without completely

paralyzing the muscles supposed to be supplied solely by the recurrent laryngeal. The laryngeal

symptoms result from unilateral laryngeal paralysis, in which there is paralysis of the muscles
which open the glottis. The voice may be lost or may be lioarse. Usually, after a time, this is,

to a great extent, compensated for by the opposite vocal cord, although the voice may always
remain weak, and the patient will tire easily on talking. If both vagi were to be divided deatk
would ensue.

The laryngeal nerves are of considerable importance in considering some of the morbid con-

ditions of the larynx. When the peripheral terminations of the superior laryngeal nerve are

irritated by some foreign body passing over them, reflex spasm of the glottis is the result. When
the trunk of the same nerve is pressed upon by, for instance, a goitre or an aneurism of the upper
part of the carotid, we have a peculiar, dry, brassy cough. When the nerve is paralyzed we
have anesthesia of the mucus membrane of the larynx, so that foreign bodies can readily enter

the cavity, and, in consequence of its supplying the Cricothyroid muscle, the vocal cords cannot

be made tense, and the voice is deep and hoarse. Paralysis of the superior laryngeal nerves

may be the result of bulbar paralysis, may be a sequel to diphtheria, when both nerves are

usually involved, or it may, though less commonly, be caused by the pressure of tumors or

aneurisms, when the paralysis is generally unilateral. Irritation of the inferior laryngeal nerves

produces spasm of the muscles of the larynx. When both the recurrent nerves are paralyzed

the vocal cords are motionless in the so-called cadaveric position—that is to say, in the position

in which they are found in ordinary tranquil respiration—neither closed as in phonation, nor

open as in deep inspiratory effort. When one recurrent nerve is paralyzed, the cord of the same
side is motionless, while the opposite cord crosses the middle line to accommodate itself to the

affected one; hence phonation is present, but the voice is altered and weak in timbre. The recur-

rent laryngeal nerves may be paralyzed in bulbar paralysis or after diphtheria, when the paralysis.

usually affects both sides; or they may be affected by the pressure of aneurisms of the aorta,.
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innominate or subclavian arteries; bv mediastinal tumors; by bronchocele; or bv cancer of the

upper part of the oesophagus, when the paralysis is often unilateral. The nerve may be acci-

dentally di\nded during the operation for goitre.

THE ELEVENTH OR SPINAL ACCESSORY NERVE (N. ACCESSORIUS)
(Figs. 74S, 749).

The eleventh or spinal accessory nerve consists of two parts, one the accessory

part to the vagus, and the other the spinal portion.

The bulbar or vagal accessory part (ramus internus) is the smaller of the two.

It is accessory to the vagus. Its superficial origin (Fig. 748) h by four or five

delicate filaments from the side of the medulla oblongata, below the roots of the

vagus. Its deep origin is described in detail on page 879. It passes outvsard

to the jugular foramen, where it interchanges fibres with the spinal portion or

becomes united to it for a short distance; it is also connected, in the foramen,
with the upper ganglion of the vagus by one or two filaments. It then passes

through the foramen (Fig. 749), and becoming again separated from the spinal

portion it is continued over the surface of the ganglion of the trunk of the vagus,

being adherent to its surface, and is distributed principally to the pharyngeal
and superior laryngeal branches of the vagus. Through the phar^-ngeal branch
it probably supplies the Azygos u%-ulae and Levator palati muscles (see p. 399).
Some few filaments from it are continued into the trunk of the vagus below the

ganglion, to be distributed with the recurrent laryngeal nerve to supply most
of the laryngeal muscles and probably also with the cardiac nerves.

The spinal portion (ramus externus) is firm in texture. Its superficial origin

(Fig. 748) is by several filaments or rootlets frcm the lateral tract of the cord,

as low down as the sLxth cervical nerve. Its deep origin (Fig. 650) may be traced
to the intermediolateral tract of the gray substance of the cord. The rootlets

of origin join and form a trunk which ascends in the subdural space between the
ligaraentum denticulatum and the anterior roots of the spinal nerses, enters the
skull through the foramen magnum, and is then directed outward to the jugular
foramen, through which it passes, lying in the same sheath as the vagus, but
separated from it by a fold of the arachnoid. In the jugular foramen it receives

one or two filaments from the vagal accessory portion. At its exit from the jugular
foramen it passes backward, either in front of or behind the internal jugular vein,

and descends obliquely behind the Digastric and Stylohyoid muscles to the upper
part of the Sternomastoid muscle. It pierces that muscle, and passes obliquely
across the posterior triangle, to terminate in the deep surface of the Trapezius
muscle. During its passage through the Sternomastoid muscle it gives several
branches to the muscle, and joins in its substance with branches from the second
cervical. In the posterior triangle it joins with the second and third cervical
nerves, while beneath the Trapezius it forms a sort of plexus with the third and
fourth cervical nerves, and from this plexus fibres are distributed to the muscle.

Applied Anatomy.—Division of the external branch of the spinal accessor}- nerve causes
paralysis of the Sternomastoid and Trapezius muscles; not absolute paralysis, for these muscles
also receive nerves froin the cer\-ical plexus. In cases of spasmodic torticollis in which all pal-
liative treatment has failed, di\-ision or excision of a portion of the external branch of the spinal
accessor}- nerve has been suggested by Keen. This may be done either along the anterior or
posterior border of the Sternomastoid muscle. The former operation is performed by making
an incisbn from the apex of the mastoid process, three inches in length, along the anterior border
of the Sternomastoid muscle. The anterior border of the muscle is defined and pulled back-
ward, so as to stretch the nerve, which is then to be sought for beneath the Digastric muscle,
about two inches below the apex of the mastoid process. The other operation consists in
making an incision along the posterior border of the muscle, so that the centre of the incision cor-
responds to the middle of this border of the muscle. The superficial structures having been

64
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divided and the border of the muscle defined, the nerve is to be sought for as it emerges from

the muscle to cross the occipital triangle. When found, it is to be traced upward through the

muscle, and a portion of it is excised above the point where it gives off its branches to the Sterno-

mastoid. In this operation one of the descending branches of the superficial cervical plexus is

liable to be mistaken for the nerve.

THE TWELFTH OR HYPOGLOSSAL NERVE (N. HYPOGLOSSUS)
(Figs. 752, 753).

The twelfth or hypoglossal nerve is the motor nerve of the tongue. Its super-

ficial origin is by several filaments, from ten to fifteen in number, from the groove

between the pyramidal and olivary bodies of the medulla oblongata, in a continuous

line with the ventral roots of the spinal nerves. Its deep origin can be traced to a

nucleus of gray substance (nucleus hypoglossi) in the floor of the fourth ventricle,

described on page 878.

To Dura mater

To Ganglion on Trunk of Vagus

-Branch from first CervtcaJ

to Hypoglossal

To Lingual Nervt

To Oeniohyoid

To Thyrohyoid

To Anterior Belly oj Omnhyoid

To Sternohyoid

To Sternothyroid

To Posterior Belly of Omohyoid

Fig. 752.—Plan of the hypoglossal nerve.

The filaments of this nerve are collected into two bundles, which perforate the

dura separately, opposite the anterior condylar foramen, and unite together

after their passage through it. In those cases in which the anterior condylar

or hypoglossal foramen in the occipital bone is double, these two portions of the

nerve are separated by the small piece of bone which divides the foramen. The

nerve descends almost vertically to a point corresponding with the angle of the

mandible. It is at first deeply seated beneath the internal carotid artery and internal

jugular vein, and is intimately connected with the vagus nerve (Fig, 753); it then
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passes fon^ard between the vein and artery, and lower down in the neck becomes

superficial below the Digastric muscle. The nerve then loops around the occipital

arterv, and crosses the external carotid and its lingual branch below the tendon

of the Digastric muscle. It passes beneath the tendon of the Digastric, the

Stvlohyoid, and the Mylohyoid muscles, l}-ing between the last-named muscle

and the Hvoglossus (Fig. 753), and communicates at the anterior border of the

Hvoglossus with the lingual nerve (Fig, 752); it is then continued fon^ard in the

fibres of the Geniohyoglossus muscle as far as the tip of the tongue, distributing

branches to its muscle substance.

Branches of Gonununication (Fig. 752).
—

^The branches of communication are

with the

—

Vagus. First and second cervical nerves.

S}Tnpathetic. Lingual.

The communication with the vagus takes place close to the exit of the nerve

from the skull, numerous filaments passing between the h^•poglossal and the gan-

glion of the trunk of the vagus through the mass of connective tissue which unites

the two nerves. It also communicates with the pharyngeal plexus by a minute

filament as it winds around the occipital artery.

The communication with the s\Tnpathetic takes place opposite the atlas by

branches derived from the superior cervical ganglion, and in the same situation

the nerve is joined by filaments derived from the loop connecting the first t\*'o

cervical nerves.

The communication with the lingual nerve takes place near the anterior border

of the Hvoglossus muscle by numerous filaments which ascend upon it.

Branches of Distribution (Fig. 752).
—

^The branches of distribution are:

Meningeal or Dural. Thyrohyoid.

Descendens hypoglossi. Muscular.

Of these branches, the descendens hypoglossi and the branches to the Infra-

hyoid muscles are not actually derived from the h\'poglossal nerve, but, as is

shown in Fig. 752, are branches from the loop formation (better called avsa

cerviccdis) of the first with the second and third cervical nerves. A part of the

loop, commonly called the descendens hN^poglossi, is enclosed, for a short distance,

in the sheath which invests the h\"poglossal nerve.

Meningeal or Dural Branches (Fig. 752).—As the h\'poglossal ner\'e passes

through the anterior condylar foramen it gives off, according to Luschka, several

filaments to the dura in the posterior fossa of the base of the skidl.

The Descendens Cervicalis or Descendens Hypoglossi (ramus descendens) (Figs.

752 and 753) is a long slender branch, which leaves the h^-poglossal where it turns

around the occipital artery. It -consists mainly of fibres which pass along the

sheath of the h\'poglossal nerve from the first and second cervical nerves in the

above-mentioned communication. It descends in front of or within the sheath of

the common carotid arterv', giving off a branch to the anterior belly of the Omo-
hyoid, and then joins the conmiunicating branches from the second and third

cervical nerves, just below the middle of the neck, to form a loop, the ansa cer-

vicalis (hypoglossi). From the convexity of this loop branches pass to supply the

Sternohyoid, Stemoth\Toid, and the posterior belly of the Omohyoid.
The Thyrohyoid Branch (ranuts thyreohyoideiis) (Fig. 752) is a small branch

arising from the h\-poglossal near the posterior border of the Hvoglossus; it

passes obliquely across the great cornu of the hyoid bone and supplies the ThjTO-
hyoid muscle.
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The Muscular Branches (Fig. 752) are distributed to the Styloglossus, Hyo-
glossus, Geniohyoid, and Geniohyoglossus muscles and to the Chondroglossus,

when present. At the under surface of the tongue numerous slender branches

{rami linguales) pass upward into the substance of the organ to supply its In-

trinsic muscles.

I

Fig. 753.—Hypoglossal nerve, cervical plexus, and their branches. i
Applied Anatomy.—A wound in the submaxillary region may injure the hypoglossal nerve

and result in motor paralysis of the corresponding half of the tongue. The hypoglossal nerve is

an important guide in the operation of ligation of the lingual artery (see p. 591). It runs for-

ward on the Hyoglossus muscle just above the great cornu of the hyoid bone, and forms the

upper boundary of the triangular space (Lesser's triangle) in which the artery is to be sought for

by cutting through the fibres of the Hyoglossus muscle.

THE SPINAL NERVES (NERVI SPINALES).

The spinal nerves spring 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 in the following groups,

corresponding to the region of the vertebral column through which they pass:

Cervical 8 pairs.

Thoracic 12 "

Lumbar 5 "

Sacral 5 "

Coccygeal 1 pair.
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It will be observed that each group of nerves corresponds in number with the

vertebrse in that region, except the cervical and coccygeal. Sometimes there is no

thirty-first pair. Occasionally below the thirty-first pair there may be one or

even two filamentous pairs which do not pass out of the vertebral canal.

Each spinal nerve arises by two roots, an anterior, ventral, or motor root and a

posterior, dorsal, or sensor root, the latter being distinguished by a ganglion termed

the spinal ganglion.

The Anterior or Ventral Root (radix anterior).
—^The superficial origin is from

the antero-lateral columns of the cord, corresponding to the situation of the

anterior cornu of gray substance. Each root is composed of from four to eight

filaments.

The deep origin can be traced from cells in the gray substance of the anterior

cornu of the same as well as of the opposite side. The majority of the axones

arise from the various groups of cells in the anterior cornu of the same side,

while others arise from the large cells

of the anterior cornu of the opposite

side, the axones passing across the

median plane in the anterior white

commissure. The axone bundles, after

leaving the gray substance, penetrate

horizontally through the longitudinal

bundles of the antero-lateral column

to emerge as described above.

The Posterior or Dorsal Root {radix

posterior).—The superficial origin is by

filaments {fila radicularia), from the

postero-lateral fissure of the cord. The
real origin of these fibres is from the

nerve cells in the posterior root gan-

glion, from which they can be traced

into the cord in two main bundles,

the course of which has already been

studied (p. 835). The posterior or

dorsal root of the first cersical nerve is

exceptional in that it is smaller than

the anterior; it is occasionally wanting.

Within the vertebral canal the nerve

roots are separated from each other by

the Iigamentum deniiculatum (Fig. 755).

In the cervical region the spinal portion

of the spinal accessory nerve separates

the roots.

The spinal ganglia are collections of

nerve cells on the posterior root of each

of the spinal nerves. Each ganglion is oval in shape and of a reddish color;

and its size bears a proportion to that of the ner^'e root upon which it is situated; it

is bifid internally where it is joined by the two bundles of the posterior nerve root.

The ganglia are usually placed in the intervertebral foramina, ectad of the point

where the nerves perforate the dura. There are, howe\-er, exceptions to this

rule. Thus, the ganglia upon the first and second cervical nerves lie on the neural

arches of the atlas and axis respectively; those of the sacral nerves are placed

within the vertebral canal; and that on the coccygeal nerve, also in the canal,

is situated at some distance from the apparent origin of the posterior root.

POSTERIOR
ROOTS ~

POSTERIOR
ROOTS

•—

^

LIGAMENTUM
ENTICULATUM
NTERIOR
OOTS

SPINAL NERVE
IN ITS SHEATH

Fig. 754.—A pwrtion of the spinal cord, showing its

right lateral surface. The dura is opened and arranged
to show the nerve roots. (Testut.)
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Structure.—The ganglion in an embryo is composed of bipolar nerve cells. In an adult the
bipolar nerve cells by fusion of their two poles form unipolar elements. The process of each
unipolar cell divides into two a short distance from the cell. One of the processes from each
cell passes to the spinal cord, and the other passes into the spinal nerve. Two other forms of
cells are, however, present—viz. : (a) the cells of Dogiel, whose axones ramify close to the cell

(type II of Golgi), and are distributed entirely within the ganglion; and (6) multipolar cells

similar to those found in the sympathetic ganglia. On the posterior roots of the lumbar and
sacral nerves, between the spinal ganglia and the cord, small cellular masses occasionally exist.

They are called accessory or aberrant ganglia (ganglia aberrantia).

Each typic spinal nerve contains somatic and splanchnic fibre systems, as well as fibres

connecting these systems with each other.

1. The somatic fibres are efferent and afferent. The efferent fibres originate in the cells of

the anterior cornu of the spinal gray substance, and run outward through the anterior nerve roots

to the spinal nerve. They convey impulses to the voluntary muscles and are continuous from their

origin to their peripheral distribution. The afferent fibres (peripheral axones) convev impres-
sions from the skin, etc., and originate in the unipolar nerve cells of the spinal ganglia. The
central axones enter the spinal cord through the posterior nerve roots, to be continued to the
medulla oblongata, to end in the nuclei of the gracile and cuneate funiculi (Goll and Burdach),
or they may end by arborization around efferent neurones in the same or opposite side of the
cord, completing in this way reflex arcs.

2. The sympathetic fibres are also efferent and afferent. The efferent fibres originate in the
visceral motor gray substance of the spinal cord and are conveyed through the anterior nerve root

and the white ramus communicans to the corresponding ganglion of the sympathetic chain; here
they may end by forming synapses around its cells, or may run through the ganglion to end in

another of the chain or in a more distally placed ganglion in one of the sympathetic plexuses, the

impulses being relayed in other neurones to be carried to the bloodvessels of the trunk and
limbs or to the viscera. The afferent fibres are derived partly from unipolar and partly from
the multipolar cells of the spinal ganglia. Their peripheral processes are carried outward
through the white rami communicantes, and after passing through one or more sympathetic
ganglia without interruption, terminate in the tissues of the viscera. The central processes of

the unipolar cells enter the spinal cord through the posterior nerve root and form synapses
around either somatic or visceral efferent neurones, thus completing reflex arcs. The dendrites

of the multipolar nerve cells form synapses around the cells of Dogiel in the spinal ganglia, and
by this path the original impulse is transferred from the sympathetic to the somatic system,

through which it is conveyed to the sensorium.

Points of Emergence of the Spinal Nerves.—The roots of the spinal nerves

from their origin in the cord run obliquely caudad to their point of exit from the

intervertebral foramina, the amount of obliquity varying in different regions of

the spine, and being greater in the lower than in the upper part. The level of

their emergence from the cord is within certain limits variable, and of course

does not correspond to the point of emergence of the nerve from the intervertebral

foramina (Fig. 757).

Each nerve root receives a covering from the pia, and is loosely invested by the

arachnoid, the latter being prolonged as far as the points where the roots pierce

the dura. The two roots pierce the dura separately, each receiving a sheath

from this membrane; this sheath is continuous with the epineurium of the nerve

where the roots join to form the spinal nerve.

Divisions.—Immediately beyond the ganglion the two roots coalesce, their

fibres intermingle, and the trunk thus formed constitutes the spinal nerve; it

passes out of the intervertebral foramen, and divides into a posterior or dorsal

primary division for the supply of the dorsal part of the body, and an anterior or

ventral primary division for the supply of the ventral part of the body (Fig. 755).

Each division contains fibres from both roots.

Before dividing, each spinal nerve gives off a small reciirrent or meningeal

branch (ramus meningeus) (Fig. 755) which reenters the vertebral canal through

the intervertebral foramen and supplies the membranes and bloodvessels of the

cord, the vertebrse, and the vertebral ligaments.

The posterior or dorsal primary divisions (rami posteriores) (Fig. 755) of the

spinal nerves are generally smaller than the anterior; they arise from the trunk

4
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resulting from the union of the roots, in the intervertebral foramina; and, passing

dorsad, divide into internal or medial and external or lateral branches, which are

distributed to the muscles and integument behind the spine. The posterior

NTERHAL BtiANCH

EXTERNAL BRAMCH

POSTERIOR PRIMARY
DIVISION

';terior primary
division

RAMUS COyMUNICANS

Fig. ~bo.—Plan of the constitution dt a spinal nerve. (W. Keilln', in Gerriah's Text-book of Anatomy.)

primary divisions of the spinal nerves form two small plexuses, the posterior

cervical plexus and the posterior sacral plexus. The first cervical, the fourth and
fifth sacral, and the coccygeal nerves do not divide into external and internal

branches.

\ Sympathetic

^"^v/^"^^ ""T

—

ganglion

Sympathetic
cord

Sympathetie
gangfion

Fig. 756.—Scheme showing structure of a typical spinal nerve.

The anterior or ventral primary divisions (rami anteriores) (Fig. 755) of the
spinal nerves supply the parts of the body ventrad of the spine, including the limbs.

They are for the most part larger than the posterior primary divisions. Each
dinsion, soon after its origin, receives a slender filament from the sympathetic
which is called the gray ramus communicans. In the thoracic region the anterior
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primary divisions of the spinal nerves are quite 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. The anterior primary
divisions of certain thoracic, lumbar, and sacral nerves give off a delicate col-

lection of nerve filaments to the sympathetic cord. These are called the white

rami communicantes or the visceral branches of the spinal nerves.

Posterior or Dorsal Primary Divisions of the Spinal Nerves.—^The posterior

or dorsal primary divisions are here described together, inasmuch as they do not

enter into the formation of the important plexuses (cervical, lumbar, and sacral)

exclusively made up of the anterior primary divisions.

Fia. 757.—Ventral aspect.

Figs. 757 and 758.-

FiG. 758.—Dorsal aspect.

-Distribution of cutaneous nerves.

The Posterior or Dorsal Divisions of the Cervical Nerves {rami posteriores)

.

—
The posterior division of the first cervical nerve (Pig. 759) differs from the pos-

terior divisions of the other cervical nerves in not dividing into an internal and
external branch. It is larger than the anterior division, and escapes from the

vertebral canal between the occipital bone and the posterior arch of the atlas

and beneath the vertebral artery. It enters the suboccipital triangle formed by

I
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the Rectus capitis posticus major, the Obliquus superior and Obliquus inferior;

it gives branches also to the Rectus capitis posticus minor and to the Complexus.

From the branch which supplies the Inferior oblique a communicating 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 com-
municates with the occipitalis major and minor nerves.

The posterior division of the second cervical nerve is much larger than the

anterior division, and is the largest of all the posterior cervical divisions. It

emerges from the vertebral canal between the anterior arch of the atlas and lamina

of the axis, below the Inferior oblique. It supplies a twig to this muscle, and
receives a communicating filament from the first cervical. It then divides into

an internal or medial and an external or lateral branch.

The internal or medial branch, called, from its size and distribution, the great

occipital nerve {n. occipitalis major) (Fig. 759), ascends obliquely inward between

the Obliquus inferior and the Complexus, and pierces the latter muscle and the

Trapezius near their attachments to the occipital bone. It is now joined by a

filament from the posterior division of the third cervical nerve, the anastomotic,

and, ascending on the back part of the head with the occipital artery, divides

into two branches, which supply the integument of the scalp as far forward 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 external or lateral branch is often joined by the external branch of the pos-

terior division of the third cervical nerve, and supplies the Splenius, Trachelo-

mastoid, and Complexus.
GREAT OCCIPU
TAL NERVE

RECTUS CAPITIS
LATERALIS

ANTERIOR PRIMARY DIVI-

SION OF FIRST CERVICAL

PCSTERIOR PBIMAHY DIVI-

SION OF FIRST CERVICAL

OBLIQUUS
SUPERIOR

BRANCH TO COMPLEXUS

—

CUT
VERTEBRAL ARTERY

POSTERIOR PRIMARV DIVISION
OF FIRST CERVICAL
ANASTOMOTIC BRANCH

NASTOMOTIC
HIRD CERVICAL

BLIQUUS
NFCRIOR

Fig. 759.—Posterior primary divisions of the upper three cervical nerves. (Testut.)

The posterior division of the third cervical nerve (Fig, 759) is intermediate

in size between those of the second and fourth. Its internal or cutaneous branch

passes between the Complexus and Semispinalis, and, piercing the Splenius

and Trapezius, supplies the skin over the latter muscle; while under the Trapezius
it gives off a branch called the third occipital nerve (n. occipitalis tertius), which
pierces the Trapezius 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
external branch often joins that of the second cervical.

The posterior division of the suboccipital nerve and the internal branches of

the posterior divisions of the second and third cervical nerves are occasionally
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joined beneath the Complexus by communicating loops to form the posterior

cervical plexus (Cruveilhier).

The posterior divisions of the lower five cervical nerves pass dorsad, and divide,

behind the Intertransversales muscles, into internal or medial and external or

lateral branches.

The internal branches, the larger, are distributed differently in the upper and
lower part of the neck. Those derived from the fourth and fifth nerves pass

between the Complexus and Semispinalis muscles, and, having reached the spinous

processes, perforate the aponeurosis of the Splenius and Trapezius, and are con-

tinued outward to the integument over the Trapezius, while those derived from

the three lowest cervical nerves are the smallest, and are placed beneath the Semi-

spinalis colli, which they supply, and then pass into the Interspinalis, Multifidus

spinae, and Complexus, and send twigs through this latter muscle to supply the

integument near the spinous processes. \

The external branches supply the muscles at the side of the neck—viz., the

Cervicalis ascendens, Transversalis colli, and Trachelomastoid.

The Posterior Divisions of the Thoracic Nerves (rami posteriores).
—^The i

posterior divisions of the thoracic nerves are smaller than the anterior, pass

dorsad between the transverse processes, and divide into internal or medial and
external or lateral branches.

The internal or medial branches of the posterior divisions of the six upper thoracic

nerves pass inward between the Semispinalis dorsi and Multifidus spinae muscles,

which they supply, and then, piercing the origins of the Rhomboidei and Trapezius

muscles, become cutaneous by the side of the spinous processes and ramify in

the integument. The medial branches of the six lower thoracic nerves are dis-

tributed to the Multifidus spinae, without giving off any cutaneous filaments.

The external or lateral branches increase in size from above downward. They
pass through the Longissimus dorsi muscle to the cellular interval betw^een it and

the Iliocostalis muscle, and supply those muscles, as well as their continuations

upward to the head, and also the Levatores costarum muscles; the five or six

lower nerves also give off cutaneous filaments, which pierce the Serratus posticus

inferior and Latissimus dorsi muscles in a line with the angles of the ribs, and

then ramify in the integument.

The cutaneous branches of the posterior primary divisions of the thoracic nerves

are twelve in number. From each ramus medialis of the upper six nerves comes

a ramus cutaiwus medialis, and from each ramus lateralis of the lower six nerves

comes a ramus cutaneus lateralis. The six upper cutaneous nerves are derived i

from the internal branches of the posterior divisions of the thoracic nerves. They

pierce the origins of the Rhomboidei and Trapezius muscles, and become cutaneous

by the side of the spinous processes, and then ramify in the integument. They

are frequently furnished with gangliform enlargements. The six lower cuta-

neous nerves are derived from the external branches of the posterior divisions

of the thoracic nerves. They pierce the Serratus posticus inferior and Latissi-

mus dorsi muscles in a line with the angles of the ribs, and then ramify in the

integument.

The Posterior Divisions of the Lumbar Nerves {rami posteriores).—The

posterior divisions of the lumbar nerves diminish in size from above downward;

they pass postero-laterad between the transverse processes, and divide into internal

or medial and external or lateral branches.

The. internal branches (rami mediates), the smaller, pass inward close to the

articular processes of the vertebrae, and supply the Multifidus spinae and Intefc,(

spinales muscles. flj

The external branches (rami laterales) supply the Erector spinae and Inte"
'

transverse muscles. The three upper branches give off cutaneous nerves wnich
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pierce the aponeurosis of the Latissimus dorsi muscle and descend over the back

part of the crest of the ilium, to be distributed to the integument of the gluteal

region, some of the filaments passing as far as the trochanter major (Fig. 778).

The posterior division of the fifth lumbar nerve usually sends a branch which

forms a loop with the posterior division of the first sacral nerve.

The Posterior Divisions of the Sacral Nerves (rami posteriores) (Fig. 779).

—

The posterior divisions of the sacral nerves are small, diminish in size from above

downward, and emerge, except the last, from the sacral canal by the posterior

sacral foramina. The upper three are covered at their exit from the sacral canal

bv the Multifidus spinae muscle, and divide into internal or medial and external

or lateral branches.

The internal branches (rami mediales) are small, and supply the Multifidus

spinae muscle.

The external branches (rami laterales) join with one another, and with the

last lumbar and fourth sacral nerves, in the form of loops on the posterior surface

of the sacrum, constituting the posterior sacral plexus. From these loops branches

pass to the outer surface of the great sacrosciatic ligament, where they form

a second series of loops beneath the Gluteus maximus muscle. Cutaneous

branches from this second series of loops, usually two or three in number, pierce

the Gluteus maximus muscle along the line drawn from the posterior superior

spine of the ilium to the tip of the cocc^'x. They supply the integument over the

posterior part of the gluteal region.

The posterior divisions of the lower two sacral nerves are small and lie below

the Multifidus spinae muscle. They do not divide into internal and external

branches, but join with each other, and with the posterior division of the coccygeal

nerve to form the posterior sacrococcygeal nerve, which passes through the sacro-

sciatic ligament, and forms loops on the back of the sacrum, filaments from which

supply the integument over the cocc\'x.

The Posterior Division of the Coccygeal Nerve.—The coccygeal nerve divides

into its anterior and posterior divisions in the vertebral canal. The posterior

division is the smaller, and it does not divide into internal and external branches,

but receives, as already stated, a communicating branch from the last sacral,

and is lost in the integument over the dorsum of the cocc^-x.

Anterior or Ventral Primary Divisions of the Spinal Nerves.—^The anterior

primary divisions of the spinal nerves (rami anteriores) supply the antero-lateral

parts of the trunks and the limbs; they are, for the most part, larger than the

posterior divisions. In the thoracic region they run independently of one another,

but in the cervical, lumbar, and sacral regions they unite near their origins to

form plexuses.

The Anterior or Ventral Divisions of the Cervical Nerves (rami anteriores).—
The anterior primary divisions of the cervical nerves, with the exception of the first,

pass laterad between the anterior and posterior Intertransverse muscles, lying

on the grooved upper surfaces of the transverse processes, and emerge between
the muscles attached to the anterior and posterior tubercles of these processes.

The anterior primary division of the first or suboccipital nerve issues from the

vertebral canal above the posterior arch of the atlas and runs forward around the

lateral aspect of its superior articular process, internal to the vertebral artery.

In most cases it descends internal to and in front of the Rectus lateralis, but in

some cases it pierces the muscle.

The anterior primary divisions of the upper four cervical nerves unite to form
the cervical plexus, and each receives a gray ramus communicans from the superior

cervical ganglion of the sympathetic cord. Those of the lower four cervical,

together with the greater part of the first thoracic, form the brachial plexus. They
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each receive a gray ramus communicans, those for the fifth and sixth being derived

from the middle, and those for the seventh and eighth from the inferior, cervical

ganglion of the sympathetic.

THE CERVICAL PLEXUS (PLEXUS CERVICALIS) (Figs. 760, 761).

The cervical plexus is formed by the anterior divisions of the four upper cervical

nerves. It is situated opposite the four upper cervical vertebrae, resting upon the

Levator anguli scapulae and Scalenus medius muscles, and covered in by the

Sternomastoid.

Its branches may be divided into two groups, superficial and deep, which may
be thus arranged:

Superficial

' Ascending

Transverse

. Descending or Supraclavicular

Deep .

Internal

External

(Small occipital

( Great auricular

Superficial cervical

I

Sternal

Clavicular . . .

Acromial

I

with hypoglossal

with vagus
with sympathetic

r Rectus lateralis . . . .

J
Anterior Recti ....

]
Communicantes hypoglossi

1^
Phrenic

Communicating with spinal accessory .

Sternomastoid
Trapezius

Levator anguli scapulae

Scalenus medius

. Muscular

Muscular

1,

2,C.

2, 3, C.

2, 3, C.

3,4,C.

3, 4, C.

3, 4, C.

1,2,C.

1,2,C.

2, 3, 4, C.

1,C.

1,2,C.

2,3,C.

3, 4, 5, C.

2, 3, 4, C.

2,C.

3, 4, C.

3, 4, C.

3, 4, C.

The Superficial Branches of the Cervical Plexus.—The Small Occipital Nerve

(ii. occipitalis minor) (Fig. 760) arises from the second cervical nerve, sometimes

also from the third; it curves around the posterior border of the Sternomastoid,

and ascends, running parallel to the posterior border of the muscle, to the back

part of the side of the head. Near the cranium it perforates the deep fastia,

and is continued upward along the side of the head behind the ear, supplying

the integument, and communicating with the great occipital, great auricular,

and with the posterior auricular branch of the facial.

This nerve gives off an auricular branch, which supplies the integument of the

upper and back part of the auricle, communicating with the mastoid branch

of the great auricular. The auricular branch is occasionally derived from the

great occipital nerve. The small occipital varies in size ; it is occasionally double.

The Great Auricular Nerve (?«. auricidaris Tnagniis) (Fig. 760) is the largest of

the ascending branches. It arises from the second and third cervical nerves,

winds around the posterior border of the Sternomastoid, and, after perforating

the deep fascia, ascends upon that muscle beneath the Platysma to the parotid

gland, where it divides into facial, auricular, and mastoid branches.

The facial branches are distributed to the integument of the face over the parotid

gland; others penetrate the substance of the gland and communicate with the

facial nerve.

The auricular branches ascend to supply the integument of the back of the pinna,

except at its upper part, communicating with the auricular branches of the facial

and vagus nerves. A filament pierces the pinna to reach its outer surface, where

it is distributed to the lobule and lower part of the concha.

The mastoid branch communicates with the small occipital and the posterior
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auricular branch of the facial, and is distributed to the integument behind the

ear.

The Superficial or Transverse Cervical Nerve (n. cvianeus colli) (Fig. 760) arises

from the second and third cervical nerves, turns around the posterior border of

the Sternomastoid about its middle, and, passing obliquely forward beneath the

external jugular vein to the ventral border of the muscle, perforates the deep
cervical fascia, and divides beneath the Platysma into two branches, which are

distributed to the antero-lateral parts of the neck.

POSTERIOR
AURICULAR
NCRVC

GR
OCCIPITAL

GREAT
AURICULAR

(posterior branch)
SMALL

OCCIPITAL
THIRD

OCCIPITAL
GREAT

AURICULAR
(anterior branches)

BRANCHES TO
TRAPEZIUS

ACROMIAL
NERVES

CLAVICULAR
NERVES

CLAVICULAR
NERVES

Fig. 760.—The cutaneous branches of the right cervical plexus viewed from the ri«^t. The Platysma
has been partly removed. (Spaltebolz.)

The ascending branch (ramus superior) gives a filament which accompanies the
external jugular vein; it then passes upward to the submaxillary region, and divides
into branches, some of which form a plexus with the cervical branches of the
facial nerve l^eneath the Platysma; others pierce that muscle and are distributed
to the integument of the upper half of the neck, at its fore part, as high as the chin.
The descending branches (rami inferiores), usually represented by two or more

filaments, pierce the Platysma, and are distributed" to the integument of the side
and front of the neck, as low as the sternum.
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The Descending or Supraclavicular Branches {nn. supraclamculares) (Fig. 760)

arise from the third and fourth cervical nerves; emerging beneath the posterior

border of the Sternomastoid, they descend in the posterior triangle of the necl

beneath the Platysma and deep cervical fascia. Near the clavicle they perforate

the fascia and Platysma to become cutaneous, and are arranged, according tc

their position, into three groups.

COMMUNICATING TO
HYPOGLOSSAL

LONGUS COLL. &
RECTUS ANT. MAJOR

TRAPEZIUS

FROM SYMPATHETIC

Fig. 761.—Plan of the cervical plexus. (Gerrish.)

The Inner or Sternal Branches (nn. supraclavicidares anteriores) cross oblique!)

over the external jugular vein and the clavicular and sternal attachments of the

Sternomastoid muscle, and supply the integument as far as the median line]

They furnish one or two filaments to the sternoclavicular joint.

The Middle or Clavicular Branches (»??. supraclavicidares medii) cross the claviclel

and supply the integument over the Pectoral and Deltoid muscles, communicating

with the cutaneous branches of the upper intercostal nerves.

The External or Acromial Branches (nn. supraclaviculares posteriores) pas
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obliquely across the outer surface of the Trapezius and the acromion, and supply

the intesrument of the upper and back part of the shoulder.

The beep Branches of the Cervical Plexus (Fig. 761). Internal Series.—^The

Communicating Branches consist of several filaments which pass from the loop

between the first and second cervical ners'es to the vagus, h^-poglossal, and s\Tnpa-

thetic. The branch accompanying the hx-poglossal in its sheath ultimately leaves

ANTERIOR PRIMARY
DIVISION OF,

FOURTH CERVICAL

BRACHIAL
PLEXUS

;ricardial
BRANCH

PHRENIC

INFERIOR
CERVICAL
GANGLION
INFERIOR
LARYNGEAL

NERVE TO
SUBCLAVIUS
MUSCLE

COMMUNICATING
ANCH FROM
_HIAL PLEXUS
THORACIC CARDIAC
BRANCH OF
VAQUS
INFERIOR
ARYNGCAL
ANTERIOR
PULMONARY

ANTERIOR
PULMONARY
PLEXUS

RAMIFICATIONS
OF PHRENIC

Fig. 762.—The phrenic nen-e and its relations with the vagus nerve. (Toldt.)

that nerve as a series of branches

—

\\z., the descendens cervdcalis, the nerve to
the Th\Tohyoid, and the nerve to the Geniohyoid (see p. 1011). Branches (gray
rami communicantes) from all four cervical nerves pass to the superior cervical
ganglion of the sympathetic, while another communicating branch passes from
the fourth to the fifth cervical.

Muscular branches supply the Anterior recti and Rectus laterahs muscles. Those
to the Anterior recti proceed from the first cervical nerve, and from the loop formed
between it and the second. The Rectus lateralis is supplied by the second, third,
and fourth cervical nerves.

The Communicantes Cervicales (Hypoglossi) (Fig. 761) consist usually of two
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filaments, one being derived from the second and the other from the third cervical.

These filaments usually join to form the descendens cervicis, which passes down-
ward on the outer side of the internal jugular vein, crosses in front of the vein a

little below the middle of the neck, and forms a loop {a7isa hypoglossi; ansa cer-

vicalis) with the descendens hypoglossi in front of the sheath of the carotid vessels.

Occasionally, the junction of these nerves takes place within the sheath.

ANTERIOR
DIVISION OF

FOURTH CERVICAL"

SUPRASCAPULAR

DESCENDING
BRANCH OF
HYPOGLOSSAL

ANSA
HYPOGLOSSI

THYROID
AXIS
INTERNAL
MAMMARY
ARTERY

SUBCLAVIAN

BRANCH TO

ANTERIOR
THORACIC

Fig. 763.—The right brachial plexus with its short branches, viewed from in front. The Sternomastoid
and Trapezius muscles have been completely, the Omohyoid and Subctavius have been partially, removed;
a piece has been sawed out of the clavicle; the Pectoralis muscles have been incised and reflected. (Spalteliolz.)

The Phrenic or the Internal Respiratory Nerve of Bell {n. phrenicus) (Figs. 761 and

762) arises chiefly from the fourth cervical nerve, with a few filaments from the

third and a branch from the fifth, although this branch is occasionally derived

from the nerve to the Subclavius. It descends to the root of the neck, running

obliquely across the front of the Scalenus anticus, and beneath the Sternomastoid,

the posterior belly of the Omohyoid muscles, and the transversalis colli and

suprascapular vessels. It next passes over the first part of the subclavian artery,

between it and the subclavian vein, and, as it enters the thorax, crosses the internal

mammary artery near its origin. Within the thorax 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, some few of which are distributed to its thoracic surface, but most of

which separately pierce that muscle and are distributed to its under surface (rami

phrenicoabdominales). In the thorax it is accompanied by a branch of the internal

mammary artery, the arteria comes nervi phrenici. The two phrenic nerves differ

in their length, and also in their relations at the upper part of the thorax.

The right phrenic 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 innominate vein

and superior vena cava.
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The left phrenic 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. It enters the thorax behind the left innominate vein, and
crosses in front of the vagus and the arch of the aorta and the root of the lung.

Each nerve supplies filaments to the pericardium and pleura, and near the

thorax is joined by a filament from the sympathetic, and, occasionally, by one
from the ansa cer\icahs. Branches have been described as passing to the peri-

toneum.

MUSCULOCUTANEOUS
NE-RVe

INTERCOSTO-HUMERAL
NERVES

LONG SUBSCAPULAR
NERVE

SUBSCAPULAR
NERVES

LATERAL CUTA-
NEOUS BRANCH
OF FOURTH
INTERCOSTAL

LATERAL CUTANEOUS
BRANCH OF
THIRD INTERCOSTAL

LONG THORACIC
NERVE

Fig. 7&4.—The right brachial plexus (infraclavicular portion) in the axillao' fossa, viewed from below and
in front. The Pectoralis major and minor muscles have been in large part removed; their attachments have
been reflected. (Spalteholz.)

From 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 dis-

tributed to the hepatic plexus, the suprarenal gland, and inferior vena cava. From
the left nerve filaments pass to join the phrenic plexus of the sympathetic, but
without any ganglionic enlargement.

Applied Anatomy.—Irritation of the phrenic nen-e causes hiccough and persistent cough.
Bilateral paralysis of the phrenic causes death from paralysis of the Diaphragm. This form of
death is seen by the surgeon in fractiu-e dislocation of the third cervical vertebra. Division of
the phrenic on one side is not fatal, and is occasionally practised by the surgeon in removing
a tumor of the neck. In Hearn's and Franklin's cases of removal of the vagus the phrenic
was also di\-ided. Unilateral division of the phrenic ner^e causes paralysis of the corresponding
half of the Diaphragm, which is difficult of recognition, because, as Gowers points out, the
patient can still take deep inspirations, the thoracic muscles not being paralvzed.

The Deep Branches of the Cervical Plexus. External Series. Communi-
cating Branches.—^The deep branches of the external series of the cervical plexus

65
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communicate with the spinal accessory nerve, in the substance of the Stemo-

mastoid muscle, in the posterior triangle, and beneath the Trapezius.

Muscular branches are distributed to the Sternomastoid, Trapezius, Levator

anguli scapulae, and Scalenus medius.

The branch for the Sternomastoid is derived fropi the second cervical; the

Trapezius and Levator anguli scapulae receive branches from the third and

fourth. The branch for the Scalenus medius is derived sometimes from the third,

sometimes from the fourth, and occasionally from both nerves.

FIFTH
CERVICAU

SIXTH

-FROM FOURTH CERVICAL

LEVEL OF THE
CLAVICLE

SEVENT,

TO 8CALENI i.

tONOUS COLLI
SUPRASCAPULAR

EXTERNAL ANTERIOR THORACIC

INTERNAL ANTERIOR THORACIC

C(j- CIRCUMFLEX

MUSCULO SPIRAL

POSTERIOR
THORACIC

Fia. 765.—Plan of the brachial plexus. (Gerrish.)

Applied Anatomy.—The cervical plexus may be damaged by wounds or contusions, which

may or may not be associated with fracture of the clavicle. Paralysis ensues, the extent depend-

ing on the d^ree of damage. After a contusion the paralysis is apt to be temporary and to

be followed by pain and muscular spasm in the arm. Paralysis of the arm due to plexus injury

may be partial or complete. In some cases there is complete motor palsy and partial sensor

palsy, the sensor impulses passing along undamaged collaterals. In certain spasmodic diffi-

culties the surgeon occasionally stretches the cervical plexus. It is reached by an incision at the

posterior margin of the Sternomastoid muscle. This incision begins two inches below the level

of the tip of the mastoid and is carried downward for three inches.

THE BRACHIAL PLEXUS (PLEXUS BRACHIALIS) (Figs. 763, 764).

The brachial plexus is formed by the union of the anterior primary divisions

of the lower four cervical nerves and the greater part of the first thoracic nerve,

receiving usually a fasciculus from the fourth cervical nerve, and frequently one

from the second thoracic nerve. It extends from the lower part of the side of the

neck to the axilla. It is very broad, and presents little of a plexiform arrangement

at its commencement. It is narrow opposite the clavicle, becomes broad and

forms a more dense interlacement in the axilla, and divides opposite the coracoid

process into numerous branches for the supply of the upper limb. The nerves

which form the plexus are all similar in size, and their mode of communication is

subject to considerable variation, so that no one plan can be given as applying to
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everv case.^ The following appears, however, to be the most constant arrangement

:

above the clavicle {pars supraclavicularis) the fifth and sixth cervical unite soon
after their exit from the intervertebral foramina to form a common trunk. The
eighth cervical and first thoracic also unite to form one trunk. So that the nerves

Fig. 766.—Tutaneoiis nen-es of right upper
extremity Anterior ^^ew

Fig. 767.—Cutaneous nerves of right upper
extremity. Posterior view.

forming the plexus, as they lie on the Scalenus medius at the outer border of the
'•alenus anticus muscle, are blended into three trunks—an upper one, formed

thl^^r* ^^^l^"*- ^d Elting. from a study of 175 brachial plexuses, recognized seven types. In 58 per cent.ine outer cord was formed from the fourth to the seventh, the inner cord from the eighth to the ninth spinal
. ?J^.i.^;if'*cAu

?*^.^"°'' ***
^<"^i?'

^''^ ^™™ **»« ioMiX\s^ to the ninth. In 30 per cent, the outer cord was formed
•

to S tH
seventh, the mner cord from the eiehth to the ninth, and the posterior cord frcm the fifU*
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by the junction of the fifth and sixth cervical nerves; a middle one, consisting of

the seventh cervical nerve; and a lower one, formed by the junction of the eighth

cervical and first thoracic nerves. As they pass beneath the clavicle, to compose

the infraclavicular part of the plexus {-pars infraclavicularis), each of these three

trunks divides into two branches, an anterior and a posterior. The anterior divi-

sions of the upper and middle trunks then unite to form a common cord, which

is situated on the outer side of the middle part of the axillary artery, and is called

the outer cord of the brachial plexus (fasciculus lateralis). The anterior division

of the lower trunk passes distally on the inner side of the axillary artery in the

middle of the axilla, and forms the inner cord of the brachial plexus (Jasciculus

medialis). The posterior divisions of all three trunks unite to form the posterior

cord of the brachial plexus (Jasciculus 'posterior), which is situated behind the second

portion of the axillary artery. From this posterior cord are given off the two

lower subscapular nerves, the upper subscapular nerve being given off from

the posterior division of the upper trunk prior to its junction with the posterior

division of the lower and middle trunks. The posterior cord divides into the

circumflex and musculospiral nerves.

Branches of Communication.
—

^The brachial plexus communicates with the cer-

vical plexus by a branch from the fourth to the fifth cervical nerve, and with the

phrenic nerve by a branch from the fifth cervical, which joins that nerve on the

Anterior scalenus muscle; the fifth and sixth cervical nerves are joined by filaments

to the middle cervical ganglion of the sympathetic, the seventh and eighth cervical

to its inferior ganglion, and the first thoracic nerve to its first thoracic ganglion.

Close to their exit from the intervertebral foramina the nerves give off the filaments

to the ganglia.

Relations.—In the neck, the brachial plexus lies in the posterior triangle, being covered

by the skin, Platysma, and deep fascia; it is crossed by the posterior belly of the Omohyoid
muscle and by the transversalis colli artery. When the dorsalis scapulae artery arises from the

third part of the subclavian it usually passes between the roots of the plexus. The ])lexus lies

at first between the Scalenus anticus and medius, and then above and to the outer side of the

subclavian artery; it next passes behind the clavicle and Subclavius muscle, lying upon the first

serration of the Serratus magnus, and the Subscapularis muscles. It is in close relation with

the apex of the lung (Luschka). 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 off its terminal branches to the upper extremity.

Branches of Distribution.—The branches of the brachial plexus are arrangefl

in two groups—viz., those given off above the clavicle, and those below the clavicle.

Supraclavicular Branches.

Communicating I "^J;!! P^''^"'^. > « - q r f ' S'^ (with sympathetic . . . . 5, 6, /, 8, C. 1, 1.

Rhomboids (posterior scapular) 5, C.

Supraspinatus ) ^c i r a r^

Infraspinatus Suprascapular 5, 6, C.

Subclavius 5, 6, C.

I

Serratus magnus (posterior thoracic) 5, 6, 7, C.

Longus colli 5, 6, 7, 8, C.

IScaleni 5, 6, 7, 8, C.

The Communicating Branch (Figs. 762 and 765) with the phrenic is derived from

the fifth cervical nerve or from the loop between the fifth and sixth; it joins the

phrenic on the Anterior scalenus muscle. The communications with the sympa-

thetic have already been referred to.

The Muscular Branches (rami musculares) supply the Longus colli, Scaleni,

Rhomboidei, and Subclavius muscles. Those for the Longus colli and Scaleni

Muscular
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arise from the four lower cervical nerves at their exit from the intervertebral

foramina.

The nerve to the Subclavius {n. subdavius) is a small filament which arises

from the fifth cervical at its point of junction with the sixth nerve; it descends

in front of the third part of the subclavian artery to the Subclavius muscle, and is

usually connected by a filament with the phrenic nerve.

The posterior scapular nerve (n. dorsalis scapulae) (Figs. 763 and 765) arises

from the fifth cervical, pierces the Scalenus medius, and passes beneath the Levator

anfjuli scapulae, which it occasionally supplies to the Rhomboid muscles.

The Long Thoracic or the External Respiratory Nerve of Bell or Posterior Thoracic

Nerve (//. thoracalis longus) (Figs. 763 and 770) supplies the Serratus magnus
muscle, and is remarkable for the length of its course. It usually arises by three

roots from the fifth, sixth, and seventh nerves, but the root from the seventh

may be absent. The roots from the fifth and sixth nerves pierce the Scalenus

medius, while that from the seventh emerges in front of that muscle. The nerve

passes down l^ehind the brachial plexus and the axillary vessels, resting on the

outer surface of the Serratus magnus. It extends along the side of the thorax

to tlie lower border of that muscle, supplying filaments to each of the muscular
digitations.

The Suprascapular Nerve (ii. suprascapularis) (Figs. 765 and 770) arises from the

trunk formed by the fifth and sixth cervical nerves; passing obliquely outward
beneath the Trapezius and the Omohyoid, it enters the supraspinous fossa below
the transverse or suprascapular ligament, passes beneath the supraspinatus

muscle, and cur\es around the external border of the spine of the scapula to the

infraspinous 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.

The Infraclavicular Branches (Figs. 764 and 765) are derived from the three

cords of the brachial plexus. The fasciculi of which they are composed may be
traced through the plexuses to the spinal nerves from which they originate. They
are as follows:

I

Musculocutaneous 5, 6, C.
External anterior thoracic 5, 6, 7, C.
Outer head of median 6, 7, C.
Internal anterior thoracic 8, C. 1,T.
Internal cutaneous 8, C. 1 , T.
Lesser internal cutaneous (8, C.) 1 , T.

I

Ulnar 8,C.1,T.
I Inner head of median 8, C. 1,T.
Upp)er subscapular 5, 6, C.
Middle " 5,6,7,C.
Lower " 5,6,C.
Circumflex 5, 6, C.

I Musculospiral (5), 6, 7,8, C. (1,T).

These branches from below the clavicle may be arranged according to the
parts they supply:

To the thorax Anterior thoracic.

To the shoulder / Subscapulars.

I Circumflex.

Outer cord

Inner cord

Posterior cord

To the arm, forearm, and hand

Musculocutaneous.

Internal cutaneous.

Lesser internal cutaneous.

Median.
LTlnar.

Musculospiral.
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The Anterior Thoracic Nerves (?in. thoracales anteriores) (Figs. 764 and 765),

two in number, supply the Pectoral muscles.

The external anterior thoracic nerve (Figs. 763 and 770), the larger of the two,

arises from the outer cord of the brachial plexus, through which its fibres may be

traced to the fifth, sixth, and seventh cervical nerves. It passes inward, across

the axillary artery and vein, pierces the costocoracoid membrane, and is dis-

tributed to the under surface of the Pectoralis major muscle. It sends down
a communicating filament to join the internal anterior thoracic nerve, and this

communicating filament forms a loop around the inner side of the axillary artery.

The internal anterior thoracic nerve arises from the inner cord and through it

from the eighth cervical and first thoracic nerves. It passes behind the first part

of the axillary artery, then curves forward between the axillary artery and vein,

and joins with the filament from the external nerve. It then passes to the under

surface of the Pectoralis minor muscle, where it divides into a number of branches,

which supply the muscle on its under surface. Some two or three branches

pass through the muscle and reach the Pectoralis major.

The Subscapular Nerves (nn. subscapidares) (Figs. 764 and 765), three in number,
arise from the posterior cord of the plexus and supply the Subscapularis, Teres

major, and Latissimus dorsi muscles, and give filaments to the shoulder-joint.

The fasciculi of which they are composed may be traced to the fifth, sixth, seventh,

and eighth cervical nerves.

The upper or short subscapular nerve, the smallest, arises from the posterior divi-

sion of the upper trunk of origin of the brachial plexus, and enters the upper part

of the Subscapularis muscle; this nerve is frequently represented by two branches.

The lower subscapular nerve arises from the posterior cord of the brachial plexus,

enters the axillary border of the Subscapularis, and terminates in the Teres major.

The latter muscle is sometimes supplied by a separate branch.

The middle or long subscapular nerve (n. thoracodorsalis) (Fig. 764), the largest

of the three, arises from the posterior cord of the brachial plexus and follows

the course of the subscapular artery, along the posterior wall of the axilla to the

Latissimus dorsi muscle, through which it may be traced as far as its lower border.

The Circumflex Nerve (n. axillaris) (Figs. 765 and 771) supplies some of the

muscles, the shoulder-joint, and the integument of the shoulder (Figs, 767 and

768). It arises from the posterior cord of the brachial plexus, in common with

the musculospiral nerve, and its fibres may be traced through the posterior cord

to the fifth and sixth cervical nerves. It is at first placed behind the axillary

artery, between it and the Subscapularis muscle, and passes downward and out-

ward to the lower border of that muscle. It then winds posteriorly in company
with the posterior circumflex artery, through a quadrilateral space bounded above

by the Teres minor muscle, below by the Teres major muscle, internally by the

long head of the Triceps muscle, and externally by the neck of the humerus.

The nerve then divides into two branches.

The upper branch (Fig. 771) winds posteriorly around the surgical neck of the

humerus, beneath the Deltoid, with the posterior circumflex vessels, as far as the an-

terior border of that muscle, supplying it, and giving off cutaneous branches, which

pierce the muscle and ramify in the integument covering its lower part (Fig. 768),

The lower branch (Fig. 771). at its origin, distributes filaments to the Teres

minor and back part of the Deltoid muscles. Upon the filaments to the formet

muscle an ovaJ 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 (n. cutaneus brachii lateralis), as well as that covering

the long head of the Triceps (Fig. 772).

The circumflex nerve, before its division, gives off an articular filament, wliich

enters the shoulder-joint below the Subscapularis muscle.
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The Musculocutaneous in. musculocutaneus) (Figs. 765 and 770) arises from

the outer cord of the brachial plexus, opposite the lower border of the Pectoralis

minor muscle, receiving fila-

ments from the fifth, sixth,

and seventh cervical nerves.

It perforates the Coraco-

lira chialis muscle (Fig. 770),

passes obliquely between the

Biceps and Brachialis anticus

nuiscles to the outer side of

the arm, and, a little above

the elbow, winds around the

outer border of the tendon of

the Biceps, and, perforating

the deep fascia, becomes cu-

taneous (Fig. 766). In its

course through the arm this

nerve supplies the Coraco-

brachialis, Biceps, and the

greater part of the Brachialis

anticus muscles. The branch

to the Coracobrachialis is

i:iven off from the nerve

(lose to its origin, and in

some instances as a separate

filament from the outer cord

of the plexus. The branches

to the Biceps and Brachialis

anticus are given off after the

nerve has pierced the Coraco-

brachialis. The ner\^e also

sends a small branch to the

humerus, which enters the

nutrient foramen with the

accompanying artery, and a

filament from the branch

supplying the Brachialis anti-

cus goes to the elbow-joint.

The musculocutaneous fur-

nishes the chief nerve supply

to this joint.

The cutaneous portion of

the musculocutaneous nerve

{n. eutaneus aiitebrachii lat-

eralis) passes behind the

median cephalic vein, and
divides, opposite the elbow-

joint, into an anterior and a

posterior branch.

The anterior branch de-

scends along the radial border

of the forearm to the vnrist, and supplies the integument over the outer half of

its anterior surface. At the wrist-joint it is placed in front of the radial artery, and

some filaments, piercing the deep fascia, accompany that vessel to the dorsum of

Fig 768.—Cutaneous ner\-es of the upper limb, anterior aspect.

(W. Keiller, in Gerrish's Text-book of Anatomy.)
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the wrist, supplying the carpus. The nerve then passes downward to the ball of

the thumb, where it terminates in cutaneous filaments. It communicates with a

branch from the radial nerve

and with the palmar cuta-

neous branch of the median.

The posterior branch passes

downward along the back
part of the radial side of the

forearm to the wrist. It sup-

plies the integument of the

lower third of the forearm,

communicating with the

radial nerve and the external

cutaneous branch of the mus-
culospiral. The cutaneous

areas supplied by the mus-
culocutaneous nerve are in-

dicated in Figs. 768 and 769.

Variations.—The musculocu-
taneous nerve presents frequent

irregularities. It may adhere for

some distance to the median and
then pass outward, beneath the

Biceps, instead of through the

Coracobrachialis. Frequently
some of the fibres of the median
run for some distance in the mus-
culocutaneous and then leave it to

join their proper trunk. Less

frequently the reverse is the case

and the median sends a branch to

join the musculocutaneous. In-

stead of piercing the Coracobra-

chialis muscle the nerve may pass

under it or through the Biceps,

Occasionally it gives a filament to

the Pronator teres muscle, and it

has been seen to supply the back

of the thumb when the radial

nerve was absent.

The Internal Cutaneous

Nerve (/?. cutaneus antehrachii

medialis) (Figs, 765 and 770),

or medial cutaneous nerve c f

the forearm, is one of the

smallest branches of the bra-

chial plexus. It arises from

the inner cord in common
with the ulnar nerve and

internal head of the median

nerve, and, at its commence-
ment, is placed on the inner

side of the axillary artery,

and afterward of the brachial artery. It derives its fibres from the eighth cervical

and first thoracic nerves. This nerve gives off, near the axilla, a cutaneous
filament, which pierces the fascia and supplies the integument covering the Biceps

Fio, 769—Cutaneous nerves of the upper limb, posterior aspect.
(W. Keiller, in Gerrish's Text-book of Anatomy.)
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muscle nearly as far as the elbow. This filament lies a little external to the

common trunk, from which it arises. It passes down the inner side of the arm.

emal anterior thoracic.

Internal anterior thoraeia

MuKuloaitaneoma.

f
—-Median.

Old terms.

MugeulotpiraL

Posterior
interosaeouM.

Radial.

Anterior
interoueoMM.

New terms

Intercostohumeral = Imercostobrachial.
Posterior thoracic = Long thoracic.
Nerve of Wrisberg = Medial cutaneous nerve of upper arm.

(X. cutaneus brachii medialis.)
Internal cutaneous = Medial nerv-e of forearm.

(N. cutaneus antebrachii medialis.)

Fig. 770.—Xenes of the left upper extoemity.
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pierces the deep fascia with the basih'c vein, about the middle of the limb, and,

becoming cutaneous, divides into two branches, anterior and posterior.

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 forearm, distributing filaments to the integument as far

as the wrist, and communicating with a cutaneous branch of the ulnar nerve

(Fig. 766).

The posterior branch passes obliquely downward on the inner side of the basilic

vein, passes in front of, or over, the internal condyle of the humerus to the back

of the forearm, and descends on the posterior surface of its ulnar side as far as

the wrist, distributing filaments to the integument (Fig. 767). It communicates,

above the elbow, with the lesser internal cutaneous nerve, the lower external

cutaneous branch of the rausculospiral, and above the wrist with the posterior

cutaneous branch of the ulnar nerve. The cutaneous areas supplied by the

internal cutaneous nerve are indicated in Figs. 768 and 769).

The Lesser Internal Cutaneous Nerve, or the Nerve of Wrisberg (». cutaneus brachii

medialis) (Figs. 765 and 770), is distributed to the integument on the inner side

of the arm. It is the smallest of the branches of the brachial plexus, and, arising

from the inner cord, receives its fibres from the first thoracic nerve. It passes

through the axillary space, at first lying behind, and then on the inner side of, the

axillary vein, and communicates with the intercostohumeral nerve. It descends

along the inner side of the brachial artery to the middle of the arm, where it

pierces the deep fascia, and is distributed to the integument of the back of the

lower third of the arm, extending as far as the elbow (Figs. 767 and 768), where

some filaments are lost in the integument in front of the inner condyle, and

others over the olecranon. It communicates with the posterior branch of the

internal cutaneous nerve.

In some cases the nerve of Wrisberg and the intercostohumeral nerve are con-

nected by two or three filaments which form a plexus at the back part of the

axilla. In other cases the intercostohumeral is of large size, and takes the place

of the nerve of Wrisberg, receiving merely a filament of communication from the

brachial plexus, which filament represents the latter nerve. In other cases this

filament is wanting, the place of the nerve of Wrisberg being supplied entirely by

the intercostohumeral.

The Median Nerve (n. medianus) (Figs. 764 and 770) extends along the middle

of the arm and forearm to the hand, lying between the ulnar and musculospiral

nerves, and the ulnar and the 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.

The median nerve receives filaments from the sixth, seventh, and eighth cervical

and the first thoracic nerves, and sometimes from the fifth cervical as well. 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 situated

beneath the bicipital fascia, and is separated from the elbow-joint by the Brachialis

anticus muscle. In the forearm it passes between the two heads of the Pronator

teres muscle and crosses the ulnar artery, but is separated from that vessel by the

deep head of the Pronator teres. It descends beneath the Flexor sublimis muscle,

lying on the Flexor profundus muscle, to within two inches (5 cm.) above the

annular ligament, where it becomes more superficial, lying between the tendons

of the Flexor sublimis and Flexor carpi radial is muscles, beneath, and rather to

the radial side or under the tendon of the Palmaris longus, covered by the integu-

ment and fascia. It then passes through the carpal canal beneath the annular

ligament into the palm of the hand. In its course through the forearm ii is
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accompanied by the arteria comes nervi mediani, a branch of the anterior interos-

seous artery.

Branches.—^Vith the exception of the nerve to the Pronator teres muscle, which

sometimes arises above the elbow-joint, and filaments to the elbow-joint, the

median nerve gives off no branches in the arm. In the forearm its branches are

the muscular, anterior interosseous, and palmar cutaneous.

The muscular branches (rami musculares) are derived from the nerve near the

elljow and supply all the superficial muscles on the front of the forearm except

the Flexor carpi ulnaris.

The anterior or volar interosseous iji. iriierosseus [aniebrachii] volaris) (Fig. 770)

supplies the deep muscles on the front of the forearm, except the inner half of the

Flexor profundus digitorum. It accompanies the anterior interosseous artery

along the interosseous membrane, in the interval betv\'een the Flexor longus

poUicis and Flexor profundus digitorum muscles, both of which it supplies, and
terminates below in the Pronator quadratus muscle, sending filaments to the

inferior radioulnar articulation and the wrist-joint.

The palmar cutaneous branch (ramus cutaneus palm^ris Ji. mediani) arises from

the median nerve at the lower part of the forearm. It pierces the fascia above

the annular ligament, and, descending over that ligament, divides into two branches,

of which the outer branch supplies the skin over the ball of the thumb, and com-
municates with the anterior cutaneous branch of the musculocutaneous nerve;

and the inner branch supplies the integument of the palm of the hand, communi-
cating with the cutaneous branch of the ulnar.

In the palm of the hand the median nerse is covered by the integument and
palmar fascia and is crossed by the superficial palmar arch. It rests upon the

tendons of the flexor muscles. In this situation it becomes enlarged, somewhat
flattened, of a reddish color, and divides into two branches. Of these, the external

branch supplies a muscular branch to some of the muscles of the thumb and
digital branches to the thumb and radial side of the index finger; the internal

branch supplies digital branches to tlie contiguous sides of the index and middle

and of the middle and ring fingers. The digital branches, before they subdivide,

are called common palmar digital branches of the median nerve (nn. digitales volares

communes).

The branch to the muscles of the thumb (ranuis mucularis) is a short nerve which
divides to supply the Abductor, Opponens, and the superficial head of the Flexor

bre\'is poUicis muscles, the remaining muscles of this group being supplied by
the ulnar nerve.

The digital branches (nn. digitales volares proprii) are five in number. The
first and second pass along the borders of the thumb, the external branch communi-
cating with branches of the radial nerve. The third passes along the radial side

of the index finger, and supplies the First lumbricalis muscle. The fourth sub-

divides 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 from the radial nerve and runs along the side

of the dorsum of the finger, to end in the integument over the last phalanx. At
the end of the finger the digital nerve di^^des into a palmar and a dorsal branch,
the former of which supplies the extremity of the finger, and the latter ramifies

around and beneath the nail.

The digital nerves, as they run along the fingers, are placed superficial to the

digital arteries. The cutaneous areas supplied by the median nerve are shown
I

in Figs. 768 and 769).
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The Ulnar Nerve {n. ulnaris) (Figs. 764 and 770) is situated along the inner or

ulnar side of the upper limb, and is distributed to the muscles and integument

of the forearm and hand. It is smaller than the median, behind which it is

placed, diverging from it in its course down the arm. It arises from the inner

cord of the brachial plexus, in common with the inner head of the median and the

internal cutaneous nerves, and derives its fibres from the eighth cervical and first

thoracic nerves. At its origin it lies to the inner side of the axillary artery, and
holds the same relation with the brachial artery to- the middle of the arm. Here
it pierces the intermuscular septum, runs obliquely across the internal head of

the Triceps, and descends to the groove between the internal condyle and the olec-

ranon, accompanied by the inferior profunda artery. At the elbow it rests upon
the back of the inner condyle, and passes into the forearm between the two heads

of the Flexor carpi ulnaris muscle. In the forearm it descends in a perfecUy

straight course along the ulnar side of the extremity, lying upon the Flexor pro-

fundus digitorum muscle, its upper half being covered by the Flexor carpi ulnaris

muscle, its lower half lying on the outer side of the muscle, being covered by the

integument and fascia. In the upper third of jts course, it is separated from the

ulnar artery by a considerable interval, but in the rest of its extent the nerve lies

to the inner side of the artery. At the wrist the ulnar nerve crosses the annular

ligament on the outer side of the pisiform bone, to the inner side of and a little

behind the ulnar artery, and immediately beyond this bone divides into two

branches, the superficial and the deep palmar.

Branches.—^The branches of the ulnar nerve are:

In the forearm

' Articular (elbow).

Muscular. . ^ n - ^ i

Cutaneous. In the hand / Superficial palmar.

Dorsal cutaneous. I ^^^P P^^"^^^'

Articular (wrist).

The articular branches to the elbow-joint consist of several small filaments.

They arise from the nerve as it lies in the groove between the inner condyle of the

humerus and the olecranon.

The muscular branches (rami musculares), two in number, arise from the trunk

of the nerve near the elbow; one supplies the Flexor carpi ulnaris; the other, the

inner half of the Flexor profundus digitorum.

The cutaneous branches are two in number, palmar and dorsal.

The palmar cutaneous branch (ramus cutaneus palmaris) arises from the ulnar

nerve at about the middle of the forearm and runs downward on the ulnar artery,

giving off some filaments entwining around the vessel. Just above the annular

ligament it pierces the deep fascia and ends in the integument of the palm, com-

municating with the palmar cutaneous branch of the median nerve.

The dorsal cutaneous branch (ramus dorsalis manus) arises about two inches

above the wrist; it passes posteriorly beneath the Flexor carpi ulnaris, perforates

the deep fascia, and, running along the ulnar side of the back of the wrist and hand,

divides into branches (nn. digitales dorsales); one of these supplies the inner side

of the little finger; a second supplies the adjacent sides of the little and ring fingers;

a third joins the branch of the radial nerve which supplies the adjoining sides of

the middle and ring fingers, and assists in supplying them; a fourth is distributed

to the metacarpal region of the hand, communicating with a branch of the radial

nerve.

On the little finger the posterior digital branches extend only as far as the base

of the terminal phalanx, and on the ring finger as far as the base of the second

phalanx; the more distal parts of these digits are supplied by posterior branches

derived from the palmar digital branches of the ulnar.
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The superficial palmar branch {ramus superficialis n. iilnaris) supplies the

Palraaris brevis and the integument on the inner side of the hand, and terminates

in two digital branches, which are distributed, one to the ulnar side of the little

finger, the other to the adjoining sides of the littie and ring fingers, the latter

communicating with a branch from the median. The digital branches are dis-

tributed to the fingers in the same manner as the digital branches of the median.

The deep palmar branch (ramus profundus n. ulnaris), accompanied by the

deep branch of the ulnar artery, passes between the Abductor and Flexor brevis

minimi digiti muscles; it then perforates the Opponens minimi digiti and follows

the course of the deep palmar arch beneath the flexor tendons. At its origin it

supplies the muscles of the little finger. As it crosses the deep part of the hand

it sends two branches to each interosseous space, one for the Dorsal and one for

the Palmar interosseous muscle, the branches to the Second and Third palmar

interossei supplying filaments to the two inner Lumbrical muscles. At its ter-

mination between the thumb and index finger it supplies the Adductores trans-

versus et obliquus pollicis and the inner head of the Flexor brevis pollicis. It also

sends articular filaments to the wrist-joint.

It will be remembered that the inner part of the Flexor profundus digitorum

muscle is supplied by the ulnar nerve; the two inner Lumbricales, which are

connected with the tendons of this part of the muscle, are therefore supplied by

the same ners'e. The outer part of the Flexor profundus is supplied by the median

nerve; the two outer Lumbricales, which are connected with the tendons of this

part of the muscle, are therefore supplied by the same nerve. Brooks states

that in twelve instances out of twenty-one he found that the Third lumbrical

received a twig from the median nerve, in addition to its branch from the ulnar.

The cutaneous areas supplied by the ulnar neTve are shown in Figs. 768 and 769.

The Musculospiral Nerve (n. radialis) (Figs. 770 and 771), the largest branch

of the brachial plexus, supplies the muscles of the back part of the arm and
forearm, and the integument of the same parts, as well as that of the back of

the hand (Figs. 768 and 769). It arises from the posterior cord of the brachial

plexus, of which it may be regarded as the continuation. Its fibres are derived

from the sixth, seventh, and eighth, and sometimes also from the fifth cervical

and first thoracic nerves. At its commencement it is placed first behind the axil-

lary artery and then behind the upper part of the brachial artery, passing down in

front of the tendons of the Latissimus dorsi and Teres major. It winds around
from the inner to the outer side of the humerus in the musculospiral groove with

the superior profunda artery, between the internal and external heads of the

Triceps muscle (Fig. 771). It pierces the external intermuscular septum, and
descends between the Brachialis anticus and Brachioradialis muscles to the front

of the external condyle of the humerus, where it divides into the radial and pos-

terior interosseous nerves.

The branches of the musculospiral nerve are:

Muscular. • Radial.

Cutaneous. Posterior interosseous.

The muscular branches (rami mtisculares n. radialis) are derived from the nerve

at the inner side, back part, and outer side of the arm resp)ectively; they supply

the Triceps, Anconeus, Brachioradialis, Extensor carpi radialis longior, and Bra-
chialis anticus muscles. The internal muscular 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, and is therefore frequently spoken of as the ulnar collateral branch.

The posterior muscular branch, of large size, arises from the nerve in the groove
between the Triceps muscle and the humerus. It divides into branches which
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Circumflex.

supply the outer and inner heads of the Triceps and Anconeus muscles. The
branch for the latter muscle is a long, slender filament which descends in the
substance of the Triceps to the Anconeus. The external muscular branches supply

the Brachioradialis, Extensor
^^ carpi radialis longior, and

(usually) the outer part of the

Brachialis anticus muscles.

The cutaneous branches are

three in number, one internal

and two external. The inter-

nal cutaneous branch (n. cuta-

neus brachii posterior) 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. In its course it

crosses beneath the intercosto-

humeral nerve, with which it

communicates. The external

cutaneous branch (??. cutaneus

autehrachii dorsalis) divides

into tw^o branches, and each

one perforates the outer head
of the Triceps muscle at its

attachment to the humerus.

The upper and smaller one

passes to the front of the

elbow, lying close to the

cephalic vein, and supplies the

integument of the lower half of

the arm on its anterior aspect.

The lower branch pierces the

deep fascia below the insertion

of the Deltoid muscle, and
passes down along the outer

side of the arm and elbow,

and then 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 termi-

nation, with the posterior

cutaneous branch of the mus-

culocutaneous nerve.

The Radial Nerve (ramus swperficialis n. radialis) (Fig. 770), passes along the

front of the radial side of the forearm to the commencement of its lower third.

It lies at first a little to the outer side of the radial artery, concealed beneath the

Brachioradialis. In the middle third of the forearm it lies beneath the same
muscle, in close relation with the outer side of the artery. It leaves the artery

about three inches above the wrist, passes beneath the tendon of the Brachio-

FiG. 771.—The suprascapular, circiunflex, and musculospiral
nerves.
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I radialis, and, piercing the deep fascia at the outer border of the forearm, 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 anterior

branch of the musculocutaneous nerve. The internal branch communicates, above
the wrist, with the posterior cutaneous branch from the musculocutaneous, and on
the back of the hand forms an arch with the dorsal cutaneous branch of the ulnar

nerve. It then divides into four digital nerves {nn. digitales dorsales), 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

posterior branch of the ulnar nerve.

The Dorsal or Posterior Interosseous Nerve (n. interosseous [antebrachii] dorsalis)

(Figs. 770 and 771 j winds to the back of the forearm around the outer side of the

radius, passes between the two planes of fibres of the Supinator [brevis] muscle,

and is prolonged downward, between the superficial and deep layer of muscles,

to the middle of the forearm. Considerably diminished in size, it descends on
the interosseous membrane, beneath the Extensor longus pollicis muscle, to the

back of the carpus, where it presents a gangliform enlargement from which fila-

ments are distributed to the inferior radioulnar articulation, to the wrist-joint,

and to the ligaments and articulations of the carpus. It supplies all the muscles

of the radial and posterior cubital regions, excepting the Anconeus, Supinator
longus, and Extensor carpi radialis longior.

Applied Anatomy.—The brachial plexus may be severed by traction on the limb, leading
to complete paralysis. Bristow' has reported three cases of avulsion of the plexus and has
described twenty-four cases. In these cases it is generally believed that the lesion is rather a
tearing away of the nerves from the spinal cord than a solution of continuity of the nene fibres

themselves. In a case operated upon by Bristow it was found that the plexus had given way
where the four cervical nerves and the first thoracic ners-e unite to form three trunks. In supra-
clavicular diWsion of the brachial plexus, not only will there be motor and sensor paralysis in the
limb, but the Serratus magnus muscle will probably be paralyzed, because of injury to the poste-
rior thoracic nerves. In the axilla any of the nerves forming the brachial plexus may be injured
by a wound of this part, the median being the one which is most frequently damaged from its

exposed position. The musculospiral, on account of its sheltered and deep position, is least

often wounded. The brachial plexus in the axilla is often damaged from the pressure of a
crutch, producing the condition known as crutch paralysis. In these cases the musculospiral
is the nerve most frequently implicated; the ulnar nerve being the one that appears to suffer next
in frequency.

The circumflex nrrve is of particular surgical interest. On account of its course around the
surgical neck of the humerus, it is liable to be torn in fractures of this part of the bone, and
in dislocations of the shoulder-joint, leading to paralysis of the Deltoid, and, according to Erb,
inflammation of the shoidder-joint is liable to be followed by a neuritis of this nerve from exten-
sion of the inflammation to it.

Hilton takes the circiunflex nerve as an illustration of a law which he lays down, that
" the same trunks of nerves ichme branches supply the groups of mriscles moving a joint furnish

, also a distribution of nerves to the skin over the insertions of the same muscles, and the interior

of the joint receives its nerves from the same source." In this way he explains the fact that an
inflamed joint becomes rigid, because the same nerves which supply the interior of the joint
supply the muscles which move that joint.

The median nerve is liable to injury in wounds of the forearm. When paralyzed, there is

loss of flexion of the second phalanges of all the fingers and of the terminal phalanges of the
index and middle fingers. Flexion of the terminal phalanges of the ring and middle fingers can

^

still be effected by that portion of the Flexor profundus digitorum which is suppUed by the ulnar
nerve. There is power to flex the proximal phalanges through the Interossei. The thumb
cannot be flexed or opposed, and is maintained in a position of extension and adduction. All
power of pronation is lost. The wrist can be flexed, if the hand is first adducted, by the action

' According to Hutchinson, the digital nerve to the thumb reaches only as high as the root of the nail; the
one to the forefinger as high as the middle of the second phalanx, and the one to the middle and ring fingera not

• higher than the first phalangeal joint (London Hospital Gazette, vol. iii, p. 319).
* Annals of Surgery, September, 1902.
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of the Flexor carpi ulnaris. There is loss or impairment of sensation on the palmar surfi

of the thumb, index, middle, and outer half of the ring fingers, and on the dorsal surface of

same fingers over the last two phalanges; except in the thumb, where the loss of sensation iS'

limited to the back of the last phalanx. In order to expose the median nerve for the purpoi

of stretching it an incision should be made along the radial side of the tendon of the Palm
longus muscle, which serves as a guide to the nerve.

The ulnar nerve is liable to be injured in wounds of the forearm. When paralyzed, th

is loss of power of flexion in the ring and little fingers; there is impaired power of ulnar flexii

and adduction of the hand; there is inability to spread out the fingers from paralysis of

Interossei; and there is inability to adduct the thumb. The fingers cannot be flexed at the _
joints, and cannot be extended at the other joints. A claw hand develops, the first phalangeal

being overextended and the others flexed. Sensation is lost or impaired in the skin of the ulnap

side of the hand anteriorly and posteriorly, involving the little finger, the ring finger, and
ulnar half of the middle finger posteriorly, and anteriorly involving the little finger and the ulnl _
half of the ring finger. In order to expose the nerve in the lower part of the forearm, an

incision should be made along the outer border of the tendon of the Flexor cari^i ulnaris, and
the nerve will be found lying on the ulnar side of the ulnar artery.

The mu^culospirai nerve is probably more frequently injured than any other nerve of

upper extremity. In consequence of its close relationship to the humerus as it lies in the mua^

eulospiral groove, it is frequently torn or injured in fractures of this bone, or subsequently

involved in the callus that may be thrown out around a fracture, and thus pressed upon and its

functions interfered with. It is also liable to be squeezed against the bone by kicks or blows;

it may be divided by wounds of the arm. When paralyzed, the hand is flexed at the wrist and

lies flaccid. This condition is known as drop wrist. The fingers are also flexed, and on an

attempt being made to extend them the last two phalanges only will be extended through the

action of the Interossei, the first phalanges remaining flexed. There is no power of extending the

wrist. Supination is completely lost when the forearm is extended on the arm, but is possible to

a certain extent if the forearm is flexed so as to allow of the action of the Biceps. The power

of extension of the forearm is lost on account of paralysis of the Triceps. Loss of sensation

may be considerable or slight. Its area is shown in Fig. 769. The best position in which to

expose the nerve for the purpose of stretching is to make an incision along the inner border of

the Brachioradialis muscle, just above the level of the elbow-joint. The skin and superficial

structures are to be divided and the deep fascia exposed. The white line in this structure indi-

cating the border of the muscle is to be defined, and the deep fascia divided in this line. By now
raising the Brachioradialis the nerve will be found lying beneath it, on the Brachialis anti<

muscle.

Postanesthetic paralysis. When a person emerges from the influence of a general anesth

palsy of the arm may be found to exist. The brachial plexus may have been compressed duri

the operation by drawing the arm strongly from the body or elevating it by the side of the h

In such a case the plexus was compressed by the head of the humerus (Braun).

The median nerve is stretched when the arm is rotated externally and drawn backward

outward. The ulnar nerve is stretched when the forearm is flexed and supinated (Bra

Garrigues believes that in most cases of postanesthetic paralysis the brachial plexus was squeezi

between the collar bone and the first rib by the head of the patient being drawn to the opposite

side or being allowed to fall back.

IThe Anterior or Ventral Divisions of the Thoracic Nerves (rami anteriores)

The anterior primary divisions of the thoracic nerves are twelve in number

each side. Eleven of them are situated between the ribs, and are therefore

termed intercostal; the twelfth lies below the last rib. Each nerve is connected

with the adjoining ganglion of the sympathetic by one or two filaments (ramus

communicans). The intercostal nerves are distributed chiefly to the parietes

of the thorax and abdomen and differ from the anterior divisions of the other

spinal nerves in that there is no plexus formation, each nerve running an inde-

pendent course. The first two nerves supply fibres to the upper limb in addition

to their thoracic branches; the next four are limited in their distribution to the

parietes of the thorax; the five lower supply the parietes of the thorax and abdomen;

the twelfth thoracic is distributed to the abdominal wall and the skin of the buttock.

The Anterior Division of the First Thoracic Nerve divides into two branches;

one, the larger, leaves the thorax in front of the neck of the first rib, and enters

into the formation of the brachial plexus; the other and smaller branch runs along

the first intercostal space, forming the first intercostal nerve (ii. intercostalis I),
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giving off muscular branches, and terminates on the anterior part of the thorax

by forming the first anterior cutaneous nerve (ramus cuianeus anterior n. inter-

costalis I) of the thorax. Occasionally this anterior cutaneous branch is wanting.

The first intercostal nerve, as a rule, gives off no lateral cutaneous branch, but

sometimes a small branch is given off which communicates with the intercosto-

humeral. It frequently receives a connecting twig from the second thoracic

nerv'e, which passes upward over the neck of the second rib.

772.—Anterior aspect. Fig. 773.—Posterior a^iect.

Figs. 772 and 773.—Distribution <rf cutaneous nerves.

The Anterior Divisions of the Second, Third, Fourth, Fifth, and Sixth Thoracic Nerves
and the Small Branch from the First Thoracic Nerve {nn. intercostahs) are confined

• to the parietes of the thorax, and are named thoracic intercostal nerves. They
pass forward in the intercostal spaces below the intercostal vessels. At the back
of the thorax they lie between the pleura and the posterior intercostal membrane,
piercing the latter, and course between the two planes of Intercostal muscles as
far as the middle of the rib. They then enter the substance of the Internal
intercostal muscles, and, running amidst their fibres as far as the costal cartilages,
they gain the inner surface of the muscles, and lie between them and the pleura.

66
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Near the sternum, tfiiey cross in front of the internal mammary artery and Tri-

angularis sterni muscle, pierce the Internal intercostal muscles, the anterior

intercostal membrane, and Pectoralis major muscle, and supply the integument

of the anterior wall of the thorax and over the mammary gland, forming the

anterior cutaneous nerves of the thorax; the branch from the second nerve is

joined with the supraclavicular nerves of the cervical plexus.

Branches.—^Numerous slender muscular filaments {rami musculares) supply the

Intercostals, the Infracostales, the I>evatores costarum, the Serratus posticus

superior, and the Triangularis sterni muscles. At the front of the thorax some

of these branches cross the costal cartilages from one intercostal space to another.

/ internal branch
{cutaneous;

EXTERNAL BRANCH
(MUSCULAR)

ANTERIOR CUTANEOUS

Fig. 774.—Plan of a typical intercostal nerve. (W. Keiller.)

The lateral cutaneous nerves (rami cutanei laterales) are derived from the inter-

costal nerves, midway between the vertebrae and sternum ; they pierce the External

intercostal and Serratus magnus muscles, and divide into anterior and posterior

branches. The anterior branches (rami anteriores) are reflected forward to the

side and fore part of the thorax, supplying the skin of the thorax and mamma;
those of the fifth and sixth nerves supply the upper digitations of the External

oblique. The posterior branches (rami posteriores) are reflected posteriorly

to supply the integument over the scapula and over the I^atissimus dorsi muscle.

The lateral cutaneous branch of the second intercostal nerve (n. intercostobrachialis)

is of large size, and does not divide, like the other nerves, into an anterior and a

posterior branch. It is named, from its origin and distribution, the intercosto-

humeral or intercostobrachial nerve (Figs. 757 and 770). It pierces the External

intercostal muscle, crosses the axilla to the inner side of the arm, and joins with

a filament from the lesser internal cutaneous nerve of the upper arm (nerve of

Wrisherg). It then pierces the fascia, and supplies the skin of the upper half of
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the inner and back part of the arm (Figs. 768 and 769), communicating with the

internal cutaneous branch of the musculospiral nerve. The size of this nerve

is in inverse proportion to the size of the other cutaneous ner\'es, especially the

ner^e of Wrisberg. A second intercostohumeral nerve is frequently given off from

the third intercostal. It supplies filaments to the armpit and inner side of the arm.

It may or may not send a branch to the intercostohumeral.

The Anterior Divisions of the Seventh, Eighth, Ninth, Tenth, and Eleventh Thoracic

Nerves are continued anteriorly from the intercostal spaces into the abdominal
wall; hence these nerves are named thoracoabdominal intercostal nerves. They
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 Transversalis 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 are named
the anterior or ventral cutaneous nerves of the abdomen. They are directed outward
as far as the lateral cutaneous nenes, supplying the integument of the front of

the belly. The lower intercostal nerves supply the Intercostals, Serratus posticus

inferior, and Abdominal muscles, and, about the middle of their course, give oflF

lateral cutaneous branches which pierce the External intercostal and External
oblique muscles, in the same line as the lateral cutaneous nerves of the thorax,

and divide into anterior and posterior branches, which are distributed to the integu-

ment of the abdomen and back; the ventral branches supply the digitations of

the External oblique and extend downward and forward nearly as far as the margin
of the Rectus muscle; the posterior branches pass backward to supply the skin
over the Latissimus dorsi.

The Anterior Division of the Last Thoracic Nerve is larger than that of the other
thoracic nerves; it runs along the lower border of the last rib, and passes under
the external arcuate ligament of the Diaphragm. It then runs in front of the

Quadratus lumborum muscle, perforates the Transversalis muscle, and passes
between it and the Internal oblique muscle, to be distributed in the same manner
as the lower intercostal nerses. It communicates w ith the iliohypogastric branch
of the lumbar plexus, and is frequently connected with the first lumbar ner\'e

by a slender branch, the thoracicolumbar nerve> which descends in the substance
of the Quadratus lumborum muscle. It gives a branch to the P^Tamidalis muscle.
The lateral cutaneous branch of the last thoracic is remarkable for its large size.

It does not di\'ide into an anterior and a posterior branch, like the other lateral

cutaneous branches of the intercostal ners'es, but perforates the Internal and Ex-
ternal oblique muscles, passes over the crest of the ilium in front of the iliac branch
of the ilioh\-pogastric, and is distributed to the integument of the front part of

the gluteal region, some of its filaments extending as low do\sTi as the trochanter
major.

Applied Anatomy.—The lower seven intercostal nerves and the iliohypt^astric from the
firet lumbar nerve supply the skin of ihe abdominal wall. They run downward and inward
fairly equidistant from each other. The sixth and seventh supply the skin over the "pit of the

I

stomach;" the eighth corresponds to about the position of the middle linea trans^-ersa; the tenth
to the umbilicus; and the ilioh}-pogastric supplies the skin over the pubes and external abdominal
ring. There are several points of surgical significance about the distribution of these ner^•es,
and it is important to remember their origin and course, for in many diseases affecting the ner\-e

• trunks at or near their origin the pain is referred to their peripheral origins. Thus, in
Po«'» disease of the spine children will often be brought to the surgeon suffering from pain
in the belly. This is due to the fact that the nerves are irritated at the seat of disease as they
issue from the vertebral canal. \^'hen the irritation is confined to a single pair of ner\'es. the sen-
sation complained of is often a feeling of constriction, as if a cord were tied around the abdomen;
and in these cases the situation of the sense of fconstriction mav serve to localize the disease in
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the spinal column. In other cases, where the bone disease is more extensive and two or more
nerves are involved, a more diffused pain in the abdomen is complained of. A similar condition

is sometimes present in affections of the cord itself, as in tabes dormlis.

Again, it must be borne in mind that the same nerves which supply the skin of the abdomen
supply also the muscles which constitute the greater part of the abdominal wall. Hence it follows

that any irritation applied to the peripheral terminations of the cutaneous branches in the

skin of the abdomen is immediately followed by reflex contraction of the abdominal muscles.

A good practical illustration of this may sometimes be seen in watching two surgeons examine
the abdomen of the same patient. One, whose hand is cold, causes the muscles of the abdom-
inal wall to contract at once and the belly to become rigid, and thus not nearly so suitable

for examination; the other, who has taken the precaution to warm his hand, examines the

abdomen without exciting any reflex contraction. The supply of both muscles and skin from

the same source is of importance in protecting the abdominal viscera from injury. A blow

on the abdomen, even of a severe character, will do no injury to the viscera if the muscles are

in a condition of firm contraction; whereas in cases where the muscles have been taken unawares,

and the blow has been struck while they were in a state of rest, an injury insufficient to produce

any lesion of the abdominal wall has been attended with rupture of some of the abdominal con-

tents. The importance, therefore, of immediate reflex contraction upon the receipt of an injury

cannot be overestimated, and the intimate association of the cutaneous and muscular fibres in

the same nerve produces a much more immediate response on the part of the muscles to any

peripheral stimulation of the cutaneous filaments than would be the case if the two sets of fibres

were derived from independent sources.

Again, the nerves supplying the abdominal muscles and skin are derived from the lower inter-

costal nerves and are intimately connected with the sympathetic supplying the abdominal viscera

through the lower thoracic ganglia from which the splanchnic nerves are derived. In conse-

quence of this, in rupture of the abdominal viscera and in acute peritonitis the muscles of the

belly wall become firmly contracted, and thus as far as possible preserve the abdominal contents

in a condition of rest.

THE LUMBOSACRAL PLEXUS.

The anterior primary divisions of the lumbar, sacral, and coccygeal nen^es

form the lumbosacral plexus, the first lumbar nerve being frequently joined by a

branch from the twelfth thoracic. For descriptive purposes this plexus is usually

divided into three parts—the lumbar, sacral, and pudendal plexuses.

The Anterior or Ventral Divisions of the Lumbar Nerves {rami anteriores).—
The anterior divisions of the lumbar nerves increase in size from above downward.

They are joined, near their origins, by gray rami communicantes from the lumbar

ganglia of the sympathetic cord. These consist of long, slender filaments, which

accompany the lumbar arteries around the sides of the bodies of the vertebrfe

beneath the Psoas magnus muscle. Their arrangement is somewhat irregular;

one ganglion may give rami to two lumbar nerves, or one lumbar nerve may receive

rami from two ganglia. The first and second and sometimes the third and

fourth lumbar nerves are each connected with the lumbar part of the sympathetic

cord by a white ramus communicans. The nerves pass obliquely outward behind

the Psoas magnus, or between its fasciculi, distributing filaments to it and the

Quadratus lumborum muscles. The first three and the greater part of the fourth

are connected together in this situation by anastomotic loops, and form the lumbar

plexus. The anterior division of the fifth lumbar, joined with a branch from the

fourth, descends across the base of the sacrum to join the anterior division of the

first sacral nerve and assists in the formation of the sacral plexus. The cord

resulting from the union of the fifth lumbar and the branch from the fourth is

called the lumbosacral cord (iruncus lumhosacralis) (Figs. 776 and 781).

The Lumbar Plexus {plexus lumbalis) (Figs. 775 and 776).—The lumbar

plexus is formed by the loops of communication between the anterior divisions

of the four upper lumbar nerves. The plexus is narrow above, and often con-

nected with the last thoracic nei:ve by a slender branch. The plexus is broad

below, where it is joined to the sacral plexus by the lumbosacral cord. Tlu

lumbar plexus is situated in the substance of the Psoas magnus muscle near

its posterior part, in front of the transverse processes of the lumbar vertebrae.
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The mode in which the plexus is arranged varies in different subjects.^ It

differs from the brachial plexus in not forming an intricate interlacement, but the

several nerves of distribution arise from one or more of the spinal nerves in the

following manner: The first lumbar nerve receives a branch from the last tho-

racic, gives off a larger,
.-'--rh.x,

upper branch, which sub-

divides into the iliohypo-

gastric and ilioinguinal

nerves; and a smaller

lower branch which unites

with a branch of the

second lumbar, to form ^

the genitofemoral nerve. iliohypogastric

The remainder of the ilio-ingoin*l.

second nerve and the

third and fourth lumbar... . GENITOFEMORAL-^ ^ . y i^ I / y ^^ ly
nerves divide into anterior ,,^r„^.,

^ /^//^/ ^
and posterior divisions. cutancous

The anterior division of

the second unites with the / ^ /^/ j// //
..-- l. v

anterior division of the
, . , J , - TO PSOAS AND.
third nerve and a part of iliacos^

the anterior division of fe«,oh*h anteriorK /accessory/

the fourth nerxe to form crural)- ^ obturator-

the obturator nerve. The Fig. 775.—Diagram of the lumbar plexus.

remainder of the anterior

division of the fourth nerve passes down to communicate with the fifth lumbar
nerA'e. The posterior di\'isions of the second and third nerves di%-ide into two

branches, a smaller branch from each uniting to form the external or lateral

cutaneous nerve, and a larger branch from each, joining with the posterior division

of the fourth lumbar nerve to form the femoral or anterior crural nerve. The
accessory obturator, when it exists, is formed by the union of two small branches

given off from the third and fourth nerves.

The branches of the lumbar plexus may therefore be arranged as follows:

Iliohypogastric 1,L.

Ilioinguinal 1,L.

Genitofemoral , 1,2, L.

Dorsal Di\-isioiis.

External (or lateral) cutaneous 2, 3, L.

Femoral (or anterior crural) 2, 3, 4, L.

Ventral Divisions.

Obturator 2,3,4,L.

Accessory obturator 3, 4, L.

The Ilioh3rpogastric Nerve (;?. iUohypogastricus) (Figs. 775 and 776) arises from

the first lumbar nerve. It emerges from the lateral border of the Psoas magnus
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 posteriorly

near the crest of the ilium. It gives off muscular branches (rami musculares) to

the abdominal wall, and divides between the Transversalis and the Internal oblique

into two cutaneous branches, iliac and hyiwgastric.

' For statistical studies of the variations encountered in different individuals, see the article by Bardeen, in
tile .\inerican Journal of .\natomy, vol. vi.
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The iliac branch (ramus cutaneus lateralis) pierces the Internal and Exterr

oblique muscles immediately above the crest of the ilium, and is distributed to tl

inteo-ument of the gluteal region, behind the lateral cutaneous branch of the lag

thoracic nerve (Fig. 782). The size of this nerve bears an inverse proportion

that of the lateral cutaneous branch of the last thoracic nerve.

The hypogastric branch (ramus cutaneus anterior) (Fig. 777) continues onwai

between the Internal oblique and Transversalis muscles. It then pierces tl

Internal oblique, and becomes cutaneous by perforating the aponeurosis of tl

External' oblique, about an inch (2.5 cm.) above and a little laterad of tlie exterr

abdominal ring, and is distributed to the integument of the hypogastric regioi

The iliohypogastric nerve communicates with the last thoracic and ilioinguii

nerves.

P'iG. 770.—The lumbar plexus and its branches.

The Ilioinguinal Nerve («. ilioinguinalis) (Figs. 776 and 777), smaller than t!

preceding, arises with it from the first lumbar nerve. It emerges from the lateral

border of the Psoas magnus muscle just below the iliohypogastric nerve, and,

passing obliquely across the Quadratus lumborum and Iliacus muscles, perforates

the Transversalis near the fore part of the crest of the ilium, and communicates

with the iliohypogastric nerve between that muscle and the Internal oblique.

The nerve then pierces the Internal oblique, distributing muscular branches (rami

musculares) to it, and, accompanying the spermatic cord through the external

abdominal ring, is distributed to the integument of the upper and inner pan

of the thigh, to the skin covering the root of the penis, and to the scrotum in tl

I
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male {nn. scrotales anteriores) and to the skin covering the mons veneris and
labium majus in the female {nn. labiales anteriores). The size of this nerve is

in inverse proportion to that of the iliohypogastric. Occasionally it is very small,

and ends by joining the iliohypogastric; in such cases a branch from the iliohypo-

gastric takes the place of the ilioinguinal, or the ilioinguinal nerve may be alto-

gedier absent.

The genitofemoral or genitocrural nerve (n. genitofemoralis) (Figs. 775 and 776)

arises from the first and second lumbar nerves. It passes obliquely through

the substance of the Psoas magnus muscle, and emerges from its inner border at

a level corresponding to the intervertebral substance between the third and fourth

lumbar vertebrae; it then descends on the surface of the Psoas muscle, under cover

of the peritoneum, and divides into a genital and a femoral branch.

The genital branch or external spermatic nerve (». spermaticus exiemns) passes

outward on the Psoas magnus, and pierces the fascia transversal is, or passes

through the internal abdominal ring; in the male it then descends along the back

part of the spermatic cord to the scrotum, and supplies the Cremaster muscle.

In the female it accompanies the round ligament, and is lost upon it.

The femoral branch or lumboinguinal nerve (n. lumhoinguinalis) (Fig. 777)

descends on the external iliac artery, sending a few filaments around it, and,

passing beneath Poupart's ligament to the thigh, enters the sheath of the femoral

vessels, lying superficial and a little external to the femoral artery. It pierces the

anterior layer of the sheath of the vessels, and, becoming superficial by passing

through the fascia lata, it supplies the skin of the anterior aspect of the thigh as

far as midway between the pelvis and knee. On the front of the thigh it com-
municates with the outer branch of the middle cutaneous nerves, derived from the

femoral 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 or Lateral Cutaneous Nerve (ii. cutaneus femoris lateralis) (Figs.

776 and 777) arises from the second and third lumbar nerves. It emerges from

the lateral border of the Psoas magnus muscle, about its middle, and crosses the

Iliacus muscle obliquely, toward the anterior superior spine of the ilium. It then

passes under Poupart's ligament and over the Sartorius muscle into the thigh,

where it divides into two branches, anterior and posterior.

The anterior branch descends in an aponeurotic canal formed in the fascia lata,

becomes superficial about four inches below Poupart's ligament, and divides

into branches which are distributed to the integument along the anterior and outer

part of the thigh, as far down as the knee. The terminal filaments of this nerve

frequently communicate with the middle and internal cutaneous and with the

patellar branch of the long saphenous nerve, forming with them the patellar plexus.

The posterior branch pierces the fascia lata, and subdivides into branches which

pass backward across the outer and posterior surface of the thigh, supplying the

integument from the level of the great trochanter to the middle of the thigh.

The Obturator Nerve (n. obturatorius) (Figs. 776 and 778) supplies the Obturator

externus and Adductor muscles of the thigh, the articulations of the hip and knee,

and occasionally the integument of the thigh and leg. It arises from the second,

the third, and the fourth lumbar nerves. Of these, the branch from the third

is the largest, while that from the second is often very small. It descends through

the inner fibres of the Psoas magnus muscle, and emerges from its inner border

near the brim of the pelvis; it then passes behind the external iliac vessels, which
separate it from the ureter, and runs along the lateral wall of the pelvis, above the

obturator vessels, to the upper part of the obturator foramen. Here it enters

the thigh, and di\'ides into anterior and posterior branches, which are separated

by some of the fibres of the Obturator externus muscle, and lower down by the

Adductor brevis muscle.
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FiQ. 778.—Nerves of the right lower extremily.
Front view.
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The anterior branch {ramus anterior) (Fig. 778) passes down in front of the

Adductor brevis, being covered by the Pectineus and Adductor longus; at the

lower border of the latter muscle, it communicates with the internal cutaneous and

internal saphenous nerves, forming a kind of plexus. It then descends upon the

femoral arterv, upon which it is finally distributed. The 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 usually

to the Adductor brevis, and in rare instances to the Pectineus, and receives a

communicating branch from the accessory obturator nerve when that nerve is

present.

Occasionally the communicating branch to the internal cutaneous and internal

saphenous nerves is continued down, as a cutaneous branch (ramus cutaueus),

to the thigh and leg. ^Mien this is so, it emerges from beneath the lower border

of the Adductor longus, descends along the posterior margin of the Sartorius

to the inner side of the knee, where it pierces the deep fascia, communicates with

the internal or long saphenous nerve, and is distributed to the integument of the

inner side of the leg as low down as its middle. ^Mien this communicating

branch is small its place is supplied by the internal cutaneous nerve.

The posterior branch (ramus posterior) pierces the anterior part of the Obturator

externus, sending branches to supply this muscle, and passes behind the Adductor

brevis on the front of the Adductor magnus, where it divides into numerous

muscular branches, which supply the Adductor magnus, and the Adductor brevis

when the latter does not receive a branch from the anterior division of the nerve.

It also gives off a filament to the knee-joint.

The articular branch for the knee-joint is sometimes absent; it either perforates

the lower part of the Adductor magnus, or passes through the opening which

transmits the femoral arterv, and enters the popliteal space; it then descends upon

the popliteal arterv, 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 Obturator Nerve (ti. obturaiorius accessorius) (Fig. 781) is present

in about 29 per cent, of cases. It is of small size, and arises by separate filaments

from the third and fourth lumbar nerves. It descends along the inner border

of the Psoas magnus muscle, crosses the ascending ramus of the os pubis, and
passes under the outer border of the Pectineus muscle, where it divides into numer-

ous branches. One of these supplies the Pectineus, penetrating its deep surface;

another is distributed to the hip-joint; while a third communicates with the anterior

branch of the obturator nerve. When this nerve is absent the hip-joint receives

two branches from the obturator nerve. Occasionally it is very small, and
becomes lost in the capsule of the hip-joint.

The Femoral or Anterior Crural Nerve (n. femoralis) (Figs. 776 and 778) 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
fasciae femoris; cutaneous filaments to the front and inner side of the thigh, and
to the leg and foot (Fig. 772) ; and articular branches to the hip- and knee-joint.

It arises from the second, third, and fourth lumbar nerves, sometimes from the

first or fifth as well. It descends through the fibres of the Psoas magnus, emerging

from this muscle at the lower part of its outer border, and passes downward be-

tween it and the Iliacus muscle, and beneath Poupart's ligament, into the thigh,

where it becomes somewhat flattened, and divides into an anterior and a posterior

part. Under Poupart's ligament it is separated from the femoral artery by a

portion of the Psoas magnus.
Within the abdomen the femoral nerve gives off from its outer side some small

muscular branches to the Iliacus, and a branch to the femoral artery which is
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distributed upon the upper part of that vessel. The origin of this branch varies;

it occasionally arises higher than usual, or it may arise lower down in the thigh.

In the thigh the following branches are given off:

From the Anterior Division. From the Posterior Division.

Middle cutaneous. Long saphenous.

Internal cutaneous. Muscular.

Muscular. Articular.

The middle and internal cutaneous branches of the femoral nerve are the

rami cutanei anteriores n. femoralis of the BNA.
The middle cutaneous nerve (Figs. 777 and 778) pierces the fascia lata (and

generally the Sartorius) about three inches (8 cm.) below Poupart's ligament, and

divides into two branches (Fig. 777), which descends in immediate proximity

along the fore part of the thigh, to supply the integument as low as the front of the

knee. Here they communicate with the internal cutaneous nerve and the patellar

branch of the internal saphenous nerve, to form the patellar plexus. In the upper

part of the thigh the outer division of the middle cutaneous nerve communicates

with the femoral branch of the genitofemoral nerve.

The internal cutaneous nerve (Fig. 777) passes obliquely across the upper part

of the sheath of the femoral artery, and divides in front or at the inner side of that

vessel into two branches, anterior and posterior or internal.

The internal cutaneous nerve, before dividing, gives off a few filaments, which pierce the

fascia lata (accompanying the long saphenous vein) to supply the integument of the inner side

of the thigh. One of these filaments passes through the saphenous opening; a second becomes
subcutaneous about the middle of the thigh (Fig. 777) ; and a third pierces the fascia at its

lower third (Fig. 777).

The anterior branch runs downward on the Sartorius, perforates the fascia lata

at the lower third of the thigh, and divides into two branches, one of which supplies

the integument as low down as the inner side of the knee; the other crosses to the

outer side of the patella, communicating in its course with the nervus cutaneus

patellae, a branch of the long or internal saphenous nerve. The posterior or

internal branch descends along the inner border of the Sartorius muscle to the knee,

where it pierces the fascia lata, communicates with the long saphenous nerve,

and gives off several cutaneous branches. It then passes down to supply the integ-

ument of the inner side of the leg. Beneath the fascia lata, at the lower border

of the Adductor longus, it joins with branches of the long saphenous and obturator

nerves to form a plexiform network (subsartorial plexusj (Fig. 778). When the

communicating branch from the obturator nerve is large and continued to the

integument of the leg, the internal branch of the internal cutaneous is small and
terminates in the plexus, occasionally giving off a few cutaneous filaments.

The Muscular Branches of the Anterior Division (rami musculares).—The nerve

to the Pectineus arises from the femoral nerve immediately below Poupart's liga-

ment, and passes inward behind the femoral sheath to enter the anterior surface

of the muscle; it is often duplicated. The nerve to the Sartorius arises in common
with the middle cutaneous.

The long or internal saphenous nerve {71. saphenus) (Figs. 777 and 778) is the

largest of the cutaneous branches of the femoral nerve. It approaches the femoral

artery where this vessel passes beneath the Sartorius, and lies in front of it, beneath

the aponeurotic covering of Hunter's canal, as far as the opening in the lower part

of the Adductor magnus. It then leaves the artery, and proceeds distally along the

inner side of the knee, beneath the Sartorius muscle, pierces the fascia lata opposite

the interval between the tendons of the Sartorius and Gracilis muscles, and becomes
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subcutaneous. The nerve then passes along the inner side of the leg (Fig. 777),

accompanied by the internal saphenous vein, descends behind the internal border

of the tibia, and at the lower third of the leg divides into two branches; one

continues its course along the margin of the tibia, terminating at the inner ankle;

the other passes in front of the ankle, and is distributed to the integument along

the inner side of the foot, as far as the great toe, communicating with the internal

branch of the musculocutaneous nerve.

The long saphenous nerve about the middle oftlie thigh gives off a communicating
branch which joins the subsartorial plexus.

At the inner side of the knee it gives off a large patellar branch (ramus infrapatel-

laris), which pierces the Sartorius and fascia lata, and is distributed to the integu-

ment in front of the patella. This nerve communicates above the knee with the

anterior branch of the internal cutaneous and with the middle cutaneous; below

the knee, with other branches of the long saphenous; and on the outer side of the

joint, with branches of the external cutaneous nerve, forming a plexiform network,

the patellar plexus. The patellar branch is occasionally small, and terminates by
joining the internal cutaneous, which supplies its place in front of the knee.

Below 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 cutaneous

branches from the internal cutaneous or from the obturator nerve.

The Muscular Branches of the Posterior Division supply the four parts of the

Quadriceps extensor muscle.

The branch to the Rectus femoris enters its under surface high up, sending off a
small filament to the hip-joint.

The branch to the Vastus extemus, of large size, follows the course of the descend-

ing branch of the external circumflex artery to the lower part of the muscle. It

gives off an articular filament to the knee-joint.

The branch to the Vastus intemus is a long branch which runs down on the

outer side of the femoral vessels in company with the long saphenous nerve.

It enters the muscle about its middle, and gives off a filament which can usually

be traced downward on the surface of the muscle to the knee-joint.

The branches to the Crureus are two or three in number, and enter the muscle
on its anterior surface about the middle of the thigh; a filament from one of these

descends through the muscle to the Subcrureus and the knee-joint.

The articular branch to the hip-joint is derived from the nerve to the Rectus
muscle.

The articular branches to the knee-joint are three in number. One, a long slender

filament, is derived from the nerve to the Vastus externus muscle; it penetrates

the capsular ligament of the joint on its anterior aspect. Another is derived from
the nerve to the Vastus internus muscle. It can usually be traced downward
on the surface of this muscle to near the joint; it then penetrates the muscle and
accompanies the deep branch of the anastomotica magna artery, pierces the cap-

sular ligament of the joint on its inner side, and supplies the synovial membrane.
The third branch is derived from the nerve to the Crureus.

The Anterior or Ventral Divisions of the Sacral and Coccygeal Nerves
(rami anteriores) (Fig. 781).

—
^Fhe anterior primary divisions of the sacral and

coccygeal nerves form the sacral and pudendal plexuses. The anterior divisions

of the upper four sacral nerves enter the pelvis through the anterior sacral foramina,

that of the fifth between the sacrum and coccyx, while that of the coccygeal

nerve curves forward below the rudimentary transverse process of the first piece

of the coccyx. The first and second sacral are large; the third, fourth, and fifth

diminish progressively from above downward. Each nerve receives a gray
ramus com^muuicans from the corresponding ganglion of the sympathetic cord,
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while from the third, and frequently from the second and fourth anterior sacral

divisions, whiie rami commiinicantes are given to the pelvic plexuses of the sym-

pathetic.

THE SACRAL PLEXUS (PLEXUS SACRALIS) (Fig. 781).

The sacral plexus is formed by the lumbosacral cord, the anterior primary

division of the first and portions of the anterior primary divisions of the second

and third sacral ner\'es.

The lumbosacral cord comprises the whole of the anterior primary division of

the fifth and a part of the anterior primary division of the fourth lumbar nerves,

it appears at the inner margin of the Psoas magnus and runs downward (caudad)

over the pelvic brim to join the first sacral nerve. The third sacral nerve divides

into an upper and a lower branch, the former entering the sacral and the latter

the pudendal plexus

y~ FOURTH LUMBAR

INFERIOR
GLUTEAL

FIFTH LUMBAR

FIRST SACRAL

SECOND SACRAL

THIRD SACRAL

FOURTH SACRAL

PERINEAL BR. TO SPHINCTER
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TO COCCVGEUS
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Fig. 781.

GREAT Wii-^y
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-Plan of sacral plexus with the pudendal plexus. (Gerrish.)
the perforating cutaneous nerve.)

(See text for variations in origin of

The branches or divisions forming the sacral plexus converge toward the lower

part of the great sacrosciatic foramen, and unite to form a flattened band,

from the anterior and posterior surfaces of which several branches arise. The
band itself is continued as the great sciatic nerve, which splits on the back of the

thigh into the internal and external 'popliteal nerves; these two nerves sometimes

arise separately from the plexus, and in all cases their independence can be shown
by dissection.

Relations.—The sacral plexus lies on the anterior or ventral surface of the pehnc part of

the Pyriformis and is covered in front by the pehic fascia, which separates it from the internal

iliac vessels, the ureter and the pebnc colon. The gluteal vessels run between the lumbosacral
cord and the first sacral nerve, and the sciatic vessels between the second and third sacral nerves.
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All the nerves entering the plexus, with the exception of the third sacral, split into anterior

and posterior divisions, and the nerves arising from these are as follows:

Anterior or Ventral Posterior or Dorsal

Divisions. Divisions.

Nerve to Quadratus femoris and Gemellus inferior 4,'5, L. 1 , S.

Nerve to Obturator internus and Gemellus superior 5, L. 1 , 2, S.

Nerve to Pyriformis (1),2, S.

Superior gluteal 4, 5, L. 1 , S.

Inferior gluteal 5, L. 1 , 2, S.

Small sciatic 1, 2, 3, S.

„ . . f Internal popliteal 4, 5, L. 1,2. 3, S.
Great sciatic | External popliteal 4,5,L.1,2,S.

The nerve to the Quadratus femoris and Gemellus inferior arises from the anterior

divisions of the fourth and fifth lumbar ^nd first sacral nerves; it leaves the pelvis

through the great sacrosciatic foramen, below the Pyriformis, and runs downward
beneath the great sciatic nerve, the Gemelli, and the tendon of the Obturator

internus, enters the anterior surface of these muscles; it gives off an articular

branch to the hip-joint.

The nerve to the Obturator internus arises from the anterior divisions of the

fifth lumbar and first and second sacral nerves ^ it leaves the pelvis through the

great sacrosciatic foramen below the Pyriformis muscle, crosses the ischial spine,

reenters the pelvis through the small sacrosciatic foramen, and ends in the Obturator

internus, after entering the pelvic surface of that muscle. The branch to the

Gemellus superior enters the upper part of the posterior surface of that muscle.

The nerve to the P3n:iformis arises from the posterior division of the second,

or the posterior divisions of the first and second sacral nerves, and enters the

anterior surface of the muscle; this nerve may be double.

The Superior Gluteal Nerve (/^. glutaeus superior) (Figs. 781 and 783) arises

from the posterior divisions of the fourth and fifth lumbar and first sacral

nerves; it leaves the pelvis through the great sacrosciatic foramen above the Pyri-

formis, accompanied by the gluteal vessels, and divides into a superior and an

inferior branch. The superior branch accompanies the upper branch of the deep

division of the gluteal artery, and ends in the Gluteus minimus after giving off

branches to supply a part of the Gluteus medius. The inferior branch accompanies

the lower branch of the gluteal artery across the Gluteus minimus; it gives fila-

ments to the Gluteus medius and Gluteus minimus, and ends in the Tensor

fasciae femoris.

The Inferior Gluteal Nerve (/i. glutaeus inferior) (Fig. 781) arises from the

posterior divisions of the fifth lumbar and first and second sacral nerves; itjeaves

the pelvis through the great sacrosciatic foramen, below the Pyriformis muscle,

and divides into branches, which enter the deep surface of the Gluteus maximus.

The Small Sciatic {n. cutaneus femoris posterior) (Figs. 781 and 783), or post-

femoral cutaneous nerve supplies the integument of the perineum and back part

of the thigh and leg. It arises partly from the anterior and partly from the pos-

terior divisions of the first, second, and third sacral nerves, and emerges from the

pelvis through the great sacrosciatic foramen below the Pyriformis. It then

descends beneath the Gluteus maximus with the sciatic artery, and passes down
the back part of the thigh beneath the fascia lata, and over the long head of the

Biceps to the lower part of the popliteal region, here it pierces the fascia and

accompanies the external saphenous vein {v. saphena parva) to about the middle

of the back of the leg, its terminal filaments communicating with the sural or

external saphenous nerve.

The branches of the small sciatic nerve are all cutaneous, and are grouped as

follows: gluteal, perineal, and femoral.
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The gluteal cutaneous branches {nn. clunium inferlores [laterales]), two or three

in number, turn upward around the lower border of the Gluteus maximus to

supply the skin covering the lower and outer part of that muscle.

The perineal cutaneous branches (rami perineales) 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 or long scrotal nerve (Fig. 783), curves

forward below the ischial tuberosity, pierces the fascia lata, and runs forward

beneath the superficial fascia of the perineum to be distributed to the skin of the

scrotum in the male and the labium majus in the female, communicating with the

superficial perineal and inferior hemorrhoidal nerves.

The femoral cutaneous branches consist of numerous descending filaments

derived from both sides of the nerve, and are distributed to the back and inner

sides of the thigh, to the skin covering the popliteal space, and to the upper part

of the leg.

The Great Sciatic Nerve (n. ischiadicus) (Figs. 781 and 883) 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 nerve cord in the body, measuring

three-quarters of an inch in breadth, and is the continuation of the flattened band

of the sacral plexus. It passes out of the pelvis through the great sacrosciatic

foramen, below the PjTiformis muscle. It descends between the great trochanter

of the femur and the tuberosity of the ischium, along the back part of the thigh, to

about its lower third, where it divides into two large branches, the internal popliteal

or tibial and external popliteal or peroneal nerves (Fig. 783). This division may take

place at any point between the sacral plexus and the lower third of the thigh.

WTien the division occurs at the plexus (in 10 per cent, of cases) the two nerves

descend together side by side; or they may be separated, at their commencement,

by the interposition of part or the whole of the Pyriformis muscle.

As the nerve descends along the back of the thigh, it rests upon the posterior

surface of the ischium, the nerve of the Quadratus femoris. and the External

rotator muscles of the thigh, in company with the small sciatic nerve and artery,

and is covered by the Gluteus maximus; lower down, it lies upon the Adductor

magnus, and is covered by the long head of the Biceps.

The branches of the nerve, before its division, are articular and muscular.

The articular branches (rami articulares) arise from the upper part of the nerve;

they supply the hip-joint, perforating the posterior part of its fibrous capsule.

These branches are sometimes derived directly from the sacral plexus.

The muscular branches (rami mn^culares) are distributed to the flexors of the leg

—viz., the Biceps, Semitendinosus, and Semimembranosus, and to the Adductor

magnus. The nerve to the short head of the Biceps comes from the external

popliteal part of the great sciatic, while the other muscular branches arise from the

internal popliteal portion, as may be seen in those cases where the two popliteal

nerves emerge separately on the buttock.

The Internal Popliteal or Tibial Nerve (n. tibialis) (Figs. 781 and 783), the larger

of the two terminal branches of the great sciatic, arises from the anterior primary

branches of the last two lumbar and first three sacral nerves. It descends along

the back part of the thigh, through the middle of the popliteal space, to the lower

part of the Popliteus muscle, where it passes with the artery beneath the arch of

the Soleus and becomes the posterior tibial. It is overlapped by the Hamstring

muscles above, and then becomes more superficial, and lies to the outer side of,

and some distance from, the popliteal vessels; opposite the knee-joint it is in close

relation with the vessels, and crosses to the inner side of the artery. Below, it

is overlapped by the Gastrocnemius.

The branches of this nerve are the articular and muscular, and a cutaneous branch,

the communicans tibialis.
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• N. B.—In this diagram the communicans tibialis and communicans peronei are not in their normal position.

They have been displaced by the removal of the superficial muscles. The external saphenous nerve is formed by the
junction of the two communicantes.
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The articular Ijranches (rami articulares), usually three in number, supply the

knee-joint; two of these branches accompany the superior and inferior internal

articular arteries, and a third, the azygos articular artery.

The muscular branches [rami musculares), four or five in number, arise from the

nerve as it lies between the two heads of the Gastrocnemius; they supply that

muscle and the Plantaris, Soleus, and Popliteus. The branch which supplies

the Popliteus turns around its lower border and is distributed to the deep surface

of the muscle.

The communicans tibialis {n. cutaneus surae medialis) descends between the two

heads of the Gastrocnemius, and about the middle of the back of the leg pierces

the deep fascia, and joins a communicating branch (rajnus anastomoficws pero-

naewf) from the external popliteal nerve to form the short or external saphenous

nerve (Fig. 783). The external saphenous nerve, formed by the communicating

branches of the internal and external popliteal nerves, passes downward and out-

ward near the outer margin of the tendo Achillis, lying close to the external saphe-

nous vein, to the interval between the external malleolus and the os calcis. It

divides into two branches, the posterior of which breaks up into lateral calcaneal

branches (rami calcanei laterales). The anterior branch {n. cutaneus dorsalis

lateralis) winds around the outer malleolus, and is distributed to the integument

along the outer side of the foot and little toe, communicating on the dorsum of

the foot with the musculocutaneous nerve. In the leg its branches communicate

with those of the small sciatic. The cutaneous area supplied by the external

saphenous nerve is indicated in Fig. 785.

The Posterior Tibial Nerve (Fig. 783), the direct continuation of the internal pop-

liteal nerve, commences at the lower border of the Popliteus muscle, and passes

along the back part of the leg with the posterior tibial vessels to the interval

between the inner malleolus and the heel, where it divides into the external and
internal plantar nerves. It lies upon the deep muscles of the leg, and is covered

above by the muscles of the calf, lower down by the skin and fascia. In the

upper part of its course it lies to the inner side of the posterior tibial artery, but it

soon crosses that vessel, and lies to its outer side as far as the ankle. In the lower

third of the leg it is placed parallel with the inner margin of the tendo Achillis.

The branches of the posterior tibial nerve are muscular, internal calcaneal, and
articular.

The muscular branches (rami musculares) arise either separately or by a common
trunk from the upper part of the nerve. They supply the Soleus, Tibialis pos-

ticus. Flexor longus digitorum, and Flexor longus hallucis muscles; the branch

to the latter muscle accompanies the peroneal artery. The branch to the Soleus

enters the deep surface of the muscle, while that from the internal popliteal enters

the superficial surface.

The internal calcaneal branches (rami calcanei mediates) perforate the internal

annular ligament, and supply the integument of the heel and inner side of the foot

(Fig. 785).

The articular branch (ramus articularis ad artieulationem falocruralem) is given

off just above the bifurcation of the nerve and supplies the ankle-joint.

The Internal Plantar Nerve (n. plantaris medialis) (Fig. 784), the larger of the

two terminal branches of the internal popliteal, accompanies the internal plantar

artery along the inner side of the foot. From its origin at the inner ankle it passes

beneath the Abductor haljucis, and then forward between this muscle and the

Flexor brevis digitorum; it divides opposite the bases of the metatarsal bones into

four plantar digital branches (nn. digitales plantares communes) and communicates
witli the plantar nerve.

Branches.—In its course the internal plantar nerve gives off cutaneous branches,

which pierce the plantar fascia and supply the integument of the sole of the foot
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(Fig. 785) ; muscular branches, which supply the Abductor hallucis and Flexor

brevis digitorum; articular branches, to the articulations of the tarsus and meta-

tarsus; and four plantar digital branches {)in. digitales 'plantares proprii). The
first (innermost) branch becomes cutaneous about the middle of the sole, between

the Adductor hallucis and Flexor brevis digitorum; the three outer branches pass

between the divisions of the plantar fascia in the clefts between the toes. They
are distributed in the following manner: The first supplies the inner border of

the great toe, and sends a filament to the Flexor brevis hallucis muscle; the second

bifurcates, to supply the adjacent sides of the great and second toes, sending a fila-

ment to the First lumbrical muscle ; the third supplies the adjacent sides of the second

and third toes; the fourth supplies the corresponding sides of the third and fourth

toes, and receives a communicating branch from the external plantar nerve (Fig.

784). Each digital nerve gives off cutaneous and articular filaments; and opposite

the last phalanx sends a dorsal branch, which supplies the structures around the

nail, the continuation of the nerve being dis-

tributed to the ball of the toe. It will be

observed that the distribution of these branches

is precisely similar to that of the median nerve

in the hand.

The External Plantar Nerve (n, plaiitaris later-

alis) (Fig. 784), the smaller of the two, completes

the nerve supply to the structures of the sole of

the foot (Fig. 785), being distributed to the little

Internal
or

Medial
plantar.

External
or

Lateral
plantar.

Deep
branch

Fig 784.—The plantar nervea Fig. 785.—Areas of distribution of the cutaneous nerves of the
sole (W Keiller, in Gerrish's Text-book of Anatomy.)

toe and outer half of the fourth, as well as to most of the deep muscles, its dis-

tribution being similar to that of the ulnar nerve in the hand. It passes obliquely

forward 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 Al^ductor

minimi digiti.

The superficial branch (ramus superficialis) separates into two digital nerves.

One, the smaller of the two, supplies the outer side of the little toe, the Flexor

brevis minimi digiti, and the two Interosseous muscles of the fourth metatarsal
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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 (ramus profundus) accompanies the external plantar

artery into the deep part of the sole of the foot, beneath the tendons of the Flexor

muscles, and Adductor obliquus hallucis, and supplies all the Interossei (except

those in the fourth metatarsal space), the three outer Lumbricales, the Adductor
obliquus hallucis, and the Adductor transversus hallucis.

The External Popliteal or Peroneal Nerve (n. peronaeus commuyiis) (Figs. 781

and 783), about one-half the size of the internal popliteal, is derived from the

posterior branches of the last two lumbar and first two sacral nerves. It descends

obliquely along the outer sides of the popliteal space to the head of the fibula,

close to the inner margin of the Biceps muscle. It is easily felt beneath the skin

behind the head of the fibula at the inner side of the tendon of the Biceps. It

passes between the tendon of the Biceps and outer head of the Gastrocnemius,

winds around the neck of the fibula, between the Peroneus longus and the bone,

and divides beneath the muscle into the anterior tibial and musculocutaneous

nerves.

The branches of the external popliteal nerve, previous to its division, are articular

and cutaneous.

The articular branches (rami articulares) are three in number: two of these

accompany the superior and inferior external articular arteries to the outer side

of the knee. The upper one occasionally arises from the great sciatic nerve

before its bifurcation. The third (recurrent) articular nerve is given off at the

point of division of the external popliteal nerve; it ascends with the anterior

recurrent tibial artery through the Tibialis anticus muscle to the front of the knee,

which it supplies.

The Lateral Cutaneous Branch (n. cutaneous surae lateralis).—There may be
two or three of these branches. They supply the integument along the back
part and outer side of the leg. The largest cutaneous branch of the peroneal

is the communicans peronei (ramus anastomoiicus peronaeus), which arises near the

head of the fibula, crosses the external head of the Gastrocnemius to the middle of

the leg, and joins with the communicans tibialis to form the external saphenous
nerve. This nerve occasionally exists as a separate branch, which is continued

as far down as the heel.

The Anterior Tibial Nerve or Deep Peroneal (n. peronaeus profundus) (Fig. 778)

commences at the bifurcation of the peroneal nerve, between the fibula and upper
part of the Peroneus longus, passes obliquely downward beneath the Extensor
longus digitorum muscle to the fore part of the interosseous membrane, and
gets into relation with 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 di\'ides

into an external and an internal branch. This nerve lies at first on the outer side

of the anterior tibial artery, then in front of it, and again at its outer side at the

ankle-joint.

The branches of the anterior tibial nerve in its course through the leg are the

muscular branches (rami miisculares) to the Tibialis anticus. Extensor longus
digitorum, Peroneus tertius, and Extensor proprius hallucis muscles, and an
articular branch to the ankle-joint.

The external or tarsal branch of the anterior tibial nerve passes outward across the

tarsus, beneath the Extensor brevis digitorum, and, having become enlarged
like the posterior interosseous nerve at the wT-ist, supplies the Extensor brevis

digitorum muscle. From the enlargement three minute interosseous branches
are given off which supply the tarsal joints and the metatarsophalangeal joints

of the second, third, and fourth toes. The first of these sends a filament to the
Second dorsal interosseous muscle.
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The internal branch, the continuation of the nerve, accompanies the dorsal is

pedis artery along the inner side of the dorsum of the foot, and at the first inter-

osseous space divides into two dorsal digital branches {nn. digitales dorsales hal-

lucis lateralis et digiti secundi medialis), which supply the adjacent sides of the

great and second toes, communicating with the internal branch of the musculo-

cutaneous nerve. Before it divides it gives of!" to the first space an interosseous

branch which supplies the metatarsophalangeal joint of the great toe and sends a

branch to the First dorsal interosseous muscle.

The Musculocutaneous Nerve {n. peronaeus superficialis) (Fig. 778) supplies the

muscles on the fibular side of the leg and the integument over the greater part

of the dorsum of the foot. It passes forward between the Peronei muscles and
the Extensor longus digitorum, pierces the deep fascia at the lower third of the

leg on its front and outer side, and divides into two branches. This nerve in

its course between the muscles gives off muscular branches to the Peroneus longus

and brevis, and cutaneous branches to the integument of the lower part of the leg.

The internal dorsal cutaneous branch (n. cutaneus dorsalis medialis) of the muscu-
locutaneous nerve passes in front of the ankle-joint, and divides into three dorsal

digital branches {im. digitales dorsales pedis). The internal branch supplies the

skin of the dorsum of the foot and the inner side of the great toe, and communicates
with the internal saphenous nerve. The intermediate branch runs to the space

between the great and second toes, supplies the adjacent sides of these, and com-
municates with the anterior tibial nerve. The external branch passes to the

space between the second and third toes and supplies the adjacent sides of these.

The external dorsal cutaneous branch (/?. cutaneus dorsalis infermedius), the

smaller, passes along the outer side of the dorsum of the foot, and divides into two
dorsal digital branches, the inner being distributed to the adjacent sides of the

third and fourth toes, the outer to the adjacent sides of the fourth and fifth toes.

It also supplies the integument of the outer ankle and outer side of the foot and
communicates with the external saphenous nerve.

The branches of the musculocutaneous nerve supply all the toes excepting the

outer side of the little toe, which is supplied by the small saphenous nerve. The
adjoining sides of the great and second toes are also supplied by the internal branch
of the anterior tibial. It frequently happens that some of the outer branches of

the musculocutaneous are absent, their place being then taken by branches of

the external saphenous nerve.

THE PUDENDAL PLEXUS (PLEXUS PUDENDUS).

The pudendal plexus (Fig. 781) is not sharply marked ofi^ from the sacrOT

plexus, some of the branches which spring from it may arise in conjunction with

those of the sacral plexus. It lies on the posterior wall of the pelvis and is usually

formed by branches from the ventral primary divisions of the second and third

sacral nerves the whole of the anterior primary divisions of the fourth and fifth

sacral nerves, and the coccygeal nerve.

It gives off the following branches;

Perforating cutaneous (variable) ......... . (2, 3, S,) (3, 4, S,) (4, 5, S.)

Pudic 2, 3, 4, S.

Visceral 3, 4, S.

Muscular 4, S.

Anococcygeal ........... . 4. 5, S, and Coco.

The Perforating Cutaneous Nerve (Fig, 781) is not always present. It sometim«

arises from the second and third sacral nerves, or from the third and fourth, or
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even fourth and fifth sacral nerves, and is of small size. \Mien present, it pierces

the lower part of the great sacrosciatic ligament, and, winding around the lower
border of the Gluteus maximus, supplies the integument covering the inner and
lower part of that muscle. \\Tien absent, its place is taken either by a cutaneous
branch of the small sciatic, or by the greater coccygeal perjorating nerve of Eisler.

The Pudic Nerve {n. pudendus) (Figs. 781 and 783) derives its fibres from the

anterior branches of the second, third, and fourth sacral nerves. It leaves the

pelvis below the Pyriformis through the great sacrosciatic foramen. It then crosses

the spine of the ischium, and enters the pelvis through the lesser sacrosciatic

foramen. It accompanies the pudic vessels upward and forward along the outer

wall of the ischiorectal fossa, being contained in a sheath of the obturator fascia,

termed Alcock's canal, and divides into two terminal branches, the perineal nerve,

and the dorsal nerve of the penis or clitoris. Before its division it gives off the

inferior hemorrhoidal nerve.

The inferior hemorrhoidal nerve (n. hemorrhoidal}s inferior) is occasionallv

derived separately from the sacral plexus (3d S.), It passes across the ischio-

rectal fossa, with its accompanying vessels, toward the lower end of the rectum,
and is distributed to the Sphincter ani externus and to the integument around the

anus. Branches of this nerve communicate with the inferior pudendal and super-

ficial perineal nerves at the fore part of the perineum.

The perineal nerve {n. periuei), the inferior and larger of the two terminal
branches of the pudic, is situated below the pudic artery. It accompanies the

superficial perineal artery in the perineum, dividing into cutaneous and muscular
branches.

The cutaneous branches (superficial penneaT) are two in number, posterior and
anterior. The posterior or external branch pierces the base of the triangular liga-

ment of the urethra, and passes forward along the outer side of the urethral

triangle in company with the superficial perineal artery; it is distributed to the

skin of the scrotum {nn. scrotales posteriores) or to the labium majus in the female
{nn. labiales posteriores). It communicates with the inferior hemorrhoidal, the
inferior pudendal, and the other superficial perineal nerve. The anterior or

internal branch also pierces the base of the triangular ligament, and passes forward
nearer to the middle line, to be distributed to the inner and back part of the scro-

tum. Both these nerves supply the labium majys in the female.

The muscular branches are distributed to the Transversus perinaei, Accelerator

urinae. Erector penis, and Compressor urethrae. A distinct branch is given off

from the nerve to the Accelerator urinae, pierces this muscle, and supplies the

corpus spongiosum, ending in the mucous membrane of the urethra. This is the

nerve to the bulb.

The Dorsal Nerve of the Penis (ii. dorsalis penis) is the deepest division of the

pudic nerve; it accompanies the pudic artery along the ramus of the ischium; it

then runs forward along the inner margin of the ramus of the os pubis, between
the superficial and deep layers of the triangular ligament. Piercing the superficial

layer, it gives a branch to the corpus cavernosum, and passes forward, in company
with the dorsal artery of the penis, between the layers of the suspensory ligament,
on to the dorsum of the penis, along which it is carried as far as the glans on which
it ends.

In the female the dorsal nerve is very small, and supplies the clitoris (n. dorsalis

clitoridis).

The visceral branches arise from the third and fourth, and sometimes the second,
sacral nerves and are distributed to the bladder and rectum, and, in the female,
to the vagina; they communicate with the pelvic plexuses of the sympathetic.
The muscular branches are derived from the fourth sacral, and supply the Levator

ani, Coccygeus, and Sphincter ani externus. The branches to the Levator ani
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and Coccygeus enter their pelvic surfaces; that to the Sphincter ani extenius

(j)erineal branch) reaches the ischiorectal fossa by piercing the Coccygeus or by
passing between it and the Levator ani. Cutaneous branches from this branch
supply the skin between the anus and the coccyx.

Mococcygeal Branches (nn. anococcugei).—^rhe fifth sacral nerve receives a

communicating branch from the fourth, and unites with the coccygeal nerve to

form the coccygeal plexus (plexus coccygeus). From this plexus the anococcygeal

nerves take origin; they consist of a few fine filaments which pierce the great

sacrosciatic ligament to supply the skin in the region of the coccyx.

Applied Anatomy.—The lumbar plexus is formed in the Psoas magnus, and, therefore, in

Psoas abscess any or all of its branches may be irritated, causing severe pain in the parts to which
the irritated nerves are distributed. The genitofemoral nerve is the one which is most frequently

impHcated. The nerve is also of importance, as it is concerned in one of the reflexes employed
in the investigation of diseases of the spine. If the skin over the inner side of the thigh just

below Poupart's ligament, the part supplied by the femoral branch of the genitofemoral nerve,

be gently tickled in a male child, the testicle will be noticed to be drawn upward through the

action of the Cremaster, which is supplied by the genital branch of the same nerve. The same
result may sometimes be noticed in adults, and can almost always be produced by severe stimu-

lation. This reflex, when present, shows that the portion of the cord from which the first and
second lumbar nerves are derived is in a normal condition.

The femoral or anterior crural nerve is in danger of being injured m fractures of the true pelvis,

since the fracture most commonly takes place through the ascending ramus of the os pubis, at or

near the point where this nerve crosses the bone. It is also liable to be injured in fractures and
dislocations of the femur, and in some tumors growing in the pelvis is likely to be pressed upon,

and its functions impaired. Moreover, on account of its superficial position, it is exposed to

injury in wounds and stabs in the groin. When this nerve is paralyzed, the patient is unable to flex

his hip completely, on account of the loss of motion in the Iliacus; or to extend the knee on the

thigh, on account of paralysis of the Quadriceps extensor cruris; there are complete paralysis of

the Sartorius and partial paralysis of the Pectineus. There is loss of sensation down the front and
inner side of the thigh, except in that part supplied by the femoral branch of the genitofemoral

nerve, and by the ilioinguinal nerve. There is also loss of sensation down the inner side of the

leg and foot as far as the ball of the great toe.

The obturator nerve is of special surgical interest. It is rarely paralyzed alone, but occa-

sionally is paralyzed in association with the femoral (anterior crural). The principal interest

attached to it is in connection with its supply to the knee; pain in the knee being symptomatic
of many diseases in which the trunk of this nerve, or one of its branches, is irritated, Thus, it is

well known that in the earlier stages of hip-joint disease the patient does not complain of pain in

that articulation, but on the inner side of the knee, or in the knee-joint itself, both these articu-

lations being supplied by the obturator nerve, the final distribution of the nerve being to the

knee-joint. Again, the same thing occurs in sacroiliac disease: pain is complained of in the

knee-joint or on its inner side. The obturator nerve is in close relationship with the sacroiliac-

articulation, passing over it, and, according to some anatomists, distributing filaments to it.

Again, in cancer of the sigmmd flexure, and even in cases where masses of hardened feces are

impacted in this portion of the gut, pain is complained of in the knee. The left obturator nerve

lies beneath the sigmoid flexure, and is readily pressed upon and irritated when disease exists in

this part of the intestine. Finally, pain in the knee forms an important diagnostic sign in ob-

turator hernia. The hernial protrusion as it passes through the opening in the obturator mem-
brane presses upon the nerve and causes pain in the parts supplied by its peripheral filaments.

When the obturator nerve is paralyzed, the patient is unable to press his knees together or to

cross one leg over the other, on account of paralysis of the Adductor muscles. Rotation outward
of the thigh is impaired from paralysis of the Obturator externus. Sometimes there is loss of

sensation in the upper half of the inner side of the thigh.

The great sciatic nerve is liable to be pressed upon by various pelvic tumors, giving rise to

pain along its trunk, to which the term sciatica is applied. Tumors growing from the pelvic

viscera, or bones, aneurisms of some of the branches of the internal iliac artery, calculus in the

bladder, when of large size, accumulation of feces in the rectum, may all cause pressure on the

nerve inside the pelvis, and give rise to sciatica. Outside the pelvis exposure to cold, violent

movements of the hip-joint, exostoses or other tumors, growing from the margin of the sacro-

sciatic foramen, may also give rise to the same condition. When paralyzed there is loss of

motion in all the muscles below the knee, and loss of sensation in the same situation, except the

upper half of the back of the leg, supplied by the small sciatic and the upper half of the inner

side of the leg, when the communicating branch of the obturator is large.

The great sciatic nerve has been frequently cut down upon and stretched, or has been acii-
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punctured for the relief of sciatica. The nerve has also been stretched in cases of locomotor

ataxia, the anesthesia of leprosy, etc. In order to define it on the surface, a point is taken at

the junction of the middle and lower third of a line stretching from the posterior superior spine

of the ilium to the outer part of the tuber ischii, and a line is drawn from this point to the middle

of the upper part of the popliteal space. The line must be slightly curved with its convexity

outward, and as it passes downward .to the lower border of the Gluteus maximus is slightly

nearer the tuberosity of the ischium than to the great trochanter, as it crosses a line drawn between

these two points. The operation of stretching the sciatic nerve is performed by making an
incision over the course of the nerve about the centre of the thigh. The skin, superficial struc-

tures, and deep fascia having been divided, the interval between the inner and outer Hamstrings

is to be defined, and these mitscles respectively pulled inward and outward with retractors.

The nerve will be found a little to the inner side of the Biceps. It is to be separated from the

surrounding structures, hooked up with the finger, and stretched by steady and condnuous trac-

tion for two or three minutes. The sciatic nerve may also be stretched by what is known as the

"dry" method. The patient is laid on his back, the foot is extended, the leg flexed on the thigh,

and the thigh strongly flexed on the abdomen, ^^^lile the thigh is maintained in this position

the leg is forcibly extended to its full extent, and the foot as fully flexed on the leg. This last-

named method is uncertain.

The position of the external popliteal nerve, close behind the tendon of the Biceps on the outer

side of the ham, should be remembered in subcutaneous division of the tendon. ASter it is divided,

a cord often rises up close beside it, which might be mistaken for a small undivided portion of the

tendon, and the surgeon might be tempted to reintroduce his knife and divide it. This must
never be done, as the cord is the external popliteal nerve, which becomes prominent as soon as

the tendon is divided. (See also page 525).

THE SYMPATHETIC NERVE SYSTEM (SYMPATHICUS) (Fig. 786).

The distinction of the sympathetic nerve system from the cerebrospinal system

is made merely for reasons of convenience. The two systems are intimately

connected and the sympathetic is morphologically a derivative of the central axis

disseminated in connection with the nutritive apparatus and establishing relation-

ships among the vegetative organs.

The sympathetic nerve system consists of (1) a series of central ganglia (gan-

glia trunci sympathici) connected by a great ganglionic cord, the gangliated cord

(truncus sympatkicus), extending from the base of the skull to the coccyx,

one gangliated cord on each side of the middle line of the body, ventrolaterad

of the vertebral column; (2) of three great gangliated plexuses {plexus sympathici) or

aggregations of nerves and ganglia, situated ventrolaterad of the vertebral column

in the thoracic, abdominal, and pelvic cavities respectively; (3) of smaller or

terminal ganglia, situated in relation with the abdominal viscera;^ and (4) of

numerous nerve fibres. These latter are of X\<o kinds—communicating, by which

the ganglia communicate with each other and with the cerebrospinal nerves; and

distributory, supplying the internal viscera and the coats of the bloodvessels.

Each gangliated cord may be traced upward from the base of the skull into the

cranial cavity by an ascending branch, which passes through the carotid canal,

forms a plexus on the internal carotid artery and in the cavernous sinus (Fig. 789),

and communicates with certain cranial nerves (p. 1067); the lower ends of the

two cords converge and end in a single ganglion, the ganglion impar {ganglion

coccygeum impar), situated ventrad of the coccyx. The ganglia of the cord are

distinguished as cervical, thoracic, lumbar, and sacral, and except in the neck they

closely correspond in number to the vertebrae against which they lie. They
are arranged thus:

Cervical portion 3 pairs of ganglia.

Thoracic " 10 to 12 "

Lumbar " 4 "

Sacral " 4 or 5 "

' The ciliary, sphenopalatine, otic, and submaxillary ganglia, already described in connection with the tri-
geminal nerve, may be regarded as belonging to the sympathetic system.
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SPINAL
ACCESSORY

CERVICAL
PLEXUS

MRACHIAL
PLEXUS

SUPERIOR CERVICAL
QANQLION OF SYM-
PATHETIC

MIDDLE CERVI-
CAL GANGLION

NFERIOR CERVI'
CAL GANGLION

In the neck the ganglia are situated in front of the transverse processes of the

vertebrae ; in the thoracic region, in front of the heads of the ribs ; in the lumbar region,

on the sides of the bodies of die

vertebra; and in the sacral

region, in front of the sacrum.

Connections with the Spinal

Nerves.— Communications are

established between the sym-
pathetic and spinal nerves

through what are known as

gray and white rami communi-
cantes (Fig. 786), the gray rami
conveying sym^thetic fibres

into the spinal nerves^ and the

white rami transmitting afferent

and efferent fibres to the sym-
pathetic. Each spinal nerve

receives a gray ramus com-
municans from the gangliated

cord of the sympathetico but
white rami are not supplied by
all the spinal nerves. The
white rami are derived from the

first thoracic to the first lum-
bar, inclusive, wdiile the visceral

branches which run from the

second, third and fourth sacral

nerves directly to the pelvic plex-

uses of the sympathetic belong

to this category. The majority

of the fibres which spring from

the sympathetic ganglia are

3iV[vye\\n\Q {fibres of Remak); the

fibres which reach the sympa-
thetic through the white ramus
communicans are myelinated.

The branches of distribution,

or sympathetic nerves, derived

from the gangliated cords from

the prevertebral plexuses, and
also from the smaller ganglia,

are principally destined for the

bloodvessels and thoracic and
abdominal viscera, supplying

the involuntary muscle fibres

of the coats of the vessels and
the hollow viscera, and the se-

creting cells, as well as the

spinal cord, showing the muscular coats of the vessels in

the glandular viscera. They
consist of efferent and afferent

fibres, for the origin and course of which see pages 1014 and 1015 (Fig. 756),

The three great gangliated plexuses (collateral ganglia) are situated in front of the

vertebral column in the thoracic, abdominal, and pelvic regions, and are named.

LUMBAR GANGLI.*

Fio. 786.—Anterior surface of _, , ^
Bpiiial nerves and their connections with the sjinpathetic trunk on
one side. (Testut.)
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respectively, the cardiac, the solar or coeliac, and the hypogastric plexus. They consist

of collections of nerves and ganglia, the nerves being derived from the gangliated

cords and from the cerebrospinal nerves. They distribute branches to the viscera.

Carotid plexus^

Superior cervical ganglion.—t-— ;

Middle cervical ganglion

/
Inferior cermcal ganglion

Pharyngeal branches.

Cardiac branches.

Deep cardiac plexus.

^^/s^^^,^-^-^Superficial cardiac plexus.

Solar plexus.

Aortic plexus.

Hypogastric plexus

Sacral ganglia.

Ganglion impar.

Fig. 787.—The sympathetic nerve system.
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THE GANGLIATED CORD (TRUNCUS SYMPATHETICUS).

Cervicocephalic Portion of the Gangliated Cord (Figs. 788, 789).

The cervicocephalic portion of each gangliated cord {pars cephalica et cervicalis

s. sympathici) consists of three ganglia, distinguished, according to their position,

as the superior, middle, and inferior cervical, connected by intervening cords.

This portion of the sympathetic cord receives no white rami communicantes from

the cerv'ical spinal nerves, its spinal fibres being derived from the white rami

of the upper thoracic nerves which enter the corresponding thoracic ganglia of the

sympathetic and through these ascend into the cervical portion.

The superior cervical ganglion {ganglion cervicale swperius) (Figs. 787 and

788), the largest of the three, is about three-quarters of an inch in length. It is

placed opposite the second and third cervical vertebrae. It is of a reddish-gray

color, is usually fusiform in shape, is sometimes broad and flattened, and is

occasionally constricted at intervals; it is believed that it is formed by the coales-

cence of the four ganglia corresponding to the four upper cervical nerves. 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.

Its branches may be divided into superior, inferior, external, internal, and
anterior.

The superior branch {n. caroticiis internus) (Fig. 744) appears to be a direct

prolongation of the ganglion. It is soft in texture and of a reddish color. 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 outer branch, the larger of the two, distributes jSlaments to the internal

carotid artery and forms the carotid plexus.

The inner branch also distributes filaments to the internal carotid artery, and,

continuing onward, forms the cavernous plexus.

The Carotid Plexus {plexus caroticus internus) (Figs. 787 and 788) is situated

on the outer side of the internal carotid artery. Filaments from this plexus occa-

sionally form a small gangliform swelling, the carotid ganglion, on the under surface

of the artery. The carotid plexus communicates with the Gasserian ganglion,

the abducent nerve, and the sphenopalatine ganglion; it distributes filaments to

the wall of the carotid artery, and also communicates with Jacobson's nerve

(the tympanic branch of the glossopharyngeal).

The communicating branches to the abducent nerve consist of one or two filaments

which join that nerve as it lies upon the outer side of the internal carotid artery.

The communication with the sphenopalatine ganglion is effected by a branch, the

large deep petrosal nerve (Fig. 745), given off from the plexus on the outer side

of the artery; this branch passes through the cartilage filling up the foramen
lacerum medium, and joins the large superficial petrosal from the facial to form
the Vidian nerve (Figs. 740 and 745). The Vidian nerve then proceeds through

the Vidian canal to the sphenopalatine ganglion. The communication with

Jacobson's nerve is effected by two branches, one of which is called the deep

petrosal nerve, and the other the caroticotympanic nerve, the latter may consist

of two or three delicate filaments.

The Cavernous Plexus {plexus cavernosus) (Fig. 788) is situated below and in-

ternal to that part of the internal carotid which is placed by the side of the sella

turcica, in the cavernous sinus, and is formed chiefly by the internal division of

the ascending branch from the superior cervical ganglion. It communicates
with the oculomotor, the trochlear, the ophthalmic division of the trigeminal.

I
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and the abducent nerves, and with the ciliary or lenticular ganglion, and distri-

butes filaments to the wall of the internal carotid artery, and to the h\^ophysis.

The branch of communication with the oculomotor nerve joins it at its point of

division; the branch to the trochlear 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

abducent nerve.

EXTERNAL
RECTUS
MUSCLT

SENSORY ROOT
OF CILIARY
GANGLION

OPHTHALMIC N.

GASSERIAN
GANGLION

(turned forward)

GREAT DEEP
PETROSAL N

TEMPORO-
MAXILLARV

ARTICULATION

SMALL DEEP
PETROSAL N

INFERIOR
CAROTICOTYMPAN C N.

MOTOR ROOT OF
CILIARY GANGLION
UPPER BRANCH
OF OCULOMOTOR
LOWER BRANCH
OF OCULOMOTOR

SYMPATHETIC ROOT OF
CILIARY GANGLION
OCULOMOTOR NERVE

OPHTHALMIC
ARTERY

HYPOPHYSIS

CAVERNOUS
PLEXUS

ABDUCENT NERVE

COMMUNICATING
BRANCH TO ABDUCENT NCRVS

INTERNAL
CAROTID
ARTERY

NTERNAL
CAROTID PLEXUI

INTERNAL
AROTIO BRANCH

OF SUPERIOR
CERVICAL GANGLION
SUPERIOR
CERV CAL
GANGLION

Fig. 788.—The cephalic portion of the sympathetic nerve system, seen obliquely from above and
behind. (Toldt.)

The filaments of connection with the ciliary ganglion (Fig. 735) arise from the

anterior part of the cavernous plexus and enter the orbit through the sphenoidal

fissure; they may join the nasal branch of the ophthalmic nerve or be continued

forward as a separate branch.

The terminal filaments from the carotid and cavernous plexuses are prolonged

along the internal carotid artery, forming plexuses which entwine around the

anterior and middle cerebral arteries and the ophthalmic artery; along the former

vessels they may be traced on to the pia; along he latter, into the orbit, where they

accompany each of the branches of the vescel. The filaments prolonged to the

anterior communicating artery connect the sympathetic nerves of the right and
left sides.

The so-called inferior branch of the superior cervical ganglion communicates
with the middle cervical ganglion.

The external branches are communicating, and consist of gray rami communi-
cantes to the upper four cervical nerves and to certain of the cranial nerves.

Sometimes the branch to the fourth cervical nerve may come from the cord
connecting the superior and middle cervical ganglia. The branches to the cranial

nerves consist of delicate filaments, which run to the ganglion of the trunk of
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the vagus, and to the hypoglossal nerve. A separate filament (nervus jugularis)

passes upward to the base of the skull, and subdivides to join the petrous ganglion

of the glossopharyngeal, and the
CAVERNOUS PLEXUSj

FIRST
CERVICAL
NERVE

SUP. MAXILLARY NERVE

SPHENOPALAriNE
GANGLION

EIGHTH
CERVICAL
NERVE

FIRST
THORACIC
NERVE

ganglion of the root of the vagus

in the jugular foramen.

The internal branches are fer-

ipheral, and consist of the pharyn-

geal and laryngeal branches, and
the superior cardiac nerve.

The pharyngeal branches (rami

pharyngei) (Fig. 787) pass in-

ward to the side of the pharynx,

where they join with branches

from the glossopharyngeal,

vagus, and external laryngeal

nerves to form the pharyngeal

plexus.

The laryngeal branches join

the superior laryngeal nerve and
its branches.

The superior cardiac nerve (».

cardiacus superior) (Figs. 787^

arises by two or more branches

from the superior cervical gan-

glion, 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, and
crosses in front of the inferior

thyroid artery and recurrent

laryngeal nerve.

The course of the nerves on
the two sides then differs. The right superior cardiac nerve, at the root of the

neck, passes either in front of or behind the subclavian artery, and along the in-

nominate artery, to the back part of the

arch of the aorta, where it joins the deep

cardiac plexus. It is connected with other

branches of the sympathetic; about the

middle of the neck it receives filaments

from the external laryngeal nerve; lower

down it obtains one or two twigs from the

vagus, and as it enters the thorax it is

joined by a filament from the recurrent

laryngeal. Filaments from the nerve com-
municate with the thyroid branches from

the middle cervical ganglion.

The left superior cardiac nerve, in the

thorax, runs by the side of the left common
carotid artery, and in front of the arch of the aorta to the superficial cardiac plexus.

The anterior branches (nn. carotid externi) (Fig. 789) ramify upon the external

carotid artery and its branches, forming around each a delicate plexus, on the

MIDDLE CERVICAL
GANGLION

\
MIDDLE CARDIAC

NERVE

11 LOWER CERVICAL
A. GANGLION

INFERIOR CARDIAC
NERVE

Fig. 789.—Diagram of the cervical sympathetic cord.
(Testut.)

MIDDLE CERVICAL GANGLION

SUBCLAVIAN LOOP

INFERIOR CERVICAL
GANQUON

\
Fig. 790.—The subclavian loop passing from the

middle to the inferior cervical ganglia.

I
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nerves composing which small ganglia are occasionally found. The plexuses

accompanying some of these arteries .have important communications with other

nerves. That surrounding the external carotid artery (plexus caroticus externus)

is connected with the branch of the facial nerve to the Stylohyoid muscle; that

surrounding the facial artery communicates with the submaxillary ganglion by

one or two filaments; and that accompanying the middle meningeal artery sends

an offshoot which passes to the otic ganglion and a second, the external superficial

petrosal nerve (Fig. 745), to the geniculate ggjiglion of the facial nerv^e.

The middle cervical ganglion (ganglion cervkale medium) (i^'igs, 787 and 789)

is the smallest of the three cervical ganglia, and is occasionally altogether wanting.

It is placed opposite the sixth cervical vertebra, usually upon, or close to, the

inferior th}Toid artery. It is probably formed by the coalescence of two ganglia

corresponding to the fifth and sixth cervical nerves.

It is joined by gray rami communicantes to the fifth and sixth cervical nerves.

It gives off the th\Toid and middle cardiac nerves.

The thyroid branches are small filaments which accompany the inferior thyroid

artery to the thyroid gland, forming the inferior thyroid plexus (plexus thyroideus

inferior); they communicate, on the artery, with the superior cardiac nerve, and,

in the gland, with branches from the recurrent and external laryngeal nerves.

The middle or great cardiac nerve (n. cardicLCUs medius) (Fig. 787), the largest

of the three cardiac nerves, arises from the middle cervical ganglion or from the

cord between the middle and inferior ^nglia. On the right side it descends behind

the common carotid artery, and at the root of the neck passes either in front of

or behind the subclavian artery; it then descends on the trachea, receives a few

filaments from the recurrent laryngeal nerve, and joins the right side of the deep

cardiac plexus. In the neck it communicates with the superior cardiac and re-

current laryngeal nerves. On the left side the middle cardiac nerve enters the

thorax between the left carotid and subclavian arteries, and joins the left side of

the deep cardiac plexus. If the middle cervical ganglion is absent, the above-

named branches arise from the gangliated cord.

The inferior cervical ganglion (ganglion cervicale inferius) (Figs. 787 and 789)

is situated between the base of the transverse process of the last cervical vertebra

and the neck of the first rib on the inner side of the superior intercostal artery.

Its form is irregular; it is larger in size than the preceding, and is frequently joined

to the first thoracic ganglion. It is probably formed by the coalescence of two
ganglia which correspond to the last two cervical nerves. It is connected to

the middle ganglion by two or more cords, one of which forms a loop around
the subclavian artery and supplies offshoots to it. This loop is named the ansa

suhclavii (Vieussenii).

The ganglion is joined to the seventh and eighth cervical and the first thoracic

nerves by gray rami communicantes.
It gives off the inferior cardiac nerve and offshoots to bloodvessels.

The inferior cardiac nerve (n. cardiacus inferior) arises from the inferior cervical

or first thoracic ganglion. It passes down behind the subclavian artery and along

the front of the trachea to join the deep cardiac plexus. It communicates freely

behind the subclavian artery with the recurrent laryngeal and middle cardiac

nerves.

The offshoots to bloodvessels accompany the vertebral artery, and form a plexus

around it; this plexus (plexiis vertehralis) supplies filaments to the vessel, and is

continued up the vertebral and basilar arteries to the cerebral and cerebellar

arteries.

Applied Anatomy.—The situation of the cervical sympathetic makes womids of it rare.

Thirteen cases of traumatic injury to the cerWcal svmpathetics were collected by Seeligmiiller.

In ten cases paralysis existed; in three, irritation. Tiunors of the neck may cause irritation or
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paralysis. In irritation of the sympathetic the corresponding side of the face becomes pale, the

pupildilates, the palpebral fissm-e widens, and the eyeball protrudes. In many cases there is

acceleration of the heart beats. In paralysis of the sympathetic the pupil contracts, the pal-

pebral fissure is narrowed by partial ptosis, the corresponding side of the face reddens, there is

an increase in the flow of tears, and recession of the eyeball.

The surgeon occasionally resects the sympathetic. Jonnesco recommends bilateral removal

of the superior cervical ganglia for glaucoma, and bilateral removal of all the cervical sympa-
thetic ganglia for epilepsy and for exophthalmic goitre. The results of resection do not appear
to justify the operation.

The Thoracic Portion (Pars Thoracalis) of the Gangliated Cord (Fig. 791).

The thoracic portion of the gangliated cord consists of a series of ganglia

which usually correspond in number to that of the vertebrae; but, from the occa-

THORACIC NERVES.
RAMI COMMUNICANTES'

INFERIOR CER-
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Fig. 791.—Plan of the right sympathetic cord and splanchnic nerves. (Testut.)

sional coalescence of two, their number is uncertain. The ganglia are placed
on each side of the spine, resting against the heads of the ribs, and are covered by
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the costal pleura; the last two ganglia are, however, anterior to the rest, being

placed on the side of the bodies of the eleventh and twelfth thoracic vertebrae. The
ganglia are small in size and of a grayish color. The first ganglion, larger than

the others, is of an elongated form and is frequently blended with the last cervical

ganglion. They are Connected by the intervening portions of the cord.

Two rami communicantes, one white and the other gray, connect each ganglion

with its corresponding spinal nerve.

The branches from the upper five ganglia are very small; they supply filaments

to the thoracic aorta and its branches, and to the bodies of the vertebrae and their

ligaments. Branches from the second, third, and fourth ganglia enter the posterior

pulmonary plexus.

The branches from the lower seven ganglia are large, and white in color; 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 splanchnic.

The great splanchnic nerve {n. splanchnicus major) is white in color, firm in

texture, and is formed by branches from the thoracic ganglia between the fifth or

sixth and the ninth or tenth; but the fibres in the higher roots may be traced

upward in the sympathetic cord as far as the first or second thoracic ganglion.

These roots unite to form a cord of considerable size. It descends obliquely

inward in front of the bodies of the ve tebrae along the posterior mediastinum,
perforates the crus of the Diaphragm, and terminates in the semilunar ganglion of

the solar plexus (Fig. 791), distributing filaments to the renal and suprarenal

plexuses. A ganglion (ganglion splanchnicum) exists on this nerve opposite the

eleventh or twelfth thoracic vertebra.

The lesser splanchnic nerve {n. splanchnicus minor) \s formed by filaments from
the tenth and eleventh ganglia, and from the cord between them. It pierces the

Diaphragm near or with the preceding nerve, and joins the aorticorenal ganglion
of the solar plexus (Fig. 791). It communicates in the thorax with the great

splanchnic nerve, and ends in the solar plexus.

The least splanchnic nerve (n. splanchniciis imus) arises from the last thoracic

ganglion, and, piercing the Diaphragm, terminates in the renal plexus. It occa-

sionally 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 thoracic ganglia, and are distributed to important organs in the

abdominal cavity.

The Lumbar Portion (Pars Lumbalis) of the Gangliated Cord (Fig. 787).

The lumbar portion of the gangliated cord is situated in front of the vertebral

column along the inner margin of the Psoas magnus. It consists usually of four
ganglia, connected together by interganglionic cords. It is continuous above with
the thoracic portion beneath the internal arcuate ligament of the Diaphragm,
and below with the sacral portion behind the common iliac artery. The ganglia
are of small size, and placed much nearer the median line than the thoracic ganglia.

Gray rami communicantes connect all the ganglia with the lumbar spinal

nerves. There may be two from each ganglion, but the arrangement is not so
uniform as in other regions. The first and second, and sometimes the third,

lumbar nerves send white rami communicantes to the upper two or three ganglia.

From the situation of the lumbar ganglia these branches are longer than in the
other regions. They accompany the lumbar arteries around the sides of the bodies
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of the vertebrae, passing beneath the fibrous arches from which some of the fibres

of the Psoas magniis arise.

Of the branches of distribution some branches pass inward, in front of the aorta,

and help to form the abdominal aortic plexus {plexus aorticus ahdommalis) (Fig.

787). Other branches descend in front of the common ihrfc arteries, and, joining

over the promontory of the sacrum, assist in forming the hypogastric plexus {plexus

hypogasirmis) (Fig. 787). Numerous dehcate filaments are also distributed to

the bodies of the vertebrae and the ligaments connecting them.

Pelvic Portion (Pars Pelvina) of the Gangliated Cord (Fig. 787).

The pelvic portion of the gangliated cord is situated in front of the sacrum

along the inner side of the anterior sacral foramina. It consists of four or five

small ganglia on each side, connected by interganglionic cords. Below, these

cords converge and unite on the front of the coccyx by means of a small ganglion,

the coccygeal ganglion or ganglion impar (ganglion coccygeum, impar) (Fig. 787).

Gray rami communicantes pass from the ganglia to the sacral and coccygeal

nerves. No white rami communicantes join this part of the gangliated cord^

but the visceral branches which arise from the third and fourth, and sometimes

from the second, sacral are regarded as homologous with white rami communi-
cantes

The branches of distribution 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, while others form a plexus which accompanies the

middle sacral artery, from which plexus filaments pass to the coccygeal gland.

THE GREAT PLEXUSES OF THE SYMPATHETIC SYSTEM.

The great plexuses of the sympathetic are the large aggregations of nerves

and ganglia, previously alluded to, situated in the thoracic, abdominal, and pelvic

cavities respectively, and named the cardiac, pulmonary, oesophageal, coeliac, and
hypogastric plexuses respectively. They consist not only of sympathetic fibres

derived from the ganglia, but also of fibres from the central nerve system which
are conveyed through the white rami communicantes. From them are derived

the branches which supply the viscera.

The Cardiac Plexus (Plexus Cardiacus) (Fig. 787).

The cardiac plexus is situated at the base of the heart, and is divided into a
superficial part, which lies in the concavity of the arch of the aorta, and a deep
part, which lies between the trachea and aorta. The two plexuses are, however,

closely connected.

The superficial 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 also the right) inferior cervical cardiac branches of the vagus,

and filaments from the deep cardiac plexus. A small ganglion, the cardiac ganglion

of Wrisberg (ganglion, cardiacum [Wrisbergi]) 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 gives branches to the deep cardiac

plexus beneath the arch of the aorta to the right or anterior coronary plexus and
to the left anterior pulmonary plexus.

The deep cardiac plexus is situated in front of the trachea at its bifurcation,
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above tlie point of division of the pulmonary artery and behind the aich 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 vagus.

The only cardiac nerves which do not enter into the formation of this plexus are

the left superior cardiac nerve and the inferior cervical cardiac branch from the

left vagus.

The ijranches from the right side of this plexus pass, some in front of, and others

liehind, the right pulmonary artery; the former, the more numerous, transmit

a few filaments to the anterior pulmonary plexus, and are then continued onward

to form part of the right coronary plexus; those behind the pulmonary artery dis-

tribute a few filaments to the right auricle, and are then continued onward to form

a part of the left coronary plexus.

The left side of the plexus is connected with the superficial cardiac plexus and
gives filaments to the left auricle of the heart, and to the anterior pulmonary
plexus, and is then continued to form tlie greater part of the left coronary plexus.

The left coronary plexus {plexus coronariiis posterior) is larger than the right,

and accompanies the left coronary artery; it is chiefly formed by filaments pro-

longed from the left side of the deep cardiac plexus,- and by a few from the right

side. It gives branches to the left auricle and ventricle.

The right coronary plexus (jplexus coronarius anterior) is formed partly from the

superficial and partly from the deep cardiac plexus. It accompanies the right

coronary artery, and gives branches to the right auricle and ventricle.

Although sympathetic filaments enter into the formation of the anterior and
posterior pulmonary and the oesophageal plexuses, these are usually regarded as

portions of the vagus nerve (p. 1007).

The Coeliac or Solar Plexus (Plexus Coeliacus) (Figs. 787, 792).

The coeliac or solar plexus supplies the viscera in the abdominal cavity. It

consists of a great network of nerves and ganglia, situated behind the pancreas

and the lesser peritoneal cavity and in front of the aorta and crura of the

Diaphragm. It surrounds the coeliac axis and root of the superior mesenteric

artery, extending downward as low as the pancreas and outward to the suprarenal

glands. This plexus, and the ganglia connected with it, receive the great, the small,

and the least splanchnic nerves of both sides, and some filaments from the right

vagus nerve. It distributes filaments wliich accompany, under the name of

plexuses, all the branches from the front of the abdominal aorta.

Of the ganglia of which the solar plexus is partly composed the principal

are the two semilunar ganglia (ganglia coeliaca) (Figs. 792 and 793), which are

situated one on each side of the plexus, and are the largest ganglia in the body.
They are large, irregular, gangliform masses formed by the aggregation of smaller

ganglia, having interspaces between them. They are situated in front of the

crura of the Diaphragm, close to the suprarenal glands; the one on the right

side lies beneath the inferior vena cava. The upper part of each ganglion is

joined by the great splanchnic nerve, and to the inner side of each the branches
of the solar plexus are connected. The lower portion of each semilunar ganglion
is detached, and is named the aorticorenal ganglion.

From the coeliac plexus are derived the following:

Phrenic or Diaphragmatic plexus. Gastric plexus.

Suprarenal plexus. Splenic plexus.

Renal plexus. Hepatic plexus.

Spermatic ) pip„.j- Superior mesenteric plexus.

Ovarian }
" ' ' ^ Aortic plexus.
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The Phrenic Plexus (plexus phrenicus) (Fig. 792) accompanies the inferior

phrenic artery to the Diaphragm, some filaments passing to the suprarenal gland.

It arises from the upper part of the semilunar ganglion, and is larger on the right

than on the left side. It receives one or two branches from the phrenic nerve.

At the point of junction with the phrenic nerve is a small ganglion, the phrenic

ganglion (ganglion phrenicum) (Fig. 793), which lies on the under surface of the

Diaphragm, near the right suprarenal. Its branches are distributed to the

inferior vena cava, suprarenal, and hepatic plexus. There is no phrenic ganglion

on the left side.
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Fig. 792.—The semilunar ganglia with the sympathetic plexuses of the abdominal ^•isce^a radiating from fl
the ganglia. (Toldt.)

The Suprarenal Plexus (plexus suprarenalis) (Fig. 792) is formed by branches
from the coeliac plexus, from the semilunar ganglion, and from the phrenic and
great splanchnic nerves, a ganglion being formed at the point of junction of the
latter nerve. It supplies the suprarenal gland, being chiefly distributed to its

medullary portion. The branches of this plexus are remarkable for their large
size in comparison with the size of the organ they supply.
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The Renal Plexus {plexus renalis) (Figs, 792 and 793) is formed by filaments

from the coeHac plexus, the lower part of the semilunar ganglion (aorticorenal

ganglion) and the aortic plexus. It is also joined by the least splanchnic
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Common iliac artery.

Fia, 793.—Lumbar portion of the gangliated cord, with the coeliac and hypogastric plexuses. (After Henle.)
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nerve. The nerves from these sources, fifteen or twenty in number, have numerous
ganglia developed upon them. They accompany the branches of the renal

artery into the kidney, some filaments on the right side being distributed to the

inferior vena cava, and others, on both sides, to the spermatic plexuses.

The Spermatic Plexus {plexus spermaticus) (Fig. 792) is derived from the renal

plexus, receiving branches from the aortic plexus. It accompanies the spermatic

vessels to the testis.

In the female the ovaxian plexus {plexus arteriae ovaricae) arises like the sper-

matic plexus, and is distributed to the ovaries. Fallopian tubes, and fundus of the

uterus.

The Gastric or Coronary Plexus {plexus gastricus superior) (Fig. 792) accompa-
nies the gastric artery along the lesser curvature of the stomach, and joins with

branches from the left vagus nerve.

The Splenic Plexus {plexus lienalis) (Fig. 792) is formed by branches from the

coeliac plexus, the left semilunar ganglion, and from the right vagus nerve. It

accompanies the splenic artery and its branches to the substance of the spleen,

giving off, in its course, filaments to the pancreas, the pancreatic plexus, and the

left gastroepiploic plexus, which accompanies the left gastroepiploic artery along

the greater curvature of the stomach.

The Hepatic Plexus {plexus hepaticus) (Fig. 792), the largest offshoot from the

cceliac plexus, receives filaments from the left vagus and right phrenic nerves.

It accompanies the hepatic artery, ramifying in the substance of the liver upon
the branches of the portal vein within the substance of the liver.

Branches from this plexus accompany all the divisions of the hepatic artery.

Thus, there is a pyloric plexus accompanying the pyloric branch of the hepatic,

which joins with the gastric plexus and vagi nerves. There is also a gastro-

duodenal plexus, which subdivides into the pancreaticoduodenal plexus, which
accompanies the pancreaticoduodenal artery, to supply the pancreas and duo-

denum, joining with branches from the mesenteric plexus. The gastroepiploic

plexus, which accompanies the right gastroepiploic artery along the greater

curvature of the stomach, and which is said to anastomose with branches from

the splenic plexus, is in reality derived from the splenic plexus. A cystic plexus,

which supplies the gall-bladder, also arises from the hepatic plexus near the liver.

The Superior Mesenteric Plexus {plexus mesentericus superior) (Fig. 792) is a

continuation of the lower part of the great solar plexus, receiving a branch from the

junction of the right vagus 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 parts supplied by the

artery—^viz., pancreatic branches to the pancreas; intestinal branches, which supply

the whole of the small intestine ; and ileocolic, right colic, and middle colic branches,

which supply the corresponding parts of the large intestine. The nerves composing
this plexus are white in color and firm in texture; in the upper part of the plexus

close to the origin of the superior mesenteric artery is a ganglion {ganglion mesen-

tericum superius).

The Abdominal Aortic Plexus {plexus aorticus abdominalis) (Figs. 792 and 793)

is formed by branches derived, on either side, from the coeliac plexus, receiving

filaments from some of the lumbar ganglia. It is situated upon the sides and front

of the aorta, between the origins of the superior and inferior mesenteric arteries.

From this plexus arise part of the spermatic, the inferior mesenteric, and the hypo-

gastric plexuses; it also distributes filaments to the inferior vena cava.

The Inferior Mesenteric Plexus {plexus mesentericus inferior) (Fig, 792) 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

J
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supply the descending and sigmoid flexure of the colon; and the superior hemor-

rhoidal plex\is {plexus hevurrrhoidalis superior), which supplies the upper part

of the rectum and joins in the pelvis with branches from the pelvic plexus.

The Hypogastric Plexus ^Plexus Hypogastricus) (Figs. 787, 793).

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 abdominal aortic plexus and from the lumbar ganglia. This plexus con-

tains no evident ganglia; it bifurcates, below, into two lateral portions, right and
left, which form the pelvic plexuses.

The Pelvic Plexuses.

The pelvic plexuses supply the viscera of the pelvic cavity, and are situated at

the side of the rectum in the male, and at the sides of the rectum and vagina

in the female. They are formed by a continuation of the hypogastric plexus, by
the visceral branches from the second, third, and fourth sacral nerves, and by a

few filaments from the first two sacral ganglia. At the points of junction of

these nerves small ganglia are found. From these plexuses numerous branches

are distributed to the rectum and bladder in the male, and to the rectum, bladder,

uterus, and vagina in the female. They accompany the branches of the internal

iliac artery. These secondary plexuses are (1) the inferior hemorrhoidal, (2)

vesical, (3) prostatic, (4) vaginal, and (5) uterine plexuses.

The tiferior Hemorrhoidal Plexus (plexus haemorrhoidalis inferior) arises from

the upper part of the pelvic plexus. It supplies the rectum, joining with branches

of the superior hemorrhoidal plexus.

The Vesical Plexus (plexus vesicalis) arises from the fore part of the pelvic

plexus. The nerves composing it are numerous, and contain a large proportion

of spinal nerve fibres. They accompany the vesical arteries, and are distributed

to the side and base of the bladder. Numerous filaments also pass to the vesiculae

seminales and vasa deferentia; those accompanying the vas deferens join, on the

spermatic cord, with branches from the spermatic plexus.

The Prostatic Plexus (plexus prostaticus) 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, seminal vesicles, and erectile tissue of the penis. The
nerves supplying the erectile tissue 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 forward beneath the pubic arch.

The small cavernous nerves (nn. cavernosi penis minores) perforate the fibrous

covering of the penis, near its root.

The large cavernous nerve (n. cavernosiis penis major) passes forward along the

dorsum of the penis, joins with the dorsal nerve of the penis, and is distributed

to the corpora cavernosa and corpus spongiosum.

The uterine and vaginal plexuses in reality constitute one plexus, the utero-

vaginal plexus (plexus uterovaginalis).

The Vaginal Plexus arises from the lower part of the pelvic plexus. It is dis-

tributed to the walls of the vagina, to the erectile tissue of the vestibule, and to the

clitoris. The nerves composing this plexus contain, like the vesical, a large

proportion of spinal nerve fibres.

The Uterine Plexus accompanies the uterine artery to the side of the uterus

between the layers of the broad ligament; it communicates with the ovarian plexus.
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THE organs of the senses (organa sensuum) are five in number—those of

smell, sight, hearing, taste, and touch.

THE NOSE.

The nose is the peripheral portion of the organ of smell {organon olfactus); by

means of the peculiar properties of its nerves it protects the lungs from the inhala-

tion of deleterious gases and assists the organ of taste in discriminating the prop-

erties of food. The organ of smell consists of two parts—one external, the outer

nose, which projects from the centre of the face, and an internal, the cavum nasi,

which is divided by a septum into the right and left nasal fossae.

THE OUTER NOSE (NASUS EXTERNUS).

The outer nose is the more anterior and prominent part of the organ of smell.

Of a pyramidal form, it is directed downward, and projects from the centre of

the face immediately above the upper lip. Its root (radix na^i) is connected

directly with the forehead. Its base (basis nasi) presents two elliptical orifices,

the nostrils or anterior nares (nares), separated from each otlier by an antero-

posterior septum, the colunma (septum mobile nasi). The margins of the nostrils

are pro\'ided with a number of stiff hairs or vibrissae, which arrest the passage

of foreign substances carried with the current of air intended for respiration.

The point (apex nasi) is the free extremity of the nose. The lateral surfaces of

the nose form, by their union in the middle line, the dorsum (dorsum nasi), the

direction of which varies considerably in different individuals. The portion

of the dorsum over the nasal bones is the bridge. Each lateral surface terminates

below in a rounded eminence, the wing or ala nasi, which, by its lower margin

(margo nasi), forms the outer boundary of the corresponding nostril. Above the

ala is a depression, the alar sulcus.

Structure.—^The nose is comjwsed of a framework of bones and cartilages, the latter being

slightly acted upon by certain muscles. It is covered externally by the integument, internally

by mucous membrane, and is supplied with vessels and nerves.

The bony framework occupies the upper part of the organ; it consists of the nasal bones and

the nasal processes of the maxillaB (pp. 99 and 104).

The cartilaginous framework {cartilagiiies nasi) (Figs. 794 and 795) consists of five pieces

—

the two upper and the two lower lateral cartilages and the cartilage of the septum.
The upper lateral cartilage {cariilago nasi lateralis) of each side is situated below the free

margin of the nasal bone and is flat and triangular in shape. Its anterior margin is thicker than
the posterior, and continuous above with the cartilage of the septiun. Its posterior margin is

attached to the nasal process of the maxilla. Its inferior margin is connected by fibrous tissue

with the lower lateral cartilage; one surface is turned outward, the other* inward toward the

nasal cavity.

The lower lateral cartilage (cartilago alaris major) is a thin, flexible plate situated immediately
below the preceding, and bent upon itself in such a manner as to form the inner and outer walls

of the orifice of the nostril. The portion which forms the inner wall {cms mediale), thicker

than the rest, is loosely connected with the corresponding portion of the opposite cartilage to

(1079)
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form a small part of the columna. Its inferior border, free, rounded, and projecting, forms,

with the thickened integument and subjacent tissue and the-corresponding parts of the opposite

side, the mobile septum. The part of the cartilage which forms the outer wall {cms laterale) is

Seen from below. Side view.

Lower lateral cartilage.

Sesamoid tartilages.

Figs. 794 and 795.—Cartilages of the nose.

curved to correspond with the ala of the nose; it is oval and flattened, narrow behind, where it

is connected with the nasal process of the maxilla by a tough fibrous membrane, in which are

found three or four small cartilaginous plates, the sesamoid or lesser alar cartilages {cartilagines

dares minores). Above, it is connected by fibrous tissue to the upper lateral cartilage and front

Eart of the cartilage of the septum; below, it falls shprt of the margin of the nostril; the ala

eing completed by dense cellular tissue covered by skin. In front the lower lateral cartilages

are separated by a notch which corresponds Avith the point of the nose.

The cartilage of the septum (cartilago

septi nasi) (Figs. 794 and 796) is somewhat
quadrilateral in form, thicker at its margins

than at its centre, and completes the sepa-

ration between the nasal fossae in front. Its

anterior margin, thickest above, is connected

with the nasal bones, and is continuous with

the anterior margins of the two upper lateral

cartilages. Below, it is connected to the

inner portions of the lower lateral cartilages

by fibrous tissue. Its posterior margin is

connected with the perpendicular lamella of

the ethmoid; its inferior margin with the

vomer and the palate processes of the max-
illse (Fig. 796).

It may be prolonged backward (especially

in children) for some distance between the

vomer and perpendicular plate of the eth-

moid, forming what is termed the sphenoidal

process (processus sphenoidalis septi cartila-

ginei). The septal cartilage does not reach

as far as the lower part of the nasal septum.

This ift formed by the thinnest portions of the

lower lateral cartilages and by the skin; it is freely movable, and hence is termed the mobile

septtmi.

Along the lower margin of the anterior half of the cartilage of the septum is another cartilage

which is attached to the vomer and is known as the vomerine cartilage, or cartilage of Jacobson

(cartilago vomeronasalis).

These various cartilages are connected to each other and to the bones by a tough fibrous

membrane, which allows the utmost facility of movement between them.

The muscles of the nose are situated beneath the integument; they are (on each side) the

Pyramidalis nasi, the Levator labii superiores alaeque nasi, the Dilatator naris, anterior and pos-

i

Ftg. 796.—Bones and cartilage of septum of the nose.

Right side.
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terior, the Compressor nasi, the Compressor narium minor, and the Depressor alae nasi. They

have been previously described (p. 372).

The integument covering the dorsum and the .sides of the nose is thin, and loosely connected

with the subjacent parts; but the integument of the tip and the alae of the nose is thicker and

more firmly adherent, and is furnished with a large number of sebaceous follicles, the orifices of

which are usually very distinct.

The mucous membrane lining the interior of the nose is continuous with the skin- externally

and with the mucous membrane which fines the nasal fossae within.

The arteries of the nose are the lateralis nasi from the facial, and the inferior artery of the

septum from the superior coronary, which su])ply the alae and septum, the sides and dorsum being

supplied from the nasal branch of the ophthalmic and the infraorbital. The veins of the nose

terminate in the facial and ophthalmic. The lymphatics of the outer nose are shown in Fig.

557. They empty chiefly into the submaxillary lymph nodes. The nerves for the muscles of

the nose are derived frorn the facial, while the skin receives its branches from the infraorbital,

infratrochlear, and nasal branches of the ophthalmic.

THE NASAL FOSS-ffl (CAVUM NASI).

The nasal fos-sse are two irregular cavities situated in the middle of the face,

one on each side of the mesal plane. They open in front, when the soft parts

are in place, by the two nostrils or anterior nares, and terminate, behind, in the

nasopharyiLx by the posterior nares.

Hecessus spheno-ethmoidalis

Orifice of Eustachian tube Fossa of
JRoaenmiiller

Fig. 797.—Outer waU of nasal fossa.

The anterior nares (nares) are somewhat pear-shaped apertures, each measur-
ing about one inch (2,5 cm.) antero-posteriorly and half an inch (1.2 cm.) trans-

versely at their widest part. The nasal fossae in the dry skull open in front by
the anterior nasal aperture {apertnra pyriformis)

.

The posterior nares (cJwanae) are two oval openings, which are smaller in the
living or recent subject than in the skeleton, because they are narrowed by the



1082 THE ORGANS OF SPECIAL SENSE

mucous membrane. Each measures an inch (2.5 cm.) in the vertical and half

an inch (1.2 cm.) in the transverse direction in a well-developed adult skull.

For the description of the bony boundaries of the nasal fossae see page 138.

Inside the aperture of the nostril is a slight dilatation, the vestibule (vestibulum

nasi), which extends as a small pouch, the ventricle, toward the point of the nose.

Above and behind the vestibule is surrounded by a prominence {limen nasi).

Below the prominence the vestibule is lined with skin; above and behind it the

fossa is lined with mucous membrane. The fossa, above and behind the vesti-

bule, has been divided into two parts—an olfactory portion (jegio olfactoria), a slit-

OPENINGS OF POSTERIOR
ETHMOIDAL CELLS

SPHENOIDAL
SINUS

I

Fig. 798.—External wall of right nasal fossa, parts of the turbinates having been cut away to show the orifices of

the sinuses which open into the meatuses. (Testut.)

like cavity, comprising the upper and central part of the septum and the superior

turbinated process, and a respiratory portion {regio respiratoria) , which comprises

the rest of the fossa.

The Outer Wall (Figs. 797 and 798),—The superior, middle, and inferior meati

(meatus nasi superior, medium, and inferior) are described on page 141. The
sphenoidal air sinus opens into the sphenoethmoidal recess {recessus sphenoeth-

moidalis), a narrow recess above the superior turbinated process (Fig. 798).

The posterior ethmoidal cells open into the front and upper part of the superior

meatus (Fig. 797). Where the middle turbinated process joins the nasal process of

the maxilla there is often an elevation, agger nasi, presumably a representative of

another turbinate. On raising or cutting away the middle turbinated process

the outer wall of the middle meatus is fully exposed (Figs. 798 and 799) and pre-

sents (1) a rounded elevation, termed the bulla ethmoidalis, opening on or immedi-

ately above which are the orifices of the middle ethmoidal cells; (2) a deep, narrow,

curved groove, in front of the bulla ethmoidalis, termed the hiatus semilunaris,

into which the anterior ethmoidal cells and the maxillary sinus open, the orifice

of the latter being placed near the level of its roof. The middle meatus is pro-

longed, above and in front, into the infundibulum, which leads into the frontal

sinus. The anterior extremity of the meatus is continued into a depressed area

which lies above the vestibule and is named the atrium (atrium meatus medii nasi).
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The nasal duct opens into the anterior part of the inferior meatus, the opening

being frequently overiapped by a fold of mucous membrane.^

The Inner Wall (Fig. 799).—The inner wall or septum is frequently more or

less deflected from the mesal plane (Fig. 799), thus limiting the size of one fossa

and increasing that of the other. Ridges or spurs of bone growing outward from

the septum are also sometimes present. Immediately over the incisive foramen

at the lower edge of the cartilage of the septum a depression, the nasopalatine

recess (recessiis nasopalatinus) , may be seen. In the septum close to this recess

a minute orifice may be discerned; it leads into a blind pouch, the rudimentary

organ of Jacobson (organon wmeronasale) , which is well developed in some of the

lower animals, but is rudimentary in man. The organ is supported by a plate

Eye-baa

Oroove (hicUus semilunaris)
leading to infundibtUutn

Middle turbinated vrocets

Middle meatus

Antrum of Highmore
Inferior meatus

Turbinated bone

{Buccal cavity
Space between cheek and gum
Molar tooth, upperjaw

Hoot of molar tooth

Inferior dental nerve

Tongue 1 Hard palate

Nasal
septum

Fio. 799.— Transverse vertical section of the nasal fossse. The section is made anterior to the superior turbinated
processes. (.Cryer.)

of cartilage, distinct from the cartilage of the septum, the cartilage of Jacobson

(p. 1080). The cartilage of Jacobson is to the outer side of the lower edge of

the cartilage of the septum. Just below the opening of the blind pouch is an ele-

vation, the eminence of Jacobson.

The Mucous Membrane (membrana mucosa nasi).—The mucous membrane lining

the nasal fossse is sometimes called the Schneiderian membrane.^ It is closely

adherent to the periosteum or perichondrium, upon which it lies. It is continuous

externally with the skin through the anterior nares, and with the mucous mem-
brane of the nasophar\Tix through the posterior nares. From the nasal fossse

its continuity may be traced with the conjunctiva through the nasal duct and
lacrimal canals; with the lining membrane of the t\Tnpanum and mastoid cells

•J. p. Schaeffer: "Tj-pes of Ostia Xasolacrimalia, etc.," .\mer. Jour, of Anat., vol. xiil. No. 2, 1912.
2 After Conrad Victor Schneider (,1614-1680;, Professor of Anatomy at Wittemberg.
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through the Eustachian tube; and with the frontal, ethmoidal, and sphenoidal

sinuses, and the maxillary sinus through the several openings in the meatuses. The

mucous membrane is thickest and most vascular over the turbinated processes and

bone. 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 it

is thin and pale.

Owing to the great

thickness of this mem-
1 )rane, the nasal fossse

ire much narrower,

and the turbinated

processes and bones

appear larger and
more prominent than

in the dried skull.

From the same cir-

cumstance, also, the

A arious apertures com-
municating with the

meatuses are consid-

FlG. 800.—Vertical section through the mucous membrane ol me regio oltactoria of gpablv UarrOWcd.
a rabbit. X 360. ''

Structure of the Mucous Membrane (Figs. 800 and 801).—The epithelium covering the

mucous membrane differs in its character according to the functions of the part of the nose

in which it is found. In the respiratory portion of the nasal cavity the epithelium is columnar

and ciliated, which is also the type found in the accessory sinuses, with the exception of the

maxillary, where the epithelium is of the

simple polygonal variety. Interspersed

among the columnar ciliated cells are gob-

let or mucin cells, while between their bases

are found smaller pyramidal cells. In this

region, beneath the epithelium and its base-

ment membrane, is a fibrous layer infil-

trated with leukocytes, so as to form in

many parts diffuse lymphoid tissue, which
is particularly plentiful in children ; beneath

this is a nearly continuous layer of smaller

and larger glands, some mucous and some
serous, the ducts of which open upon the

surface, In the respiratory portion of the

mucous membrane there is an extensive

anastomosing plexus of veins, which in some
regions forms a distinct cavernous tissue

{plexus cavernosus concharum). The cav-

ernous tissue is particularly distinct over the inferior turbinated bones. In the olfactory

region the mucous membrane is yellowish in color and the epithelial cells are columnar and
non-ciliated; they are of two kinds, supporting cells and olfactory cells.

The supporting cells are irregular pigmented elements that contain oval nuclei, situated in

the deeper parts of the cells; the free surface of each cell presents a sharp outline, and its deep

extremity is prolonged into a process which runs inward, branching to communicate with similar

processes from neighboring cells, so as to form a network in the deep part of the mucous mem-
brane. Lying between these central processes of the supporting cells are a large number of

spindle-shaped cells, the olfactory cells, which consist of a large spherical nucleus surrounded
by a small amount of granular protoplasm, and possessing two processes, of which one runs

outward between the columnar epithelial cells, and projects on the surface of the mucous mem-
brane as a fine, hair-like process, the olfactory hair; the other or deep process runs inward, is

frequently beaded, and is continuous with one of the filaments of the olfactory nerves. Beneath
the epithelium, extending through the thickness of the mucous membrane, is a layer of tubular.

Supporting cell

Bipolar
—olfactory

cell

Fig. 801.—From a vertical section through the mucous
membrane of the regio olfactoria of a quite young dog. Gol-
gi's method. X 450. (Szymonowitz.)
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often branched, glands, the glands of Bowman (glandulae olfactoriae), identical in structure with

serous glands.

The accessory spaces, sphenoidal, frontal, maxillary, sinuses, and ethmoidal cells are lined

by an extension of the nasal mucosa. The mucosa is thin, and consists of stratified ciliated and

goblet cells upon a basement membrane and supported by a thin fibroelastic tunica propria.

The glands are few in number and racemose in structure.

The arteries of the nasal fossae are the anterior and posterior ethmoidal, from the ophthalmic,

which supply the ethmoidal cells, frontal sinuses, and roof of the nose; the sphenopalatine,

from the internal maxillary, which supplies the mucous membrane covering the spongy' bones,

the meatuses, and septum; the inferior artery of the septum, from the su|)erior coronary of the

facial; and the infraorbital and alveolar branches of the internal maxillary, which supply 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 fossae form a close, cavernous-like network beneath the mucous mem-
brane. This cavernous appearance is especially well marked over the lower part of the septum

and over the middle turbinated process and inferior tiu*binated bones. Some of the veins pass,

with those accompanying the sphenopalatine arterv, through the sphenopalatine foramen; and

others, through the alveolar branch, to join the facial vein; some accompany the ethmoidal

arteries, and terminate in the ophthalmic vein; and, lastl\', a few communicate with the veins in

the interior of the skull, through the foramina in the cribriform plate of the ethmoid bone, and

the foramen cecum.

The l3anphatics have already been described (p. 777).

The nerves of ordinary sensation are the nasal branch of the ophthalmic, filaments from the

anterior dental branch of the superior maxillary, the Vidian, the nasopalatine, the large or

anterior palatine, and nasal branches of the sphenopalatine ganglion. The nasal branch of the

ophthalmic division of the trigeminal nerve distributes filaments to the fore part of the septum

and outer wall of the nasal fossae. Filamentsfrom the anterior dental branch of the superior nuur-

illary supply the inferior meatus and inferior turbinated bone. The Vidian nerve supplies the

upper and back part of the septum and superior turbinated process, and theupper anterior nasal

branches from the sphenopalatine ganglion have a similar distribution. The nasopalatine

nerve supplies the middle of the septum. The larger or anterior palatine nerve supplies the

lower nasal branches to the middle turbinated process and the tiu^binated bone. The
olfactory neives, the special nerves of the. sense of smell, are distributed to the olfactory region,

and have been already referred to (p. 973).

Applied Anatomy.—Instances of congenital deformity of the nose are occasionally met with,

such as complete absence of the nose, an aperture only being present; or perfect development

on one side, and suppression or malformation on the other; or there may be imperfect apposi-

tion of the nasal bones, so that the nose presents a median cleft or furrow. Deformities which
have been acquired are much more common, such as flattening of the nose {saddle nose), the result

of syphilitic necrosis, imperfect development of the nasal bones in cases of congenital syphilis, or

a lateral deviation of the nose may result from fracture.

The skin over the alie and tip of the nose is thick and closely adherent to subjacent parts.

Inflammation of this part is therefore very painfid, on account of the tension. The skin is largely

supplied with blood, and the circulation here being terminal, vascular engorgement is liable to

occur, especially in women at the menopause and in both sexes from disorders of digestion, ex-

posiu-e to cold, etc. The skin of the nose also contjiins a large number of sebaceous glands, and
these, as a result of intemperance, are apt to become affected, and the nose becomes reddened,

congested, and irregularly swollen. To this condition the term grog blossom is popularly applied.

In some of these cases there is enormous h\-pertrophy of the skin and subcutaneous tissues, pro-

ducing pendulous masses, termed lipomata nasi. Ordinary epithelioma and rodent idcer may
attack the nose, the latter being the more common of the two. Lupus and syphilitic idceraiion

frefiuently attack the nose, and may destroy the whole of the cartilaginous portion. In fact,

lupus vulgaris begins more frequently on the ala of the nose than in any other situation.

Cases of congenital occlusion of one or both nostrils, or adhesion between the ala and septum
may occiu-, and may require immediate operation, since the obstruction much interferes with
nursing. Bony closiu-e of the posterior nares may also occur.

To examine the nas<d cavities, the head should be thrown back and the nose drawn upward,
the parts being dilated by some form of speculum. The posterior nares can be explored by the

aid of reflected light from the mouth, by which the posterior nares can be illuminated. The
examination is very difficult to carry out, and, as a rule, suflBcient information regarding the

presence of foreign bodies or tumors in the nasopharynx can be obtained by the introduction

of the finger behind the soft palate through the mouth. The septum of the nose is sometimes dis-

placed or deviates from the middle line; this may be the result of an injurv or some congenital

defect in its development; in the latter case the delation usually occurs along the line of union
of the vomer and mesethmoid, and rarely occurs before the seventh year. Sometimes the de\"ia-

tion may be so great that the septum may come in contact with the outer wall of the nasal fossa,

and may even become adherent to it, thus producing complete obstruction. Perforation of the
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septum is not an uncommon affection and may arise from several causes—syphilitic or tubercu-

lous ulceration, blood tumor or abscess of the septum, and especially in workmen exposed to the

vapor of bichromate of potash, from the irritating and corrosive action of its fumes. When
small, the perforation may cause a peculiar whisthng sound during respiration. When large,

it may lead to the falling in of the bridge of the nose.

Epistaxu is a very common affection in children. It is rarely of much consequence, and will

almost always subside, but in the more violent hemorrhages of later life it may be necessary

to plug the posterior nares. In performing this operation it is desirable to remember the size

of the posterior nares. A ready method of regulating the size of the plug to fit the opening

is to make it of the same size as the terminal phalanx of the thumb of the patient to be operated on.

Foreign bodies, such as boot buttons, are frequently inserted into the nostrils by children, and
require some care in their removal, as unskilled attempts only result in pushing the foreign body
farther into the nasal fossa. Bodies which remain in the nose any length of time are apt to

set up an ulceration of the mucosa, which may spread to the bone; a unilateral nasal discharge

in a child is always suggestive of the presence of a foreign body. A foreign body is best

removed under anesthesia, placing the left forefinger in the nasopharynx to prevent the passage

of the body into the air-passages, and then removing the foreign body through the anterior naris

by a suitable scoop or forceps manipulated by the right hand.

Nasal folypus is a very common disease, and ]iresents itself in three forms—the gelatinous,

the fibrous, and the malignant. The first is by far the most common. It grows from the mucous
membrane of the outer wall of the nasal fossa, where there is an abundant layer of highly vas-

cular submucous tissue; rarely from the septum, where the mucous membrane is closely adher-

ent to the cartilage and bone, without the intervention of much, if any, submucous tissue. The
most common seat of gelatinous polyps is probably the middle turbinated process. The fibrous

polypus generally grows from the base of the skull behind the posterior nares or from the roof

of the nasal fossiP. The malignant polyjji, both sarcomatous and carcinomatous, may arise

in the nasal cavities and the nasopharynx; or they may originate in the antrum, and protrude

through its inner wall into the nasal fossa.

Rhinoliths or nose-stones may sometimes be found in the nasal cavities. They arise from
the deposition of phosphate of lime upon either a foreign body or a piece of inspissated secretion.

The nasal passages furnish a secretion of their own and receive secretion from other parts

(tears and secretions of the accessory sinuses). The nasal cavities contain the ethmoidal laby-

rinths, the lateral masses of the ethmoid (which form the superior and middle turbinated

processes), and the inferior turbinated bones. The nasal cavity is surrounded by four pairs of

pneumatic spaces, the accessory sinuses. These are the maxillary sinuses (p. 103), the fron-

tal sinuses (p. 79), the sphenoidal sinuses (p. 99), and the cells of the ethmoidal labyrinth (p.

97). The lacrimal duct opens into the inferior meatus Inflammation of the air-cells may fol-

low inflammation of the nasal mucous membrane or bone disease One set of cells or many
may suffer. Suppuration may occur; pus may be retained ; death of bone may ensue. The most
serious conditions may follow (abscess of brain, sinus tlirombosis, septicemia), and an oi^eration

is necessary to obtain relief.

THE EYE.

The eyeball or globe (bulhus oculi) (Figs. 802 and 804) is contained in the ante-

rior part of the cavity of the orbit. In this situation it is securely protected from
injury, while its position is such as to insure the most extensive range of sight.

It is acted upon by numerous muscles, by which it is capable of being directed

to different parts; it is supplied by vessels and nerves, and is additionally pro-

tected in front by the orbital margins, eyelids, etc.

The eyeball is embedded in the fat of the orbit, but is partly surrounded by
A thin membranous sac, the capsule of T^non, which isolates it, so as to allow of

free movement.
The Capsule of T^non (fascia hulbi [Te7io?ii]) (Figs. 802 and 803) consists

of a thin membrane which envelops the eyeball from the optic nerve to the ciliary

region, separating it from the orbital fat and forming a socket in which it plays.

Its inner surface is smooth, and is in contact with the outer surface of the sclera,

the periscleral or suprascleral lymph space only intervening. This lymph space

is continuous with the subdural and subarachnoid spaces, and is traversed by
delicate bands of connective tissue which extend between the capsule and the

sclera. This lymph space forms a flexible pocket, in which the globe rotates.

The capsule is perforated behind by the ciliary vessels and nerves and by the

optic nerve, being continuous with the sheath of the latter. In front it blends with
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the ocular conjunctiva, and with it is attached to the ciliary region of the eyeball.
It is perforated by the ocular muscles, and is reflected backward on each as a
tubular sheath. The sheath of the Superior oblique is carried as far as the fibrous

supcRion
TARSAL
MUSCLt

OPTIC MCRVE—

INFERIOR
TARSAL
MUSCLC

Fig. 802.-The right eye in sagittal section, showing the capsule of T6non (semidiagrammatic). (Testut.)

pulley of that muscle; that on the
Inferior oblique reaches as far as the
floor of the orbit, to which it gives
ofl' a slip. The sheaths on the Recti
are gradually lost in the epimysium,
but they give off important expan-
sions. The expansion from the
Superior rectus blends with the ten-
don of the Levator palpebrae; that
of the Inferior rectus is attached to
the inferior tarsal plate. These two
Recti, therefore, will exercise some
influence on the movements of the
eyelids. The expansions from the
sheaths of the Internal and External
recti are strong, especially the one
from the latter muscle, and are at-
tached to the lacrimal and malar
bones respectively. As they probably
check the action of these two Recti,
they have been named the internal
and external check ligaments

Fig. 803. --The capsule of Tdnon. The aponeurosis isseen from behind forward on the posterior hemisphere ofthe globe a. Cellulofibrous intermuscular lamina. 6. Deep
leaf of the sheath incised at the point where it leaves themuscle to fold itself on the posterior hemisphere when
it forms the posterior capsule, d. Partly incised cserous membrane. (Poirier and Charpy )

Lockwood has also described a thickening of the lower part of the capsule ofl6non which he has named the suspensory ligament of the eye. It is slung like a
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hammock below the eyeball, being expanded in the centre, and narrow at its

extremities, which are attached to the malar and lacrimal bones respectively.'

The anterior one-third of the globe is covered by the conjunctiva, or mucous

membrane, reflected from the inner surfaces of the lids (Fig. 805) . A lateral view

of the globe shows that it is composed of segments of two spheres of different sizes

(Figs. 804 and 805). The anterior segment is one of a small sphere, and forms

about one-sixth of the eyeball. It is more prominent than the posterior seg-

ment, which is one of a much larger sphere, and forms about five-sixths of the globe.

Between the small, anterior or corneal segment and the large, posterior or scleral

segment is a shallow and narrow groove, the scleral sulcus (sulcus sclerae). The
anterior pole is the centre of the anterior portion of the cornea. The posterior

pole is the centre of the posterior portion of the sclera. A straight line joining

POSTERIOR CHAMBER
OF EYE

CILIARY
PROCESS

PARS CILIARIS
RETINAE

ORA SERRATA

PARS OPTICA
RETINjC

these two poles is the sagittal or optic axis (axis optica) (Fig. 804). A line drawn
around the eyeball equally distant at all points from the two poles is called the

equator (Fig, 804). The plane of the equator divides the globe in an anterior

and a posterior hemisphere. The visual axis (linea visus) (Fig. 804) passes in a

straight line from the first nodal point on the cornea to the fovea centralis of the

yellow spot on the retina. A nodal point is the point of intersection of convergent

rays with the visual axis. The first nodal point is 6.9685 mm. behind the summit
of the cornea. The axes of the eyeballs are nearly parallel to the mesal plane,

and therefore do not correspond to the axes of the orbits, which are inclined to this

plane, forming with it an anterior angle of about 30 degrees. The optic nerves

• See a paper by C. B. Lockwood, Journal of Anatomy and Physiology, vol. xx, part i, p. 1.

I
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follow the direction of the axes of the orbits and are therefore not parallel , each
nerve either leaves or connects with its eyeball about 1 mm. below and 3 mm,
to the inner or nasal side of the posterior pole (Fig. 804). The eyeball measures
rather more in its transverse and antero-posterior diameters than in its vertical

diameter, the former amounting to about 24 mm. (nearly an inch), the latter to

about 23.5 mm. (nine-tenths of an inch). The diameters in the female are some-
what less than in the male. At birth the eyeball has a transverse diameter of

about 17.0 mm., while at puberty it measures from 20 to 21 mm.
The eyeball is composed of three investing tunics and of three main refracting

media.

POSTERIOR CHAMBER

Fig. 805.—Diagram of a hoiizontal section of the right ej'e, showing the upper surface of the lower
segment. (Testut.)

THE TUNICS OF THE EYE.

From without inward the three tunics are:

I. Sclera and Cornea.

II. Choroid, Ciliary Body, and Iris.

III. Retina.

I. The Sclera and Cornea (Tunica Fibrosa Oculi).

The sclera and cornea (Figs. 805 and 806) form the external tunic of the eyeball;
they are essentially fibrous in structure, the sclera being opaque, and forming
the posterior five-sLxths of the globe: the cornea, which forms the remaining sixth,
is transparent.

69
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The Sclera ipx^pb':, hard).—The sclera has received its name from its extreme

density and toughness ; it is a firm, unyielding, opaque, fibrous membrane serving

to maintain the form of the globe. It is much thicker behind than in front.

Its external surface is of a white color, and is in contact with the inner surface of

the capsule of Tenon, a lymph space intervening; it is quite smooth, except one-

quarter of an inch back of the sclerocorneal junction, at the points where the

Recti and Obliqui muscles are attached to it, and its anterior part is covered by

the conjunctival membrane (Fig. 829); hence the whiteness and brilliancy of the

front of the eyeball. Its inner surface is stained a brown color, marked by grooves,

in which are lodged the ciliary nerves and vessels (Figs. 814 and 815); the inner

surface of the sclera is loosely connected with the outer surface of the choroid by a

layer of exceedingly fine cellular pigmented tissue {lamina fusca), which traverses an

extensive lymph space, the perichoroidal space (spatium perichoroideale) (Figs. 814
and 829) intervening between the sclera and choroid. Behind, the sclera is pierced

by the optic nerve and is continuous with the fibrous sheath of the nerve, which is

derived from the dura (Fig. 809). At the point where the optic nerve passes

through the sclera, the lamina fusca is represented by an arrangement of the fibrous

tissue which forms a thin network, the cribriform lamina (lamina crihrosa sclerae)

(Fig. 819); the minute orifices in this lamina serve for the transmission of nerve

filaments, and the fibrous septa dividing them from one another are continuous

with the membranous processes which separate the bundles of nerve fibres. One
of these openings {jporus opticus), larger than the rest, occupies the centre of the

lamella; it transmits the arteria centralis retinae to the interior of the eyeball (Fig

819). Around the cribriform lamella are numerous small apertures for the trans-

mission of the ciUary nerves and the short ciliary arteries, and about midway between

the margin of the cornea and the entrance of the optic nerve are four or five large

apertures, for the transmission of veins {venae vorticosae) (Fig. 809). In front,

the fibrous tissue of the sclera is continuous with the substantia propria of the

cornea (Fig. 829), but the opaque sclera slightly overlaps the outer surface of the

transparent cornea.

Structure.—The sclera is formed of white fibrous tissue int'^rmixed with fine elastic fibres,

and of flattened connective-tissue cells, some of which are pigmented, contained in cell spaces

between the fibres (Fig. 819). These fibres are aggregated into bundles, some of which are

arranged in layers having an equatorial direction, but most of which are arranged in layers

lying in meridian lines. Its vessels (Figs. 809 and 810) are not numerous, the capillaries being

of small size and uniting at long and wide intervals. It obtains arterial blood from the sh(yrt

posterior ciliary and the anterior ciliary arteries. The venous blood is removed by the venae

vorticosae and the anterior ciliary veins. There are lymph spaces between the cells which empty
into the periscleral (Fig. 802 and p. 1086) and perichoroidal lymph spaces (Fig. 814). Its nerves

are derived from the ciliary nerves (Fig. 808). They lose their myelin sheaths and enter among
the bundles of fibrous tissue, but it is not known how they terminate.

The Cornea (Figs. 804 and 809).—The cornea is the projecting transparent

part of the external tunic of the eyeball, and forms the anterior sixth of the surface

of the globe. It is almost, but not quite, circular in shape, occasionally a little

broader in the transverse than in the vertical direction. It is convex anteriorly,

and projects forward from the sclera in the same manner that a watch-glass does

from the 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. Usually the curvature is slightly greater in the vertical

plane than in the horizontal plane; at its centre than at its periphery, and at its

temporal than at its nasal side. 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, as the latter is overlapped by the sclera.^

The anterior surface is covered with conjunctival epithelium (Fig. 814).
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Structure (Fig. 806).—^The cornea consists of five layers—namely: (1) the anterior or epi-

thelial layer; (2) the anterior elastic membrane; (3) the substantia propria; (4)the posterior elastic

membrane; (o) the posterior or endothelial layer.

1 . The anterior layer {epithelium corneae) is composed of stratified epithelium and is contin-
uous with the cells of the conjunctiva at the borders of the cornea. There are from five to eight
strata of nucleated cells in the

Anterior
epithelium

Anterior

elastic

membrane

--i >
Siibstantia

propria

anterior layer. The deepest cells

are columnar. Above the columnar
cells are several layers of polygonal

cells, most of which have finger-

like processes and are called prickle

cells. At the surface the cells and
-nuclei become flat.

2. The anterior elastic or anterior

limiting membrane, or Bowman's
membrane {lamina ela.stica anterior),

is less than half the thickness of the

layer of stratified epithelium. It re-

sembles in some respects, but is not

,

elastic tissue, and is thicker in the

centre than at the periphery. It

shows evidences of fibrillary struc-

ture, and does not display a tendency

to curl inward or to undergo frac-

ture when detached from the other

layers of the cornea. It consists

of extremely close interwoven fibrils,

similar to those found in the rest of

the cornea proper, but contains no
corneal corpuscles. It ought, there-

fore, to be regarded as a part of tlie

proper tissue of the cornea, appar-

ently representing a basement mem-
brane.

3. The substantia propria or

proper substance of the cornea

forms the main thickness of that

structure. It is fibrous, tough, un-
yielding, perfectly transparent, and
continuous with the sclera. It is

composed of about sixty flattened

lamellse, superimposed one on
another. Tliese lamellae are made
up of bundles of modified connec-

tive tissue, the fibres of which are

directly continuous with the fibres

of the sclera. The fibres of each
lamella are for the most part

parallel with each other; those of

alternating lamellae at right angles

to each other. Fibres, however,
frequently pass obUquely from one
lamella to the next {fibrae arcuatae).

Tlie lamellae are connected with
each other by an interstitial cement substance, in which are spaces, the corneal spaces (Fig. 807).
The spaces are stellate in shape, and have numerous offshoots or canaliculi (Fig. 807), by which
they communicate with one another. Each space contains a cell, the large corneal corpuscle
(Fig. 807), which resembles in form the space in which it is lodged, but it does not entirely fill it,

the remainder of the space containing h-mph. In the aged the margin of the cornea becomes
opaque gray. This rim is called the arcus senilis, and is due to fat deposit in the lamellae and
corneal corpuscles.

4. The posterior elastic membrane, the membrane of Descemet, or of Demours (lamina elastica

posterior), which covers the posterior siu-face of the substantia propria of the cornea, presents
no structure recognizable under the microscop>e. It consists of an elastic and perfectly trans-
parent homogeneous membrane of extreme thinness, which is not rendered opaque by either
water, alcohol, or acids. It is xery brittle, but its most remarkable property is its extreme elas-

FiG. 806.-

-Po»terior

epithelium

-Vertical section through the cornea of a newborn child.

X 200. (Szymonowicz.)
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I
' .. - i'rom a horizontnl seotion of an ox'-- ' !'':;, l':)sitive

picture ui the canal sy.stgm deiioiistrated by the gold chloride
method. X 430. (Szymouowicz.)

ticitv and the tendency which it presents to curl up, or roll upon itself, with the attached surface

innermost, when separated from the proper substance of the cornea. Its use appears to be

"to preserve the requisite permanent correct curvature of the flaccid cornea proj)er" (Jacob),

At the margin of the cornea this posterior elastic membrane breaks up iuTo fibres to form a

reticular structure at the outer angle of the anterior chamber, the intervals between the fibres

forming small cavernous spaces,

Corneal cell in the spaces of Fontana (spatia

Lymph cannUculi lymph space anguli iridic) (Fig. S14). These
!T«=^r" "'^,/^-.yi' ,;• _

" "' " little spaces communicate with a^ *' '
^^' — "

circular canal in the deeper parts

of the corneoscleral junction.

This is the canal of Schlemm
(sinus venoaus sclerac) (Figs. 814
and 829); it communicates inter-

nally with the anterior chamber
through the sjiaces of Fontana,

and externally with the scleral

veins. Some of the fibres of this

reticulated structure are continued

into the front of the iris, forming
the ligamenttim pectinatum iri-

dis; while others are connected

with the fore part of the sclera

and choroid.

5. The posterior layer or the

corneal endothelium {endothelium

camerae anterioris) lines the

aqueous chamber and prevents

the absorption of the aqueous
humor. It covers the posterior surface of the elastic lamina, is reflected upon the front of

the iris, and also lines the spaces of Fontana. It consists of a^ingle layer of polygonal, flattened,

transparent, nucleated cells, similar to those lining other serous cavities.

Arteries and Nerves.—-The fetal cornea contains bloodvessels which pass from the margin

almost to the centre. The adult cornea contains no bloodvessels, except at its margin. The
capillaries from the sclera and conjunctiva form loops at the corneal margin, and many of these

loops enter the cornea for a distance of 1 mm. (Fig. 810). The balance of the cornea is non-

vascular and obtains its nourishment from the lymph in the lacunae and canaliculi. Lymphatic
vessels have not as yet been demonstrated in it, but are represented by the channels in which
the bundles of nerves run; these channels are lined by endothelium and are continuous with the

cell spaces. The nerves are numerous, and they are derived from the ciliary nerves; they form

the annular plexus, at the corneal margin, and enter the laminated tissue of the cornea, lose

their myelin sheaths, and ramify throughout the substantia propria as the plexus of the stroma.

From this deep plexus come perforating fibres, which pass through the anterior elastic lamina

and form the subepithelial plexus, and from it fibres are given off which ramify between the epi-

thelial cells, forming a network which is termed the intra-epithelial plexus. Nerve fibres from

the annular plexus and from the plexus of the stroma come into close relation with the corneal

corpuscles.

Dissection.—In order to separate the sclera and cornea, so as to expose the second tunic,

the eyeball should be immersed m a small vessel of water and held between the finger and thumb.

The sclera is then carefully incised, in the equator of the globe, till the choroid is exposed. One
blade of a pair of probe-pointed scissors is now introduced through the opening thus made,

and the sclera divided around its entire circumference, and removed in sej^arate portions. The
front segment being then drawn forward, the handle of the scalpel should be pressed gently

against it at its connection with the iris, and, these being separated, a c^uantity of perfectly trans-

parent fluid will escape; this is the aqueous humor. In the course of the dissection the ciliary

nerves (Fig. 808) may be seen lying in the loose cellular tissue Vietween the choroid and sclera

or continued in delicate grooves on the inner surface of the latter membrane.

11. The Choroid, Ciliary Body, and Iris (Tunica Vasculosa Oculi)

(Figs. 808, 829).

The middle tunic of the eye is formed from behind forward by the choroid,

the ciliary body, and the iris.

The choroid invests the posterior five-sixths of tlie globe, and extends as far

forward as the ora serrata of the retina; the ciliary body connects the choroid
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to the circumference of the iris. The iris is the circular septum, which hangs

vertically behind the cornea, presenting in its centre a large rounded aperture,

the pupil.

The Choroid (chorioidea) is a thin, highly vascular membrane, of a dark-brown

or chocolate color, which invests the posterior five-sixths of the globe, and is

pierced behind by the optic nerve, and in this situation is firmly adherent to the

sclera. It is thicker behind dian in front. Externally, it is loosely connected

bv the lamina fusca with the inner

surface of the sclera (p. 1090). Its

inner surface is attached to the

retina.

Structure.—The choroid consists of a

dense capillary plexus and of small arte-

ries and veins, carrying the blood to and
returning it from this plexus (Fig. 810),

and of branched and pigmented cells

which lie in connective tissue. There are

three layers in the choroid. Named from

without inward, they are the lamina
suprachoroidea, the choroid proper, and
lamina basalis.

1. The lamina suprachoroidea is on

the external surface, that is, the surface

next to the sclera. It resembles the

lamina fusca of the sclera. It is com-
posed of delicate nonvascular lamellfe,

each lamella consisting of a network of

fine elastic fibres, among which are

liranched pigment cells. The spaces

between the lamellae are lined by endo-

thelium, and open freely into the peri-

choroidal lymph space, which, in its turn,

communicates with the periscleral space

by the perforations in the sclera through

which the vessels and nerves are trans-

mhted.
2. The choroid proper is internal to the lamina suprachoroidea. In consequence of the

small arteries and veins of the choroid proper being arranged on the outer surface of the capillary

network, it is customary to describe this as consisting of two layers—the outer {lamina vascitlosa),

composed of small arteries and veins, with pigment cells interspersed between them, and the

inner {lamina choriocapillaris), consisting of a capillary plexus. The external layer of the

choroid proper or the lamina va<!culosa consists, in part, of the larger branches of the short

posterior ciliary arteries (Figs. 809 and 812), which run forward between the veins, before they

bend inward to terminate in the capillaries; but this layer is formed principally of veins, which
have a whorl-like arrangement and empty into four or five large equidistant trunks, the venae
vorticosae (Figs. S09 and 810), which pierce the sclera midway between the margin of the cornea

and the attachment of the optic nerve. Interspersed between the vessels are dark star-shaped

pigment-cells, the processes of which, communicating with similar branchings from neighboring
cells, form a delicate network of stroma, which toward the inner surface of the choroid loses its

pigmentary character. The inner layer of the choroid proper consists of an exceedingly fine

capillary plexus, formed by the short ciliary vessels (Fig. 810), and is known as the membrane
of Ruysch (lamina choriocapillaris). The network is cbse, and finer'at the hinder part of the

choroid than in front. About 1.2 cm. behind the cornea its meshes become larger, and are con-
tinuous with those of the ciliary processes. These two laminfe are connected by an interme-

diate stratum (boundary zone), which is destitute of pigment cells and consists of fine elastic

fibres. On the inner surface of the lamina choriocapillaris is a verj- thin, structureless, or faintly

fibrous membrane, called the lamina basalis (membrane of Bruch) ; it is closely connected with

the stroma of the choroid, and separates it from the pigmentary layer of the retina; the cells of

the latter are found attached to this membrane.
Dissection.-—The ciUary body shoidd now be examined. It may be exposed either by de-

taching the iris from its connection wnth the Ciliary muscle or by making a transverse section of

the globe and examining it from behind.

Fig. 808.—The choroid and iris. (Enlarged.)
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The Ciliary Body {corpus ciliare) (Fig. 813) joins the choroid to the margin

of the iris. It is in reality a process of the choroid and comprises the orbicularis

ciliaris, the ciliary processes, and the Ciliary muscle.

The orbiculus ciliaris (Figs. 811 and 812) is a zone of about 4 mm. {\ inch)

in width, directly continuous with the anterior part of the choroid; it presents

numerous ridges arranged in a radial manner. The depressions between the ridges

are filled with retinal pigment epithelium (Szymonowicz). The orbiculus contains

no lamina choriocapillaris.

VENA
VORTICOSA

ANTERIOR
CILIARY
ARTERY

-^ SCLERA

HT LONG POSTERIOR
ERIOR CILIARY ARTERY
lARY

ERIES

Fig. 809.—Vessels and nerves of the choroid and iris, seen from above. The sclera and cornea have
been largely removed. (Testut.) '

The ciliary processes (processus ciliares) (Figs. 813 and 829) are formed by the

plaiting and folding inward of the various layers of the choroid (/. e., the choroid

proper and the lamina basalis) at its anterior margin, and are received between
corresponding foldings of the suspensory ligament of the lens, thus establishing

a connection between the choroid and inner tunic of the eye. They are arranged

in a circle, and form a sort of plaited frill, the corona ciliaris, l^ehind the iris, round

the margin of the lens (Figs. 813 and 829). 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 in the spaces

between the former, but without regular alternation. The larger processes are

each about 2.5 mm. (one-tenth of an inch) in length, and are attached by their

periphery to three or four of the ridges of the orbiculus ciliaris, and are continuous

with the layers of the choroid; the opposite margin is free, and rests upon the

circumference of the lens. Their anterior surface is turned toward the back o^

the iris, with the circumference of which they are continuous. The posterior

surface is connected with the suspensory ligament of the lens.



THE CHOROID, CILIARY BODY, AXD IRIS 1095

Structure.—The ciliary processes are similar in structure to the choroid, but the vessels are

larger, and have chiefly a longitudinal direction. They constitute the most vascular portion of

the eyeball. The processes are covered on their inner surface by two strata of black pigment

cells, which are continued forward from the retina, and are named the pars ciliaris retinae {V\g.

814). In the stroma of the ciliary processes there are also stellate pigment cells, which, how-
ever, are not so numerous as in the choroid itself.

hffx

Cornea

In

Lens.

Fig. 810.—Diagram of the bloodvessels of the eye, as seen in a horizontal section. (Leber, after Stohr.)

Course of vasa centralis retinae: a. Arteria. ai. Vena centralis retinae, f^. Anastomosis with vessels of outer
coats / . Anastomosis with branches of short posterior cUiary arteries. 6- Anastomosis with chorioideal vessels.

Course of vasa ciliar. postic. brev.: I. Arteriae. and Ii. Venae ciliar. postic. brev. II. Episcleral artery. IIi.
Episcleral vein. III. Capillaries of lamina choriocapillaris.

Course of vasa ciliar. postic. long.: 1. a. ciliar. post, longa. 2. Circulus iridis major cut across. 3. Branches
to ciliary body. 4. Branches to iris.

Course of vasa ciliar. ant.: a. Arteria. au Vena ciliar. ant. b. Junction with the circulus iridis major.
c. Junction with lamina choriocapill. d. .\rterial, and di. Venous episcleral branches, e. Arterial, and ei.

Venous branches to conjunctiva sclerae. /. Arterial, and /i. \'enous branches to corneal border. V. Vena
vorticosa. .S'. Transverse section of sinus venosus sclerae.

The Ciliary muscle (Bowman's muscle) (m. ciliaris) (Fijrs. 814 and 816) con-
sists of unstriped fibres; it forms a grayi.sh, semitransparent, circular band, about
3 mm. (one-eighth of an inch) broad, on the outer surface of the fore part of the

choroid, between the choroid and the iris and back of the sclerocorneal junction.

It is thickest in front and gradually becomes thinner behind. It consists of two
sets of fibres, radial and circular. The radial fibres {fihrae meridianales) (Figs.
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CORONA
CILIARIS

ORBICULUS
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CILIARY
NERVES
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terior surface)

Fig. 811.—The middle or vascular coat of the eye-
ball exposed from without. Left eye, seen obliquely
from above and before. (Toldt.)

814 and 829), the more numerous, arise at the point of junction of the cornea

and sclera, and partly also from the ligamentum pectinatum iridis, and, passing

backward, are attached to the choroid opposite to the ciliary processes. One
bundle, according to Waldeyer, is continued backward to be inserted into the

sclera. The circular fibres (fibrae circulares [Mulleri]) (Figs. 814 and 829) are

internal to the radial ones and to some
extent unconnected with them, and
have a circular course around the at-

tachment of the iris. They are some-

times called the "ring muscle" of Miiller,

and were formerly described as the

ciliary ligament. They are well devel-

oped in hypermetropic, but are rudi-

mentary or absent in myopic eyes. The
Ciliary muscle is admitted to be the

chief agent in accommodation

—

i. e., in

adjusting the eye to the vision of near

objects. When the Ciliary muscle

contracts, it draws the choroid for-

ward, and relaxes the suspensory

ligament. The elasticity of the lens at

once allows it to bulge forward until

it is again checked by the tension of the capsule;^ the pupil is at the same time

slighdy contracted.

The Iris (iris, a rainbow) (Figs. 815 and 817) has received its name from its

various colors in different individuals. It is a thin, circular contractile curtain,

suspended in the aqueous humor between the cornea and the lens, being perfo-

rated a litde to the nasal side of its centre by a circular aperture, the pupil (pupilla)

(Fig. 817), for the transmission

of light. The pupil of a living

person varies in size under the

influence of light and in efforts

at accommodation. ' In looking

at a near object the pupil is

small; in looking at a distant

object it is large. In light the

pupil contracts, in darkness it

dilates; hence the pupil is a

window which permits light to

pass into the interior of the

eye. The size of this window
depends on the contraction or

relaxation of the iris. The iris

divides the aqueous chamber (the

space between the cornea and
lens) into an anterior chamber and
a posterior chamber which com-
municate through the pupil (Fig.

804). By its circumference or ciliary margin (margo ciliaris) (Figs. 814 and 815)

the iris is continuous with the ciliary body, and it is also connected with the posterior

elastic lamina of the cornea by means of the pectinate ligament {liqamentum pecfiiia-

tum iridis) (Fig. 829). The pectinate ligament of the iris is derived from the posterior

Fig 812. The veins of the choroid and iris. The sclera has
been mostly removed. (Enlarged.)

1 Stewart, Alanual ot Physiology.
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elastic layer of the cornea. In this ligament are numerous lymph spaces, the spaces

of Fontana (spatia angidi iridis) [Fontanae]) (Fig. 814), and they join the canal of

ORBICULARIS
ILIARIS

CILIARY
PHCCCSSES

IRIS (iKj-te-

ior surface)

EQUATOR
OF LENS

LCN

Fig. 813.—A portion of the corona ciliaris magnified. The ciliarj' processes and the ciliary folds. (Toldt.)

Schlemm to the anterior chamber of the eye. The inner or free edge of the iris

forms the margin of the pupil, and is called the pupillary margin (murgo pupillaris)

(Fig. 815). The surfaces of the iris are flattened, and look forward and backward,

the anterior toward the cornea, the posterior toward the ciliary processes and lens.

Circ. fibres

of sclera.

Circ. fibres /
oj OUiai-y muscle.

Eadiating
fibres of

Ciliary muscle.

( Pars ciliarU

\ retinae.

Fig, 814.—Section of the eye, showing the relations of the cornea, sclera, and iris, together with the Ciliarj
muscle and the cavernous spaces near the angle of the anterior chamber. (Waldeyer.)

The iris is pigmented and the color of an individual's eyes depends upon this

pigment. The anterior surface (fades anterior) (Figs. 815 and 829) of the iris
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is variously colored in different individuals, and is marked by lines which converge

toward the pupil. The posterior surface {fades posterior) (Figs. 813 and 829)

is of a deep purple tint, from being covered by two layers of pigmented, columnar

epithelium, which layers are continuous posteriorly with the pars ciliaris retinae.

This pigmented epithelium is termed the pars iridica retinae, though it is sometimes

named uvea, from its resemblance in color to a ripe grape.

CILIARY GANGLIATED
PLEXUS

CILIARY MARGIN
OF IRIS

ATTACHED
REMNANT OF

CILIARY ZONE
CF IRIS

CIRCULUS
MINOR'

PUPILLARY ZONE
OF IRIS

PUPILLARY
MARGIN

VASCULAR
EMINENCES

LARGE
PIGMENT-CELL

FREE BORDER
OF PIGMENTARY
LAYER

Fig. 815.—Section of the iris. Anterior surface magnified. (Toldt.)

Structure.—The iris is composed of the following structures:

1. In front is a layer of flattened endothelial cells placed on a delicate hyalin basement
membrane. This layer is continuous with the endothelial layer covering the membrane of

Descemet, and 'in men with dark-colored irides the cells contain pigment granules.

POSTER
LONG CILIA

ARTE

FiQ. 816.

—

The ciliary gangliated plexus and the ciliary nerves entering the plexus,
middle or vascular coat of the eyeball. (Toldt.)

Outer surface of the

2. The stroma (stroma iridis) consists of fibres and cells. The former are made up of fine, deli-

cate bundles of fibrous tissue, of which some few fibres have a circular direction at the circum-
ference of the iris, but the chief mass consists of fibres radiating toward the pupil. They form,
by their interlacement, delicate meshes, in which the vessels and nerves are contained. Inter-

spersed between the bundles of connective tissue are numerous stellate cells with fine processes.
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Many of them in dark eves contain pigment granules, but in blue eyes and the pink eyes of

albinos they are unpigmented. The muscle fibres are unstriated and consist of circular and
radial fibres. The circular fibres {m. sphincter pupillae) 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 (U.8 mm.) in width, those near the free margin being closely aggregated; those more
external somewhat separated, and forming less complete circles. The radial fibres (m. dilatator

pupillae) converge from the circumference toward the centre, and blend with the circular fibres

near the margin of the pupil. These fibres are regarded by some as elastic, not muscular.

3. Pigmented epithelitun (pars iridica retinae). This is a continuation of the pars ciliaris

retinae, and consists of two layers of pigmented, columnar epithelial cells. The situation of the

pigment differs in different irides. In the various shades of blue eyes the only pigmentation is

that of the pigmented epithelium. The color of the eye in these individuals is due to this coloring

matter showing more or less through the texture of the iris. In the albino even this pigment is

absent. In the gray, brown, and black eye there are, as mentioned above, pigment granules

to be found in the connective tissue cells of the stroma and in the endothelial layers on the front of

the iris; to these the dark color of the eye is due.

ANTERIOR CILIARY ARTERIES

CHOROID

LONG CILIARV
ARTERY

ANTERIOR CILIARY ARTERIES

Fig. 817.—Iris, front view. (Testut.)

Tlie arteries of the Choroid and Iris (Figs. 809 and 817).—The short posterior ciliary arteries,
from sLx to twelve in number, arise from the ophthalmic, or some of its branches; they pass for-
ward around the optic nerve to the posterior part of the eyeball, pierce the sclera around the
entrance of the nerve, and supply the choroid coat and ciliary processes. The arteries of the iris

are derived from the long posterior ciliary and anterior ciliary arteries and from the vessels of the
ciliary processes (see p. 613). The long posterior ciliary arteries (Figs. 809 and 810), two in
number, pass through the sclera, one on the inner and one on the outer side of the optic nerve,
and pa.ss forward between the sclera and choroid, and, having reached the attached margin
of the iris (Figs. 809 and 817), dinde into an upper and a lower branch, and, encircling the
iris, anastomose with corresponding branches from the opposite side; into this vascular zone
(circulus iridis major) (Fig. 829) the anterior ciliary arteries (Fig. 829), from the lacrimal and
anterior ciliary from the muscular branches of the ophthalmic, pour their blood. From this
zone vessels converge to the free margin of the iris, and these communicate by branches from one
to another and thus form a second zone {circulus iridis minor) in this situation. The veins pass
toward the ciliary margin and communicate with the veins of the ciliary processes and of the
canal of Schlemm (Figs. 809 and 810).
The nerves of the Choroid and Iris (Fig. 808) are the short ciliary, the ciliary branches of

the lenticular ganglion, and the long ciliary from the nasal branch of the ophthalmic division
of the trigeminal. They pierce the sclera around the entrance of the optic nerve, and run for-
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ward in the perichoroidal I;yTnph space, in which they form a plexus, from which plexus filaments

pass to supply the bloodvessels of the choroid. After reaching the iris they form a plexus around

its attached margin; from this are derived amyelinic fibres which terminate in the circular and

radial muscle fibres. Their exact motle of termination has not been ascertained. Other

fibres from the plexus terminate in a network on the anterior surface of the iris. The fibres

derived from the motor root of the lenticular ganglion (oculomotor nerve) supply the circular

fibres, while those derived from the sympathetic supply the radial fibres.

Membrana Pupillaris.—In the fetus the pupil is closed by a delicate transparent

vascular membrane, the membrana pupillaris, which divides the space into which

the iris is suspended into two distinct chambers. This membrane contains numer-

ous 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, and converge

toward each other without anastomosing. Between the seventh and eighth months

the membrane begins to disappear, by gradual absorption from the centre toward

the circumference, and at birth only a few fragments remain. It is said sometimes

to remain permanent and produce blindness.

III. The Retina, or Tunica Interna (Figs. 808, 809).

The retina is a delicate nerve membrane, in which the fibres of the optic nerve

are spread out and upon the surface of which the images of external objects are

received. Its outer surface is in contact with the choroid; its inner with the vitre-

ous body. Behind, it is continuous

with the optic nerve; it gradually

diminishes in thickness from behind

forward; and, in front, extends nearly

as far as the ciliary body, where it

appears to terminate in a jagged

margin, the ora serrata (Figs. 810
and 829). Here the nerve tissues

of the retina end, but a thin pro-'

longation of the membrane extends

forward over the hack of the cilia rv

processes and iris, forming the pars

ciliaris retinae and pars iridica reti-

nae, already referred to. This for-

ward prolongation consists of the

pigmentary layer of the retina, to-

gether with a stratum of columnar
epithelium. The retina is soft, semi-

transparent, and of a purple tint in

the fresh state, owing to the presence

of a coloring material named rhodopsin or visual purple; but it soon becomes
clouded, opaque, and bleached when exposed to sunlight. Exactly in the centre

of the front surface of the posterior part of the retina, corresponding to the visual

axis, and at a point in which the sense of vision is most perfect, is an oval yellowish

spot, called the yellow spot (macula hifea) (Figs. 804 and 818), having a central

depression, the fovea centralis. The retina in the situation of the fovea centralis

is exceedingly thin, and the dark color of the choroid is distinctly seen through it

It exists only in man, the quadrumana, and some saurian reptiles. About 3 mm.
(one eighth of an inch) to the nasal side of the yellow spot, and about 1 mm.
below it, is the point of attachment of the optic nerve, the optic disk (poms opticus)

Figs. 818 and 819), the circumference of which is slightly raised so as to form

Fig. 818.— -The arteria centralis retinae, yellow spot,
etc., the anterior half of the eyeball being removed.
(FJnlarged.)

J
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an eminence, the optic papilla (colliculus nervi optici); the central portion is

depressed and is called the optic cup (excavatio papillae nervi optici). The arteria

centralis retinae pierces its centre. This is the only part of the surface of the

retina from which the power of vision is absent, and is termed the blind spot.

OPTIC
LAMINA CRIBROSA PAPILLA

CHOROID —S'dLSS^

POSTERIOR
SHORT CILIARY

ARTERY AND
VEIN

BUNOLeS OF
OPTIC NERVE

CENTRAL ARTERY AND
VEIN OF RETINA

Fig. 819.—The terminal portion of the optic ner\-e and its entrance into the eyeball, in horizontal section.
(Toldt.)

Structure.—-The retina is an exceedingly complex structure, and, when examined micro-
scopically by means of sections made perpendicularly to its surface, is found to consist of many
layers of ner%e elements bound together and supported by the sustentacular fibres. The layers

of the retina are:

1. Membrana limitans interna.

Layer of nerve fibres (stratum opticum).
Ganglionic layer, consisting of nerve cells.

Inner plexiforra layer.

Inner nuclear layer, or outer ganglionic layer.
Outer plexiform layer.

Outer nuclear layer, or layer of outer granules.
Membrana limitans externa.

9. .Jacob's membrane (layer of rods and cones).
10. Pigmentary layer (tapetum nigrum).

1. Th^ membrana limitans interna is the most internal layer of the retina and is in contact
with the hyaloid membrane of the vitreous humor. It is derived from the supporting frame-
work of the retina, v.ith which tissue it will be described.

2. The layer of the nerve fibres consists of the axones proceeding from the nerve cells in the
inner ganglionic layer. They are amyelinic, and, concentrating at the porus opticus, pass through
all the layers of the retina except the membrana Kmitans interna. On passing through the
lamina cribrosa of the sclera these axones acquire myelin sheaths and leave the eyeball as a com-
pact rounded bundle called the optic nerve A few of the fibres in this layer are centrifugal, being
axones of ganglion cells within the brain, to terminate in the inner plexiform and outer ganglionic
layers. The layer of nerve fibers is thickest at the optic nerve exit and gradually diminishes in
thickness toward the ora serrata.

3. The ganglionic layer consists of a single layer of large ganglion cells, except in the macula
lutea, where there are several strata. The cells are somewhat flask-shaped, the rounded internal
surface of each cell resting on the preceding layer and sending off an axone which is prolonged
as a nerve fibre into the fibre layer. From the opposite extremity numerous dendrites extend
mto the inner plexiform layer, where they branch out into flattened arborizations at different
levels (Fig. 820). The ganglion cells vary much in size, and the dendrites of the smaller ones.
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as a rule, arborize in the inner plexiform layer as soon as they enter it; while the processes of the

larger cells ramify close to the inner nuclear layer.

4. The inner plexiform layer is made up of a dense reticulum of minute fil^rils, formed by the

interlacement of the dendrites of the ganglion cells with those of the cells contained in the next

laver, immediately to be described. Within the reticulum formed by these fibrils, a few

branched spongioblasts are sometimes embedded.

Membrana
limitans interna" 'l J
Nerve-fibre layer

"^

Ganglionic layer-

Inner plexiform...
layer

Centrifugal fibre

Inner nuclear

_

layer

Fibre of Miiller.

Outer plexiform....
layer

Outer nuclear
_

layer

Membrana \

limitans externa

Layer of rods ..

and cones

Diffuse amacrine
cell

''Amacrine cells

•'Horizontal cell

-? Bod bipolars

"-Cone bipolars

^ %-Pigmented layer

Fig. 820.-—Plan of retinal neurones. (After Cajal.)

5. The inner nuclear or inner granular layer consists of a number of closely packed cells, of

which there are three varieties^viz. : (1) A large number of oval cells, which are commonly

regarded as bipolar nerve cells, and are much more numerous than either of the other kind.

They each consist of a large oval body placed vertically to the surface, and containing a distinct

nucleus. The protoplasm is prolonged into two processes; one of these passes inward into the

inner plexiform layer, is varicose in appearance, and ends in a terminal ramification, which is

often in close proximity to the ganglion cells. The outer process passes outward into the outer

plexiform layer, and there breaks up into a number of branches. There are two varieties of these

bipolar cells—one in which the outer process arborizes around the knobbed ends of the rod

fibres, and the inner around the cells of the ganglionic layer; these are called rod bipolars (Fig.

820); the others are those in which the outer process breaks up in a horizontal ramification,

in contact with the end of a cone fibre; these are the cone bipolars, and their inner process

breaks up into its terminal ramification in the inner molecular layer. (2) At the innermost

part of this inner nuclear layer is a stratum of cells, which are named amacrine cells (of Cajal),

from the fact that they have no axis-cylinder process,* but they give a number of short proto-

plasmic processes which extend into the inner plexiform layer and there ramify (Fig. 820).

There are also at the outermost part of this layer some cells, the processes of which extend into

and ramify in the outer molecular layer. These are the horizontal cells (of Cajal). (3) Some
few cells are also found in this layer, connected with the fibres of Miiller. and will be described

with those structures.

6. The outer plexiform layer is much thinner than the inner plexiform layer; but, like it,

consists of a dense network of minute fibrils, derived from the processes of the horizontal cells

of the preceding layer and the outer processes of the bipolar cells, which ramify in it, forming

arborizations around the ends of the rod fibres and with the branched foot plates of the cone

fibres. In the neighborhood of the macula lutea, elongations from the inner segments of rod

fibres and cone fibres form the so-called Henle's fibre layer.
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7. The outer nuclear or outer granular layer, like the inner nuclear layer, contains several

strata of clear oval nuclear bodies; they are of two kinds, and on account of their being respec-

tively connected with the rods and cones of Jacob's membrane (rod fibres and cone fibres) are

named rod granules and cone granules. The rod granules are much the more numerous, and
are placed at different levels throughout the layer. Their nuclei present a pecuUar cross-strif)ed

appearance, and prolonged from either extremity of the granule is a fine process; the outer

process is continuous with a single

rod of Jacob's membrane; the inner

passes inward toward the outer

plexiform layer and terminates in an
enlarged extremity, and is embedded

in the tuft into which the outer pro-

cess of the rod bipolars break up.

In its course it presents numerous
varicosities. The cone granules,

fewer in number than the rod gran-

ules, are placed close to the mem-
brana limitans externa, througl

which they are continuous with thj

cones of Jacob's membrane. The)'

do not present any cross-striping,

but contain a jn-riform nucleus

which almost completely fills the

cell. From their inner extremity a

thick process passes inward to the

outer plexiform layer, upon which

it rests by a somewhat pvTamidal

enlargement, from which are given

A B

External
segmetit'

Intermediary
disc"

Elliptttid-

Myoid-

^ ^ ' ' Fig. 822.—Cones in the different regions of the retina. /. Near
the era serrata. //. At 3 mm. from the era serrata. ///. At an
equal distance from the ora serrata and the papilla. IV. At the
periphery of the fovea centralis. V. In the fovea centralis. VI.

Fig. 821.—The cells of the rods of the At the centre of the fovea centralis. E. Length of the external
retina in the frog. A . Red rod. B. Green segment. /. Length of the internal segment. D. Diameter of
rod. (Poirier and Charpy.) the internal segment. (Poirier and Charpy.)

off numerous fine fibrils, which enter the outer plexiform layer, where they come in contact

with the outer processes of the cone-bipolars.

8. The membrana limitans externa, like the membrana limitans interna, is derived from
the fibres of Miiller, with which structures it will be described.

9. Jacob's membrane, or the layer of rods and cones, consists of visual cells, and the ele-

ments which compose it are of two kinds, rod cells and cone cells, the former being much more
numerous than the latter. The rod cells (Fig. 821) are of nearly uniform size, and arranged
perpendicularly to the surface. A rod cell consists of a rod and a rod fibre, and the fibre con-
taias the nucleus. The rods are cylindrical and each consists of two portions, an outer segment
and an inner segment, which are of about equal length. The segments differ from each other
as regards refraction and in their behavior with coloring reagents, the inner portion becoming
stained by carmine, iodine, etc., the outer portion remaining unstained with these reagents, but
staining yellowish brown with osmic acid. The outer portion of each rod is marked by trans-
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verse striag, and is made up of a number of thin disks superimposed on one another. It also

exhibits faint longitudinal markings. The inner j^ortion of each rod, at its deeper part where

it is joined to the outer process of the rod granule, is indistinctly granular; its more superficial

part presents a longitudinal striation, being composed of fine, bright, highly refracting fibres.

The visual purple, or rhoclop.nii, is found only in the outer segments of the rods. At its inner

end each rod is prolonged into a very fine fibre, the rod fibre, which contains a nucleu.s, and

which terminates in the outer nuclear layer, being somewhat enlarged at its termination.

The cone cells (Fig. 822) are conical, or flask-shaped, their broad ends resting upon the mem-
brana limitans externa, the narrow pointed extremity being turned to the choroid. Each cone

cell consists of two parts, the cone and the cone fibre. The outer segment or qone is a short

conical process, which, like the outer segment of a rod, presents transverse stria?. The inner

segment (cone fibre) resembles the inner portion of the rods in structure, but differs from it in

size, being shorter and bulged out laterally in a flask-shaped manner, and at the junction of the

cone with the fibre is the nucleus of the cone cell. The cone fibre passes to the outer nuclear

layer, and terminates as an expansion from which very minute fibrils are given off. The chem-
ical and optical characters of the rod cells and cone cells are identical.

10. The pigmentary layer or tapetum nigrum, the most external layer of the retina, for-

merly regarded as a part of the choroid, consists of a single layer of hexagonal epithelial cells,

loaded with pigment granules. Each cell contams a flattened nucleus in the outer portion of

the cell which is free from pigment at this point. These cells are smooth externally, where they

are in contact with the choroid, but internally they are prolonged into fine, straight processes,

which extend between the rods, this being especially the case when the eye is exposed to light.

The pigment changes its position under the influence of light, and is distributed through the

entire cell. In the eyes of albinos, the cells of the pigmentary layer are present, but they contain

no coloring matter.

Supporting Framework of the Retina.—Almost all these layers of the retina are con-

nected by a supporting framework, formed by the supporting cells or supporting fibres of

Miiller or radiating fibres, from which the membrana limitans interna et externa are derived.

These fibres are found stretched between the two limiting layers, "like columns between a floor

and a roof," and they pass through all the neural layers except Jacob's membrane. Each com-
mences on the inner surface of the retina by a conical hollow base, which sometimes contains a
spheroidal body which stains deeply with hematoxylin, the edges of the bases of adjoining

fibres being united and thus forming a boundary line, which is the membrana limitans interna.

As they pass through the nerve fibre and ganglionic layers they give off few lateral branches;

in the inner nuclear layer they give off numerous lateral processes for the support of the inner

granules, while in the outer nuclear layer they form a network, the fibre baskets, around the

rod and cone fibrils, and unite to form the external limiting membrane at the bases of the rods

and cones. In the inner nuclear layer each fibre of Miiller presents a clear oval nucleus, which
is sometimes situated at the side of, sometimes altogether within, the fibre. The supporting

framework of the retina contains neuroglia cells.

The Path of Light Stimuli.—The stimulus is supposed to be first received by the rod and cone
cells (the visual cells), and is transmitted to the bipolar cells of the inner nuclear layer and then

to the cells of the ganglionic layer, which send fibres by way of the optic nerve and tract to the

brain (see p. 909).

Macula Lutea and Fovea Centralis.—The structure of the retina at the yellow spot presents

some modifications. In the macula lutea (1) the nerve fibres are wanting as a continuous layer;

(2) the ganglionic layer consists of several strata of cells, instead of a single layer; (3) in Jacob's
membrane there are no rods, but only cones, and these are longer and narrower than in other
parts; and (4) in the outer nuclear layer there are only cone fibres, which are very long and
arranged in curved lines. At the fovea centralis the only parts which exist are the cones of
Jacob's membrane, the outer nuclear layer, the cone fibres of which are almost horizontal in

direction, and an exceedingly thin inner granular layer, the pigmentary layer, which is thicker

and its pigment more pronounced than elsewhere. The color of the macula seems to imbue
all the layers except Jacob's membrane; it is of a rich yellow, deepest toward the centre, and
does not appear to consist of pigment cells, but simply a staining of the constituent jiarts.

At the ora serrata (Fig. 810) the nerve layers of the retina terminate abruptly, and the retina

is continued onward as a single layer of elongated columnar cells covered by the pigmentary
layer. This prolongation is known as the pars ciliaris retinae (Fig. 814), and can be traced for-

ward from the ciliary processes on to the back of the iris, where it is termed the pars iridica

retinae or uvea.

From the description given of the nerve elements of the retina it will be seen that there is no
direct continuity between the structures which form its different layers except between the

ganglionic and nerve fibre layers, the majority of the nerve fibres being formed of the axones
of the ganglionic cells. In the inner molecular layer the dendrites of the ganglionic layer inter-

lace with those of the cells of the inner nuclear layer, while in the outer molecular layer a

i
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like synapsis occurs between the processes of the inner granules* and the rod and cone
elements.

The arteria centralis retinae (Fig. 810) and its accompanying vein, vena centralis retinae,

pierce the optic nerve, and enter the globe of the eye through the porus opticus. They bifurcate

on the surface of the papilla or just beneath it into an upper and a lower branch, and each of

these again divides into an inner or nasal, and an outer or temporal branch; these at first run
between the hyaloid membrane and the nerve layer; but they soon enter the latter, and pass

forward, dividing dichotomously. From these branches a minute capillary plexus is given off,

which does not extend beyond the inner nuclear layer. The macula receives small twigs from
the temporal branches and others directly from the central artery; these do not, however, reach

as far as the fovea centralis, which has no bloodvessels. The branches of the arteria centralis

retinae do not anastomose with each other—in other words, they are "terminal arteries." In

the fetus, a small vessel passes forward, through the hyaloid canal in the vitreous body, to the

posterior surface of the capsule of the lens (Fig. 805).

THE REFRACTING MEDIA.

The Refracting media are three—viz.:

Aqueous humor. Vitreous body. Crystalline lens.

I. The Aqueous Humor (Humor Aqueus).

The aqueous humor completely fills the lymph space known as the aqueous
chamber, the space which is bounded in front by the cornea and behind by the

lens and its suspensory ligament and the ciliary body (Fig. 829). The aqueous
chamber is partly divided by the iris into two
communicating parts, the anterior and posterior

chambers (Figs. 805 and 829). The posterior

chamber (camera oculi posterior) is only a narrow
chink between the peripheral part of the iris, the

suspensory ligament of the lens, and the ciliary

processes. The anterior chamber (camera oculi

anterior) is bounded in front by the cornea and vitreous,

behind by the iris. The external angle of the

anterior chamber is bounded by the peripherv of fig. 823.—The vitreous body removed
ii „ „ ] i? iU • • Tj. •

11 J ii
'

1 from the eye in the fresh state, with the
the cornea and ot the ins. It is called the angle saucer-shaped hoiiow ( fos«a hyaioidea\ in

or the filtration angle (angidus iridis). It is by way Sdl'Ld be^^e. ^oldto''^"''^'
'""

of the filtration angle that any excess of aqueous
humor passes by way of the spaces of Fontana and the canal of Schlemm (Fig.

814) to the anterior ciliary veins and relieves tension. The aqueous humor
is sm.all in quantity, has an alkaline reaction, in composition is litde more than
water, less than 2 per cent, of its weight being solid matter, chiefly sodium chloride.

FOSSA
HVALOIDEA

n. The Vitreous Body (Corpus Vitreum) (Figs. 805, 825).

The vitreous body occupies about four-fifths of the entire globe. It is composed
of a jelly-like tissue containing 98 per cent, water, some salts, and a little albumin,
and called the vitreous humor (humor vitreus), connective-tissue fibres, and con-
nective-tissue cells. It fills the concavity of the retina, and is hollowed in front,

forming a deep concavity, fossa hyaloidea (Fig. 823), for the reception of the lens.

It is perfecdy transparent, of the consistence of thin jelly, and is composed of an
albuminous fluid enclosed in a delicate transparent membrane, the hyaloid mem-
brane (membrana hyaloidea), the outside of which is in contact with the membrana
limitans interna of the retina. In the fetus a peculiar fibrous texture pervades
the mass, the fibres joining at the numerous points, and presenting minute nuclear

70
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granules at their point of junction. In the centre of the vitreous humor, running

from the entrance of the optic nerve to tlie posterior surface of the lens, is a canal,

filled with fluid and lined by a prolongation of the hyaloid membrane. This is

the hyaloid canal (canalis hyaloideus) (Fig. 805), which in the embryonic vitreous

humor conveyed the minute vessel from the central artery of the retina to the back

of the lens.

The hyaloid membrane encloses the whole of the vitreous humor. In front of

the ora serrata it is thickened by the accession of radial fibres and is termed the

zonule of Zinn {zonula ciliaris) (Figs. 824 and 829). Here it presents a series of

radially arranged furrows, in which the ciliary processes are accommodated and to

which they are adherent, as evidenced by the fact that when removed some of their

pigment remains attached to the zonule.^ The zonule of Zinn splits into two

ZONULA CI.LIAH
(Zinui)

ORBICULUS
CILIARIS

pCHORIOIDEA

Fig. 824.—The zonule of Zinn or the suspensory ligament of the lens viewed from behind in connection with
the lens and the ciliary body. (Toldt.)

layers, one of which is thin and lines the fossa hyaloidea; the other is named the

suspensory ligament of the lens; it is thicker, and passes over the ciliary body to be

attached to the capsule of the lens a short distance in front of its equator. Scattered

and delicate fibres are also attached to the region of the equator itself. This

ligament retains the lens in position, and is relaxed by the contraction of the radial

fibres of the Ciliary muscle, so that the lens is allowed to become more convex.

Behind the suspensory ligament there is a sacculated canal, the canal of Petit

(spatia zonularia), which encircles the margin of the lens and which can be easily

inflated through a fine blowpipe inserted through the suspensory ligament. It

is bounded in front by the anterior layer of the suspensory ligament of the lens,

behind by the membrana hyaloidea, and internally by the capsule of the lens.

The canal of Petit is a lymph space. All of the spaces of the canal of Petit com-
municate with the posterior chamber of the eye.

No vessels penetrate the vitreous body, although a lymph channel remains;

so that its nutrition must be carried on by the vessels of the retina and ciliary

processes, situated upon its exterior.

III. The Crystalline Lens (Lens Crystallina) (Figs. 825, 826).

The crystalline lens, enclosed in its capsule, is situated immediately behind the"

pupil, in front of the vitreous body, and is encircled by the ciliary processes, which
slightly overlap its margin.

' F. A. Woll: A Simple Technique for the Removal of the Hyaloid Membrane with Contents and Attachments
Intact. Anat. Rec, vol. 6, No. 9, September, 1912.
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The capsule of the lens (capsula lentil) (Fig. 785) is a transparent, highly elastic,

and brittle membrane, which closely surrounds the lens, and is composed in part of

cuticular and in part of connective tissues. It is not white fibrous tissue, and is

not true elastic tissue (Szymonowicz). Its outer surface is composed of lamellae

and possesses transverse striations. It rests, behind, in the fossa hyaloidea in

the fore part of the vitreous body (Fig. 823) ; in front, it is in contact with the free

border of the iris, this latter receding from it at the circumference, thus forming
the posterior chamber of the eye (Fig, 829); and'it is retained in its position chiefly

.

by the suspensory ligament of the lens, already described (Fig. 829). The capsule

is much thicker in front than behind, and when ruptured the edges roll up with the

outer surface innermost, like the elastic lamina of the cornea.

POSTERIOR
SURFACE

ANTERIOR
SURFACE

ANTERIOR
POLE

EQUATOR
OF LENS

POSTERIOR
POLE

Fig. 825.—The crystalline lens, hardeneH
and divided. (Enlarged.)

Fig. 826.—The terms used in the orientation of
the lens. (Toldt.)

The lens is a transparent, biconvex body, the convexity of the posterior surface
being greater than that of the anterior. The central points of these surfaces are
termed respectively the anterior and posterior poles (polus anterior et poltis posterior
lentis). A line connecting the poles constitutes the axis of the lens (axis lentis),

while the marginal circumference is termed the equator (aequator lentis). The
lens measures from 9 to 10 mm. in the transverse and vertical diameters and
aljout 4 mm. from anterior to posterior pole.

Fig. 827. FiQ. 828.

Figs. 827 and 828.—Diagram to show the direction and arrangement of the radiating lines on the front and back of
the fetal lens. Fig. 827. From the front. Fig. 828. From the back.

Structure.—The lens consists of an outer, soft part, easily detached (substantia corticalis) , and
a central, firm part (nucleus lentis) (Fig. 825). Faint lines (radii lentis) radiate from the poles
to the equator. In the adult there may be six or more of these lines, but in the fetus they are only
three in number and diverge from each other at angles of 120 degrees (Figs. 827 and 828). On
the anterior surface one line ascends vertically and the other two diverge downward and outward.
On the posterior surface one ray descends vertically and the other two diverge upward. They
correspond with the free edges of an equal number of septa composed of an amorphous sub-

stance, which dip into the substance of the lens. When the lens has been hardened (as in alcohol),

it is seen to consist of concentric layers, or laminae, each of which is interrupted at the septa.

Each lamina is built up of a number of parallel, hexagonal lens fibres (fibrae lentis), the edges of

which are serrated to fit similar serrations of adjacent lens fibres, while the ends of the fibres
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come into apposition with the septa. The fibres run in a curved manner from the septa on the

anterior surface to those on the posterior surface. Xo fibres j)ass from pole to pole, but they

are arranged in such a way that fibres which commence near the pole on the one aspect of the

lens terminate near the peripheral extremity of the plane on the other, and vice versa. Each
fibre of the outer layers of the lens contains a nucleus, and these nuclei form a layer, the nuclear

layer, on the surface of the lens. The nuclear layer is most distinct toward the circumference

of the lens. The anterior surface of the lens is covered by a single layer of transparent, columnar,

nucleated epithelial cells {epithelium lentis). At the equator these cells become elongated and

their gradual transition into lens fibres can be traced.
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Fig. 829.—The upper half of a sagittal section through the front of the eyeball. fToldt.J

The changes produced in the lens by age are the following

:

In the fetus its form is nearly spherical, its color of a slightly reddish tint, it is not perfectly

transparent, and is so soft as to disintegrate readily on the slightest pressure. A small branch

from the arteria centralis retinae runs forward, as already mentioned, tlirough the vitreous

humor to the posterior part of the capsule of the lens, where its branches radiate and form a

plexiform network, which covers its surface, and they are continuous around the margin of the

capsule with the vessels of the pupillary membrane and with those of the iris.

In the adult the posterior suriface is more convex than the anterior; it is colorless, transparent,

firm in texture, and devoid of bloodvessels.

In old age it becomes flattened on both surfaces, slightly opaque, of an amber tint, and in-

creases in density.

Vessels and Nerves of the Globe of the Eye.—The arteries of the globe of the eye are the

short posterior ciliary, long posterior ciliary, and anterior ciliary arteries, and the arteria centralis

retinae. They have been already described (p. 613).

J



THE CRYSTALLINE LENS 1109

The ciliary veiris are seen on the outer surface of the choroid, and are named from their

arrangement, the venae vorticosae (p. 1094). They converge to four or five equidistant trunks,

which pierce the sclera midway between the margin of the cornea and the porus opticus. An-
other set of veins accompanies the anterior ciliary arteries and opens into the ophthalmic vein.

The Lymphatic Passages of the Eyeball.—The conjunctiva contains lymph vessels.

The eyeball contains lymph spaces, but no lymph vessels. There are two sets of lymph spaces

in the eyeball, the anterior and posterior. The anterior Ijmciph spaces are the spaces of the

cornea, of the iris, of the anterior chamber, and of the posterior chamber. The lymph from the

intralamellar lymph spaces of the cornea enters the conjunctival lymphatics at the margin of the

cornea. The lymph spaces of the iris open into the anterior chamber by the crypts of the iris,

and at the margin of the iris join the spaces of Fontana. The aqueous humor fills the anterior

and jwsterior chambers, but is ftu-nished by the vessels in the posterior chamber; in part by the

vessels of the ciliary body, and in part by the vessels of the posterior surface of the iris. The
Ivmph passes by way of the pupil into the anterior chamber, and then is taken up by the spaces

of Fontana, the canal of Schlemm, and the anterior ciliary veins.

The posterior lymph spaces are the hyaloid canal, the perichoroidal lymph space, the space

of Tenon, the intervaginal space of the optic nerve, and the supravaginal space.

The hyaloid canal (Figs. 802 and 805). passes between the posterior siu-face of the lens and the

optic disk. The hyaloid canal opens into the intervaginal space of the optic nerve. Between
the sclera and the choroid is the perichoroidal lymph space (Fig. 829). It is around the choroid

vessels and the venae vorticosae, and empties into Tenon's space by means of openings through

the sclera about the venae vorticosae. Tenon's space (Figs. 802 and 803) is between the sclera

and the capsule of Tenon. It receives lymph from the perichoroidal space, and empties into the

supravaginal space.

The optic nerve (Fig. 819) has a sheath of dura and a sheath of pia, and between these sheaths

is the intervaginal lymph space. It is divided by a prolongation of the cerebral arachnoid into

a subdural space and a subarachnoid space, which empty into the corresponding spaces of the

membranes of the brain. The supravaginal space is between the diu-al portioD of the sheath

of the optic nerve and a posterior prolongation of Tenon's capsule.*

The Nerves of the Globe of the Eye.—The long ciliary nerves (nn. ciliares hngi), two

in numlier, are derived from the nasal branch of the ophthalmic, and the short ciliary nerves

{nn. ciliares breves), twelve to fifteen in nimiber, are derived from the ciliary or ophthalmic gan-

glion. Both the long and short ciliary nerves perforate the sclera in the neighborhood of the

optic nerve (Fig. 809). They pass along the perichoroidal lymph space, forming a plexus

which sends filaments to the choroidal vessels. In front of the Ciliary muscle they form a second

plexus, and from it come branches which go to the Ciliary muscle and the muscle fibres and
vessels of the iris, sclera, choroid, ciliary body, and iris (Fig. 816). The ciliary nerves supply

the cornea. The circular fibres of the iris are innervated by the oculomotor ner%-e and the

radial fibres by the sympathetic.

Applied Anatomy.—From a surgical point of view the cornea may be regarded as consist-

ing of three layers: (1) Of an external epithelial layer, developed from the ectoderm, and con-

tinuous with the external epithelial covering of the rest of the body, and therefore its lesions

resemble those of the epidermis; (2) of the cornea proper, derived from the mesoderm, and
associated in its diseases with the fibrovascular structures of the body; and (3) the posterior

elastic laver with its endothelium, also derived from the mesoderm and having the characters

of a serous membrane, so that inflammation of it resembles inflammation of the other serous

and synovial membranes of the body.

The corma contains no bloodvessels, except at its periphery, where numerous delicate loops,

derived from the anterior ciliary arteries, may be demonstrated on the anterior surface of the

cornea. The rest of the cornea is nourished by lymph, which gains access to the proper sub-

stance of the cornea and the posterior layer through the spaces of Fontana {spatia anguli iridis).

This lack of direct blood supply renders the cornea very apt to become inflamed in the cachectic

and ill-nourished. In spite of the absence of bloodvessels, wounds of the cornea usually heal

rapidly. A wound which penetrates the cornea opens the anterior chamber, and aqueous humor
escapes. An ulcer may also open the anterior chamber. Through a wound or a perforated

ulcer the papillary margin of the iris may prolapse. A trivial injury of the cornea is repaired by
transparent tissue. A severe injury is repaired by fibrous tissue, and opacity results. A slight

opacity resembling a cloud of gray smoke is called nebula; a more marked white opacity is called

leucoma. In abscess of the cornea pus gravitates between the layers to the lower part of the

cornea and the purulent collection assumes a crescentic shape (onyx). The arcus senilis, seen

in the aged, is a condition of haziness or opacity at the corneal margin due to fatty degeneration

of the tissues of the cornea. It signifies interference with the blood supply, because of senile

degeneration of adjacent vessels. In cases of traehoma there is a peculiar affection of the cornea,

called pannus, in which the anterior layers of the cornea become vascularized, and a rich network

* For the lymphatic channels of the eyeball see Deaver's Surgical Anatomy, vol. ii, p. 392.
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of bloodvessels may be seen on the cornea; and in interstitial keratitis new vessels extend into the

cornea, giving it a pinkish hue, to which the terra salmon patch is applied. The cornea is richly

supplied with nerves, derived from the ciliary nerves, which enter the cornea through the fore i)art

of the sclera and form plexuses in the stroma, terminating between the epithelial cells by free

ends or in corpuscles. In cases of glaucoma the ciliary nerves may be pressed upon as they

course between the choroid and sclera (Fig. 808), and in consequence of the pressure u{)on

them, the cornea, to which they are distributed, becomes anesthetic. When a scar forms on the

cornea and the iris becomes adherent, the scar and the iris, and sometimes even the lens, may
bul^e forward from intraocular tension. This condition is staphyloma of the cornea. In con-

ditions of impaired nutrition the cornea may be bulged forward by intraocular pressure. The
line of least resistance is a little below the centre of the cornea, and it is bulged forward and

strongly curved. This condition is known as conical cornea.

The sclera has very few bloodvessels and nerves. The bloodvessels are derived from the

anterior ciliary, and form an open plexus in its substance. As they approach the corneal margin

this arrangement is peculiar. Some branches pass through the sclera to the ciliary body; others

become superficial and lie in the episcleral tissue, and form arches, by anastomosing with each

other, some little distance behind the corneal margin. From these arches numerous straight

vessels are given off, which run forward to the cornea, forming its marginal plexus. In inflamma-

tion of the sclera and episcleral tissue these vessels become conspicuous, and form a pinkish

zone of straight vessels radiating from the corneal margin, commonly known as the zone of ciliary

injection. In inflammation of the iris and ciliary body, this zone is present, since the sclera

speedily becomes involved when these structures are inflamed. But in inflammation of the cornea

the sclera is seldom much affected, though the cornea and sclera are structurally continuous.

This would appear to be due to the fact that the nutrition of the cornea is derived from a different

source from that of the sclera. The sclera may be ruptured subeutaneously without any lacer-

ation of the conjunctiva, and the rupture usually occurs near the corneal margin, where the

tunic is thinnest. It may be complicated with lesions of adjacent parts—laceration of the

choroid, retina, iris, or suspensory ligament of the lens^and is then often attended with hemor-

rhage into the anterior chamber, which masks the nature of the injury. In some cases the lens

has escaped through the rent in the sclera, and has been found under the conjunctiva. Wounds

of the sclera, if they do not perforate, usually heal readily. If they extend through the sclera

they cause diminished tension, are always dangerous, and are often followed by inflammation,

suppuration, and by sympathetic ophthalmia. The sclera may be weakened by injury, inflam-

mation, etc., and the weakened portion may bulge from intraocular pressure, and even a healthy

sclera may bulge from excessive intraocular pressure. According to its situation the lesion is

known as ciliary staphyloma, equatorial staphyloma, or posterior staphyloma.

One of the functions of the choroid is to provide nutrition for the retina and to convey ves-

sels and nerves to the ciliary body and iris. Inflammation of the choroid is therefore followed

by grave disturbance in the nutrition of the retina, and is attended with early interference with

vision. Purulent choroiditis is not confined to the choroid; the retina, the vitreous, and the entire

uveal tract become involved, and even other structures may suffer. In its diseases it bears a con-

siderable analogy to those which affect the skin, and, like it, is one of the places from which
melanotic sarcomata may grow. These tumors contain a large amount of pigment in their cells,

and grow only from those parts where pigment is naturally present. The choroid may be rup-

tured without injury to the other tunics, as well as participating in general injuries of the eyeball.

In cases of uncomplicated rupture the injury is usually at its posterior part, and is the result of a

blow on the front of the eye. It is attended by considerable hemorrhage, which for a time may
obscure vision, but in most cases this is restored as soon as the blood is absorbed.

The iris is the seat of a malformation, termed coloboma, which consists in a deficiency or cleft,

which in a great number of cases is clearly due to an arrest in development. In these cases it is

found at the lower aspect, extending directly downward from the pupil, and the gap frequently

extends through the choroid to the attachment of the optic nerve. In some rarer cases the gap
is lound in other parts of the iris, and is then not associated with any deficiency of the choroid.

The iris is abundantly supplied with bloodvessels and nerves, and is therefore very prone to

become inflamed. When inflamed, in consequence of the fact that the iris and ciliary body are

continuous, and that their vessels communicate, iritis is usually associated with cyclitis, the dis-

ease being called iridocyclitis. And, in addition, inflammation of adjacent structures, the cornea

and sclera, is apt to spread into the iris. The iris is covered with endothelium, and partakes of

the character of a serous membrane, and, like these structures, is liable to pour out a plastic exuda-
tion when inflamed, and contract adhesions, either to the cornea in front (synechia anterior), or

to the capsule of the lens behind (synechia posterior). In iritis the lens may become involved,

and the condition known as secondary cataract may be set up. Tumors occasionally commence
in the iris; of these, cysts, which are usually congenital and sarcomatous tumors, are the most
common and require removal. Gummata are not infrequently found in this situation. In some
forms of injury of the eyeball, as the impact of a spent shot, a flying cork, the rebound of a twig,

or a blow with a whip, the iris may be detached from the Ciliary muscle, the amount of detach-

J
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ment varying from the slightest degree to the separation of the whole iris from its ciliary con-

nection.

The Arcjytl-Robertson pupil shows no reaction to light, but retains reaction to accommodation

and vision remains good.

The retina, with the exception of its pigment layer, and its vessels is perfectly transparent,

and is invisible when examined by the ophthalmoscope, so that its diseased conditions are rec-

ognized by its loss of transparency. In retinitis, for instance, there is more or less dense and

extensive opacity of its structure, and not infrequently extravasations of blood into its sub-

stance. Hemorrhages may also take place into the retina from rupture of a bloodvessel without

inflammation. In optic neuritis, jxipillitis, or choked disk, the ophthalmoscope shows increase

in vascularity, and swelling and opacity of the nerve, which extend beyond the disk margins.

Optic atrophy is apt to follow. (Fig. 830 shows a normal optic disk.) The retina may become

displaced from effusion of serum between it and the choroid or by blows on the eyeball, or may

occur without apparent cause in progressive myopia, and in this case the ophthalmoscope shows

an opaque, tremulous cloud. Glioma, a form of sarcoma, and essentially a disease of early life,

is occasionally met with in connection with the retina.

The lens has no bloodvessels, nerves, or connective tissue in its structure, and therefore is

not subject to those morbid changes to which tissues containing these structures are liable.
_
It

does, however, present certain morbid or abnormal conditions of various kinds. Thus, variations

in shape, absence of the whole or a part of the lens, and displacements are among its congenital

defects. Opacities may occur from injury, senile changes, malnutrition, or errors in growth or

development. An opacity of the capsule, of the lens, or of both, is known as a cataract. Senile

changes may take place iii the lens, impairing its elasticity and rendering it harder than in youth,

Fig. 830.—Ophthalmoscopic appearance of healthy
fundus in a person of very fair complexion. Scleral

ring well marked. Left eye, inverted image. (Wecker
and Jaeger.)

Fig. 831.—Ophthalmoscopic appearance of severe
recent papillitis. Several elongated patches of blood
near border of disk, (.\fter Hughlings Jackson.)

so that its curvature can only be altered to a limited extent by the Ciliary muscle. And, finally,

the lens may be dislocated or displaced by blows upon the eyeball, and its relations to surround-

ing structures altered by adhesions or the pressure of newgrowths.

There are rv\o particular regions of the eye which require special notice; one of these is known
as the " filtration area," and the other as the " dangerous area." The filtration area is the circum-

corneal zone immediately in front of the iris. Here are situated the cavernous spaces of Fon-
tana, which communicate with the canal of Schlemm, through which the chief transudation of

fluid from the eye is now believed to take place. The dangerous area of the eye is the region in

the neighborhood of the ciliary body, and wounds or injuries in this situation are peculiarly

dangerous; for inflammation of the ciliary body is liable to spread to many of the other structures

of the eye, especially to the iris and choroid, which are intimately connected by nerve and vas-

cular supplies. ^loreover, wounds which involve the ciliary region are especially liable to be
followed by sympathetic ophthalmia, in which destructive inflammation of one eye is excited by
some irritation in the other.

Emmetropia is normal vision. In normal vision the practically parallel light rays from distant

objects focus on the retina without effort ; divergent rays from near objects are focussed on the

retina by an effort of accommodation.
Hyperopia or hypermctropia is far-sightedness. In this condition the retina is in front of the

principal focus when the eye is at rest. The patient endeavors to correct the failure by constant
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and tiresome efforts at accommodation. The condition is usually due to inordinate shortness of

the axis of the eye, but may be due to loss of the lens, decreased convexity of the refractive sur-

faces, or lessened refractive power in the refractive media of the eye. It is corrected by the use

of convex glasses.

Myopia is near-sightedness. In this condition the rays of light come to a focus in front of the

retina, and the patient is subjected to continued eye-strain. It is usually due to too great length

of the axis of the eye, but may result from increase in refractive power of refractive media. It is

corrected by concave glasses. Sometimes, as a person with hyperopia begins to age, an increased

refractive power of the lens causes myopia. The occurrence of myopia in a hyperopic eye is

called second sight, and it enables the individual to cease wearing convex glasses.

Exenteration of the contents of the orbit means removal of all the contents except those at the

orbital apex. Even the periosteum is taken away. It is performed for malignant disease.

Evisceration of the eyeball is performed by making a circular incision at the corneal margin and

removing the internal and middle coats and the contents of the globe. The sclera is not removed.

A glass ball is inserted into the scleral sheath, and the sclera is closed over the ball by vertical

stitches, and the conjunctiva is closed over it by transverse stitches. The operation is performed

for leucoraa or staphyloma of the cornea. An artificial eye (a shell) is placed over the stump

when healing is complete.

Enucleation, or excision of the eyeball, differs from exenteration of the orbital contents in the

fact that only the eyeball is removed. A circular incision through the ocular conjunctiva is

carried around and near to the corneal margin. The conjunctiva and capsule of Tenon are

pushed back and the Rectus muscles are clamped and divided back of the clamp. Traction

is made upon the globe in a forward and inward direction, and the optic nerve and adjacent

structures are cut with scissors from the outer aspect of the globe. The eye is then pulled out of

the orbit, and all structures which tend to retain it are divided. The stumps of the Recti muscles

are sewed together.

THE APPENDAGES OF THE EYE (ORGANA OCULI ACCESSORIA).

The appendages of the eye include the eyebrows, the eyelids, the conjunctiva,

and the lacrimal apparatus

—

viz., the lacrimal gland, the lacrimal sac, and the nasal

duct.

The Eyebrows {swpercilia) 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. The hairs may entangle

foreign bodies and lessen somewhat the force of blows. In structure the eyebrows

consist of thickened integument, connected beneath with the Orbicularis palpe-

brarum, Corrugator supercilii, and Occipitofrontalis 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 (palpebrae) (Figs. 832 and 833) are two thin, movable folds placed

in front of the eye, and protecting it from injury by their closure. The eyelids

are composed of skin, superficial fascia, and areolar tissue, fibres of the Orbicu-

laris palpebrarum muscle, palpebral and orbitotarsal ligaments, tarsal plates,

and conjunctiva. The upper lid also contains the I^evator palpebrae superioris

muscle. In the lids are bloodvessels, lymph vessels, nerves, and Meibomian
glands. There are two lids, the upper (palpebra superior) and the lower (palpebra

inferior); the groundwork of both lids is made up of a fascial membrane called

the orbital septum (septum orhitale). The upper lid is the larger and the more

movable of the two, and is furnished with a separate elevator muscle, the Levator

palpebrae superioris. The orbital septum, in each lid, consists of two portions.

The part near the orbital margin is called the orbital portion. The part in which
the tarsus lies is called the tarsal portion. Between the two portions in each lid

is a sulcus, called, in the upper lid, the superior orbitopalpebral sulcus, and in the

lower lid, the inferior orbitopalpebral sulcus. When the eyelids are opened an
elliptical space, the interpalpebral slit {rima palpebrarum), is left between their

1
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margins, the angles of which correspond to the junction of the upper and lower

lids, and are called canthi.

The outer canthus (commissura palpebrarum lateralis) is more acute than the

inner, and the lids here lie in close contact with the globe; but the inner canthos

rommissura palpebrarum medialis) is prolonged for a short distance inward

toward the nose, and the two lids are separated at the inner canthus by a triangular

space, the lacus lacrimalis. At the commencement of the lacus lacrimalis, on the

margin of each eyelid, is a small conical elevation, the lacrimal papilla, the apex of

which is pierced by a small orifice, the punctum lacrimale (Fig. 837), the commence-

ment of the lacrimal canal (Fig. 835). When the lids are closed a space remains

between them and the globe to permit of the flow of tears inward (rivus lacri-

malis).

The Eyelashes (cilia) (Fig. 833) 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 upward; those of the lower lid curve downward. Because of this arrange-

ment the two sets do not interlace in closing the lids. Near the attachment of

the eyelashes are the openings of sebaceous glands (glandulae sebaceae) (Fig. 833)

and of a number of glands, glands of Moll [glandulae ciliares [Mo//?]) (Fig. 833),

arranged in several rows close to the free margin of the lid. They are regarded

as enlarged and modified sweat glands.

S^£
LACRIMAL ARTERY

AND NERVE

EXTERNAL TARSAL-
LIGAMENT

.SUPRAORBITAL VES-
SELS AND NERVE

LACRIMAL SAC

INTERNAL TARSAL
LIGAMENT

Fig. 832.—The tarei and their ligaments. Right eye, front view. (Testut.)

Structure of the Eyelids (Fig. 791).—The eyelids are composed of the following structures,

taken in their order from without inward : Integument, areolar tissue, fibres of the Orbicularis

muscle, tarsal plate, and its ligament, Meibomian glands, and conjunctiva. The upper lid has,

in addition, the aponeurosis of the Levator palpebrae, while both lids contain a certain amount

of non-striated muscle, called, respectively, the Superior and Inferior tarsal muscles (see p. 369)

(Fig. 802). The integument is extremely thin, and continuous at the margin of the hds with

the conjunctiva. The subcutaneous areolar tissue is very lax and delicate, seldom contains any

fat, and is extremely liable to serous infiltration. The Palpebral fibres of the Orbicularis oculi

muscle (m. ciliaris [Riolani]) are thin, pale in color, and possess an involuntary action.

The tarsal plates (Fig. 832) are two thin, elongated, wedge-shaped plates of dense connective

tissue about 2.5 cm. (1 inch) in length. They are placed one in each lid, beneath the conjunc-

tival surface, contributing to their form and support. The superior tarsal plate, superior

tarsus, or superior tarsal body {tarsus superior) (Fig. 832), the larger, is of a semilunar form,

about 8 mm. (i inch) in breadth at the centre, and becoming gradually narrowed at each

extremitj'. To the anterior surface of this plate the aponeurosis of the Levator palpebrae

is attached. The inferior tarsal plate, inferior tarsus, or inferior tarsal body {tarsus inferior)
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(Fig. 832), the smaller of the t^vo, is thinner and of an elliptical form. The free or ciliary

margin of these plates is thick, and presents a perfectly straight edge. The attached or orbital

margin is connected to the cu-cumference of the orbit by the fibrous membrane of the lids, with

which it is continuous. The outer angle of each plate is attached to the malar bone by the ex-

ternal tarsal ligament {raphe pal-pehralis lateralis) (Fig. 832). The inner angles of the two

plates terminate at the commencement of the lacus lacrimalis; they are attached to the nasal

process of the superior maxilla by the internal tarsal ligament or the tendo oculi {liganientum

palpebrale mediale) (Fig. 832) . In reality these so-called ligaments are fascial expansions situated

one in each lid, and are attached marginally to the edge of the orbit, where they are continuous

with the periosteum. The superior ligament

blends with the tendon of the Levator palpe-

brae, the inferior with the inferior tarsal plate.

Externally, the superior and inferior ligaments

fuse to form the external tarsal ligament just

referred to; internally they are much thinner,

and, becoming separated from the internal tarsal

ligament, are fixed to the lacrimal bone imme-
diately behind the lacrimal sac. The whole

fascial sheet spanning the orbit, and reenforced

by these ligaments, constitutes the orbital sep-

tum {septum, orbitale), which is perforated by

the vessels and nerves which pass from the

orbital cavity to the face and scalp.

The Meibomian or Tarsal Glands

(glandulae tarsales [Meihomi]) (Figs. 833

and 835) are situated in the tarsal plates,

and may be distinctly seen through the

conjunctiva on everting the eyelids, pre-

senting the appearance of parallel strings

of pearls. They are about thirty in

number in the upper eyelid, and some-

what fewer in the lower. They corre-

spond in length with the breadth of each

plate, and are, consequently, longer in

the upper than in the lower eyelid. Their

ducts open on the free margin of the lids

by minute foramina, which correspond in

number to the follicles. The use of their

secretion is to prevent adhesions of the

lids.

Structure.—^These glands are a variety of the

cutaneous sebaceous glands, each consisting of

a single straight tube or duct, having a cecal

termination, and with numerous small alveoli

opening into it. The tubes consist of basement

membrane, lined at the mouths of the tubes by

stratified epithelium; the deeper parts of the tubes and the alveoli are filled with polyhedral

cells. They are thus identical in structure with the sebaceous glands.

Fig. 833.—Vertical section through the upper eye-

lid, o. Skin. b. Orbicularis palpebrarum, b' . Mar-
ginal fasciculus of Orbicularis (ciliary bundle), c.

Levator palpebrae. d. Conjunctiva, e. Tarsal plate.

/. Meibomian gland, g. Sebaceous gland, h. Eye-
lashes. I. Small hairs of skin. j. Sweat-glands, k. Ac-
cessory lacrimal glands. (After Waldeyer.)

The Conjunctiva (Figs. 834 and 835) is the mucous membrane of the eye. It

lines the inner surface of the eyelids, is reflected over the fore part of the sclera

and cornea, and joins the lids to the eyeball. In each of these situations its struc-

ture presents some peculiarities.

The palpebral portion (tunica conjunctiva palpehrarum) (Fig. 835) of the con-

junctiva lines the posterior surface of the lids. It is thick, opaque, highly vascular,

and covered with numerous papillae, its deeper parts presenting a considerable

amount of lymphoid tissue. At the margins of the lids it becomes continuous
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with the lining membrane of the ducts of the Meibomian glands, and, through the

lacrimal canals, with the lining membrane of the lacrimal sac and nasal duct.

At the outer angle of the upper lid the lacrimal ducts open on its free surface;

and at the inner angle of the eye it forms a semilunar fold, the plica semilunaris

{plica semilunaris conjunctivae) (Fig. 837). 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. These folds form the

superior and inferior conjunctival fornix (Fig. 834).

The Bulbar Portion {tunica conjunctiva bulbi).—\Jpon the sclera the conjunc-

tiva is loosely connected to the globe; it becomes thinner, loses its papillary struc-

ture, is transparent, and only slighdy vascular in health. Upon the cornea the con-

junctiva consists only of epithelium, constituting the

anterior layer of the cornea (conjunctival epithelium)

already described (p. 1091). Lymphatics arise in the

conjunctiva in a delicate zone around the cornea, from

which the vessels run to the ocular conjunctiva.

Fomices of Conjunctiva.—^At the line of reflection of

each fold of the conjunctiva from each lid on to the globe

of the eye a pocket or arch is formed. These arches are

termed the fomices conjunctivae, superior and inferior ' *^^^inferioh form«

(rig. 8o4). Pjq 834.—Sagittal section

Glands of Conjunctiva.—In the conjunctiva there are ?f/y?- showing superior and
' •*_ iNi'i infenor fornjces of the con-

a number oi mucous glands (gl. mucosae [Kratisei]) which junctiva. (Testut.)

are much convoluted. They are chiefly found in the up-

per lid. Other glands, analogous to lymphoid follicles, and called by Henle
trachoma glands, are found in the conjunctiva, and, according to Stromeyer, are

cliiefly situated near the inner canthus of the eye.

The caruncula lacrimalis is a small, reddish, conical-shaped body, situated at

the inner canthus of the eye, and filling up the small triangular space in this situ-

ation, the lacus lacrimalis. It consists of an island of skin containing sebaceous

and sweat glands, 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 conjunc-

tiva, the concavity of which is directed toward the cornea; it is called the plica

semilunaris (Fig. 837). Miiller found smooth muscle fibres in this fold, and in

some of the domesticated animals a thin plate of dense white fibrous tissue has
been discovered. This structure is considered to be the rudiment of the third

eyelid in birds, the membrana nictitans.

The nerves in the conjunctiva are numerous and form rich plexuses. Accord-
ing to Krause thev terminate in a peculiar form of tactile corpuscle, the "terminal

bulb."

The Lacrimal Apparatus (apparatus lacrimalis) (Figs. 835 and 837) consists of

the lacrimal gland, which secretes the tears, and its excretory ducts, which con-

vey the fluid to the surface of the eye. This fluid is carried away by the

lacrimal canals into the lacrimal sac, and along the nasal duct into the cavity of

the nose.

The Lacrimal Gland (glandula lacrimalis) is lodged in a depression at the upper
and 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 convex-
ity of the eyeball and upon the Superior and External recti muscles. Its vessels

and nerves enter its posterior border, while its anterior margin is closely adherent
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to the back part of the upper eyeHd, where it is covered to a slight extent by the

reflection of the conjunctiva. The fore part of the gland is separated from the

rest by a fibrous septum; hence it is sometimes described as a separate lobe,

called the inferior lacrimal gland (glandula lacrimalis inferior), the back part of

the gland then being called the superior lacrimal gland (glandula lacrimalis superior).

The ducts of the lacrimal gland, from six to twelve in number, run obliquely

beneath the mucous membrane for a short distance, and, separating from each

other, open by a series of minute orifices on the upper and outer half of the con-

junctiva 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.

Fio. 835.—The Meibomian glands, etc., seen from the inner surface of the eyelids.

Structure.—In structure and general appearance the lacrimal resembles the serous salivary

glands. In the recent state the cells are so crowded with granules that their limits can hardly

be defined. Each cell contains an oval nucleus, and the cell protoplasm is finely fibrillated.

The Lacrimal Canals (Fig. 837) commence at the minute orifices, puncta lacri-

malia, on the summit of small conical elevations, the lacrimal papillae {papillae

lacrimalis), seen on the margin of the lids at the outer extremity of the lacus

lacrimalis. The superior canal (ductus lacrimalis superior), the smaller and shorter

of the two, at first ascends, and then bends at an
acute angle, and passes inward and downward to

the ampulla of the lacrimal sac. The inferior

canal (ductus lacrimalis inferior) at first descends,

and then passes almost horizontally inward to the

ampulla. These canals are dense and elastic in

structure and somewhat dilated at their angles.

The mucous membrane is covered with stratified

epithelium upon a basement membrane. Outside

the latter is a layer of striped muscle continuous

with the Tensor tarsi. The two canals join in a

dilatation, the ampulla (ampulla dux^tus lacrimalis), which empties into the

lacrimal sac.

The Lacrimal Sac (saccus lacrimulis) (Fig. 837) is the upper dilated extremity

of the nasal duct, and is lodged in a deep groove formed by the lacrimal bone and
the nasal process of the maxilla bone. It is oval in form, its upper extremity
being closed in and rounded, while below it is continued into the nasal duct.

It is covered by a fibrous expansion derived from the tendo oculi, and on its deep

Fig. 836.—Alveoli of lacrimal gland.
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surface it is crossed by the Tensor tarsi muscle (Horner's muscle, p. 367), which

is attached to the ridge on the lacrimal bone.

Structure.—The lacrimal sac consists of a fibrous elastic coat, lined internally by mucous

membrane, the latter being continuous, through the ampulla and lacrimal canals, with the

mucous lining of the conjunctiva, and, through the nasal duct, with the mucous membrane of

the nose.

The Nasal Duct (ductus nasolacrimalis) (Fig. 837) is a membranous canal,

about 2 cm. (three-quarters of an inch) in length, which extends from the lower

part of the lacrimal sac to the inferior meatus of the nose, where it terminates by

a somewhat expanded orifice, provided with an imperfect valve, the valve of

Hasner (plica lacrimalis [Hasneri\),

formed by a fold of mucous mem-
brane. It is contained in an osseous

canal formed by the maxilla, the lac-

rimal, and the turbinated bones, is

narrower in the middle than at each

extremity, and takes a direction down-

ward, backward, and a little out-

ward. It is lined by mucous mem-
brane, which is continuous below with

that of the nasal fossae. The mem-
brane in the lacrimal sac and nasal duct

is covered with columnar epithelium, as

in the nose; this epithelium is in places

ciliated.

Surface Form.—The palpebral fissure, or

opening between the evelids, is elliptic in

shape, and differs in size in different individ- ^^°- 837.-The lacrimal apparatus. Right side,

uals and in different races of mankind. In

the Mongolian races, for instance, the opening is very small, merely a narrow fissure, and this

makes the eyeball appear small in these races, whereas the size of the eye is relatively very

constant. The normal direction of the fissure is slightly oblique, in a direction upward and out-

ward, so that the outer angle is on a slightly higher level than the inner. This is especially

noticeable in the Mongolian races, in whom, owing to the upward projection of the malar bone
and the shortness of the external angular process of the frontal bone, the tarsal plate of the

upper lid is raised at its outer part and gives an oblique direction to the palpebral fissure.

When the eyes are directed forward, as in ordinary vision, the upper part of the cornea is

covered by the upper lid, and the lower margin of the cornea corresponds to the level of the lower

lid, so that about the lower three-fourths of the cornea is exposed under ordinary circumstances.

On the margin of the lids, about 1 cm. from the inner canthus, are two small openings, the

puncfa lacrimalia, the commencement of the lacrimal canals. They are best seen by everting

the eyelids. In the natural condition they are in contact with the conjunctiva of the eyeball,

and are maintained in this position by the Tensor tarsi muscle, so that the tears running over the

surface of the globe easily find their way into the lacrimal canals. The position of the lacrimal

sac into which the canals open is indicated by a little tubercle, which is plainly to be felt on the

lower margin of the orbit. The lacrimal sac lies immediately above and to the inner side of this

tubercle, and a knife passed through the skin in this situation would open the cavity. The posi-

tion of the lacrimal sac may also be indicated by the tendo oculi or internal tarsal ligam£nt. If

both lids be drawn outward, so as to tighten the skin at the inner angle, a prominent cord will be
seen beneath the tightened skin. This is the tendo ocidi, which lies immediately over the lacrimal

sac, bisecting it, and thus forming a useful guide to its situation. A knife entered immediately

beneath the tense cord would open the lower part of the sac. A probe introduced through this

opening can be readily passed downward through the duct into the inferior meatus of the nose.

The direction of the duct is downward, outward, and backward, and this course should be borne
in mind in passing the probe, otherwise the point may be driven through the thin bony walls of

the canal. A convenient plan is to direct the probe in such a manner that if it were pushed
onward it would strike the first molar tooth of the lower jaw on the same side of the body. In
other words, the surgeon standing in front of his patient should carry in his mind the position of
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the first molar tooth, and should push his probe onward in such a way as if he desired to reach

this structure.

Beneath the internal angular process of the frontal bone the pulley of the Superior oblique

muscle of the eye can be plainly felt by pushing the finger backward between the upper and inner

angle of the eye and the roof of the orbit; passing backward and outward from this pulley, the

tendon can be felt for a short distance.

Applied Anatomy.—The eyelids are composed of various tissues, and consequently are liable

to a variety of diseases. The skin which covers them is exceedingly thin and delicate, and is

supported on a quantity of loose and lar subcutaneous tissue which contains no fat. In conse-

quence of this it is very freely movable, and is liable to be drawn down by the contraction of

neighboring cicatrices. Such contractions may produce an eversion of the lid known as ectropion.

Inversion of the lids {entropion) from spasm of the Orbicularis palpebrarum or from chronic

inflammation of the palpebral conjunctiva may also occur. In some individuals there is an

extra row of evelashes on the inner margin of the lid, directed toward the cornea (distichiasis).

Trichiasis is a condition in which the lashes are directed toward the eye, but there is not inversion

of the lid. The eyelids are richly supplied with blood, and are often the seat of vascular growths,

such as ncevi. Rodent ulcer also frequently commences in this situation. The loose cellular tissue

beneath the skin is liable to become extensively infiltrated either with blood or inflammatory

products, producing very great swelling. Even from very slight injuries to this tissue the extrava-

sation of blood may be so great as to produce considerable swelling of the lids and complete

closure of the eye, and the same is the case when the inflammatory products are poured out. The

follicles are liable to become inflamed, constituting the disease known as marginal blepharitis,

blepharitis ciliaris, or "blear-eye." Irregular or disorderly growth of the eyelashes not infre-

quently occurs, some of them being turned toward the eyeball and producing inflammation and

follicle's of the eyelashes, or the sebaceous glands associated with these follicles may be the seat of

inflammation, constituting the ordinary hordeolum or "sty." The Meibomian glands are aftected

in the so-called " tarsal tumor;" the tumor, according to some, being caused by the retained secre-

tion of these glands; by others it is believed to be a neoplasm connected with the gland. The
Orbicularis palpebrarum may be the seat of spasm (blepharospasm), either in the form of slight

quivering of the lids or repeated twitchings, most commonly due to errors of refraction in children,

or more continuous spasm, due to some irritation of the trigeminal or facial nerves. The Orbicu-

laris may be paralyzed, generally associated with paralysis of the other facial muscles. Under

these circumstances the patient is unable to close the lids, and if he attempts to do so, rolls the

eyeball upward under the upper lid. The tears overflow from displacement of the lower lid,

and the conjunctiva and cornea, being constantly exposed and the patient being unable to wink,

become irritated from dust and foreign bodies. As a result there may be ulceration of the

cornea, and possibly eventually complete destruction of the eye. In paralysis of the Levator

palpcbrae superioris there is drooping of the upper eyelid (ptosis) and other symptoms of impli-

cation of the oculomotor nerve. The eyelids may be the seat of bruises, wounds, or burns. After

wounds or burns adhesions of the margins of the lids to each other or adhesion of the lids to

the globe may take place. The eyelids are sometimes the seat of emphysema after fracture of

some of the thin bones forming the inner wall of the orbit. If shortly after such an injury the

patient blows his nose, air is forced from the nostrils through the lacerated structure into the

connective tissue of the eyelids, which suddenly swell up and present the peculiar crackling on

pressure which is characteristic of this affection.

Fcrreign bodies frequently get into the conjunctival sac and cause great ])ain, especially if

they come in contact with the corneal surface, during the movements of the lid and the eye on

each other. The conjunctiva is frequently involved in severe injuries of the eyeball, but is seldom

ruptured alone; the most common form of injury to the conjunctiva alone is from a burn, either

from fire, strong acids, or lime. In these cases the union is apt to take place between the eyelid

and the eyeball. The conjunctiva is often the seat of inflammaticm arising from many different

causes, and the arrangement of the conjunctival vessels should be remembered as affording a

means of diagnosis between this condition and injection of the sclera, which is present in inflam-

mation of the deeper structures of the globe. The inflamed conjunctiva is bright red; the

vessels are large and tortuous, and greatest at the circumference, shading off tow'ard the corneal

margin; they anastomose freely and form a dense network, and they can be emptied by gentle

pressure.

The lacrimal gland is occasionally, though rarely, the seat of injlammation (dacryoademtis).

either acute or chronic; it is also sometimes the seat of tumors, benign or malignant, and for these

may require removal. This may be done by an incision through the skin just below the eyebrow;

and the gland, being invested with a special capsule of its own, may be isolated and removed
without opening the general cavity of the orbit. The canals may be obstructed, either as a con-

genital defect or by some foreign body, as an eyelash or a dacryolith, causing the tears to run

over the cheek. The canals may also become occluded as the result of burns or injury; over-

flow of tears may, in addition, result from deviation of the puncta or from chronic inflammation

of the lacrimal sac. When there is failure of the lacrimal tubes to drain off the tears and the
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fluid gathers beneath and flows over the Hds, the condition is known as epiphora or stillicidium.

This latter condition is set up by some obstruction to the nasal duct frequently occurring in tuber-

culous subjects. In consequence of this the tears and mucus accumulate in the lacrimal sac,

distendintr it. Suppuration in the lacrimal sac (dacryocystitis) is sometimes met with; this

mav be the sequel of a chronic inflammation; or may occur after some of the eruptive fevers

in cases where the lacrimal passages were previously quite healthy. It may lead to lacrimal

fistula.

THE EAR (ORGANON AUDITUS).

The organ of hearing is divisible into three parts—the external ear. the middle

ear or tympanum, and the internal ear or labyrinth.

THE EXTERNAL EAR (AURIS EXTERNA).

The external ear consists of an expanded portion named pinna or auricula, and

the auditory canal or meatus. The former serves to collect the vibrations of the air

by which sound is produced; the latter conducts those vibrations to the tympanum.

DARWINIAN
TUBERCLE

FOSSA
TRIANGULARIS

CRURA OF
ANTIHELIX

SCAPHOID
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TUBERCULUM
SUPRATRAGICUM

EXTERNAL
AUDITORY
MEATUS

INCISURA
INTERTRAGIC*

POSTERIOR
AURICULAR

SULCUS

Fig. 838.

CAVUM CCNCHAE

-The right pinna, viewed from without. (Spalteholz.)

The Pinna, or Auricula (Fig. 838), is attached to the side of the head midway
between the forehead and occiput It is of an ovoid form, with its larger end

directed upward. Its outer siirface is irregularly concave, directed slightly for-

ward, and presents numerous eminences and depressions which result from the

foldings of its fibrocartilaginous element. To each of these, names have been

assigned. Thus, the external prominent rim of the auricle is called the helix.

Another cun-ed prominence, parallel with and in front of the helix, is called the
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antihelix; this bifurcates above and forms the crura (crura antheUcis), which en-

close a triangular depression, the fossa of the antihelix (fossa triangularis [auric-

ulae]). The narrow curved depression between the helix and antihelix is called

the fossa of the helix or the scaphoid fossa (scapha); the antihelix describes a curve

around a deep, capacious cavity,

the concha auriculae, which is

partially divided into two parts

by the cms of the helix {crus

helicis), or the commencement of

the helix; the upper part is termed
the cymba conchae, the lower part

the cavum conchae. In front of

the concha, and projecting back-

ward 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
separated from it by a deep notch

(incisura interiragica), is a small

tubercle, the antitragus. Below
this is the lobule (lobulus auricu-

lae), composed of tough areolar and adipose tissue, wanting the firmness and elas-

ticity of the rest of the pinna. Sometimes the lobule does not hang freely, but

is adherent.
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AURICULAR
MUSCLE
TRANSVERSE
AURICULAR
MUSCLE

Fig. 839.—The cartilage of the right p
ide

inna, isolated, with the
muscles, viewed from the inside. (Spalteholz.)

Where the helix turns downward a small tubercle, tubercle of Darwin (tuberculum auriculae

[Darwini]), is frequently seen. This tubercle is very evident about the sixth month of fetal life;

at this stage the human pinna has a close resemblance to that of some of the adult monkeys.

The cranial surface of the pinna
presents elevations which correspond

to the depressions on its outer surface

and after which they are named, c. g.,

eminentia conchae, eminentia fossae

triangularis, etc.

Structure.^The pinna is composed
of a thin plate of yellow fibrocartilage,

covered with integument and connected

to the surrounding parts by the extrinsic

ligaments and muscles, and to the com-
mencement of the external auditory

canal by fibrous tissue.

The integument is thin, closely ad-
herent to the cartilage, and covered
with hairs furnished with sebaceous
glands which are most numerous in the
concha and scaphoid fossa. The hairs

are most numerous and largest on the
tragus and antitragus.

The cartilage of the pinna (cartilago

auriculae) (Fig. 840) 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 pinna ; thus,
it does not form a constituent part of the lobule; it is deficient also between the lamina of the
tragus and beginning of the crus helix, the notch between them (incisura ierminalis auris) being
filled up by dense fibrous tissue. At the front part of the pinna, where the helix bends upward,
is a small projection of cartilage, called the spine of the helix (spina helicis), while the lower
part of the helix is prolonged downward as a tail-like process, the cauda helicis; this is separated
from the antihelix by a fissure, the fissura antitragoheUcina. The cranial aspect of the cartilage
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840.—The right ear cartilage, isolated, viewed from
without. (Spalteholz.)
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exhibits a transverse furrow, the sulcus antihelicus transversus, which separates the prominence
produced by the conclia from that caused by the fossa triangularis. A vertical ridge (/>on-

ticulus) upon the eminentia conchae gives attachment to the Retrahens aurem muscle. The
fissure of the helix is a short vertical slit, situated at the fore part of the pinna. Another fissure,

the fissure of the tragus, is seen upon the anterior surface of the tragus. Anteriorly and infe-

riorly the cartilage of the pinna is continuous with the cartilage of the external auditory canal

by a cartilaginous isthmus {isthmus cartilaginis auris). Some authors regard the tragus as

part of the cartilage of the canal. The cartilage of the pinna is very pliable, elastic, of a yel-

lowish color, and belongs to that form of cartilage which is known under the name of yellow
fibrocartilage.

The ligaments of the pinna {ligamenti auriciilaria [Valsalvae]) consist of two sets: 1. The
extrinsic set, or those connecting it to the side of the head. 2. The intrinsic set, 6r those

connecting the various parts of its cartilage together. The extrinsic ligaments, the most
important, are three in number

—

superior, anterior, and posterior. The superior ligament
(ligamentum auriculare superius) extends from the suprameatal spine to the spine of the helLx.

The anterior ligament (ligamentum auriculare anterius) extends from the spina helicis and
tragus to the root of the zygoma. The posterior ligament {ligamentum auriculare posterius)

passes from the posterior surface of the concha to the outer surface of the mastoid process of

the temporal bone. The chief inirinmc ligaments are: (1) 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; and (2) a band which extends between the anti-

helix and the cauda helicis. Other less important bands are found on the cranial surface of the

pinna.

The muscles of the pinna (Figs. 839 and 841) consist of two sets: (1) The extrinsic, which
connect it with the side of the head, moving the pinna as a whole—viz., the AttoUens, Attrahens,

and Retrahens aurem (p. 366). (2) The intrinsic, which extend from one part of the auricle

to another—viz.: *

Helicis major.

Helicis minor.

Tragicus.

Antitragicus.

Transversus auriculae.

Obliquus auriculae.

The Helicis major (m. helicis major) is a narrow vertical band of muscle fibres, situated upon
the anterior margin of the helLx. It arises, below, from the spina helicis, and is inserted into

the anterior border of the helix, just where
it is about to curve backward.

The Helicis minor {m. helicis minor) \s

an oblique fasciculus which covers the

crus helicis.

The Tragicus (m. tragicus) is a short,

flattened band of muscle fibres situated

upon the outer surface of the tragus, the

direction of its fibres being vertical.

The Antitragicus (m. antitragicus) arises

from the outer part of the antitragus; its

fibres are inserted into the cauda helicis

and antihelix. This muscle is usually

very distinct.

The Transversus auriculae (m. trans-

versus auriculae) is placed on the cranial

surface of the pinna. It consists of scat-

tered fibres, partly tendon and partly

muscle, extending from the convexity of

the concha to the prominence correspond-
ing with the groove of the helix.

The Obliquus auricidae (Tod) {m.

obliquus auriculae) consists of a few fibres

extending from the upper and back part
of the concha to the convexity immediately
above it.

The arteries of the pinna are the pos-
terior auricular from the external carotid,

the anterior auricular from the temporal,
and an auricular branch from the occip-

ital arter}'. The veins of the pinna ac-

company the corresponding arteries. The
71

Fig. 841.—The muscles of the pinna.
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Cartilage oj
the pinna "

Promont.

lymphatics enter into the preauricular nodes and the nodes upon the Sternomastoid muscle

at its insertion. The nerves of the pinna are the great auricular, from the cervical i)lexus;

the auricular branch of the vagus; the auriculotemporal branch of the inferior maxillary nerve;

the small occipital from the cervical plexus, and the great occipital or internal branch of the

dorsal division of the second cervical nerve. The muscles of the pinna are supplied by the

facial nerve.

The Auditory Canal, or Meatus {meatus acusticus externus), extends from the

bottom of the concha to the membrana tympani (Figs. 842 and 843). It is about

3.7 cm. (an inch and an half) in length if measured from the tragus; from the bottom

of the -concha its length is about 2.5 cm. (an inch). It forms a sort of S-shaped

curve, and is directed at first inward, forward, and slightly upward (pars externa);

it then passes inward and backward {pars media), and lastly is carried inward,

forward, and slightly downward {pars interna). It forms an oval cylindrical

canal, the greatest diameter being in the vertical direction at the external orifice,

but in the transverse direction

at the tympanic end. It pre-

sents two constrictions, one

near the inner end of the carti-

laginous portion, and another,

the isthmus, in the osseous

portion, about 2 cm. (three-

quarters of an inch) from the

bottom of the concha. The
membrana tsrmpani (Figs. 842
and 843), which closes the

inner end of the canal, is

directed obliquely, in conse-

quence of which the floor of

the canal is longer than the

roof, and the anterior wall

longer than the posterior.

The auditory canal is formed
partly by cartilage and membrane, partly by bone, and is lined by perichondrium
and periosteum, covered by skin.

The cartilaginous portion {meatus acusticus externus cartilagineus) is about

8 mm. (one-third of an inch) in length; it is formed by the cartilage of the pinna,

prolonged inward, and firmly attached to a greater portion of the circumference

of the auditory process of the temporal bone. The cartilage is deficient at its

upper and back part, its place being supplied by a fibrous membrane. This

part of the canal is rendered extremely movable by two or three deep fissures, tiie

fissures of Santorini {incisurae cartilaginis meatus acustici externi \^Santorini'\},

which extend through the cartilage in a vertical direction.

The osseous portion {meatus acusticus externum osseu^) is about 16 mm. (two-

thirds of an inch) in length, and narrower than the cartilaginous portion. It is

directed inward and a little forward, forming a slight curve in its course, the con-

vexity of which is upward and backward. Its inner end, which communicates,

in the dry bone, with the cavity of the tympanum, is smaller than the outer and

sloped, the anterior wall projecting beyond the posterior about 4 mm. (one-sixth

of an inch); it is marked, except at its upper part, by a narrow groove, the tympanic

sulcus {sulcus tympanicus), in which the circumferential margin of the membrana
tympani is attached. Its outer edge is dilated and rough in the greater part of

its circumference, for the attachment of the cartilage of the pinna. Its transverse

section is oval, the greatest diameter being from above downward and backward.

The front and lower parts of this canal are formed by a curved plate of bone.

Cartilage of the exi.

audilory meatus

Fig. 842.—Transverse section of external auditory canal and tym-
panum. Leftside. (Gegenbaur.)
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the tympanic plate, which, in the fetus, exists as a separate ring (annidus tym-

paiiieus), incomplete at its upper part. (See Section on Osteology, p. 87.)

The skin 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 a ver\- thin outer layer. After maceration the thin pouch of epidermis,

when withdrawn, preserves the form of the canal. In the thick subcutaneous

tissue of the cartilaginous part of the meatus are numerous ceniminoos glands

(glandidae ceruminosae) which secrete the ear wax or cerumen. They resemble

in structure sweat glands, and their ducts open on the surface of the skin.

CNESTRA OVALIS
LOSEO BY STAPES

Fig. 843.- -N'ertical section through the external auditor),- canal and tympanum, passing in front of the fenestra
ovalis. (Testut.;

Relations of the Canal.—In front of the osseous part is the glenoidfossa, which receives the

condyle of the mandible (Fig. 100), which, however, is separated from the cartilaginous part by

the retromandibular part of the parotid gland. The movements of the mandible influence to some

extent the lumen of the cartilaginous portion. Behind the osseous part are the mastoid air cells

[cellulae mastoideae) , separated from it by a thin layer of bone (Fig. 845).

The arteries supplying the external canal are branches from the posterior auricular, internal

maxillary, and superficial temporal.

The veins of the external canal accompany the corresponding arteries and pass to the in-

ternal maxillary, temporal, and posterior aiu-icular veins. The lymphatics accompany the

veins and enter the parotid and posterior auricular lymph nodes. The nerves are chiefly

derived from the auriculotemporal branch of the inferior maxillary nerve, the auricularis

magnus, and the auricular branch of the vagus.

The point of junction of the osseous and cartilaginous jwrtions of the tube is an obtuse angle,

which projects into the canal at its antero-inferior wall. This produces a sort of constriction

in this situation, and renders it the narrowest portion of the canal—an important point to be

borne in mind in connection with the presence of foreign bodies in the ear. The cartilaginous

is connected to the bony part bv fibrous tissue, which renders the outer part of the tube very

movable, and therefore bv drawing the pinna upward and backward the canal is rendered

almost straight. At the external orifice are a few short crisp hairs which serve to prevent the

entrance of small particles of dust, flies, or other insects. In the external auditory canal the

secretion of the ceruminous glands serves to catch any small particles which may find their way
into the canal, and prevent their reaching the membrana tympani, where their presence might
excite irritation. In young children the canal is short, the osseous part being very deficient,

and consisting merely of a bony ring {annulus tympanicus) , which supports the membrana
tympani. In the fetus the osseous part is entirely absent. The shortness of the canal in children
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should be borne in mind in introducing the aural speculum, so that it shall not be pushed in too

far, at the risk of injuring the membrana tympani; indeed, even in the adult the speculum

should never be introduced beyond the constriction which marks the junction of the osseous

and cartilaginous portions. In using this instrument it is advisable that the pinna should be

drawn upward, backward, and a little outward, so as to render the canal as straight as possible,

and thus assist the operator in obtaining, by the aid of reflected light, a good view of the membrana
tympani. Just in front of the membrane is a well-marked depression, situated on the floor of

the canal and bounded by a somewhat prominent ridge; in this foreign bodies may become
lodged. By aid of the speculum, combined with traction of the auricle upward and backward,

the whole of the membrana tympani is rendered visible. It is a pearly-gray membrane, slightly

glistening in the adult, placed obliquely, so as to form with the floor of the canal a very acute

angle (about 55 degrees), while with the roof it forms an obtuse angle. At birth it is more hori-

zontal—being situated in almost the same plane as the base of the skull. About midway between

the anterior and posterior margins of the membrane, and extending from the centre obliquely

upward, is a reddish-yellow streak; this is the handle of the malleus, which is attached to the

membrane (Fig. 846). At the upper part of this streak, close to the roof of the canal, a little

white rounded prominence is plainly to be seen; this is the processus brevis of the malleus,

projecting against the membrane. The membrana tympani does not present a plane surface;

on the contrary, its centre is drawn inward, on account of its connection with the handle of the

malleus, and thus the external surface is rendered concave.

The connections of the nerves of the auditory canal explain the fact that the occurrence, in cases

of any irritation of the canal, of constant coughing and sneezing from implication of the vagus,

or of yawning from implication of the auriculotemporal, of vomiting which may follow syring-

ing the ears of children, and the occasional heart failure similarly induced in elderly persons.

No doubt also the association of earache with toothache in cancer of the tongue is due to im-

plication of the inferior maxillary, which supplies also the teeth and the tongue. The upper

half of the membrana tympani is much more richly supplied with blood than the lower half.

For this reason, and also to avoid the chorda tympani nerve and ossicles, iiunsions through the

membrane should be made at the lower and posterior part.

Applied Anatomy.—Malformations, such as imperfect development of the external parts,

absence of the canal, or supernumerary auricles, are occasionally met with. Or the pinna may
present a congenital fistula, "which is due to defective closure of the first visceral cleft, or rather

of that portion of it which is not concerned in the formation of the Eustachian tube, tympanum,
and meatus. In some cases the cephaloauricular angle is almost absent; in others, it is nearly

a right angle. Projecting ears and long ears are said by some observers to be more common
among degenerates, criminals, and the insane than among the normal, the non-criminal, and
the sane. The skin of the auricle is thin and richly supplied with blood, but in spite of this it

is frequently the seat oi frost-bite, due to the fact that it is much exposed to cold, and lacks the

usual underlying subcutaneous fat found in most other parts of the body. A collection of blood

is sometimes found between the cartilage and perichondrium {hematoma auris), usually the

result of traumatism, but not necessarily due to this cause. It is said to occur most frequently

in the ears of the insane. Keloid sometimes grows in the auricle around the puncture made for

ear-rings, and epithelioma occasionally affects this part. Deposits of urate of soda are often met
with in the pinna in gouty subjects.

The external auditory canal can be most satisfactorily examined by light reflected tlrrough a

funnel-shaped speculum; by gently moving the latter in different directions and by gently

drawing the pinna upward, backward, and a little outward, so as to render the canal as straight

as possible, the whole of the canal and membrana tympani can be brought into view. The
points to be noted are the presence of wax or foreign bodies, the size of the canal, and the con-

dition of the membrana tympani. The accumulation of wax (impacted cerumen) is often the

cause of deafness, and may give rise to very serious consequences, causing ulceration of the

membrane and even absorption of the bony wall of the canal. Foreign bodies are not infrequently

introduced into the ear by children, and, when situated in the fii'st portion of the canal, may be

removed with tolerable facility by means of a minute hook or loop of fine wire, the parts being

illuminated with reflected light; but when they have slipped beyond the narrow middle part of

the meatus, their removal is in nowise easy, and attempts to effect it, in inexperienced hands,

may be followed by destruction of the membrana tympani and possibly injury of the contents of

the tympanum. The caliber of the external auditory canal may be narrowed by inflammation

of its lining raetnbrane, running on to suppuration; by periostitis; by polypi, sebaceous tumors,

and exostoses.

THE MIDDLE EAR, DRUM. OR TYMPANUM (AURIS MEDIA)
(Figs. 844, 848).

The middle ear or tympanum is an irregular cavity, compressed laterall}',

and situated within the petrous portion of the temporal bone. It is placed aboA'e
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the jugular fossa; the carotid canal lying in front, the mastoid cells behind, the

external auditory canal externally, and the labyrinth internally. It is lined

with mucous membrane, is filled with air, and communicates with the mastoid

cells, through the mastoid antrum, and with the nasophar\Tix by the Eustachian

tube. The tympanum is traversed by a chain of movable bones, which connect

the membrana tympani with the lab\Tinth, and serve to convey the vibrations

communicated to the membrana tympani across the cavity of the t\Tnpanum
to the internal ear. In shape it is roughly biconcave, the concave surfaces being

placed vertically and forming the external and internal walls. The cavity forms

an angle of 45 degrees with the sagittal plane.

The Tjonpanic Cavity {cavum tympani) (Figs. 848 and 849) consists of two
parts—the atrium or tympanic cavity proper (Fig. 849), opposite the tympanic mem-
brane, and the attic or epitjrmpanic recess (recessus epitympanicus) (Figs. 847 and
848), above the level of the upper part of the membrane; the latter contains the

upper half of the malleus and the greater part of the incus. The diameter of the

tympanic cavity, including the attic, measures about 15 mm. (three-fifths of an
inch) vertically and anteroposteriorly. From without inward it measures about
6 mm. (one-quarter of an inch) above and 4 mm, (one-sixth of an inch) below;

opposite the centre of the tympanic membrane it is only about 2 mm. (one-

twelfth of an inch). It is bounded externally by the membrana tympani and
meatus; internally, by the outer surface of the internal ear; it communicates behind
with the mastoid antrum and through it with the mastoid cells, and in front with

the Eustachian tube.

Chorda tympani

Fig. 844.—View of the inner wall of the tympaaum (enlarged).

The roof of the t3rmpaimm {paries tegmentalis) is broad, flattened, and formed
of a thin plate of bone (tegmen tympani) (Fig. 848), which separates the cranial
and tympanic cavities. It is situated on the anterior surface of the petrous portion
of the temporal bone, close to its angle of junction with the squamous portion of

the same bone, and is prolonged backward so as to roof in the mastoid antrum;
it is also carried forward to c-over in the canal for the Tensor t^Tupani muscle.
Its outer edge corresponds with the remains of the petrosquamous suture.

The floor (paries jugtilari^) (Fig. 848) is narrow, and is separated by a thin
plate of bone (fundus tympani) from the jugular fossa. It presents, near the
inner wall, a small aperture, the opening of the canaliculus tympanicus, for the
transmission of Jacobson's nerve (n. tympanicus). On the floor near the posterior
wall there is often to be found a slight bony projection (prominentia styloideae).

The outer wall (Fig. 843) is formed mainly by the membrana tympani, partly
by the ring of bone into which this membrane is inserted. This ring of bone is

incomplete at its upper part, forming a notch (incisura tympanica [Rivini])
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(Fig. 844), close to which are three small apertures—the iter chordae posterius,

the Glaserian fissure, and the iter chordae anterius.

The iter chordae posterius {canaliculus chordae tympani) (Fig. 804) is in the angle

of junction between the posterior and external walls of the tympanum, immediately

behind the membrana tympani and on a level with the upper end of the handle

of the malleus; it leads into a minute canal, which descends in front of the facial

canal and terminates in the aqueduct near the stylomastoid foramen. Through
it the chorda tympani nerve enters the tympanum.
The Glaserian or petrotympanic fissure (fissura petrotympauica) [Glaseri]) (Fig.

847) opens just above and in front of the ring of bone into which the membrana
tympani is inserted; in this situation it is a mere slit about 2 mm. in length. It

lodges the long process and anterior ligament of the malleus, and gives passage

to the tympanic branch of the internal maxillary artery.

The iter chordae anterius or canal of Huguier (Fig. 847) is seen at the inner end

of the preceding fissure; through it the chorda tympani nerve leaves the tympanum.
The inner wall of the tympanum (paries labyrinthica) (Figs. 844 and 848) is

adjacent to the labyrinth; it is vertical in direction, and looks directly outwan
It presents for examination the following parts

:

Fenestra ovalis. Promontory.

Fenestra rotunda. Ridge of the facial canal.

Prominence of the lateral semicircular canal.

The fenestra ovalis {fenestra vestibuli) (Fig. 844) is a reniform opening leading

from the tympanum into the vestibule of the internal ear. Its long diameter

is directed horizontally, and its convex border is upward. In the recent state

it is occupied by the base of the stapes (Figs. 843 and 849), the circumferen^

of which is connected to the margin of the foramen by an annular ligament.

The fenestra rotunda {fenestra cochleae) (Fig. 844) is situated below and a litt

behind the fenestra ovalis, from which it is separated by a rounded elevation,

promontory; at its border is a narrow ridge of bone {crista fenestrae cochlec

The fenestra rotunda is closed in the recent state by a membrane (membranl

tympani secundaria); this membrane is concave toward the tympanum, convex

toward the cochlea. It consists of three layers—the external or mucous, derived

from the mucous lining of the tympanum; the internal, from the lining membran^j
of the cochlea; and an intermediate or fibrous layer. ^M
The promontory (promontorium) (Fig. 848) is a rounded hollow prominence/

formed by the projection outward of the first turn of the cochlea; it is placed

between the fenestrae, and is furrowed on its surface {sulcus promontorii) for the

lodgeijient of the tympanic plexus. A minute spicule of bone frequently connects

the promontory to the pyramid.

The prominentia canalis facialis (Fig. 848) indicates the position of the bony

canal in which the facial nerve is contained; this canal traverses the inner wall

of the tympanum above the fenestra ovalis, and behind that opening curves

nearly vertically downward along the posterior wall.

The posterior wall of the tympanum (paries mastoidea) (Fig. 848) is wider

above than below, and presents for examination the

—

Opening of the antrum. Fossa incudis.

Pyramid.

The opening of the antrum is a large irregular aperture, which extends back-

ward from the epitympanic recess and leads into a considerable air space, the

mastoid antrum (antrum tympanicum) (see p. 83). The antrum communicates
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witli large irregular cavities contained in the interior of the mastoid process, the

mastoid aix cells. These cavities vary considerably in number, size, and form;

they are lined by mucous membrane continuous with that lining the cavity of

the tympanum.
The fossa Incudis (Fig. 848) is placed in the posterior and inferior part of the

epitympanic recess. It lodges the short process of the incus.

The pyramid (eminentia pyramidalis) (Fig. 844) is a conical eminence situated

immediately behind the fenestra ovalis, and in front of the vertical portion of

the facial canal; it is hollow in the interior, and contains the Stapedius muscle;

its summit projects forward toward the fenestra ovalis and presents a small aper-

re which transmits the tendon of the muscle. The cavity in the pyramid is

'prolonged into a minute canal, which communicates with the facial canal and
transmits the twig from the facial nerve which supplies the Stapedius.

The anterior wall of the tympanum (paries carotica) is wider above than below;

it corresponds with the carotid canal, from which it is separated by a thin plate

of bone (Fig. 848), perforated by the caroticotympanic canaliculus, which transmits

the tympanic branch of the internal carotid artery and the caroticotympanic

nerves. It presents for examination the

—

Canal for the Tensor tympani. Orifice of the Eustachian tube.

The processus cochleariformis.

The orifice of the canal for the Tensor tympani and the orifice of the Eustachian
tube are situated at the upper part of the anterior wall, being incompletely sepa-

rated from each other by a thin, delicate, horizontal plate of bone, the processus

cochleariformis (septum canalis musculotuharii) (Figs. 844 and 848). The canalis

musculotubarius is divided by this long process into the canal for the Tensor
tympani and the canal for the Eustachian tube. These canals run from the

tympanum forward, inward, and a little downward, to the angle between the

squamous and petrous portions of the temporal bone.

The canal for the Tensor tympani (semicanalis m. tensoris tympani) (Figs. 844
and 848) is the superior and the smaller of the two; it is rounded and lies beneath
the forward prolongation of the tegmen t\Tiipani. It extends on to ihe inner wall

of the tympanum and ends immediately above the fenestra ovalis. The processus
cochleariformis passes backward below this part of the canal, forming its outer
wall and floor; it expands above the anterior extremity of the fenestra ovalis

and terminates by curving outward so as to form a pulley over which the tendon
passes. The bony wall of this canal is incomplete, and the osseous vacancy is

filled by tough connective tissue.

The Eustachian tube (titha auditiva [EuMachii]) (Figs. 844 and 845) is the
channel through which the tympanum communicates with the nasopharynx. Its

length is .36 mm. (an inch and a half), and its direction downward, inward, and
forward, forming an angle of about 4.5 degrees with the sagittal plane and one of

from 30 to 40 degrees with the horizontal plane. The canal for the Eustachian

tube (semicanalis tuhae auditivae) (Fig. 845) is formed partly of bone, partly of

cartilage and fibrous tissue.

The osseous portion (pars ossea tubae auditivae^ is about 12 mm. (half an inch)
in length. It is the outer portion of the tube. It commences in the anterior wall
of tlie tympanum, below the processus cochleariformis. and, gradually narrowing,
terminates at the angle of junction of the petrous and squamous portions of the
temporal bone, its extremity presenting a jagged margin which serves for the attach-
ment of the cartilaginous portion.

The cartilaginous portion (pars cartilaginea tuhae auditivae), about 2.5 cm. (an
inch) in length, is formed of a triangular plate of elastic fibrocartilage (cartilago
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tuhae auditivae), the apex of which is attached to the margin of the inner extremity

of the osseous canal, while its base lies directly under the mucous membrane of

the nasopharynx, where it forms an elevation or cushion above and behind the

pharyngeal orifice of the tube. The upper edge of the cartilage is curled upon
itself, being bent outward so as to present on transverse section the appearance of

a hook (lamina lateralis); a groove or furrow is thus produced, which opens below

and externally, and this part of the canal is completed by fibrous membrane.
On transverse section the cartilage exhibits the laminae which above are continuous

with each other—the hard, thick lamina medialis and the thin and hooked lamina

lateralis. The cartilage of the Eustachian tube, with a hood plate of cartilage,

forms the posterior portion of the inner wall (the lamina medialis). The cartilage

is fixed to the base of the skull, and lies in a groove (sulcus tubae auditivae) between

TENSOR TYMPANI

MCMBRANA
TYMPANI

..PHARYNGEAL OPEN-
ING OF TUBE

Fig. 845.—Eustachian tube, laid open by a cut in its long axis. (Testut.)

the petrous portion of the temporal and the greater wing of the sphenoid; this

groove ends opposite the middle of the internal pterygoid plate, in a projection, the

processus tubarius. The cartilaginous and bony portions of the tube are not

in the same plane, the former inclining downward a little more than the latter.

They join each other at a large obtuse angle, open below. The diameter of the

canal is not uniform throughout, being greatest at the pharyngeal orifice and

least at the junction of the bony and cartilaginous portions, where it is named
the isthmus (isthmus tubae auditivae); it again expands somewhat as it approaches

the tympanic cavity. The position and relations of the pharyngeal orifice are

described with the anatomy of the nasopharynx. The mucous membrane of the

tube is continuous in front with that of the nasopharynx, and behind with that

which lines the ty«ipanum; it is covered with ciliated epithelium and is thin in

the osseous portion, while in the cartilaginous portion it contains many mucous

glands and near the pharyngeal orifice a considerable amount of lymphoid tissue,

which has been named by Gerlach the tubal tonsil. The tube is opened during

deglutition by the Salpingopharyngeus and Dilatator tubse muscles.

The Membrana T3nnpaiii (Figs. 846 and 847) separates the cavity of the tym-

panum from the bottom of the external canal. It is a thin, semitransparent
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Fig. 846.—The right membrana tympani, viewed from the outside, from in front, and from below. (SpaltehoU.]

SUPERIOR LIGAMENT
OF MALLEOLUS

EPITVMPANIC
RECESS

NECK OF
MALLEUS\

ANTERIOR LIGAMENT
AND ANTERIOR

PROCESS OF
MALLEOLUS

INSERTION
OF TENSOR
TYMPAN
MUSC

OLASERIAN

ARTICULAR SURFACE
FOR BODY OF INCUS

FLACCID PORTION OF
MEMBRANA TYMPANI

POSTERIOR
TYMPANIC
SPINE

TYMPANIC
ORIFICE
OF CANAL
FOR CHORDA
TYMPANI
NERVE

EUSTACHIAN
TUBE

TENSE PORTION OF
MEMBRANA TYMPANI

Fig. 847.—The right membrana tympani with the hammer and the chorda t;

from behind, and from above. (Spalteholz.)
ympani, viewed from within.
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membrane, nearly oval in form, somewhat broader above than below, and directed

very obliquely downward and inwjtrd, so as to form an angle of about 55 degrees

with the floor of the canal (Fig. 843). The antero-inferior portion is, therefore,

placed at the greatest distance from the external orifice of the meatus. In a new-
born child the membrana tympani is almost horizontal. The greatest diameter

of the membrana tympani is from 9 to 10 mm,; its least diameter is from 8 to 9
mm. The greater part of its circumference (Umbus membranae tympanae) is

thickened and fixed in a groove, the sulcus tympanicus, at the inner extremity of

the external meatus. This sulcus is deficient superiorly at the incisure or notch

of Rivinus (Fig. 846). From the extremities of the notch two folds, the anterior

and posterior malleolar folds, are prolonged to the short process of the malleus

(Fig. 846). The small, somewhat triangular part of the membrane situated

JUNCTION BETWEEN MAS
TOID ANTRUM AND
EPITYMPANIC RECESS

I TEGMEN
TYMPANI

[ EPITYMPANIC
V RECESS

PROMINENCE OF EXTERNAL
SEMICIRCULAR CANAL
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OF F,ALLOPIUS

OF7 TENDON
/ STAPEDIl

RMIS
R TYMPANI
E (cut through

WALL OP
LABYRINTH

POSTERIOR
SINUS

PYRAMIDAL
EMINENCE

TYMPANIC
SINUS

FOSSULA CF
FENESTRA ROTUNDA

JUGULAR
WALL

TYMPANIC
PLEXUS

Fig. 848.- -The medial wall and part of the posterior and anterior walls of the right tympanic cavity, lateral view.
(Spalteholz.;

.above these folds is lax and thin, and is named the membrana flaccida of Shrapnell

(Figs. 846 and 847); in it a small orifice is sometimes seen. The larger lower

portion of the tympanic membrane is stretched tightly, and is called the tense

portion or pars tensa (Figs. 846 and 847).

The handle of the malleus is firmly attached to the inner aspect of the mem-
brana tympani as far as its centre (Fig. 847), which it draws inward toward the

tympanic cavity. The most depressed part of the concavity is called the umbo
{umbo membranae tympanae) (Fig. 846). On the outer surface of the drum
membrane a light stripe {stria malleolaris) is seen. It runs from in front and
above downward and backward, and is produced by the handle of the malleus,

showing through the membrane (Fig. 846)

.

Structure.—The tympanic membrane is composed of three layers—an external {cidindar), a

middle {fibrous), and an internal {mucom). The cuticular layer {stratum cvtanemn) is derived
from the integument lining the external canal. The fibrous or middle layer {membrana yropria)
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consists of two strata—an external, of radiating fibres (stratum radiaium), which diverge from

the handle of the malleus, and an internal, of circular fibres (stratum circulare), which are plenti-

ful around the circumference, hut sparse and scattered near the centre of the membrane.

Branched or dendritic fibres, as pointed out by Griiber, are also present, especially in the pos-

terior half of the membrane.

The arteries are derived from the deep auricular branch of the internal maxillary, which

ramifies beneath the cuticular layer and from the stylomastoid branch of the posterior auricular

and tympanic branch of the internal maxillary, which are distributed on the mucous surface.

The arteries of the cutaneous set anastomose with the arteries of the mucous set by minute

branches which penetrate the drum membrane near its margin. The superficial veins open

into the external jugular; those on the raucous surface drain partly into the lateral sinus and

veins of the dura and partly into a plexus on the Eustachian tube. The outer surface of the

drum membrane receives its nerve supply from the auriculotemporal branch of the inferior

maxillary and the auricular branch of the vagus. The inner surface is supplied by the tym-

panic branch of the glossopharyngeal.

There are two sets of Isrmphatics, the cutaneous and mucous, which freely communicate. The
spaces between the dendritic fibres of Griiber are lymph spaces (Kessel).

The Ossicles of the Tympanum (ossictda auditus) (Fig. 849).—^The tym-

panum contains in its upper part a chain of movable bones, three in number,

the malleus, incus, and stapes. The first is attached to the membrana tympani,

the last to the fenestra ovalis, the incus being

placed between the two, and connected to

both by delicate articulations.

The Malleus (Fig. 850), so named from its

fancied resemblance to a hammer, is placed

farthest in front and outward. It consists

of a head, neck, and three processes—^the

handle, or manubrium, the processus gracilis, and

the processus brevis.

The head {capitulum mallei) is the large

upper extremity of the bone, and is situated

in the epitympanic recess (Fig. 847). It is

oval in shape, and articulates posteriorly with

the incus, being free in the rest of its extent.

The facet for articulation with the incus is

covered by cartilage; it is constricted near

the middle, and is divided by a ridge into an

upper, greater, and a lower, lesser part; which

form nearly a right angle with each other.

Opposite the constriction the lower margin of

the facet projects in the form of a process,

the cog tooth, or spur of the malleus. On the

back of the head below the spur is a crest

{crista mallei), to which the posterior ligament

of the malleus is attached.

The neck (collum mallei) is the narrow contracted part just beneath the head;.

l)elow this is a prominence, to which the various processes are attached. The
chorda tympani nerve crosses the inner surface (Fig. 847).

The handle (inanuhrium mallei) is a vertical process of bone, which is connected

by its outer margin with the fibrous layer of the membrana tympani, its entire

length being fastened to the fibrous layer of the drum membrane by its own peri-

osteum and by a layer of cartilage (Figs. 847 and 849). It is directed downw^ard,

inward, and l^ackward; it decreases in size toward its extremity, where it is curved

slighdy forward, and is flattened from within outward. The handle forms a

variable angle with the head of the hammer. It averages about 130 degrees,

but is always greater in the right ear than in the left. It forms an angle with the

Fig. 8-t9 Chain of ossicles and their liga-

ments, seen from the front in a vertical,

transverse section of the tympanum. (Testut.)
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horizontal, averaging on the right side 50 degrees and on the left side 45 degrees

(Spaltehol'z). Internally the handle is covered by the mucous membrane of the

tympanum. On the inner side, near its upper end, is a slight projection, into

which the tendon of the Tensor tympani is inserted (Fig. 847).

The processus gracilis (processus anterior [Folii]) is a long and delicate process,

which springs from the eminence below the neck and is directed forward and

outward to the Glaserian fissure, to which it is connected by ligamentous fibres.

In the fetus this is the longest process of the malleolus, and is in direct continuity

with the cartilage of Meckel.

SHORT
PROCESS

LONG
PROCESS

AURICULAR
SURFACE
FOR BODY
OF INCUS

INSERTION OF
EXTERNAL
LIGAMENT
OF MALLEUS

INSERTION
OF TENSOR

TYMPANI
MUSC

ANUBRIUM

Fia. 850.—Viewed from in front. Fig. 851.—Viewed from behind. (Spalteholz.)

Figs. 850 and 851.—The right malleus (enlarged).

The processus brevis (processus lateralis) is a slight conical projection, which

springs from the root of the manubrium; it is directed outward and is attached

to the upper part of the tympanic membrane by cartilage and to the margins of

the notch of Rivinus by the two tympanomalleolar folds.

The Incus (Figs, 852 and 853) has received its name from its supposed

resemblance to an anvil, but it is more like a bicuspid tooth with two roots,

ARTICULAR SURFACE
FOR HEAD OF MALLEUS

ARTICULAR
SURFACE FOR
HEAD OF
MALLEUS

LONG
PROCESS

LENTICULAR
OCCSS

Fig. 852.—Lateral view. Fig. 853.—Medial and front view. (Spalteholz.}

Figs. 852 and 853.—The right incus (enlarged.)

which differ in length, and are widely separated from each other. It consists of

a body and two processes. The body and the short process are placed in the

epitympanic recess (Fig. 849).

The body (corpus incudis) is somewhat quadrilateral, but compressed laterally.

On its anterior surface is a deeply concavo-convex facet, which articulates with

the head of the malleus, and the lower part is hollowed for the spur of the malleus.

The two processes diverge from each other at an angle of from 90 to 100 degrees.
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The short process {crus breve), somewhat conical in shape, projects almost

horizontally backward, and articulates with a depression, the fossa incudis, in the

lower and back part of the epitympanic recess.

The long process {crws longum), longer and more slender than the preceding,

descends nearly vertically behind and parallel to the handle of the malleus, and,

bending inward, terminates in a rounded globular projection, the os orbiculare or

lenticular process {processus lenticularis),

which is tipped with cartilage, and ^B-hcad
articulates with the head of the stapes. ,^^t groove for

In the fetus the os orbiculare exists as /^^^ °°T."r*J°"

a separate bone. ANTZR\oR_tr A^
l^^^''''"

The Stapes (Figs. 854 and 855), so *^""^"|[ W-crus"'""

called from its close resemblance to a ^^^^^m Fig. soS.

stirrup, consists of a head, neck, two base of stapes

crura, and a base. The stapes is the
Fig. 854.

only one of the tympanic ossicles that Figs. 854 and 855.—The right stapes (enlarged). Fig.h'-, 854. Viewed from above. Fig. 853. Medial view,
as a marrow cavity. rspaitehoia.)

The head (capiivlum stapedis) pre-

sents a depression, tipped with cartilage, which articulates with the os orbiculare.

The neck, the constricted part of the bone succeeding the head, receives the

insertion of the Stapedius muscle.

The two crura {crus anterius and crus posterius) diverge from the neck and are

connected at their extremities by a flattened, oval-shaped plate, the base {basis

stapedis), which forms the foot-plate of the stapes and is fixed to the margin of

the fenestra ovalis by ligamentous fibres. The foot-plate almost fills the oval

window (Fig. 843). Of the two crura, the anterior is shorter and less curved

than the posterior. In a recent specimen a membrane will be observed filling

the space between the crura and the foot-plate. This membrane is connective

tissue and is called the memhrana obturatoria stapedis. The stapes lies practically

horizontal.

Articulations of the Ossicles of the Tympanum {articidaiiones ossicuhrum auditus) (Fig*

840).—These small bones are connected with each other and with the walls of the tympanum by
ligaments, and are moved by small muscles. The articular surfaces of the malleus and incus

and the orbicidar process of the incus and head of the stapes are covered by cartilage, con-

nected by delicate capsular ligaments and lined bv synovial membrane.
Ligaments Connecting the Ossicula with the Walls of the Tympanum dig. ossicidorum

auditus).—The malleus is fastened to the wall of the tympanum by three ligaments—the

anterior, superior, and external ligaments.

The anterior ligament of the malleus (tig. mallei anterius) is attached by one extremity to the

neck of the malleus just above the processus gracilis, and by the other to the anterior wall of the

tvmpanum, close to the Glaserian fissure, some of its fibres being prolonged through the fissure

to reach the alar spine of the sphenoid.

The superior ligament of the malleus {lig. mallei superius) is a delicate round bundle of

fibres which descends perpendicularly from the roof of the epitympanic recess to the head of the

malleus. It is sometimes called the suspensory ligament.

The external ligament of the malleus dig. mallei laterale) is a triangular plane of fibres passing

from the posterior part of the notch in the tvmpanic ring to the head of the malleus. The mal-
leus rotates around an axis composed of the external and anterior ligaments, hence these two
ligaments constitute what Hehnholtz called the axis ligament of the malleus.

The incus is fastened to the wall of the tympanum by two ligaments, the posterior and the

superior.

The posterior ligament of the incus (lig. incudis posterius) is a short, thick, ligamentous band
which connects the extremity of the short process of the incus to the posterior and lower part of

the epitympanic recess, near the margin of the opening of the mastoid cells.

A superior ligament of the incus (lig. incudis superius) has been described, but it is little

more than a fold of mucous membrane.
The vestibular surface and the circumference of the base of the stapes are covered by hyaline

cartilage, and the annular ligament of the stapes (lig. annulare baseos stapedis) connects the

circiunference of the base to the margin of the fenestra ovalis.
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The muscles of the tympanum (m. ossiculorum auditus) are two:*

Tensor tympani. Stapedius.

The Tensor tympani (to. tensor tympani) (Fig. 848), the larger, is contained in the bony
canal above the osseous portion of the Eustachian tube, from which it is separated by the pro-
cessus cochleariformis. It arises from the under surface of the petrous bone, from the carti-

laginous portion of the Eustachian tube, and from the osseous canal in which it is contained.

Passing backward through the canal, it terminates in a slender tendon which enters the tym-
panum and makes a sharp bend outward around the extremity of the processus cochleariformis;

and is inserted into the handle of the malleus near its root. Its nerve supply is from the motor
root of the trigeminal nerve by way of the otic ganglion.

The Stapedius (m. stapedius) (Fig. 848), the smallest constant muscle in the body, weighing
only 1 grain, arises from the side 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 forward, is inserted

into the neck of the stapes. Its sm-face is aponeurotic, its interior fleshy, and its tendon occasion-

ally- contains a slender bony spine, which is constant in some mammalia. It is supplied by the

tympanic branch of the facial nerve.

Actions.—The Terusor tyvipam draws the handle of the malleus inward and thus increases

the tension of the tympanic membrane. When the Stapedius contracts it draws the head of

the stapes backward, and in consequence the anterior end of the foot-plate passes outward
toward the tympanum, and the posterior end inward toward the vestibule, and the annular

ligament is made tense. It probably compresses the contents of the vestibule.

Movements of the Ossicles of the Tympanum.—The chain of bones is a lever-like arranije-

ment, by means of which the vibrations of the membrana tympani are transferred to the mem-
brane covering the oval window, and from this to the perilymph in the labyrinth. When the

tympanic membrane moves inward, the handle of the malleus moves with it. The movement
of the malleus moves the incus, and the movement of the incus drives the foot of the stapes

toward the labyrinth. When the handle of the malleus moves inward, the spur on the head
becomes locked with the body of the incus. During outward movement it is unlocked. The
ordinary outward movement of the drum membrane causes the above-described movements to

be reversed. When there is overforcible outward movement the incus does not go outward

. quite as far as the malleus, but slides at the joint between the malleus and incus. This
reluctance of the incus saves the foot of the stapes from being pulled away from the oval

window.
The mucous membrane of the tympanum (tvniea mucosa tympainca) is continuous with that

of the nasopharynx through the Eustachian tube. It invests the ossicles, and the muscles and
nerves contained in the tympanic cavity, forms the internal layer of the membrana tympani, and
is reflected into the mastoid antrum and air cells, which it lines throughout. It forms several

vascular folds (plicce), which extend from the walls of the tympanum to the ossicles, enveloping

these as well as the chorda tympani nerve and the Tensor tympani muscle.

The anterior malleolar fold (plica malleolaris anterior) comes off from the membrana tympani

between the anterior edge of the notch of Rivinus and the handle of the malleus, envelops the

processus gracilis of the malleus, the anterior ligament of the malleus, and the anterior portion

of the chorda tjTnpani nerve, and terminates in a free concave edge. The posterior malleolar

fold (plica Tnallcolaris posterior) is the larger of the two It comes off from the margin of the

notch of Rivinus, envelopes the external ligament of the malleus, the posterior part of the

chorda tympani nerve, is attached to the handle of the malleus, and ends in a free concave

margin. The fold of the incus {plica incudis) takes origin from the roof of the epitympanic

recess and passes to the body and short process of the incus; and a similar fold passes from

the head of the malleus to the anterior wall of the epitympanic recess. The entire stapes,

with its obturator membrane, is enwTapped by the fold of the stapes {pAica stapedis). This

fold also ensheaths the tendon of the Stapedius muscle and often reaches to the posterior wall

of the cavity of the tympanum. These folds separate off pouch-like cavities, and give the

interior of the tympanum a somewhat honeycombed appearance.

The inferior external pouch of the tympanum or the pouch of Prussak (recessus membranae
tympani superior) is between the flaccid portion of the membrana tympani, the external liga-

ment of the malleus, and the neck of the malleus. The anterior and posterior malleolar folds

with the tympanic membrane form two pouches. These are the anterior and posterior pouches

or recesses of Troeltsch (recessus membranae tympani, anterior and posterior). The anterior

pouch is blind above and has a slit-like opening below. The posterior pouch is continued into

the blind superior pouch of the tympanic membrane. In the tympanum this membrane is pale,

thin, slightly vascular, and covered for the most part with columnar ciliated epithelium, but that

• Two additional muscles have been described as the Mm. laxator tympani major et minor; they correspond to the

anterior and lateral ligaments of the malleus, but often show striated muscle tissue. (D. G. Metheny.)
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covering the pyramid, ossicula, and membrana tympani possesses a flattened, nonciliated epi-

thelium. In the antrum and mastoid cells its epithelium is also nonciliated. In the osseous

jx)rtion of the Eustachian tube the membrane is thin, but in the cartilaginous ]X)rtion it is very

thick, highly vascular, covered with ciliated epithelium, and provided with numerous mucoios

glands.

Vessels and Nerves.—The axteries supplying the tympanima are six in number. IVo of

them are larger than the rest—viz., the tympanic branch of the internal maxillary, which enters

by wav of the petrotympanic or Glaserian fissure and supplies the membrana tympani; and the

stvlomastoid branch of the posterior auricular, which passes through the stylomastoid foramen

and the facial canal, and supplies the inner wall and floor of the tympanum, the mastoid cells

and antrum, and the Stapedius muscle. This vessel anastomoses aroimd the tympanic mem-
brane with the tympanic. The middle rneningeal sends a small branch to the Tensor tympani

muscle near its origin. The petrosal branch of the middle meningeal enters the tympanum by

wav of the hiatus canalis facialis. Minute branches from the posterior branch of the middle

meningeal pass through the petrosquamous fissure and are distributed to the antrum and epi-

tvmpanic recess. Two tympanic branches' come off from the internal carotid artery in its course

through the carotid canal. A branch from the ascending pharyngeal and another from the

Vidian accompany the Eustachian tube. The two tympanic branches from the internal carotid

are given off in the carotid canal and perforate the thin anterior wall of the tympanum. The
veins of the tyrapanum terminate in the pterygoid plexus, the middle meningeal vein, and the

superior petrosal sinus.

The nerves of the t3rmpanuin constitute the tympanic plexus (plexus tympanicus [JacobsoniJ),

which ramifies upon the surface of the promontory (Fig. 848). The plexus is formed by (1) the

tympanic branch of the glossopharyngeal; (2) the small deep petrosal nerve; (3) the small super-

ficial petrosal nerve; and (4) a branch which joins the great superficial petrosal.

The tympanic branch of the glossopharsmgeal or Jacobson's nerve (n. tympanicus) enters

the tympanum by an aperture in its floor close to the inner wall and divide^ into branches,

which ramify on the promontory and enter into the formation of the plexus. The small deep
petrosal nerve («. petrosns profundus), from the carotid plexus of the sympathetic, passes

through the wall of the carotid canal, and joins the branches of Jacobson's nerve. The branch
to the great sui>erficial petrosal passes through an opening on the inner wall of the tympaniun
in front of the fenestra ovalis. The small superficial petrosal nerve {n. pdrosus superficialis

minor), derived from the otic ganglion, passes through a foramen (canaliculus innominatus)

in the middle fossa of the base of the skull (sometimes through the foramen ovale), passes

backward and enters the petrous bone through a small aperture, situated external to the hiatus

canalis facialis on the anterior surface of this bone; it then courses downward through the

bone, and, passing by the geniculate ganglion, receives a connecting filament from it (Fig. 845)

and enters the tympanic cavity, where it communicates with Jacobson's nerve, and assists in

forming the tympanic plexus.

The branches of distribution of the tympanic ple.xus are supplied to the mucous membrane of

the tympanum; one special branch passing to the fenestra ovalis, another to the fenestra ro-

tunda, and a third to the Eustachian tube. The small superficial petrosal may be looked u}X)n

as the continuation of the tympanic nerve (Jacobson's) through the plexus to the otic ganglion.

In addition to the tympanic plexus there are the nerves supplying the mascles. The Tensor
tjnnpani is supplied by a branch from the third division of the trigeminal through the otic gan-
glion, and the Stapedius by the tympanic branch of the facial.

The chorda tsrmpani (Figs. 83.5 and 838) crosses the tympanic cavity. It is apparently given
off from the facial as it passes vertically downward at the back of the tympanum, about 6 mm.
(a quarter of an inch) before its exit from the stylomastoid foramen. It passes from below
upward and forward in a distinct canal, and enters the cavity of the tympanum through an
aperture, iter chordae posterius, already described (p. 1126), and becomes invested with mucous
membrane. It passes forward, through the cavity of the tympanum, crossing internal to the
membrana tympani and over the handle of the malleus to the anterior inferior angle of the tym-
panum, and emerges from that cavitv through the iter chordae anterius or canal of Huguier
(p. 1126).

Applied Anatomy.—Tiie principal point in connection with the surgical anatomy of the

tympanum is its relations to other parts. Its roof is formed by a thin plate of bone, which, with
the dura, is all that separates it from the temporal lobe of the brain. Its floor is immediately
above the jugular fossa and the carotid canal, the fossa being behind and the canal in front. Its

posterior wall presents the opening of the mastoid cells. On its anterior wall is the opening of
the Eustachian tube. Thus, it follows that in disease of the middle ear we may get subdural
abscess, septic meningitis, or abscess of the cerebrum or cerebellum from extension of the inflam-
mation through the bony roof; thrombosis of the lateral sinus, with or without pyemia, by ex-

tension tlirough the floor ; or mastoid abscess by extension backward. In addition to this, there
may be fatal hemorrhage from the internal carotid in destructive changes of the middle ear;
and in throat disease wemay get the inflammation extending up the Eustachian tube to the
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middle ear. The Eustachian tube is accessible from the nose. If the nose and mouth be closed

and an attempt made to expire air, a sense of ])ressure with dulness of hearing; is produced in

both ears, from the air find! no; its way uj) the Eustachian tube and bulging out the membrana
tympani. During the act of swallowing, the pharyngeal orifice of the tube, which is normally

closed, is opened, probably by the action of the Dilatator tubee muscle. This fact was employed

bv Politzer in devising an easy method of inflating the tube. The nozzle of a rubber syringe is

inserted into the nostril; the patient takes a mouthful of water and holds it in his mouth, both

nostrils are closed with the finger and thumb to prevent the escape of air, and the patient is then

requested to swallow; as he does so the surgeon squeezes the bulb and the air is forced out of the

syringe into the nose, and is driven into the Eustachian tube, which is now open. The impact

of the air against the membrana tympani can be heard by the surgeon, if the membrane is intact,

sound being conveyed by means of a piece of rubber tubing, one end of which is inserted into

the meatus of the patient's ear, the other into that of the surgeon. The direct examination of

the Eustachian tube is made by the Eustachian catheter. This is passed along the floor of the

nostril, close to the septum, with the point touching the floor, to the jiosterior wall of the pharynx.

When this is felt, the catheter is to be withdrawn about half an inch, and the point rotated out-

ward through a quarter of a circle, and pushed again slightly backward, when it will enter the

orifice of the tube, and will be found to be caught, and air forced into the catheter will be heard

impinging on the tympanic membrane if the ears of the patient and surgeon are connected by a

rubber tube.

THE INTERNAL EAR, OR LABTRINTH (AURIS INTERNA).

The internal ear is the essential part of the organ of hearing and of orientation in

space. It is called the labyrinth, from the complexity of its shape, and consists

of two parts, the osseous labjrrinth, a series of cavities channelled out of the sub-

stance of the petrous portion of the temporal bone, and the membranous lab3rrinth,

the latter being contained within the former.

Opening of ciquedtictiis vestttuH.

Bnstle passed through foramen rotundum.

Opening of aqueductus cochlese.

Fig. 856.—The osseous labyrinth laid open Cenlarged.)

The Osseous Labyrinth {lahyrinthus osseiis) (Fig. 856) consists of three parts

—the vestibule, semicircular canals, and cochlea. These are cavities hollowed out

of the substance of the bone, and lined by periosteum and endothelium. A clear

fluid is contained in the space between the osseous labyrinth and the membranous
labyrinth. The space is called the perilymph space, and the fluid is called peri-

lymph.

The Vestibule (vestibuluvi) (Figs. 849 and 856) 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.
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It is somewhat ovoid in shape, flattened from within outward, and measures

about 5 mm. (one-fifth of an inch) from before backward, as well as from above

downward, and about 3 mm. (one-eighth of an inch) from without inward. On
its outer or tympanic wall is the fenestra ovalis (fenestra vestihuLi), closed, in the

recent state, by the base of the stapes, and its annular ligament. On its inner wall,

at the fore part, is a small circular depression, the spherical recess (recessus spJiaeri-

cus), in which the saccule is placed. This recess is perforated, at its anterior and

inferior part, by about a dozen minute holes {macula cribrosa media), for the passage

of filaments of the vestibular nerve to the saccule. Above and behind this

depression is an oblique ridge, the crista vestibuli, the anterior extremity of which

is called the pyramid (pyramis vestibuli). This ridge bifurcates posteriorly to

enclose a small depression, the recessus cochlearis, which is perforated by eight

small holes for the passage of filaments of the auditory nerve which supply the

basal end of the ductus cochlearis. An oval depression is placed in the roof

and inner wall of the vestibule above and behind the crista vestibuli. It is

called the fovea hemielliptica, elliptical recess, or spherical recess (recesstis ellipticus),

and receives the utricle. The p\Tamid and the adjacent elliptical recess are per-

forated by numerous minute foramina (macula cribrosa superior). The openings

in the pyramid transmit filaments from the vestibular nerve to the utricle; the

openings in the elliptical recess transmit filaments from the vestibular nerve to

the ampullae of the superior and lateral semicircular canals. Below and behind

the elliptical recess is a groove which deepens into a canal and is called the aquae-

ductus vestibuli. This canal passes to the posterior surface of the petrous portion

of the temporal bone and opens as a mere crack between the internal auditory

meatus and the groove for the lateral sinus. It transmits a small vein, and con-

tains a tubular prolongation of the lining membrane of the vestibule, the ductus

endolymphaticus, which ends in a cul-de-sac between the layers of the dura mater

within the cranial cavity. Behind, the semicircular canals open into the vestibule

by five orifices. In front is an elliptical opening, which communicates with the

scala vestibuli of the cochlea by an orifice, apertura scalae vestibuli cochleae. This
opening is bounded below by a thin plate of bone (lamina spiralis ossea), which

takes origin from the vestibular floor external to the spherical recess and in the

cochlea forms the bony portion of the partition between the scala tympani and the

scala vestibuli. In the anterior portion of the vestibular floor is a fissure (fissura

vestibuli), which passes into the bony part of the canal of the cochlea. The
external boundary of this fissure is a small, thin plate of bone (lamina spiralis

secundaria).

The Bony Semicircular Canals (canales semicircvlares ossei )
(Fig. 856) are three

bony canals situated above and behind the vestibule. They are of unequal
length, compressed from side to side, and each describes the greater part of a

circle. They measure about 0.8 mm. (one-thirtieth of an inch) in diameter, and
each presents a dilatation at one end, called the ampulla ossea, which measures
more than twice the diameter of the tube. These canals open into the vestibule

by five orifices, one of the apertures being common to two of the canals.

The superior semicircular canal (canalis semicircularis superior), 15 to 20 mm.
in length, is vertical in direction, and is placed transversely to the long axis of the

petrous portion of the temporal bone, on the anterior surface of which its arch

forms a round projection. It describes about two-thirds of a circle. Its outer

extremity, which is ampuUated, communicates by a distinct orifice with 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 to form the cms commune,
which opens into the upper and inner part of the vestibule.

The posterior semicircular canal (canalis semicircularis posterior), also vertical

in direction, is directed backward, nearly parallel to the posterior surface of the
12"
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petrous bone; it is the longest of the three, measuring from 18 to 22 mm. ; its ampul-

lated end commences at the lower and back part of the vestibule, its opposite end

joining to form the common canal already mentioned. In the wall of the ampulla

of the posterior canal are a number of small openings (macula cribrosa inferior)

for the passage of nerves to the ampulla.

The lateral or horizontal canal (canalis semicircularis lateralis) is the shortest

of the three. It measures from 12 to 15 mm., and its arch is directed outward

and backward; thus each semicircular canal stands at right angles to the other

two. Its ampullated end corresponds to the upper and outer angle of the vesti-

bule, just above the fenestra ovalis, where it opens close to the ampullary end of

the superior canal; its opposite end opens by a distinct orifice at the upper and

back part of the vestibule.

The cochlea (Figs. 856 and 857) 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 (cupula) is directed forward

and outward, with a slight inclination downward, toward the upper and front part

Fig. 857.—Osseous cochlea in vertical section. The broken, white lines indicate the position of the basilar

membrane of the canal of the cochlea. Semidiagrammatic. (Testut.)

of the inner wall of the tympanum; its base (basis cochleae) 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 divisions of the auditory

nerve. It measures nearly a quarter of an inch (5 mm.) from base to apex, and

its breadth across the base is somewhat greater (about 9 mm.). It consists of

a conical-shaped central axis, the modiolus; of a canal, the bony canal of the cochlea,

the inner wall of which is formed by the central axis, wound spirally around it for

two turns and three-quarters, from the base to the apex, and of a delicate lamina,

the lamina spiralis ossea, which projects from the modiolus, and, following the

windings of the canal, partially subdivides it into two. In the recent state a mem-
brane, the membrana basilaris, stretches from the free border of this lamina, to the

outer wall of the cochlea, and separates this canal into two passages, except

where they communicate with each other at the apex of the modiolus by a small

opening, named the helicotrema.

The Modiolus (Figs. 858 and 859) is the central axis or pillar of the cochlea.

It is conical in form, and extends from the base to the apex of the cochlea. Its

base (basis modioli) is broad, and appears at the bottom of the internal auditory
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meatus, where it corresponds with the area cochleae. It is perforated by

numerous orifices, which transmit filaments of the cochlear division of the audi-

tory nerve, the nerves for the first turn and a half being transmitted through the

foramina of the tractus spiralis foraminosus; those for the apical, turn through the

BASIS
MODIOLI

COMPACT BONY
CANALIS CANALIS LON- SUBSTANCE OF
SPIRALIS GITUDINALIS CAPSULE OF SULCUS FOR LARGE SUPER
MODIOLI MODIOLI LABYRINTH /fiCIAL PETROSAL N EH VE

TRACTUS
SPIRALI

FORAMINOSU

- *^S—TEGMEN
^ f-^^m TYMPANI

/ 'h** ^M SEMICANAL
t> ^ "» FO R TENSOR

ALL SUPER-
L NCRVE
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GLASERIAN
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TUBE

LAMINA SPIRALIS
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Pio. 858.—Vertical section through the right cochlea, medial portion, \-iewed from the lateral side. (Spaltehobi).

foramen centrale. The foramina of the tractus spiralis foraminosus pass up
through the modiolus and successively bend outward to reach the attached margin

of the lamina spiralis ossea. Here they become enlarged, and by their apposition

form a spiral canal (canalis spiralis modioli), whiqh follows the course of the attached

Fia. 859.
—

^The cochlea laid open (enlarged).

margin of the lamina spiralis ossea and lodges the ganglion spirale (of Corti)

(ganglion spirale cochleae). The foramen centrale is continued as a canal up the

middle of the modiolus to its apex, and from this canal numerous minute foramina

pass outward to the unattached edge of the lamina spiralis. In the foramina

are vessels and nerves. The modiolus diminishes rapidly in size in the second
and succeeding coil.
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The bony canal or the spiral canal of the cochlea (canalis spiralis cochleae) (Fig.

859) takes two turns and three-quarters around the modiolus. The first turn

of the canal is called the basal coil, the second is called the central coil, the third

turn is called the apical coil. The promontory on the inner wall of the tympanic

cavity is caused by the basal coil. The bony canal of the cochlea is a little over

an inch (about 30 mm.) in length, and diminishes gradually in size from the base

to the summit, where it terminates in the cupola (cupula), which forms the apex of

the cochlea. The commencement of this canal is about a tenth of an inch (2.5

mm.) in diameter; it diverges from the modiolus toward the tympanum and vesti-

bule, and presents three openings. One, the fenestra rotunda, communicates with

the tympanum; in the recent state this aperture is closed by a membrane, the mem-
brana tympani secundaria. Another aperture, of an elliptical form, opens into the

vestibule. The third is the aperture of the aquaeductus cochleae, leading to a

minute funnel-shaped canal, which opens on the basilar surface of the petrous

bone internal to the jugular fossa, and transmits a small vein, and also forms

a communication between the subarachnoidean space of the skull and the peri-

lymph space in the scala tympani.

The lamina spiralis ossea is a bony shelf or ledge which projects outward from

the modiolus into the interior of the spiral canal, and, like the canal, takes nearly

two and three-quarter turns around the modiolus. It reaches about half-way

toward the outer wall of the spiral canal, and partially divides its cavity into two

passages or scalse, of which the upper is named the scala vestibuli, while the lower

is termed the scala tympani. Near the summit of the cochlea the lamina terminates

in a hook-shaped process, the hamulus (hamulus laminae spiralis), which assists

in forming the boundary of a small opening, the helicotrema, by which the two scalae

communicate with each other. From the canalis spiralis modioli numerous
foramina pass outward through the osseous spiral lamina as far as its outer

or free edge. In the lower part of the first turn a second bony lamina {lamina

spiralis secundaria) projects inward from the outer wall of the bony tube; it does

not, however, reach the primary osseous spiral lamina, so that if viewed from the

vestibule a narrow fissure, the fissura vestibuli, is seen between them.

The fundus of the internal auditory meatus is described on page 85.

The Membranous Labyrinth (lahyrinthus memhranaceus) (Figs. 860 and 861)

is contained within the bony cavities just described, having the same general form

as the cavities in which it is contained, though considerably smaller, being separated

from the bony walls by a quantity of fluid, the perilymph (perilympha). It does

not, however, float loosely in this fluid, but in places is fixed to the walls of the

cavity. The merribranous sac contains fluid, the endolymph (endolympha), and
on the sac the ramifications of the auditory nerve are distributed.

Within the osseous vestibule the membranous labyrinth does not quite preserve

the form of the bony cavity, but presents two membranous sacs, the utricle and
the saccule.

The Utricle (utricvlus) 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 semielliptica and the part below it. The highest portion of the

utricle is called the recess (recessus utricidi); it is placed in the elliptical recess,

and opening into it are the ampullae of the superior and lateral semicircular

canals. The central portion of the recess of the utricle receives upon the side the

lateral semicircular canal. This opening has no ampulla. The superior sinus is

a prolongation upward and backward from the central portion of the utricle and
in the superior sinus the crus commune and the superior and posterior semi-

circular canals open. The lower and inner portion of the utricle is the infeiior

sinus, and into it the ampulla of the posterior semicircular canal opens. The
floor and anterior wall of the recess of. the utricle are much thicker than else-
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where, and form the macula acustica utriculi, which receives the utricular filaments

of the auditory nerve and has attached to its internal surface a layer of calcareous

particles which are called otoliths. The cavity of the utricle communicates behind

Ductus
Endolymphaticus

Fig. 860.—The membranous labyrinth (enlarged).

with the membranous semicircular canals by five orifices. From its anterior wall

is given off a small canal (ductus vtriculosaccularis), which joins with a canal from

the saccule, the ductus endoljrmphaticus.

The Saccule {sacculus) is the smaller of the two sacs; it is globular in form, lies

in the recessus sphaericus near the opening of the scala vestibuli of the coch-
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Fig. 861.—The right membranous labj-rinth of an adult, isolated, medial and posterior view. (Spaltehols.)

lea. Its anterior part exhibits an oval thickening, the macula acustica sac-

culi, to which are distributed the saccular filaments of the auditory nerve. Its

cavity does not directly communicate with that of the utricle. From the pes-
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terior wail is given off a canal, the ductus endolymphaticus. This duct is joined

by the ductus utriculosaccularis, and then passes along the aquaeductus vestibuli

and ends in a blind pouch on the posterior surface of the petrous portion of the tem-

poral bone, where it is in contact with the dura. From the lower part of the saccule

a short tube, the canalis reuniens of Hensen (ductus reuniens \IIenseni\), passes

downward and outward to open into the ductus cochlearis near its vestibular

extremity.

The Membranous Semicircular Canals (ductus semicirculares) are about one-third

the diameter of the osseous canals, but in number, shape, and general form they

are precisely similar, and each presents at one end an ampulla (ampullae mem-
branaceae). The canals open by five orifices into the utricle, one opening being

common to the inner end of the superior and the upper end of the posterior

canal. In the ampullae the wall is thickened, and projects into the cavity as

a fiddle-shaped, transversely placed elevation, the septum transversum, in which

the nerves end.

The utricle, saccule, and membranous canals are attached here and there to

the bone by numerous fibrous bands, the so-called ligaments (ligamenta laby^

rinthi canaliculorum).

Membrana baailarin.

I

Canal of
Corti.

Fig. 862.—Floor of scala media, showing the organ of Corti, etc.

Epifhelium of
saccule.

Fig. 863.—Trans-section of the margin of the macuU sacculi of a guinea-pig. X 325. (After KolUlcer.)

Structure.—The walls of the utricle, saccule, and membranous semicircular canals consist
of three layers. The outer layer is a loose and flocculent structure, apparently composed of ordi-

nary fibrous tissue, containing bloodvessels and pigment cells. The middle layer, thicker and
more transparent, bears some resemblance to the hyaloid membrane, but it presents on its inter--

nal surface, especially in the semicircular canals, numerous papilliform projections, and, on the
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addition of acetic acid, presents an appearance of longitudinal fibrillation and elongated nuclei.

The inner layer is formed of simple polygonal epithelial cells. In the maculae of the utricle

and saccule, and in the transverse septa of the ampullae of the canals, the middle coat is thickened;

the epithelium is columnar, is increased in height, and passes into the neuroepithelium. The
neuroepithelium consists of supporting cells and hair cells.

1. The supporting cells are long and fusiform, and contain an oval nucleus. Their deep ends

are attached to the membrana propria, while their free extremities are united to form a thin

cuticle. The protoplasm contains yellowish pigment granules.

2. The hair cells are columnar, with bulged lower ends and free upper ends. The bulged

lower ends, each of which contains a spherical nucleus, do not reach higher than the middle of

the epithelial layer. Each free upper end is surmounted by a long, tapering filament. These

filaments constitute auditory hair, and they project into the cavity. Each filament is found to

consist of many fine hairs. The filaments of the auditory nerve enter these parts, and, having

pierced the outer and thickened middle layer, they lose their myelin sheaths, and their axones

divide into three or four branches at the larger and deeper ends of the hair cells. These branches

form a horizontal plexus {stratum pleotiforme).

Numerous small prismatic bodies termed statoliths, otoconia, or otoliths, and consisting of a

mass of minute crystalline grains of carbonate of lime, held together in a gelatinous substance,

are contained in the walls oFthe utricle and saccule opposite the distribution of the nerves. The
membrane is called the otolith membrane. A calcareous material is also, according to Bowman,
sparingly scattered in the cells lining the ampullae of the semicircular canals. The conical

thickening in the ampulla corresponds to the otolith membrane.

^*^^COCHLE*R NCRVE
"^ AND GANGLION

Fig. 864.—Cochlea in transverse ,„.;^; .^ .,.-,,^cially the canal of the cochlea, which is a part of the mem-
branous labyrinth. (Testut.)

The membranous cochlea, ductus cochlearis, or scala media consists of a spirally

arranged tube enclosed in the bonv canal of the cochlea and hdng along its outer

wall.

The osseous spiral lamina, as already stated, extends only part of the distance

between the modiolus and the outer bony wall of the cochlea. A membrane,
the basilar membrane {membrana hasilaris) (Fig. 862), stretches from its free edge
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to the outer wall of the cochlea, and completes the roof of the scala tympani.

A second and more delicate membrane, the membrane of Reissner (membrana
vestibularis [Reissneri]) (Fig. 862), extends from the thickened periosteum covering

the lamina spiralis ossea, at an angle of about 45 degrees, to the outer wall of

the cochlea, to which it is attached at some little distance above the membrana
basilaris. A canal is thus shut off between the scala tympani below and the

scala vestibuli above; this is the membranous canal of the cochlea (ductus cochlearis

or scala media) (Fig. 863). It is triangular on transverse section, its roof being

formed by the membrane of Reissner, its outer wall by the periosteum which lines

the bony canal, and its floor by the membrana basilaris, and the outer part of

the lamina spiralis ossea, on the former of which is placed the organ of Corti.

Reissner's membrane is thin and homogeneous, and is covered on its upper and
under surfaces by a layer of epithelium. The periosteum, which forms the outer

wall of the ductus cochlearis, is greatly
NCRvc-FiBRcs PASSING OUT thickcucd and altered in character:

GANGLION SPIRAL BETWE EN TH E TWO LAYERS OF . . i, , , . , ,.
spiRALE FIBRES LAMINA SPIRALIS OSSEA tormmg wuat IS Called the spiral liga-

ment of the cochlea (Jigamentum spirale

cochleae) (Fig. 862). It projects in-

ward below as a triangular promi-

nence, the crista basilaris, which gives

attachment to the outer edge of the

membrana basilaris, and immediately

above which is a concavity, the sulcus

spiralis extemus (Fig. 862). The
upper portion of the ligamentum

T^a865.-Part of the cochlear^ nerve, highly magnified. gpjj.^|g contains UUmcrOUS Capillary

loops and small bloodvessels within

the epithelium, and forms what is termed the stria vascularis. The stria is limited

below by a prominence (promvientia spiralis), in which a bloodvessel (vas promi-

nens) is distinctly visible.

The lamina spiralis ossea (Fig. 863) consists of two plates of bone extending

outward; between these are the canals for the transmission of the filaments of the

auditory nerve. On the upper plate of that part of the osseous spiral lamina

which is outside Reissner's membrane the periosteum is thickened to form the

limbus laminae spiralis, and this terminates externally in a concavity, the sulcus

spiralis intemus. which presents, on section, the form of the letter C; the upper

part of the letter, formed by the overhanging extremity of the limbus, is named
the labium vestibulare ; the lower part, prolonged and tapering, is called the labium

tympanicum, and is perforated by numerous foramina (foramina nervosa) for the

passage of the component parts of the cochlear nerve. Externally, the labium

tympanicum is continuous with the membrana basilaris. The upper surface

of the labium vestibulare is intersected at right angles by a number of furrows,

between which are numerous elevations; these present the appearance of teeth

along the free margin of the labium, and have been named by Huschke the audi-

tory teeth. The basilar membrane may be divided into two areas, inner and
outer. The inner is thin, and is named the zona arcuata or zona tecta (Fig. 862)

;

it supports the organ of Corti. The outer is tliicker and striated, and is termed

the zona pectinata. The under surface of the membrane is covered by a layer of

vascular connective tissue. One of these vessels is somewhat larger than the rest,

and is named the vas spirale (Fig. 866); it lies below Corti's tunnel.

The organ of Corti^ (organon spirale [Cortii]) (Figs. 866 and 867) is situated

upon the inner part of the membrana basilaris within the canal of the ductus

i Corti's original paper is in the Zeitschrift f. Wissen. Zool., iii, 109.
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cochlearis and appears as a ridge {crista spiralis), winding spirally throughout the

whole length of the ductus cochlearis. It is seen to be composed of a remarkable

arrangement of cells, which may be likened to the keyboard of a piano. Of these

cells, the central ones are rod-like bodies and are called the inner and outer rods or

pillars of Corti. Their bases are expanded and placed on the basilar membrane.

MembraiM tectoria.
Outer hair celU.

Limbus

spirale.

Outer rod

Basilar membrane.

Fig. 866.—Section through the organ of Corti. Magnified. (G. Retzius.)

CelU of Betters.
*"««-*«-

Serve fibres

at some little distance from each other, while their intermediate portions are

inclined toward each other, so as to meet at their opposite extremities, and form

a series of arches roofing over a minute tunnel, the canal or tunnel of Corti, be-

tween them and the basilar membrane, which ascends spirally through the whole

length of the cochlea.

INTERNAL HAIR OR
AUDITORY CELLS

Fig. 867.—Organ of Corti. Diagrammatic ^•^ew of a small portion. (Testut.)

The inner rods (Fig. 866), some 6000 in number, are more numerous than the

outer ones, and rest on the basilar membrane, close to the labium t}Tnpanicum;

they project obliquely upward and outward, and terminate above in expanded

extremities which resemble in shape the upper end of the ulna, with its sigmoid

cavity, coronoid and olecranon processes. On the outer side of the rod, in the
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angle formed between it and the basilar membrane, is a nucleated mass of proto-

plasm; while on the inner side is a row of epithelial cells, the inner hair cells (Fig,

866), surmounted by a brush of fine, stiff, hair-like processes. On the inner side

of these cells are two or three rows of columnar supporting cells, which are con-

tinuous with the cubical cells lining the sulcus spiralis internus.

The outer rods (Fig. 866), numbering about 4000, also rest by broad foot-plates

on the basilar membrane; they incline upward and inward, and their upper extrem-

ity resembles the head and bill of a swan; the back of the head fitting into the

concavity—the analogue of the sigmoid cavity—of one or more of the internal rods,

and the bill projecting outward as a phalangeal process of the membrana reticu-

laris, presently to be described.

In the head of these outer rods is an oval portion, where the fibres of which

the rod appears to be composed are deficient, and which stains more deeply with

carmine than the rest of the rod. At the base of the rod, on its internal side-

that is to say, in the angle formed by the rod with the basilar membrane—is a

similar protoplasmic mass to that found on the outer side of the base of the inner

Fig. 868.—Longitudinal section of the cochlea, showing the relations of the scalse, the ganglion spirale,

etc. <S.y. Scala vestibuli. S.T". Scala tympani. )S.M. Scala media. L.<S. Ligamentum spirale. G..S. Ganglion
spirale.

rod; these masses of protoplasm are probably the undifferentiated portions of the

cells from which the rods are developed. External to the outer rod are three or

four successive rows of epithelial cells, more elongated than those found on the

internal side of the inner rod, but, like them, furnished with minute hairs or cilia.

These are termed the outer hair cells, in contradistinction to the inner hair cells

above referred to. There are about 12,000 outer hair cells, and about 3500 inner

hair cells.

The hair cells are somewhat oval in shape; their free extremities are on a

level with the heads of Corti's rods, and from each some twenty fine cilia

project and are arranged in the form of a crescent, the concavity of which opens

inward. The deep ends of the cells are rounded and contain large nuclei; they

reach only as far as the middle of Corti's rods, and are in contact with the rami-

fications of the nerve filaments. Between the rows of the outer hair cells are

rows of supporting cells, called the cells of Deiters; their expanded bases are planted

on the basilar membrane, while their opposite ends present a clubbed extremity

or phalangeal process. Immediately to the outer side of Deiters' cells are some
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five or six rows of columnar cells, the supporting cells of Hensen. Their bases are

narrow, while their upper parts are expanded and form a rounded elevation on

the floor of the ductus cochlearis. The columnar cells lying outside Hensen's

cells are termed the cells of Claudius. A space is seen between the outer rods

of Corti and the adjacent hair cells; this is called the space of Nuel.

The lamina reticularis, or membrane of Eolliker, is a delicate framework perfo-

rated by rounded holes. It extends from the inner rods of Corti to the external

row of the outer hair cells, and is formed by several rows of " minute fiddle-shaped

cuticular structures" called phalanges, between which are circular apertures

containing the free ends of the hair cells. The innermost row of phalanges

consists of the phalangeal processes of the outer rods of Corti; the outer rows are

formed by the modified free ends of Deiters' cells.

Covering over these structures, but not touching them, is the membrana tectoria

or membrane of Corti (Figs. 862 and 866), which is attached to the vestibular sur-

face of the lamina spiralis close to the attachment of the membrane of Reissner.

It is thin near its inner margin, and overlies the auditory teeth of Huschke. Its

outer half is thick, and along its lower edge, opposite the inner hair cells, is a

clear band, named Hensen's stripe. Externally, the membrane becomes much
thinner, and is attached to the outer row of Deiters' cells (Retzius). It is made
up of multitudes of delicate fibres embedded in a transparent matrix of a soft,

transparent collagenous character with marked adhesiveness (Hardesty).

The osseous lab37rinth is lined by an exceedingly thin fibroserous 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

iines the vestibule, and from this cavity is continued into the semicircular canals

and the scala vestibuli of the cochlea, and through the helicotrema into the scala

tympani. A delicate tubular process is prolonged along the aqueduct of the vesti-

bule to the inner surface of the dura. This membrane is continued across the

fenestra ovalis and fenestra 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 perilymph.

The scala media (ductus cochlearis) is closed above and below\ The upper blind

extremity is termed the lagena, and is attached to the cupola at the upper part of

the helicotrema; the lower end is lodged in the recessus cochlearis of the vesti-

bule. Near this blind extremity, the scala media receives the canalis reuniens of

Hensen (Fig. 860), a very delicate canal, by which the ductus cochlearis is brought

into continuity with the saccule.

The auditory nerve {n. acusticus), the special nerve of the senses of hearing

and of equilibrium, divides, at the bottom of the internal auditory meatus, into

two branches, the cochlear and vestibular.

The vestibular nerve {n. vestibularis), the posterior of the two, presents, as it

lies in the internal auditory meatus, a ganglion, the vestibular ganglion or the

ganglion of Scarpa (ganglion vestibnlare); the nerve divides into three branches

which pass through minute openings at the upper and back part of the bottom of

the meatus (area vestibularis posterior), and, entering the vestibule, are distributed

to the utricle and to the ampulla of the external and superior semicircular canals.

The nerve filaments enter the ampullary enlargements opposite the septum trans-

I versum, and arborize around the hair cells. In the utricle and saccule the nerve

fibres pierce the membrana propria of the maculae, and end in arborizations

around the hair cells.

The cochlear nerve (;?. cochlearis) gives off the branch to the saccule, the fila-

ments of which are transmitted from the internal auditory meatus through the

i
foramina of the area vestibularis inferior, which lies at the lower and back part
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of the floor of the meatus. It also gives off the branch for the ampulla of the pos-

terior semicircular canal, which leaves the meatus through the foramen singulare.

The rest of the cochlear nerve divides into numerous filaments at the base

of the modiolus; those for the basal and middle coils pass through the foramina

in the tractus foraminosus, those for the apical coil through the canalis centralis,

and the nerves bend outward to pass between the lamellae of the osseous spiral

lamina. Occupying the spiral canal of the modiolus is the spiral ganglion, or

ganglion of Corti {ganglion spirale), consisting of bipolar nerve cells, which really

constitute the true cells of origin of this nerve, one pole being prolonged centrally

to the brain and the other peripherally to the hair cells of Corti's organ. Reaching

the outer edge of the osseous spiral lamina, the nerve fibres pass through the foram-

ina in the labium tympanicum. Some of these fibres end by arborizing around

the bases of the inner hair cells, while others pass between Corti's rods and across

the tunnel, to terminate in a similar manner in relation to the outer hair cells.

The arteries of the labyrinth are the internal auditory, from the basilar, and the stylomas-

toid, from the posterior auricular. The internal auditory divides at the bottom of the internal

auditory meatus into two branches, cochlear and vestibular. The cochlear artery divides into

numerous minute branches, which enter foramina in the tractus spiralis foraminosa and course

in the lamina spiralis ossea to reach the membranous structures. The largest of the cochlear

branches is in the canalis centralis. The vestibular branches accompany the nerves, and sup-

ply the membranous structures in the vestibule and semicircular canals. Tvo arteries go to each

canal. The two vessels enter opposite extremities of the canal, and anastomose at the summit

of the canal. The vestibular vessels form a minute capillary network in the substance of each

membranous labyrinth.

The veins of the vestibule and semicircular canals, the auditory veins, accompany the

arteries, and receive those of the cochlea at the base of the modiolus, to form the internal

auditory vein (vv. auditivae intemae), which opens into the posterior part of the inferior petrosal

sinus or into the lateral sinus.

THE ORGANS OP TASTE (ORGANON GUSTUS).

The peripheral organs of the sense of taste consist of certain flask-shaped

groups of modified epithelial cells, termed taste buds (calyculi gustatorii), situated

on the tongue and adjacent parts. They occupy nests in the stratified epithelium

Taste-
buds

Fig. 869.—Section of part of the papilla foliata of a rabbit. (Magnified.)

and are present in large numbers on the sides of the circumvallate papillae (Fig-

869), and to a less extent on their opposed walls. They are also found on the

fungiform papillae over the back part and sides of the tongue, and in the general
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epithelial covering of the same areas. They are very plentiful over the fimbriae

linguae, and are also present on the under aspect of the soft palate, uvula, and
on the lingual surface of the epiglottis.

Each taste bud is flask-like in shape, its broad base resting on the corium, and
the neck opening by an orifice, the gustatory pore, between the cells of the epithe-

lium. The bud is formed by two kinds of cells, supporting cells and gustatory

cells. The supporting cells are mostly arranged like the staves of a cask, and form

an outer envelope for the bud. Some, however, are found in the interior of the

bud between the gustatory cells. The gustatory cells occupy the central portion

of the bud; they are spindle-shaped, and each possesses a large spherical nucleus

near the middle of the cell. The peripheral end of the cell terminates at the

gustatory pore in a fine, hair-like filament, the gustatory hair. The central pro-

cess passes toward the deep extremity of the bud, and there ends in a single or

bifurcated varicose filament, which was formerly supposed to be continuous with

the terminal fibril of a nerve; the investigations of I^enhossek and others would
seem to prove, however, that this is not so, but that the nerve fibrils after losing

their myelin sheaths enter the taste bud, and terminate in fine extremities between

Gustatory hairs Taste pore

Epithelium

Taste bud-

Tunica propria

Fig. 870.—Taste buds from the p^QIa folista of a rabbit. X 850. (Ssymonowicz.)

the gustatory cells. Other nerve fibrils may be seen ramifying between the sup-
porting cells and terminating in fine extremities; these, however, are believed to

be nerves of ordinary sensation, and not gustatory. "The latest researches have
shown that dendrites of sensor neurones (sensor nerves) enter the taste buds and
end free in telodendria. The latter surround the neuroepithelial, and, to some
extent, the sustentacular cells, their relations depending on contact."^

Nerves of Taste.—The chorda tympani nerve is generally regarded as the nerve of taste
for the anterior two-thirds of the tongue; the ners^e for the posterior third is the glosso-

pharjngeal.

THE SKIN (INTEGUMENTUM COMMUNE).

The skin covers the body surface and is continuous with the mucous membrane
at the origin and termination of the alimentary canal and at the openings of other
canals. The skin is a protective coat, a regulator of body temperature, contains
multitudes of the terminations of sensor nerves, and is the seat of the organ 0/

> Journal of Anatomy and Physiology, 1891.
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RIDGES OF
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OF SKIN

FLEXION FURROWS
OPPOSITE THE
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touch (orgarwn Uctus). These nerve organs are connected with nerve fibres of

temperature, pressure, and pain. Connected with the skin are sweat glands

which have important excretory functions and sebaceous glands. From

its superficial part come appendages, the hairs, and nails. The skin is elastic

and varies in thickness from 0.5 mm. to 4 mm. {J^ to \ inch). It is thinnest

in the eyelids and prepuce, and thickest over the back of the neck, back of the

shoulders, palms of the hands, and soles of the feet. Its color depends in part

on the blood within it, and in part upon pigment. The deepest hue is about the

anus, in the genital region, in the axillae, over the mammary glands, and in the

parts exposed to air, light, and varied temperatures. The color varies with age,

being pinkish in extreme youth and becoming yellow in old age. It varies with

exposure and with climate, being

deepest in those who brave all

weathers and temperatures and in

those who dwell beneath a tropical

sun. It also varies with race, and

this is so well recognized that races

are classified by the color of the

skin into the White, Yellow, Brown,

and Black races. The color of the

skin is also affected in certain dis-

eases; being extremely pale in

anemia, brown in Addison's disease,

yellow in jaundice, etc.

In most situations the skin is mov-

able, but in some it is attached closely

to underlying structures, and is con-

sequently immovable on the scalp,

the palms of the hands, the soles of

the feet, and the outer portion of the

pinna of the ear. The skin is fairly

smooth, but close examination dis-

closes multitudes of openings, creases, furrows, depressions, folds, and hairs.

Hair follicles open upon the surface, and the ducts of sebaceous glands and of

sweat glands perforate the skin.

About the joints are folds of skin (retinacula cutis), and temporary folds or

wrinkles are created by the contraction of superficial muscles. The facial wrinkles

of advancing years are due to habitual expression and loss of skin elasticity. A
dimple is a permanent pit or depression due to adhesion of the surface to parts

beneath. The ridges and furrows on the palms, soles, and flexor aspects of the

digits are permanent, and over the palmar surface of the digits they are arranged

in definite forms which endure through life and are so distinctive that they have

been utilized by police officials in determining the identity of individuals. These

folds are due to the papillse of the skin being arranged in rows; some of the papillae

proliferate, and linear depressions occur in the horny layer (Philippson).

Fig. 871 shows skin ridges {cristae cutis), skin furrows (sulci ctitis), furrows

opposite joints due to acts of flexion, and called flexure furrows, and longitudinal

furrows.

When the skin is punctured by a round awl it tends to split in a definite direc-

tion, which direction varies with the region stabbed. These clefts are known
as the cleavage lines of Langer (Figs. 872 and 873), and depend upon the arrange-

ment of the connective-tissue bundles of the eorium. These connective-tissue

bundles certainly influence the formation of folds and furrows. In many portions

of the body the cutaneous surface is divided by linear furrows into irregularly

LONGITUDINAL
FURROWS

R4DGES OF SKIN
INTERRUPTED BY

LONGITUDINAL
FURROWS

Fig. 871.—The furrows and ridges of the surface of

the skin from the palm or surface of the middle finger.

(Toldt.)

k
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shaped areas (Fig. 874). The skin consists of two layers: a superficial layer,

the epidermis, and a deep layer, the corium or dermis.

The Cuticle, Scarf Skin, or Epidermis (Figs. 875 and 876) is composed of

layers of epithelium and is derived from the ectoderm. The epithelium is strati-

FiG. 872.—Anterior surface. Fig. S73.—Posterior surface.

rhe general course of the connective-tissue bundles of the corium, determined by the direction assumed by the
linear clefts made in the skin when it is punctured by a roimd awL (Laager.)

fied, and is devoid of bloodvessels. Two layers can be readily made out, the
superficial or homy layer and the deeper or Malpighian layer.

Tlie homy layer (sirafum corneum) is formed by several layers of non-nucleated
scaly cells. The cells consist of keratin. The surface cells of the homy layers
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are being constantly rubbed off, and are being replaced by cells from the Mal-
pighian layer, which are converted into keratin as they approach the surface.

The Malpighiapii layer {stratum Malpighii) of the epidermis is divided into

four layers, named, from without inward, the stratum lucidum, the stratum granu-

losum, the stratum mucosum, and the stratum germinativum.

MOUTH O
HAIR-FOLLICLES*^^

I
Fig, 874.—The furrows of the skin and the areas which these furrows delimit, reproduced from an impression of

the dorsal surface of the wrist. (Toldt.)

The stratum lucidum is the most superficial part of the Malpighian layer. It

consists of several layers of flat cells, the nuclei of which are beginning to disappear.

The cells contain eleidin granules. In regions where the epidermis is thin the

stratum lucidum is absent.

The stratum granulosum consists of several layers of nucleated flat cells, con-

taining keratohyaline granules. These granules are probably formed from the

disintegrating nucleus, and in the stratum lucidum are converted into eleidin,

an intermediate substance in the formation of keratin. It is best developed in the

sole and palms.

«MIS-j

TOUCH CORPUSCLCv

STRATUM CORNCUM
STRATUM LUCIDUM

RETE MUCOSUM

RIDGES OF SKIN

{STRATUM PAPILLARE

STRATUM RCTICULARE

SUBCUTANEOUS
AREOLAR TISSUI

ORIFICE OF
SUDORIFEROUS
DUCT
SUDORIFEROUS
DUCT

CAPILLARY
LOOP OF
PAPILLiE

^BLOODVESSeLS
^ OF CORIUM

BODY OF
-•SUDORIFEROUS

y^^a GLAND

e^^i^^
Fig. 875.—^Vertical section through the skin of the finger-tip. The layers of the epidermis and of the corium.

The subcutaneous areolar tissue. The sudoriferous or sweat-gland. (Toldt.)

The mucous layer or the stratum mucosum consists of numerous layers of nucle-

ated, polygonal, spine-shaped cells known as prickle cells or finger cells. Between
the cells of the stratum mucosum are spaces containing pigment granules and

leukocytes. Processes from the prickle cells join adjacent cells. This layer

contains numerous connective-tissue fibres arranged in a network, and known as

epidermic fibrils.

The stratum cylindricum or stratum germinativum is composed of cylindrical

or prickle cells, the points of which are directed downward. Fine fibrils pass up
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from the corium between the cells, and there is cement substance as well between

them.

The Corium, Cutis Vera, Dennis, or True Skin (Figs. 876 and 880) is a con-

nective-tissue structure which arises from the mesoderm. It consists especially

of connective tissue and elastic fibres; it contributes elasticity to the skin, and is

the seat of the sense organs. The corium is composed of two layers, the papillary

and the reticular.

Duct of_ __
sweat gland'

Tactile ^ J
corpuscle ^%v

Duct of J^^'^is^
sweat glaria "iN/^^i^~

Stratum
comeum

•Stratum lutidum

~i>trntum
granulosum

-Stratum MalpUjhIi

_ Stratum
germinativ.um

br^,r7=5ir — Dermis

^ -Sweat gland

Pa«man__ Jul 1 %5fc.:J^'C|^

corpuscle''' ^!f^

— 'Nerve

Fig. 876.—Diagrammatic sectional \'iew of the skin. (Magnified.)

The superficial or papillary layer or corpus papillare of the corium (stratum papil-

lare) lies just beneath the epidermis, contains the papillae, and is composed of a

network of fine bundles of fibrous tissue. The papillae are composed of fine

strands of connective tissue and elastic tissue. They project from the corium

beneath the epidermis and enter into depressions of the epidermis. They vary

greatly in size, averaging y^ of an inch in height and y^ of an inch in width

at the base. In the face, especially in the eyelids, they are insignificant. On the

glans penis, the palms of the hands, and the soles of the feet, and in the nipples,

they are large. In the palmar surfaces of the hands and fingers and the plantar

surfaces of the feet and toes they produce permanent ridges (Fig, 879). A ridge

is composed of two or more rows of papillae, and the ducts of sweat glands emerge
73
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between rows of papillae, and open on the curved surface ridges (Fig. 875). Most

of the papillae contain loops of capillaries, and are called vascular papillae. Some

contain nerve terminations, and are called nerve papillae. Between the papillary

Stratum corneum. <

Stratum lucidum.

Strattim grannlosum.

Stratum mucosum
Malpighii.

Stratum germiiiativum.

-Nerve fibrila.

Fig. 877.—Section of epidermis. (Ranvier.)

ARRECTOR HAIR
PILI MUSCLE FOLLICLE CORIUM EPIDERMIS

layer of the corium and the epidermis is a very thin and structureless membrane
called the basal membrane.

The deep or reticular layer (stratum reticulare) rests upon the subcutaneous

tissue. It passes superficially into the papillary layer, and at most places into

the subcutaneous tissue without a sharp

line of differentiation. At some places,

for instance in the nipple, the deep

layer of the corium rests upon a layer

of muscle tissue. In the face this

muscle tissue is striated and sends pro-

longations to the papillary layer; in the

nipple and scrotum it is nonstriated.

The reticular layer is composed of bun-

dles of white fibrous tissue, arranged

in a network. In the meshes of the

network are fat, bloodvessels, lymphat-

ics, sebaceous glands, sweat glands,

and hair follicles.

The subcutaneous areolar tissue, or

tela subcutanea (pajniiculus adiposus),

connects the skin to the parts beneath;

it is composed of bundles of connective

tissue which cross repeatedly and form

spaces. In almost all regions the spaces contain fat, but in the scrotum, exter-

nal ear, penis, and eyelid they do not contain fat. When the connective-tissue

fibres of the panniculus adiposus are long and nearly parallel to the skin surface,

Sudoriferous subcutaneous
GLANDS AREOLAR tissue

Fig. 878.—^Vertical section through the skin of the
trunk in the region of the arch of the ribs. One
of the small hairs is seen in longitudinal section.
(Toldt.)
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the skin becomes wrinkled; when they are short and nearly at righ't angles to the

surface, the skin cannot wrinkle.

Pigmentation of the Skin.—^As previously stated, in certain regions the skin of the

white race is brown because of pigmentation (areolae, nipples, around the anus.

PAPILUC OF
CORIUM

SUDORIFEROUS
DUCTS

^> RIDGES OF
'» y SKIN

V^wnows
OF 3KIN

Fig. 879.—The fiiirows and ridges of true skin on the palmar surface of one of the fingers, the epidermis
ha\"ing been removed. (Toldt.)

axilla?, scrotum, labia majora). This is due to pigment within the epithelial and
connective-tissue cells of the papillary layer of the corium, and in the basal cells

of the epidermis. There are few or none of these pigmented cells in the stratum

corneum of one of the Caucasian race.

"In negroes and other colored races the deep pigmentation is due to a similar

distribution of the pigment granules in the entire epidermis; but even here the

RETE
VENOSUM

SUBPAPILLARY
NETWORK

EPIDERMIS

PAPILLARY LAYEB-

RETE
VENOSUM

SUBCUTANEOUS
TISSUE

Fig 880.—The distribution of the bloodvessels in the skin of the sole ol the foot. (Spalteholz.

,

pigmentation decreases toward the surface, although the uppermost cells of the

stratum corneum always contain some pigment. The nuclei of the cells are always
free from coloring matter. The question as to the origin of the pigment is as yet

unsolved."*

* A Text-book of Kstology. By A. A. Bohm and M. von Davidofl. Translated and edited by G. Cari Huber.
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The arteries supplying the skin vary in number, and vary much in size, being largest in re-

gions exposed to pressure, as the skin of the palms, soles, and buttocks. The arteries enter the

skin from a network in the subcutaneous tissue, and by an anastomosis in the deepest part of the

corium form a network {retc artcriosum cutaneum). The vessels send branches to the fat and

to the sweat glands. Branches from the network just described ascend and form a second net-

work in the corium beneath the papillse. This is called the subpapillary network {rete arte-

riosiim subpapillare). From this network fine capillary vessels pass into the pa])ill8e, forming, in

the smaller papillfe, a single capillary loop, but in the larger a more or less convoluted vessel.

From this network branches go to the hair follicles and sebaceous glands. The blood from

the papillfe passes into a plexus {rete venosum) beneath the papillae. This communicates with

another plexus between the corium and subcutaneous tissue. In some regions one or more retia

are interposed between these two. The veins from the sweat glands, sebaceous glands, superficial

fat, and hair follicles are received by the retia vcnosa. From the deepest rete veins pass to

the subcutaneous tissue, and these veins enter the large subcutaneous veins.

There are numerous l3anphatics supplied to the skin which form two networks, superficial

and deep, communicating with each other and with the lymphatics of the subcutaneous tissue by

oblique branches. They originate in the cell spaces of the tissue.

The nerves of the skin terminate partly in the epidermis (Fig. 867) and partly in the cutis

vera (Fig. 876). The former are prolonged into the epidermis from a dense plexus in the super-

ficial layer of the corium and terminate between the cells in bulbous extremities; or, according

to some observers, in the deep epithelial cells themselves. The latter terminate in end bulbs,

touch corpuscles, or Pacinian bodies (Figs. 590 and 866), in the manner already described

(p. 815), and, in addition to these, a considerable number of fibrils are distributed to the hair

follicles, which are said to entwine about the follicle in a circular manner. Other nerve fibres

are supplied to the smooth muscle fibres {mm. arredorcs pilorum) of the hair follicles and to the

muscle coat of the bloodvessels. These are probably amyelinic fibres.

THE APPENDAGES OP THE SKIN.

The appendages of the skin are the nails, the hairs, the sudoriferous and seba-

ceous glands, and their ducts.

The nails and hairs are peculiar modifications of the epidermis, consisting

essentially of the same cellular structure as that tissue.

Eponychinm. -__

Nail..^.

Malpi<ih

Stratum cornc"

of the nail

groove.

Fig. 881.'—Longitudinal section through human nail and its nail groove (sulcus).
Davidoff's Histology.)

Stratum
cornenm.

'^Stratum
granulosum.

Corium.

Blood-vefsel.

(From Bohm and

The Nails (ungues) (Figs. 881 and 884) 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. Its

chief mass, called the body (corpus unguis), lies upon the nail bed. The free edge
is called the Tnargo liber. Each lateral margin (margo lateralis), like the proximal
short edge of the nail (margo occultus), lies in a groove of the cutis, the ungual sulcus

(sulcus matricis unguis). The ungual wall (vallum unguis) overlies the lateral and
posterior edges. The nail is implanted by means of a portion, called the root

(radix unguis), into a groove in the skin. The root is beneath the ungual wall

and is composed of cells which have not yet become horny. It is white in color.

The nail has a very firm adhesion to the cutis vera, being accurately moulded
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upon the surface of the true skin, as the epidermis is in other parts. The part

of die cutis beneath the body and root of the nail is called die matxiz (matrix

vngiiis), because it is the part from which the nail is produced. Corresponding
to the body of the nail, the matrix is thick, and raised into a series of longitudinal

ridges (crisiae mairicis unguis), which are very vascular, and the color is seen

through the transparent tissue. Behind this, near the root of the nail, the papillae

are small, less vascular, and have no regular arrangement, and here the tissue

Stratnm Mnlpi{ikH.

Xail waiL.

NaU groove.
Strainm granulosum.

Fig. 8S2.—Transverse section through human nail and its sulcus. (From Bohm and Davidoff's Histology.)

of the nail is somewhat more opaque; hence this portion is of a whiter color,

and is called the lunula on account of its crescentic shape.

The cuticle, as it passes forward on the dorsal surfac-e of the finger or toe, is

attached to the surfac-e of the nail, a little in advance of the nail root; at the

extremity of the finger it is connected with the under surface of the nail a litde

behind its free edge. The cuticle and the horny substance of the nail (both epi-

dermic structures) are thus directly continuous with each other. The nails con-

sist of a greatly thickened stratum lucidum, the stratum corneum forming merely

HORNY
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•ULCUS OF
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'
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Fig. 883.—Transverse section through the nail and the terminal portion of the ring &nger. (Toldt.)

the thin cuticular fold {eponychium) which overlaps the lunula. The cells have
a laminated arrangement, and are essentially similar to those composing the

epidermis. The deepest layer of cells, which lie in contact with the papilla?

of the matrix, are columnar in form and arranged perpendicularly to the surface;

those which succeed them are of a rounded or polygonal formj the more superficial

ones becoming broad, thin, and flattened, and so closely compacted as to make the

limits of each cell very indistinct. It is by the successive growth of new cells at

the root and under surface of the body of the nail that it advances forward and
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maintains a due thickness, while, 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 ones, they assume a flattened form and finally become closely

MATRIX OF NAIL

RIDGES OF
MATRIX

SULCUS OF
MATRIX

NAIL FOLD

eONCEALEO MARGIN

Fig. 884. —The finger-nail com
pletely isolated, seen from the con-

vex side (Toldt.)

NAIL WALL

Fig. 88.5 —The matrix of the
nail or nail bed, with the nail fold

and nail walls displayed by the
removal of the epidermic portion
of the nail or nail proper and the
surroun<ling epidermis. (Toldt.)

FIBROUS
SUBSTANCE

SULCUS OF
MATRIX

Fig. 886.—Matrix of the
nail with partly opened mar-
ginal groove of the nail bed.
(Toldt.)
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Fro 887.—A hair of the head still in the course of growth, with hair bulb in longitudinal section. (Toldt.)

compacted together into a firm dense, horny texture. In chemical composition the

nails resemble the upper layers of the epidermis, containing, however, a some-

what larger proportion of carbon and sulphur (Mulder).

1
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The Hairs (j>ili) (Figs. 888 and 889) are peculiar modifications of the epi-

dermis and consist essentially of the same structure as that membrane. They

are found on nearlv everv part of the surface of the body, excepting the palms of

the hands, soles of* the f^t, the nipples, the inner surface of the prepuce, and the

glans penis. Hairs include hairs of the head {capilliy, of the eyebrows {supercUm);

of the beard {harha); of the ears {tragi); of the nostrils {vibrisscE); the eyelashes

(ciUay hairs of the axilla [hirci); of the pubes {pubes); and the small hau:s of the

skin or wooUy hairs {lanugo). They vary much in length, thickness, and color

in different parts of the body and in different races of mankind. In some parts,

in the skin of the evelids, they are so short as not to project beyond the follicles

pontaining them; in others, as 'upon the scalp, they are of considerable length;

Win, in other parts, as the evelashes, the hairs of the pubic region, and the whis-

kers and beard, thev are remarkable for dieir thickness. Straight hairs are stronger

CPIDEBMIS—

SUBCUTANEOUS
AREOLAR TISSUE

RETINACULA
OF SKIN

OCCIPITOFRONTAL
APONEUROSIS

ARRECTOR
PI LI MUSCLE,

SEBACEOUS
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ROOT
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Fig. 888.—Vertical section through the skin of the head. The hairs of the head in longitudinal section. (Toldt.)

than curly hairs, and present on transverse section a cylindrical or oval outline;

curly hairs, on the other hand, are flattened. The hairs are usually oblique to

the surface from which they arise (Fig. 888). Their direction depends upon the

region from which they spring, being fairly regular in certain regions. Thus

are formed hair streams (flumina pilcrum) and hair whirlpools {vortices pilorum).

A hair consists of the root, the part implanted in the skin; the shaft, the portion

projecting from its surface; and the point.

The root of the hair (radix pili) presents at its extremity a bulbous enlargement,

the hair bulb {bulbu^ pili) (Fig. 887), which is whiter in color and softer in texture

than the shaft, and is lodged in a follicular involution of the epidermis called the

hair follicle (JoUieulus pili) (Fig. 878). ^^llen the hair is of considerable length

the follicle extends into the subcutaneous cellular tissue. The hair follicle com-

mences on the surface of the skin with a funnel-shaped opening, and passes inward

in an oblique or curved direction—^the latter in curly hair—to become dilated at

its deep extremity or fundus (Jundus folliculi pili), where it corresponds with the

bulbous condition of the hair which it contains. It has opening into it, near its

free extremity, the orifices of the ducts of one or more sebaceous glands (Figs.

887 and 888). At the bottom of each hair follicle is a small, conical, vascular

eminence or papilla, the hair papilla (papilla pili) (Figs. 887 and 888), similar

in ever>- respect to the papillae found upon the surface of the corium; it is continu-

ous with the dermic la\er of the follicle, is highly vascular, and is probably suppUed
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with nerve fibrils. In structure the hair folHcle consists of two root sheaths—an
outer or dermic, and an inner or epidermic (Figs. 887 and 889).

The outer or dermic root sheath is formed mainly of fibrous tissue; it is continuous

with the corium, is highly vascular, and is supplied by numerous minute nerve

filaments. It consists of three layers. The most internal, the cuticular lining

of the follicle, consists of a hyaline basement membrane, the hyaline layer, having

a glassy, transparent appearance, which is well marked in the larger hair follicles,

but is not very distinct in the follicles of minute hairs. It is continuous with the

basement membrane of the surface of the corium. External to this is the inner

fibrous layer, a compact layer of fibres and spindle-shaped cells arranged circularly

around the follicle. This layer extends from the bottom of the follicle as high as

the entrance of the ducts of the sebaceous glands. Externally is the outer fibrous

layer, a thick layer of connective tissue, arranged in longitudinal bundles, forming

a more open texture and corresponding to the reticular part of the corium. In this

are contained the bloodvessels and nerves.

CUTICLE OF
ROOT S

INNER
FIBROUS -

LAYER

OUTER /
FIBROUS '-.'i

LAYER A

\ OUTER
-^(^ ROOT SHEATH

' INNER
ROOT SHEATH

MEDULLARY
SUBSTANCE

ORTICAL
UBSTANCE

Fig. 889.—A moustache hair with its hair follicle in transverse section. (Toldt.)

The inner or epidermic layer is closely adherent to the root of the hair, so that

when the hair is plucked from its follicle this layer most commonly adheres to it

and forms what is called the root sheath. It consists of two strata, named respec-

tively the outer and inner root sheaths; the former of these corresponds with the

Malpighian layer of the epidermis, and resembles it in the rounded form and

soft character of its cells; at the bottom of the hair follicles these cells become

continuous with those of the root of the hair. The inner root sheath consists of

a delicate cuticle next the hair, composed of a thin layer of imbricated scales having

a downward direction, so that they fit accurately over the upwardly directed

imbricated scales of the hair itself; then of one or two layers of horny, flattened

nucleated cells, known as Huxley's layer; and finally of a single layer of horny

oblong cells without visible nuclei, called Henle's layer.

The hair follicle contains the root of the hair, which terminates in a bulbous

extremity, and is excavated so as to exacdy fit the papilla from which it grows.

The bulb is composed of polyhedral epithelial cells, which as they pass upward

into the root of the hair become elongated and spindle-shaped, except some in

the centre, which remain polyhedral Some of these latter cells contain pigment

granules, which give rise to the color of the hair. It occasionally happens that

these pigment granules completely fill the cells of the medullary substance in

the centre of the bulb, which gives rise to the dark tract of pigment often founds

of greater or less length, in the axis of the hair.
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The shaft of the hair (scapus pili) (Fig. 887) consists of a central pith or medulla,

the fibrous part of the hair, and the true cuticle externally. The medulla {sub-

stantia meduUaris pili) occupies the centre of the shaft and ceases toward the

point of the hair. It is usually wanting in the fine hairs covering the surface of

the body, and commonly in those of the head. It is found in the shafts of all thick

hairs and in the deeper parts of the root of most hairs. It is more opaque and

deeper colored when viewed by transmitted light than the fibrous part; but when

\'iewed by reflected light it is white. It is composed of rows of jx)lyhedral cells,

which contain granules of eleidin and frequently air spaces. The cortical substance

of the hair {substantia corticalis pUi) constitutes the chief part of the shaft; its

cells are elongated and unite to form flattened fusiform cells. Between the cells

are found minute spaces which contain either pigment granules in dark hair or

minute air spaces in white hair. In addition to this there is also a diffused pig-

ment contained in the cells. The cells which form the outer hair membrane or

true cuticle {cuticula jnli) consist of a single layer which surrounds those of the

cortical part; they are converted into thin, flat scales, having an imbricated ar-

rangement.

Connected with the hair follicles are minute bundles of involuntary muscle

fibres, termed Arrectores pilorum {mm. arredores pilorum) (Figs. 878 and 887).

They arise from the superficial layer of the corium, and are inserted into the outer

surface of the hair folUcle, below the entrance of the duct of the sebaceous gland.

They are placed on the side toward which the hair slopes, and by their action

elevate the hair.^ \Mien the hair is elevated a depression forms over the seat of

origin of the muscle, and the parts about the hair are elevated. This condition

is known as goose skin. It is probable that the contraction of these muscles aids

in emptNing sebaceous glands.

Bloodvessels and Nerves (Fig. 878).—A hair follicle possesses a rich network of capillaries

about the hyaline membrane, and capillarj- loops pass to the papilla. We have Uttle knowledge

as to nerve terminations of the hmnan hair.

The Sebaceous Glands {glandulae sebaceae) are small, sacculated, glandular

organs, lodged in the substance of the corium. They are found in most parts of

the skin, but are especially abundant in the scalp and face; they are also very numer-

ous around the apertures of the anus, nose, mouth, and external ear, but are want-

ing in the palms of the hands and soles of the feet. Each gland consists of a

single duct, more or less capacious, which terminates in a cluster of small secreting

pouches or saccules. The sacculi connected with each duct vary in number,

as a rule, from two to five, but in some instances may be as many as twenty.

They are composed of a transparent, colorless membrane, enclosing a number
of epithelial cells. Those of the outer or marginal layer are small and polyhedral,

and are continuous with the lining cells of the duct. The remainder of the sac

is filled with larger cells, containing fat, except in the centre, where the cells have

t become broken up, leaving a cavity containing their debris and a mass of fatty

matter, which constitutes the sebaceous secretion. The orifices of the ducts

open most frequently into the hair follicles, but occasionally upon the general

surface, as in the labia minora and the free margins of the lips. On the nose

and face the glands are of large size, distinctly lobulated, and often become much
, enlarged from the accumulation of pent-up secretion. The largest sebaceous

' glands are those found in the eyeHds—the Meibomian glands.

The Sudoriferous or Sweat Glands {glandulae siidoriferae) (Figs. 878 and 888)

are the organs by which a large portion of the aqueous and gaseous materials

• Arthur Thomson suggests that the contraction of these muscles on follicles which contain weak, flat hairs will

tend to produce a permanent curve in the follicle, and this curve will be impressed on the hair which is moulded
within it, so that the hair, on emerging through the skin, will be curled. Ctirved hair follicles are characteristic of

,' the scalp of the Bushman.
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is excreted by the skin. They are found in almost every part of this structure,

being absent on the red border of the lips, the glans penis, and inner surface of

the prepuce. On the eyelids they are somewhat modified, and are called ciliary

glands (glandulae ciliares [Molli]); about the ^nus they are extremely large, and

are called circumanal glands (glandulae circumanales). The sweat glands are

situated in small pits below the under surface of the corium, or, more frequently,

in the subcutaneous areolar tissue, surrounded by a quantity of adipose tissue.

They are small, lobular, reddish bodies, consisting of a single convoluted tube,

from which the efferent duct (ductus sudoriferus) proceeds outward through the

corium and cuticle, becomes somewhat dilated at its extremity, and opens on the

surface of the cuticle by an oblique valve-like aperture (porus sudoriferus). The
duct, as it passes through the epidermis, presents a spiral arrangement, being

twisted like a corkscrew, in those parts where the epidermis is thick; where,

however, the epidermis is thin, the spiral arrangement does not exist. In the

superficial layers of the corium the duct is straight, but in the deeper layers it is

convoluted or even twisted. The spiral course of these ducts is especially distinct

in the thick cuticle of the palm of the hand and sole of the foot. The size of the

glands varies. They are especially large in those regions where the flow of perspi-

ration is copious, as in the axillae, where they form a thin, mamillated layer of a

reddish color, 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, 2800 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 orifices of the ducts are exceedingly regular, and open

on the curved surface ridges. In other situations they are more irregularly

scattered, but the number in a given extent of surface presents a fairly uniform

average. 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 aperture of each gland to represent a surface

of g-^ of an inch 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 the surface of the skin. The wall of the duct

is thick, the lumen seldom exceeding one-third of the diameter of the tubes. The
tube, both in the gland and where it forms the excretory duct, consists of two

layers (except in the epidermis, where the epithelium of this layer forms the wall)

—an outer, formed by fine areolar tissue, and an inner layer of epithelium. The
external coat is thin, continuous with the superficial layer of the corium, and extends

only as high as the surface of the corium. The epithelial lining in the distal

part of the coiled tube consists of a single layer of cubical cells, supported on a

basement membrane. Between the epithelium and the fibrocellular coat lies a

layer of longitudinally or obliquely arranged involuntary muscle fibres, the con-

traction of which aid in the expulsion of the sweat. In the proximal, part there

are two or more layers of polyhedral cells lined on the internal surface (next the

lumen of the tube) by a delicate membrane devoid of muscle fibres. The contents

of the smaller sweat glands is quite fluid; but in the larger glands the contents

are semifluid and opaque, and contain a number of colored granules and cells

which appear analogous to epithelial cells.

The bloodvessels are branches from the subcutaneous vessels and the arterial plexus of the

deep part of the corium. Numerous amyelinic nerve fibres lie upon the membrana propria of a

sweat gland. From them fibrils pass inward and terminate by end bulbs upon the cells of the gland.



THE OEGAXS OP VOICE AM) EESPIRATION.

\HE respiratory organs (apparatus respiratorius) consist of the laiynZjOr organ of

voice, the trachea, bronchi, lungs, and pleurae.

THE LARYNX.Ir
The larynx, or organ of voice, is placed at the upper part of the air passage,

t is situated betv\een 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. Its vertical extent corresponds to the fourth, fifth, and sixth cervical ver-

tebrae, but it is placed somewhat higher in the female and also during child-

hood.

According to Sappey, the average measurements of the adult larynx are as

follows

:

In males. In females.

Vertical diameter 44 mm. 36 mm.
Transverse diameter 43 " 41 **

Antero-posterior diameter 36 " 26 *'

Circumference 136 " 112 "

Until pubert>' there is no marked difference betweai the larynx of the male and that of the

, fonale. In the latter its further increase in size is only slight, whereas in the former the increase

is great ; all the cartilages are enlarged, and the th\Toid becomes prominent as the pomum Adami
in the middle line of the neck, while the length of the glottis is nearly doubled.

The larynx is broad above, where it presents the form of a triangular box,

flattened behind and at the sides, and bounded in front by a prominent vertical

i ridge. Below, it is narrow and cylindrical. It is composed of cartilages, which
are connected bv ligaments and moved bv numerous muscles. It is lined bv
mucous membrane, which is continuous above with that lining the pharynx and
below with that of the trachea. On each side internal to the th^Toid cartilage

:^ a small recess, the recessus pyriformis, extends forward from the cavity of the

I

pharynx (p. 1231).

^
The Cartilages of the Larynx (cartilagines laryngis) are nine in number, three

« single and three pairs:

Thyroid.
* Two Arvtenoid.

Cricoid. Two Cornicula Laryngis.

Epiglottis. Two Cuneiform.

The Thyroid Cartilage (cartilago ihyroidea) (Figs. S91 and 892) is the largest

cartilage of the larynx. It consists of two lateral lamellae or alae, united at an acute

angle in front, forming a vertical projection in the midline, which is prominent

(1163)
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above and called the pomura Adami {prominentia laryngea). This prominence
is subcutaneous, is more distinct in the male than in the female, and is often

separated from the integument by a bursa, the bursa suboutanea prominentiae

laryngeae. The anterior borders of the alse of the thyroid cartilage which are

continuous below are separated above by a V-shaped notch, the th3rroid notch

(incisura thyroidea superior). The posterior borders are free, rounded, and
somewhat thickened, and are extended in the form of superior and inferior

cornua.

The outer surface of each a)a (Fig. 891) presents an oblique ridge (linea obliqua),

which passes downward ai.c "orward from a tubercle situated near the root of the

superior cornu, the superior tubercle (tuberculum thyroideum superius), to a small

tubercle near the anterior part of the lower border, the inferior tubercle (tubercidum

thyroideum inferitis). This ridge gives attachment to the Sternothyroid and Thyro-
hyoid muscles, and the portion of cartilage included between it and the posterior

border gives attachment to part of the Inferior constrictor muscle.

Fio. 890.—Sagittal section of a man twenty-one years of age.
(After W. Braune.)

FlG. 891.—Side view of the thyroid and
cricoid cartilages.

The inner surface (Fig. 892) of each ala is smooth, slightly concave, and covered
by the mucous membrane of the outer wall of the sinus pyriformis above and
behind; but in front, in the receding angle formed by the junction of the alse,

are attached the epiglottis, the true and false vocal cords, the Thyroarytenoid
and Thyroepiglottidean muscles, and the thyroepiglottidean ligament.
The upper border (Fig. 891) is sinuously curved, being concave at its posterior

part, then rie'ing into a convex outline in front; it gives attachment throughout
its whole extent to the thyrohyoid membrane.
The lower border (Fig. 892) is nearly straight in front, but behind, close to the

cornu, it is concave, the two parts being separated by the inferior tubercle. A
small part of it, in and near the median line, is connected to the cricoid cartilage by
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the middle portion of the cricothyroid membrane {membrana crkxyihyroidea) ; and, on

either side, by the Cricothyroid muscle.

The posterior borders (Fig. 892) are thick and romided, and each terminates

above, in a superior comu (cornu superius), and below, in an inferior coma (comu

iuferius). The two superior cornua are long and narrow, directed upward, back-

ward, and inward, and terminate in conical extremities, which give attachnaent

to the lateral th^Tohyoid ligaments. The two inferior cornua are short and thick;

thev pass downward, with a slight

inclination forward and inward,

and each presents on its inner sur-

face a small oval articular facet for

articulation with the side of the

cricoid cartilage (Fig. 891). The
posterior border receives the in-

sertion of the Stylopharyngeus and

Palatophar}Tigeus muscles on each

side.

Daring infancy the alse of the th^Toid

cartilage are joined to each other by a

narrow, lozenge-shaped strip, named the

intrathyToid cartilage. This strip ex-

tends from the upper to the lower border

of the ih\Toid cartilage in the middle

line, and is distinguished from the alse

bv being more transparent and more _, .

,

flexible.
^%0'^

Epiglottis

CoTjiicula largngis.

CuHnform eariOage.-y^^ ^ ^

Arytenoid.

Insertion of
CRICO-ARVTENOIOEUS'
POSTICUS ET LATERALIS

Cricoid.

Articular facet for
arytenoid cartilage.

Articular faxxi for
inferior comu of
thyroid cartilage.

Posterior

surface.

Arytenoid cartilages, base.

The Cricoid Cartilage {cartilago

cricoidea) (Figs. S91 and 892) is so

called from its resemblance to a

signet ring (yjjcxo^, a ring). It is

smaller, but thicker and stronger

than the th}Toid cartilage, and

forms the lower and back part of

the cavity of tlie lar^Tix. It is hya-

line cartilage, and consists of two

parts— a quadrate portion, situated

behind, and a narrow ring, or arch,

one-fourth or one-fifth the depth

of the posterior part, situated in

front. The posterior square por-

tion rapidly narrows at the sides of

the cartilage, at the expense of the

upper border, into the anterior

portion.

Its posterior portion, or lamina

{lamina cartilaginis cricoideae), is very deep and broad, and measures from above

downward about an inch (2.5 cm.); it presents, on its posterior surface, in the

middle line, a vertical ridge for the attachment of the longitudinal fibres of the

oesophagus, and on either side a broad depression for the Cricoan*i:enoideus

posticus muscle.
*

Its anterior portion, or arcus {arcus cartilaginis cricoideae), is narrow and convex,

and measures vertically about one-fourth or one-fifth of an inch (6 to 5 mm.);
it affords attachment externally in front and at the sides to the CricothjToid

muscles, and, behind, to part of the Inferior constrictor.

Fig. 892.—The cartilages of the larj'nx. Posterior view.
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At the junction of the posterior quadrate portion with the rest of the cartilage

is a small round articular eminence, for articulation with the inferior cornu of the

thyroid cartilage.

The lower border of the cricoid cartilage is horizontal, and connected to the

uppermost ring of the trachea by fibrous membrane (Figs. 891 and 892).

Its upper border is directed obliquely upward and backward, owing to the great

depth of the posterior surface. It gives attachment, in front, to the middle

portion of the cricothyroid membrane ; at the sides, to the lateral portion of the

same membrane and to the lateral Cricoarytenoid muscle; behind, it presents, in

the middle, a shallow notch, and on each side of this is a smooth, oval surface,

directed upward and outward, for articulation with the base of an arytenoid

cartilage.

The inner surface of the cricoid cartilage is smooth, and covered by mucous

membrane.
The Arytenoid Cartilages {cartilagines arytenoideae) (Fig. 892) are two in number,

and situated at the upper border of the cricoid cartilage, at the back of the larynx

in the interval between the posterior borders of the alee of the thyroid cartilages.

Each cartilage is in form a three-sided pyramid, and presents for examination

three surfaces, a base, and an apex.

The posterior surface is triangular, smooth, concave, and gives attachment to

the transverse portion of the Arytenoid muscle.

The antero-ertemal surface is somewhat convex and rough. It presents, near

its apex, a small elevation, the colliculus; from this a ridge (crista arcuata) passes

backward and then forward and downward into a sharp-pointed process, the

vocal process. This ridge separates a deep depression above, the fovea triangularis,

from a broader and shallower depression below, the fovea oblonga. A short dis-

tance above the base a small tubercle on the anterior border gives origin to the

ligament of the false vocal cord, the superior thyroarytenoid ligament. To the

outer part of the ridge, as well as the surface above and below, is attached the

Thyroarytenoid muscle.

The internal surface is narrow, smooth, and flattened, and forms the lateral

boundary of the respiratory part of the glottis.

The base (basis) of each cartilage is broad, and presents a concave smooth

surface, for articulation with the cricoid cartilage. Two of its angles require

special mention: The external angle, which is short, rounded, and prominent,

projects backward and outward, and is termed the muscular process (processus

muscidaris), from receiving the insertion of the Posterior and Lateral crico-

arytenoid muscles. The anterior angle, also prominent, but more pointed, pro-

jects horizontally forward, and gives attachment to the inferior thyroarytenoid

ligament, the supporting ligament of the true vocal cord. This angle is called

the vocal process (processus vocalis).

The apex of each cartilage is pointed, curved backward and inward, and sur-

mounted by a small conical, cartilaginous nodule, the comiculum laryngis, articu-

lated with or united to the arytenoid cartilage.

The Comicula Laryngis or Cartilages of Santorini (cartilagines corniculatae) (Figs.

892 and 898) are two small conical nodules, consisting of yellow elastic cartilage,

which articulate with the summits of the arytenoid cartilages and serve to pro-

long them backward and inward. They are situated in the posterior parts of the

arytenoepiglottic folds, and are sometimes united to the arytenoid cartilages.

The Cuneiform Cartilages or Cartilages of Wrisberg (cartilagines cuneiformes)

(Figs. 892 and 897) are two small, elongated pieces of yellow elastic cartilage,

placed one on each side, in the arytenoepiglottic fold (plica aryepighttica) (Fig.

897), where they give rise to small whitish elevations on the inner surface of the

mucous membrane, just in front of the arytenoid cartilages.

J
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The Epiglottis (cartilago epiglottica) (Figs. 892 and 893) is a thin, flexible lamella

of fibrocartilage, of a yellowish color, shaped like a leaf, and projecting behind the

tongue in front of the superior opening of the larynx. The projecting extremity is

broad and rounded; its attached part or apex (petiolus epiglottidis) is long, narrow,

and connected to the receding angle between the two alae of the th\Toid cartilage,

just below the median notch, by a ligamentous band, the thyroepiglottic ligament

( Fig. 894). The lower part of its anterior surface is connected to the upper border

of the body of the hyoid bone by an elastic ligamentous band, the hyoepiglottic

ligament.

Its anterior or lingual surface is curv'ed forward, toward the tongue, and covered

at its upper, free part by mucous membrane, which is reflected on to the sides and

base of the organ, forming a median and two lateral folds, the glossoepiglottic

folds (Fig. 897); the lateral folds are partly attached to the wall of the pharynx.

The depressions between the epiglottis and base of the tongue on each side of the

median fold are named the vaUeculae. The lower part of the anterior surface of

the epiglottis lies behind the hyoid bone, the th\Tohyoid membrane, and upper

part of the th^Toid cartilage, but is separated from these structures by a mass of

fatty tissue.

Its posterior or laryngeal surface is smooth, concave from side to side, concavo-

convex from above downward; its lower part projects backward as an elevation,

the tubercle or cushion {tubercuhnn epiglotticum) (Fig. 893). AMien the mucous
membrane is removed, the surface of the cartilage is seen to be indented by
a number of small pits, in which mucous glands are lodged. To its sides the

arytenoepiglottic folds are attached (Fig. 897).

Structure.—The cornicula larvngis and cuneiform cartilages, the epiglottis, and the apices

of the arvtenoids at first consist of hyaline cartilage, but later elastic fibres grow in from the

perichondrium, and eventually they are converted into yellow fibrocartilage; they show little

tendency to calcification. The thyroid, cricoid, and the greater part of the arktenoids consist

of hyaline cartilage, and become more or less ossified as age advances. Ossification commences
about the twenty-fifth year in the th_\Toid cartilage, somewhat later in the cricoid and aryte-

noids; by the sixty-fifth year these cartilages may be completely converted into bone.

Ligaments.—^The ligaments of the larynx are extrinsic—i. e., those connecting

the thyroid cartilage and epiglottis with the hyoid bone, and the cricoid cartilage

with the trachea; and intrinsic, those which connect the several cartilages of the

larynx to each other.

Extrinsic Ligaments.—^The ligaments connecting the th^Toid cartilage with the

hyoid lione are four in number—the th^Tohyoid membrane, the two lateral

thyrohyoid ligaments, and the hyoepiglottic ligament.

The Thyrohyoid Membrane (membrana hyothyreoidea) (Fig. 894) is a broad,

fibroelastic, membranous layer, attached below to the upper border of the thAToid

cartilage, and above to the upper margin of the posterior surface of the body and
greater cornua of the hyoid bone, thus passing behind the posterior surface of

the hyoid, and being separated from it by a synovial bursa (bursa m. sternohi/oidei),

which facilitates the upward movement of tlie larynx during deglutition. It

is thicker in the middle line than at either side. This thickening is due to elastic

fibres, and constitutes the middle thyrohyoid ligament (Ugamentum hyothyreoideum

.medium). On each side the posterior extremity of the membrane is thickened

by elastic fibres, constituting the lateral thyrohyoid ligament (ligamentum hyothy-

reoideum lateraJe). The th^Tohyoid membrane is pierced on each side by the supe-
rior laryngeal vessels and the internal branch of the superior laryngeal nerve. The
anterior surface of the th%Tohyoid membrane is in relation with the Th^Tohyoid,
Sternohyoid, and Omohyoid muscles and with the body of the hyoid bone. The
two lateral ligaments are rounded, elastic cords, which pass between the superior
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ARVTENO-
CPIGLOTTIDEUS

cornua of the thyroid cartilage and the extremities of the greater cornua of the

hyoid bone. A small cartilaginous nodule (cartilago triticea), sometimes bony,

is frequently found in each.

The ligament connecting the epiglottis with the hyoid bone is the hyoepiglottic.

In addition to this extrinsic ligament, the epiglottis is connected to the tongue by

the three glossoepiglottic folds of mucous membrane, which may also be considered

as extrinsic ligaments of the epiglottis. The hyoepiglottic ligament (ligamenhim

hyoepiglotticum) is an elastic band, which extends from the anterior surface of

the epiglottis, near its apex, to the upper border of the body of the hyoid bone.

The cricotracheal ligament (ligamentum cricotracheale) connects the cricoid

cartilage with the first ring of the trachea. It resembles the fibrous membrane
which connects the cartilaginous rings of the trachea.

Intrinsic Ligaments.—llie ligaments connecting the thyroid cartilage to the

cricoid are three in number—the cricothyroid membrane and the two capsular

ligaments.

The Cricothsrroid Membrane (conus elasticus) (Figs. 891 and 901) is composed

mainly of yellow elastic tissue. It consists of three parts, a central triangular

portion and two lateral portions. The central part (ligamentum cricothyreoidenm

medium) is thick and strong,

nfirrow above and broaden-

ing out below. It connects

the contiguous margins of the

thyroid and cricoid cartilages.

It is convex, concealed on
each side by the Cricothyroid

muscle, but subcutaneous in

the middle line; it is crossed

horizontally by a small anas-

tomotic arterial arch, formed

by the junction of the two

cricothyroid arteries. The
lateral portions are thinner

and lie close under the mucous
membrane of the larynx.

They extend from the superior

border of the cricoid cartilage

to the inferior margin of the

true vocal cords with which

they are continuous. These
cords may therefore be re-

garded as the free borders of

the lateral portions of the

cricothyroid membrane; they

extend from the vocal processes of the arytenoid cartilages to the receding

angle of the thyroid cartilage near its centre. The lateral portions are lined

internally by mucous membrane, and are separated from the thyroid cartilage

by the Cricoarytenoideus lateralis and Thyroarytenoideus muscles.

A capsular ligament, strengthened posteriorly by a well-marked fibrous band,

encloses the articulation of the inferior cornu of the thyroid with the cricoid

cartilage on each side. The articulation is lined by synovial membrane.
Each arytenoid cartilage is connected to the cricoid by a capsular ligament

(capsula articularis cricoarytaenoidea) and a posterior cricoar3^enoid ligament

(ligamentum cricoarytenoideum posterius). The capsular ligament is thin and
loose, and is attached to the margin of the articular surfaces, and lined by synovial

CRICO-
THVREOIDEUS

LARYNGEAL
SACCULE

INFERIOR
-OR TRUE
VOCAL CORO

Fig. 893.—Coronal section of larynx, rear view of front half.
(Testut.)
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iiiembrane. The posterior cricoarytenoid ligament extends from the cricoid to

the inner and back part of the base of the arytenoid cartilage.

The thyroepiglottic ligament {ligamentum thyreoepiglotiicum) (Fig. 894) is a

long, slender elastic cord which connects the apex of the epiglottis with die internal

surface of the receding angle of the thyroid cartilage, immediately beneath the

nedian notch, above the attachments of the false and true vocal cords.

Movements.—The articulation between the inferior cornu of the th\Toid and the cricoid

cartilage on either side is a diarthroidal one, and permits of rotary and gliding movements.

The rotary movement is one in which the inferior cornua of the th^Toid cartilage rotate upon

the cricoid cartilage around an axis passing transversely through both joints. The gliding

movement consists in a limited shifting of the cricoid on the th\Toid in different directions.

The articulation between the arytenoid cartilages and the cricoid is also a diarthrodial one,

and permits of two varieties of movement—one a rotation of the ark'tenoid on a vertical axis,

whereby the vocal process is moved outward or inward and the opening of the rima glottidis

increased or diminished; the other is a gliding movement and allows the arj'tenoid cartilages

to approach or recede from each other; from the direction and slope of the articular surfaces

outward gliding is accompanied by a forward and downward movement. The two movements
of gliding and rotation are associated, the gliding inward being coimected with inward rota-

tion, and the gliding outward with outward rotation. The posterior cricoarytenoid ligaments

limit the forward movement of the ar\tenoid cartilages on the cricoid.

EPIGLOTTIC
W^' CARTILAGE

*RVTENO-CPf-
GLOTTIOIAN FOLD

THYROHVOiOEUS

THVHO-EPIGLOT
TIC LIGAMENT

Interior of the Larynx (Figs. 893, 894, and 897).—The cavity of the larynx

(cacum laryngis) extends from the superior aperture of the larynx to the lower

border of the cricoid cartilage. It is divided into two parts by the projection

inward of the true vocal

cords, between which is

a narrow triangular fis-

sure or chink, the rima

glottidis. The portion

of the cavity of the

larynx alcove the true

vocal cords, sometimes

called the vestibule

{vestibulum laryngis), is

wide and triangular in

shape, its base or an-

terior wall presenting,

however, about its centre

the backward projection

of the cushion of the

epiglottis. It contains

the false vocal cords

{plicae ventriculares),

and between these and
the true vocal cords are

the ventricles of the

lar\'nx. The portion

below the true vocal

cords is at first of an
elliptical form, but lower

down it widens out, assumes a circular form, and is continuous with the tube of

the trachea.

The Superior Aperture of the Larynx {aditus laryngis) (Figs. 893 and 897) is

a triangular or cordiform opening, wide in front, narrow behind, and sloping

obliquely downward and backward. It is bounded, in front, by the epiglottis;

behind, by the apices of the ar}-tenoid cartilages and the cornicula laryngis; and
74

THYBOID
CARTILAGE

CRICOID
CARTILAGE

CRICOID
CARTILAG

Fig. 894.—Sagittal section of larj-nx, right half. (Testut.)
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laterally, by a fold of mucous membrane, enclosing ligamentous and muscle

fibres, stretched between the side of the epiglottis and the apex of the arytenoid

cartilage; this is the arjrtenoepiglottic fold (Figs. 894 and 897), on the margin of

which the cuneiform cartilage forms a more or less distinct whitish prominence.

The superior or false vocal cords {plicae ventriculares) (Figs. 893 and 894), so

called because they are not direcdy concerned in the production of the voice,

are two thick folds of mucous membrane, each enclosing a very narrow band of

connective tissue, the so-called superior thso-oarytenoid ligament. This is attached

in front to the angle of the thyroid cartilage immediately below the attachment

of the epiglottis, and behind to the antero-external surface of the arytenoid carti-

lage. The lower border of this ligament, enclosed in mucous membrane, forms a

free crescentic margin, which constitutes the upper boundary of the ventricle

of the larynx.

8TERNO-
THYROIDEUS

Fig. 895.—Muscles of larynx, front view. The Sterno-

thyroids and right Thyrohyoid have been removed.
(Testut.)

Fig. 896.—Muscles of larynx, from behind.
(Testut.)

The inferior or true vocal cords (plicae vocales) (Figs. 893 and 894), so called

from their being concerned in the production of sound, are two strong bands

named the inferior thyroarytenoid ligaments. Each ligament consists of a band

of yellow elastic tissue, attached in front to the depression between the alee of the

thyroid cartilage, and behind to the vocal process at the base of the arytenoid.

Its lower border is continuous with the thin lateral part of the cricothyroid mem-

brane. Its upper border forms the lower boundary of the ventricle of the larynx.

Externally, the Thyroarytenoideus muscle lies parallel with it. It is covered

internally by mucous membrane, which is extremely pale, thin, and closely ad-

herent to its surface. The node-like attachment of the ligament to the thyroid

cartilage appears as a yellow spot {macula flava); the vocal process also shines

through the mucosa as a yellowish spot.

The ventricle of the larynx or laryngeal sinus (ventriculus laryngis [Morgagnii])

(Figs. 893 and 894) is an oblong fossa, situated between the superior and inferior

vocal cords on each side, and extending nearly their entire length. This fossa is

bounded, above, by the free crescentic edge of the false vocal cord; beloiv, by the

straight margin of the true vocal cord ; externally, by the mucous membrane cover-
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ing the corresponding Thyroantenoideus muscle. The anterior part of the ven-

tricle leads up by a narrow opening into a cecal pouch of mucous membrane of

variable size, called the laryngeal saccule.

The laryngeal saccule {appendix ventricuU) (Fig. 893), or laryngeal pouch, is

a meml^ranous sac. placed between the superior vocal cord and the inner surface

of the thyroid cartilage, occasionally extending as far as its upper border or even

higher; it is conical in form, and curved slightly backward. On the surface

of its mucous membrane are the openings of sixty or seventy mucous glands,

which are lodged in the submucous areolar tissue. This sac is enclosed in a

fibrous capsule, continuous below with the superior thyroarytenoid ligament;

its laryngeal surface is covered by a few delicate muscle fasciculi which arise

from the apex of the arytenoid cartilages and become lost in the fold of mucous
membrane extending between the arytenoid cartilage and the side of the epiglottis

(they were named by Hilton the compressor sacculi laryiigis); while its exterior

is covered by the Thyroarvtenoideus and Thyroepiglottideus muscles. These
muscles compress the laryngeal saccule, and express the secretion it contains upon
the vocal cords to lubricate their surfaces. The saccule assists in imparting

resonance to the voice.

APEX OF SUP. HORN OF
THYROID CARTILAGE

VOCAL CORO

CORNICULUM
LARYNGIS
CUNEIFORM
CARTILAGE
ARYTENO EPIGLOT-

TIDIAN FOLD
APEX OF GREAT
HORN OF HVOID

LATERAL GLOSSO-
EPIGLOTTIDIAN FOLD

MIOOLC GLOSSO-
EPIGLOTTIDIAN FOLD

Fig. 897.—Larj-nx, \-iewed from above. i.Testut.)

The Rima Glottidis (Figs. 893 and 897) is the elongated fissure or chink between
the true vocal cords in front, and between the bases and vocal processes of the
arytenoid cartilages behind. It is therefore frec|uendy subdivided into an anterior,

J interligamentous or vocal portion, the glottis vocaiis (pars infermemhrafiacea),
i and a posterior, intercartilaginous or respiratory portion, the glottis respiratoria
{pars intercartilaginea). Posteriorly it is limited by the mucous membrane passing
between the arytenoid cartilages. The vocal "portion averages about three-
fifths of the length of the entire aperture. It is the narrowest part of the cavity
,of the larynx, and its level corresponds to the bases o£ the arytenoid cartilages.
(Its length, in the male, measures rather less than an inch (23 mm.); in the female
It is shorter (16 to 20 mm.). The width and shape of the rima glottidis vary
with the movements of the vocal cords and arytenoid cartilages during respiration
and phonation. In the condition of rest

—

i. e., when those structures are unin-
fluenced by muscular action, as in quiet respiration, the glottis vocaiis is triangular,
with its apex in front and its base behind, the latter being represented by a line
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about 8 mm. Q inch) long, connecting the anterior extremities of the vocal

processes, while the inner .surfaces of the arytenoids are parallel to each other,

and hence the glottis respiratoria is rectangular. During extreme adduction

of the cords, as in the emission of a high note, the glottis vocalis is reduced to a

linear slit by the apposition of the cords, while the glottis respiratoria is triangular,

its apex corresponding to the anterior extremities of the vocal processes of the

arytenoids, which are approximated by the inward rotation of the cartilages.

Conversely in extreme abduction of the cords, as in forced inspiration, the aryte-

noids and their vocal processes are rotated outward, and the glottis respiratoria

is triangular in shape, but with its apex directed backward. In this condition

the entire glottis is somewhat lozenge-shaped, the sides of the glottis vocalis

diverging from before backward, those of the glottis respiratoria diverging from

behind forward, the widest part of the aperture corresponding with the attachment

of the cords to the vocal processes.

Muscles of the Larynx.—^The extrinsic muscles are those which pass between

the larynx -and parts around—these have been described on pages 387 to 389.

The intrinsic muscles, confined entirely to the larynx, are:

Cricothyroideus. Cricoarytenoideus lateralis.

Cricoarytenoideus posticus. Arytenoideus.

Thyroarytenoideus.

The Arytenoideus is a single muscle, the other four are paired.

Dissection.—In order to expose the Lateral cricothyroid and Thyroarytenoid muscles

the thyroid cartilage of one side must be removed. Begin by taking away the Cricothyroid

muscle, then dividing the lateral thyrohyoid ligament, disarticulate the inferior cornu of the

thyroid cartilage from the cricoid cartilage, then carefully cut through the thyroid cartilage a
short distance from its union with its twin.

The Cricothyroid {m. cricothyr^oideus) (Figs. 898 and 899) is triangular in form,,

and situated at the fore part and side of the cricoid cartilage. It arises from the

front and lateral part of the cricoid cartilage; its fibres diverge, passing obliquely

upward and outward to be inserted into the lower border of the thyroid cartilage

and into the anterior border of the lower cornu. The inner borders of these

two muscles are separated in the middle line by a triangular interval occupied

by the central part of the cricothyroid membrane.
The Posterior Cricoarytenoid {m. cricoarytaenoideus posterior) (Figs. 898 and 899)

arises from the broad depression occupying each lateral half of the posterior

surface of the cricoid cartilage; its fibres pass upward and outward, converging

to be inserted into the outer angle (muscular process) of the base of the arytenoid

cartilage. The upper fibres are nearly horizontal, the middle oblique, and the

lower almost vertical.

, The Lateral Cricoarsrtenoid (w. cricoarytaenoideus lateralis) (Figs. 898 and 899),

a paired muscle, 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

upward and backward, is inserted into the muscular process of the arytenoid

cartilage in front of the posterior Cricoar\i;enoid muscle. The deep surface

is applied to the cricothyroid membrane, its external or superficial surface is

subjacent to the thyroid cartilage.

The Arytenoideus (Figs. 898 and 899) is a single muscle filling up the posterior

concave surface of the arytenoid cartilages. It arises from the posterior surface

and outer border of one arytenoid cartilage, and is inserted into the corre-

sponding parts of the opposite cartilage. It consists of three planes of fibres,

two oblique and one transverse. The oblique fibres {m. arytenoideus ohliquus)^
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the most superficial, form two fasciculi, which pass from the base of one <*artilage

to the apex of the opposite one, and which, therefore, cross each other like the

limbs of the letter X. The txansverse fibres (m. arytaenoideus iransversiis), the

deepest and most numerous, pass transversely across between the two cartilages.

A few of the oblique fibres are continued around the outer margin of the cartilage,

and blend m ith the Thyroarj.'tenoid in the arvtenoepiglottic fold, and are called

the Aryepiglotticus muscle.

The Th3a-oarytenoid (m. ihyroarytenoideus) (Figs. 898 and 899), a paired muscle,

is broad and flat. It 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 cricoth%Toid membrane. Its fibres pass backward and outward, to

be inserted into the base and antero-external surface of the arytenoid cartilage.

This muscle consists of two fasciculi.^ The inner portion (m. vocalis) is a tri-

angular band which is inserted into the

vocal process of the arytenoid cartilage,

and into the adjacent portion of its antero-

external surface ; it lies parallel with the

true vocal cord, to which it is adherent.

This fasciculus on its deeper surface

Cornicula T" 2".*

laryngis.

Articular facet for
inferior cornu of
thyroid cartilage.

Fig. S9S.—Mviscles of larynx. Side view. Right ala
of thyroid cartilage removed.

fiG. 899.—Interior of the lar>'nx, seen from above.
(Enlarged.)

gives off some fibres which are attached to the true vocal cord. These are called

the Aryvocalis (Ludwig). The outer portion (m. thyreoarytenoideus), the thinnei%

is inserted into the antero-external surface and outer border of the arytenoid

cartilage above the preceding fibres ; it lies on the outer side of the laryngeal saccule,

immediately beneath the mucous membrane.
A considerable number of the fibres of the Th\Toarytenoideus are prolonged

into the arvtenoepiglottic fold, where some of them become lost, while others

are continued forward to the margin of the epiglottis. They have received a

distinctive name, Thyroepiglotticus {in. thyreoeyiglotticus), and are sometimes

descriV)ed as a separate muscle.

' H^nle describes these two portions as separate muscles, under the names of the External and Internal
"? thyToar>-tenoids.
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Actions.—In considering the action of the muscles of the larynx, they may be conveniently

divided into two groups—viz.: (1) Those which open and close the glottis. (2) Those which

regulate the degree of tension of the vocal cords.

1. The muscles which open the glottis are the two Posterior cricoarytenoids; and those

which close it are the Arytenoideus and the two Lateral cricoarytenoids.

2, The muscles which regulate the tension of the vocal cords are the two Cricothyroids, which

render tense and elongate them, and the two Thyroarytenoids, which relax and shorten them.

The Posterior cricoarytenoids separate the chordae vocales, and consequently open the glottis,

by rotating the arytenoid cartilages outward around a vertical axis passing through the crico-

arytenoid joints, so that their vocal processes and the vocal cords attached to them become widely

separated.

The Lateral cricoarytenoids close the glottis by rotating the arytenoid cartilages inward so

as to approximate their vocal processes.

The Arytenoideus muscle approximates the arytenoid cartilages, and thus closes the opening

of the glottis, especially at its back part.

The Cricothyroid muscles produce tension and elongation of the vocal cords. This is effected

as follows: the thyroid cartilage is fixed by its Extrinsic muscles; then the Cricothyroid muscles,

when they act, draw upward the front of the cricoid cartilage, and so depress the posterior por-

tion, which carries with it the arytenoid cartilages, and thus elongate the vocal cords.

The Thyroarytenoid muscles, consisting of two parts having different attachments and dif-

ferent directions, are rather complicated as regards their action. Their main use is to draw

the arytenoid cartilages forward toward the thyroid, and thus shorten and relax the vocal cords.

But, owing to the connection of the inner portion with the vocal cord, this part, if acting sepa-

rately, is supposed to modify its elasticity and tension, and the outer portion, being inserted

into the outer part of the anterior surface of the arytenoid cartilage, may rotate it inward, and

thus narrow the rima glottidis by bringing the two cords together.

The manner in which the superior aperture of the larynx is closed during deglutition is referred

to on page 399.

The mucous membrane of the laxyas. is continuous above with that lining the mouth and

pharynx, and it is prolonged through the trachea and bronchi into the lungs. It lines the pos-

terior surface and the anterior part of the upper surface of the epiglottis, to which it is clcsely

adherent. In the rest of the larynx, above the true vocal cords, it is lax and rests upon a con-

siderable submucous layer. The mucous membrane, with the submucous coat, ligamentous

and muscular fibres, forms the arytenoepiglottic folds, which folds are the lateral boundaries

of the superior aperture of the larynx. It lines the whole of the cavity of the larynx, forms

by its reduplication the chief part of the superior or false vocal cord, and, from the ventricle,

is continued into the laryngeal saccule. It is then reflected over the true vocal cords, where it

is thin and very intimately adherent; covers the inner surface of the cricothyroid membrane
and cricoid cartilage; and is ultimately continuous with the lining membrane of the trachea.

The fore part of the anterior surface and the upper half of the posterior surface of the epiglottis^

the upper part of the arytenoepiglottic folds, and the true vocal cords are covered by stratified

squamous epithelium; the rest of the laryngeal mucous membrane is covered by stratified ciliated

cells.

The mucous membrane above the rima glottidis is extremely sensitive, and during life the

lightest touch of a foreign body produces cough.

Glands.—The mucous membrane of the larynx is furnished with numerous muciparous

glands, the orifices of which are found in 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 arytenoepiglottic 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 laryngeal saccule. None are found on the surface of the true vocal cords.

Vessels and Nerves.—The arteries of the larynx (Fig. 900) are the laryngeal branches

derived from the superior and inferior thyroid. The superior larjmgeal artery from the

superior thyroid accompanies the internal branch of the superior laryngeal nerve; the inferior

lar3mgeal artery from the inferior th3n:oid courses along with the recurrent laryngeal nerve.

The veins accompany the arteries; those accompanying the superior laryngeal artery join the

superior thjnroid vein, which opens into the internal jugular vein; while those accompanying

the inferior laryngeal artery join the inferior thyroid vein, which opens into the innominate

vein. The Isrmphatics consist of two sets, superior and inferior. The superior accompany the

superior laryngeal artery, pierce the thyrohyoid membrane, and terminate in the nodes situated

at the bifurcation of the carotid artery. Of the inferior lymphatics, some pass through the

cricothyroid membrane to terminate in a node lying in front of that membrane or in front of

the upper part of the trachea, while others pass to the deep cervical nodes and to the nodes

along the inferior thvroid artery.

The nerves are derived from the internal and external laryngeal branches of the superior

laryngeal nerve, from the inferior or recurrent laryngeal, and from the sympathetic. The

I
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internal laryngeal ner\-e is almost entirely sensor, but some motor filaments are said to be carried

bv it to the .\rvienoideus muscle. It divides into a branch which is distributed to lx>th surfaces

of the epiglottis, a second to the arvtenoepiglottic folds, and a third, the largest, which supplies

the mucous membrane over the back of the larynx and communicates with the recurrent laryn-

geal. The external laryngeal branch supplies the Cricoth\Toid muscle. The recurrent larj'n-

geal passes upward under the lower border of the Inferior constrictor, and enters the lar\Tix

between the cricoid and th\Toid cartilages. It supplies all the muscles of the larynx except the

Cricothyroid and part of the Arytenoideus. The sensor branches of the laryngeal nerves form

subepithelial plexuses, from which fibres ascend to end between the cells covering the mucous
membrane. Sympathetic filaments accompany all of the lar\Tigeal nerves.

Over the {X)sterior surface of the epiglottis, in the arytenoepiglottidean folds, and less r^u-
larlv in some other j^rts, taste buds, sinailar to those in the tongue, are found.

Superior
thyroid

artery.

.^nprrtor

lan/Hgeal

artery.

Fig. 900.—The origin and distribution of the arteries of the larjiix. (Luschka.)

THE TRACHEA AND BRONCHI (Fig. 901).

The trachea, or windpipe, is a cartilaginous, membranous, elastic, cylindrical

ibe, flattened posteriorly, which extends from the lower part of the larynx, on a
level with the sixth cervical vertebra, to opposite the body or upper border of the

fifth thoracic vertebra, where it diAndes (bifitrcatio tracheae) into two stem bronchi,

. one for each lung. The trachea is nearly, but not quite, cylindrical, being flattened

posteriorly (Fig. 903). The largest diarneter of the tube is at the middle; from this

point the diameter diminishes toward the bronchi and toward the laryngeal end.

The trachea measures about four inches and a half (11 cm.) in length; its diameter,

in the cadaver, from side to side is from three-cjuarters of an inch to an inch

(19 to 25 mm.), being always greater in the male than in the female. Its calibre

is not quite uniform- throughout; the middle third, is somewhat wider than the

rest of the tube, while just below, before its bifurcation, the trachea is slightly

diminished in diameter where it is in relation with the arch of the aorta. In the

living subject, owing to the muscle tone cf the wall, the transverse diameter is

12.5 mm. (0.5 inch); the antero-posterior, 11 mm. (0.44 inch).

Relations.—The anterior surface of the trachea is convex, and covered in the neck, from
alxjve downward, by the isthmus of the thyroid gland, the inferior th\Toid veins, the arteria

th\Toidea ima (when that vessel exists), the Sternohyoid and StemothjToid muscles, the cer\-icaJ
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fascia, and, more superficially, by the anastomosing branches between the anterior jugular veins;

in the thorax it is covered from before backward by the first piece of the sternum, the remain-
of the thymus gland, the left innominate vein, the arch of the aorta, the innominate and left com-
mon carotid arteries, and the deep cardiac plexus. Posteriori}/, it is in relation with the oesoph-

agus; 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 upper part of the interpleural space (superior mediastinum), and is in relation

on the right with the pleura and right vagus, and near the root of the neck with the innominate
artery; on its left side are the recurrent laryngeal nerve, the aortic arch, the left common carotid

«nd subclavian arteries.

EPIGLOTTIS

^THYROID

EPARTCR1AL
BRONCHIAL
BRANCHES

HYPARTERIAL
BRONCHIAL
BRANCHES

HYPARTERIAt
BRONCHIAL
BRANCHES

Fic. 901.—Front view of cartilages of larynx, the trachea and bronchi.

The Right Bronchus {bronchus dexter) (Fig. 901), wider, shorter, and more
vertical in direction than the left, is about an inch in length (2.5 cm.), and entei'S

the hilura of the right lung opposite the fifth thoracic vertebra. It forms an angle

I
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to the median plane of about 25 degrees. The vena azygos major arches

over it from behind; and the right pulmonary artery lies heloic and then in front

of it. About one inch from its commencement it gives off a branch to the

upper lobe of the right lung. This is termed the eparterial branch bronchus

(ramus hronchialis eparterialis), because it is given off above the right pulmonary
artery. The bronchus now passes below the

artery, is known as the h7x>arterial branch bron-

chus (ramus hronchialis hyparterialis), and
divides into two branches for the middle and
lower lobes.

The Left Bronchus (bronchus sinister) (Fig.

901) is smaller and longer than the right, being
nearly two inches in length. It forms an angle

to the median plane of about 46 degrees. It is

slightly curved and enters the root of the left

lung, opposite the sixth thoracic vertebra, about
an inch lower than the right bronchus. It

passes beneath the arch of the aorta, crosses in

front of the oesophagus, the thoracic duct, and
the descending aorta, and has the left pul-

Riaht.

Fig. 902. -Internal surface of the bronchi.
( Poirier and Charpy.

)

Fig. 903.—Transverse section of the trachea, just above ita

bifurcation, with a bird's-eye view of the interior, showing the
carina tracheae.

monary artery lying at first above, and then behind it. The left bronchus has

no branch corresponding to the eparterial branch of the right bronchus in the

sense that it is given off above the pulmonary artery. The first Inparterial branch

bronchus of the left side is the morphological equivalent of the right eparterial

branch bronchus, as shown by Huntington.^

The further subdivision of the bronchi will be considered with the anatomy
of the lung.

If a transverse section of the trachea is made a short distance above its point

of bifurcation, and a bird's-eye view taken of its interior (Fig. 903), the septum
(carina tracheae) placed at the bottom of the trachea and separating the two bron-

chi will be seen to occupy the left of the median line, and the right bronchus appears
to be a more direct continuation than the left, so that any solid body dropping into

the trachea would naturally be directed toward the right bronchus. This tend-

ency is aided by the larger size of the right tube as compared with its fellow. This
fact ser\es to explain why a foreign body in the trachea more frequently falls into

the right bronchus than into the left.-

Structure of the Trachea.—The trachea is composed of incomplete cartilaginous rings,

fibrous membrane, muscle fibres, mucous membrane, and glands.

The Cartilages vary from sixteen to twenty in number; each forms an incomplete ring, which
rrounds about two-thirds of the cylinder of the trachea, being imperfect behind, where the

The Eparterial Bronchial System of the Mammalia. Annals N. Y. Acad. Sci., 1898.
- Rcigel asserts that the entrance of a foreign body into the left bronchus is by no means so infrequent as is gener-

ally supposed. See also Med.-Chir. Transactions, vol. Ixxi, p. 121.
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surfaces are flattened, but internally they are convex, from being thicker in the middle than at

the margins. Two or more of the cartilages often unite, partially or completely, and are some-

times bifurcated at their extremities. They are highly elastic, but sometimes become calcified

in advanced life. In the right bronchus the cartilages vary in number from six to eight ; in the

left from nine to twelve. They are shorter and narrower than those of the trachea. The
peculiar cartilages of the trachea are the first and the last.

The first cartilage is broader than the rest, and sometimes divided at one end; it is con-

nected by fibrous membrane with the lower border of the cricoid cartilage, with which or with

the succeeding cartilage it is sometimes blended.

The last caxtilage is thick and broad in the middle, in consequence of its lower border being

prolonged into a triangular hook-shaped process which curves downward and backward between

the two bronchi. It terminates on each side in an imperfect ring which encloses the com-

mencement of the bronchi. The cartilage above the last is often somewhat broader than the

rest at its centre.

Ventral view. Dorsal view.

Figs. 904 and 905.—Radiographs of trachea and bronchi filled with fusible metal. (After J. A. Blake.)

The Fibrous Membrane.—The cartilages are enclosed in a fibroelastic membrane which

forms a double layer, one layer, the thicker of the two, passing over the outer surface of the

ring, the other over the inner surface; at the upper and lower margins of the cartilages these two

layers blend together to form a single membrane, which intervenes between the rings. They

are thus, as it were, embedded in the membrane. In the space behind, between the extremities

of the rings, the membrane forms a single distinct layer.

The muscle fibres are disposed in two layers, longitudinal and transverse.

The longitudinal fibres are external, and consist merely of a few scattered longitudinal bundles

of fibres.

The transverse fibres, the Trachealis muscle of Todd and Bowman, form a thin internal

layer which extends transversely between the ends of the cartilages and the intervals between

them, thus extending the entire length of the posterior part of the trachea. The muscle fibres

are of the unstriped variety.

The mucous membrane is continuous above with that of the larynx, and below with that of

the bronchi. Microscopically, it consists of stratified ciliated epithelial cells, among which a

number of goblet cells are seen; the basal cells are often branched and rest upon the basement

membrane, beneath which is a layer of fibroelastic tissue containing diffuse lymphoid tissue.

The tunica propria blends with the next coat, the submuco.sa, and here are found the cartilage

rings and a number of mucous glands, the tracheal glands.

The tracheal glands (glandulae tracheales) are found in great abundance at the posterior part

of the trachea. They are racemose glands, and consist of a basement membrane lined by col-

umnar mucus-secreting cells. Thev are situated at the back of the trachea, outside the layer

of muscle tissue, between it and the outer fibrous layer. Their excretory ducts pierce the

I
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muscle and inner fibrous layers, and pass through the submucous and mucous layers to open
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 imme-
diately beneath the raucous 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 th\Totd arteries.

The veins terminate in the thyroid venous plexus. The nerves are derived from the vagus and
its recurrent branches and from the sympathetic.

L3rinph Nodes.—The trachea is surrounded by lax connective tissue which contains nu-
merous lymph nodes, known as the peritracheobronchial nodes. They are divided into four
groups (Barety). A group to the right side, in the angle between the trachea and right bronchus
and ascending to the region of the subclavian vessels. A group to the left side, in the angle
formed by the trachea and left bronchus, and ascending to about the arch of the aorta and the
recurrent laryngeal nerve. The two groups just described are usually called tracheal nodes
{lymphoglandulaf frachealr.t). A third group is in the angle formed by the bifurcation of the
trachea. These constitute the bronchial nodes (Jymphoglandulae bronchioles), ten or twelve in

RIGHT TRACHCAL
LYMPH NODES

RIGHT SUPERIOR
TRACHEO-
BRONCHIAL

LYMPH NODES

LEFT TRACHEAL
LYMPH NODES

LEFT SUPERIOR
TRACHEO-
BRONCHIAL
LYMPH NODES

INTERBRONCHIAL
LYMPH NODES

INFERIOR
TRACHEOBRONCHIAL

LYMPH NODES

Fig. 906.—The tracheobronchial and interforonchial l\-mph nodes, seen from in front. The dotted lymph nodes
•nd IjTnph vessels are not \-isible from in front: (f. <P. First and second dorsal branch bronchi, f*, i^. First and
second ventral branch bronchi. (Sukiennikow.

)

number. A fourth group, the interbronchial nodes, are found in angles of bifurcation of the

larger bronchi in the lung parenchyma, ^'ery early in life the peritracheobronchial nodes

become dark or even black from the deposition of carbonaceous substance brought by the leuko-

cytes from the bronchial tubes. This condition is called anthracosis.

Surface Form.—In the middle line of the neck some of the cartilages of the larynx can readily

be distinguished. In the angle below the chin the hyoid bone can easily be distinguished, and
a finger's breadth below it is the pomum Adami, the prominence between the upper borders of

the two alae of the th\Toid cartilage. About an inch below this, in the middle line, is a depres-

sion corresponding to the cricoth^Toid space, in which the operation of laryngotomy is per-

formed. This depression is bounded below by a prominent arch, the anterior ring of the cricoid

cartilage, below which the trachea can l>e felt, though it is only in the emaciated adult that the

separate rings can be distinguished. The lower part of the trachea is not easily observed, for

as it descends in the neck, following the curvature of the vertebral column, it takes a deeper

position, and is farther removed from the surface. The level of the vocal cords corresponds to

the middle of the anterior margin of the th_\Toid cartilage.

With the laryngoscope, the following structures can be seen. The base of the tongue and
the lingual surface of the epiglottis, with the glossoepiglottic ligaments; the superior aperture of
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the larynx, bounded on either side by the arytenoepiglottidean folds, in which may be seen two
rounded eminences corresponding: to the cornicular and cuneiform cartilages. Beneath these,

the false and true vocal cords, with the ventricle between them. Still deeper, the cricoid car-

tilage and some of the anterior parts of the rings of the trachea, and sometimes, in deep inspira-

tion, the bifurcation of the trachea.

Applied Anatomy.—Foreign bodies often find their way into the air passages. These may
be large, soft substances, as a jiiece of meat, which may become lodged in the up]>er aperture

of the larynx or in the rima glottidis, and cause speedy suffocation unless rapidly got rid of, or

unless an opening is made into the air passages below, so as to enable the patient to breathe.

Smaller bodies, frequently of a hard nature, such as cherry- or plum-stones, small pieces of bone,

buttons, etc., may find their way through the rima glottidis into the trachea or bronchus, or may
become lodged in the ventricle of the larynx. The dangers then depend not so much upon the

mechanical obstruction as upon the spasm of the glottis which they excite from reflex irritation.

When lodged in the ventricle of the larynx, they may produce very few symptoms beyond sudden
loss of voice or alteration in the voice sounds, immediately following the inhalation of the foreign

body. When, however, they are situated in the trachea, they are constantly striking against

the vocal cords during expiratory efforts, and produce attacks of dyspnea from spasm of the

glottis. When lodged in the bronchus, they usually become fixed there, and, occluding the

lumen of the tube, cause a loss of the respiratory murmur on the affected side, which is, as

stated a'DOve, more often the right.

Beneath the mucous membrane of the upper part of the air passages there is a considerable

amount of submucous tissue which is liable to become much swollen from effusion in inflamma-
tory affections, constituting the disease known as "edema of the glottis." This effusion does
not extend below the level of the true vocal cords, on account of the fact that the mucous mem-
brane is closely adherent to these structures, without the intervention of any submucous tissue.

So that, in cases of this disease in which it is necessary to open the air passages to prevent suffo-

cation, the operation of laryngotomy is sufficient.

Chronic laryngitis is an inflammation of the mucous membrane of the larynx, which occurs in

those who speak much in public, and is due to the dryness induced by the large amount of cold
air drawn into the air passages during prolonged speaking, which incites increased activity in

the mucous glands to keep the parts moist, and this eventually terminates in inflammation of

these structures.

Ulceration of the larynx may occur from syphilis, either as a superficial ulceration, or from
the softening of a gumma; from tuberculous disease (laryngeal phthisis), or from malignant

disease (epithelioma).

The air passages may be opened surgically in two different situations—through the cricothyroid

membrane (laryngotomy), or in some part of the trachea (tracheotomy); and to these some sur-

geons have added a third method—opening the cricothyroid membrane and dividing the car-

tilage with the upper ring of the trachea (laryngotracheotomy).

Jjaryngotomy is anatomically the more simple operation; it can readily be performed, and
should be employed in those cases where the air passages require opening in an emergency for

the relief of some sudden obstruction to respiration. The cricothyroid membrane is very super-

ficial, being covered in the middle line only by the skin, superficial fascia, and the deep fascia.

On each side of the middle line it is also covered by the Sternohyoid and Sternothyroid muscles,

which diverge from each other at their upper parts, leaving a slight interval between them. On
these muscles rest the anterior jugular veins. The only vessel of any importance in connec-
tion with this operation is the cricoth\Toid artery, which crosses the cricothyroid membrane, and
which may be wounded, but rarely gives rise to any trouble. The operation is performed thus:

The head being thrown back and steadied In' an assistant, the finger is passed over the front

of the neck, and the cricoth\Toid depression felt for. A vertical incision is then made through

the skin, in the middle line over this spot, and carried down through the fascia until the crico-

thyroid membrane is exposed. A cross-cut is then made through the membrane, close to the

upper border ot the cricoid cartilage, so as to avoid, if possible, the cricothyroid artery, and a

tracheotomy tube is introduced. It has been recommended, as a more rapid way of performini:

the operation, to make a transverse instead of a longitudinal cut, through both the superficial and
deep structures, and thus to open at once the air passages. It will be seen, however, that in

opening in this way the anterior jugular veins would be in danger of being wounded.
Tracheotomy may be performed either above or below the isthmus of the thyroid body, or

this structure may be divided and the trachea opened behind it.

The isthmus of the thyroid gland usually crosses the second and third rings of the trachea;

along its upper border is frequently to be found a large transverse communicating branch between
the superior th\Toid veins; and the isthmus itself is covered by a venous plexus formed between
the thyroid veins of the opposite sides. Theoretically, therefore, it is advisal>le to avoid dividing

this structure in opening the trachea.

Above the isthmus the trachea is comparatively superficial, being covered by the skin, super-

ficial fascia, deep fascia, Sternohyoid and Sternothyroid muscles, and a second layer of the deep
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fascia, which, attached above to the lower border of the hvoid bone, descends beneath the muscles

to the thyroid body, where it divides into two layers and encloses the isthmus.

Below the isthmus the trachea lies much more deeply, and is covered by the Sternohyoid

and the Sternoth\Toid muscles and a quantity of loose areolar tissue in which is a plexus of veins,

some of them of large size; they converge to two trunks, the inferior thjToid veins, which descend

on either side of the median line on the front of the trachea and of>en into the innominate vein.

In the infant the thymus gland aA*ends a variable distance along the front of the trachea, and
opposite the episternal notch the windpipe is crossed by the left innominate vein. Occasionally,

also, in young subjects, the innominate artery crosses the tube obliquely above the level of the

sternum. The th^Toidea ima artery, when that vessel exists, passes from below upward along

the front of the trachea.

From these, observations it must be e^^dent that die trachea can be more readily opened above
than below the isthmus of the thyroid body.

Tracheotomy above the isthmus is performed thus: The patient should, if possible, be laid

on his back on a table in a good light. A pillow is to be placed under the shoulders and the

head thrown back and steadied by an assistant. The surgeon, standing on the right side of his

patient, makes an incision from an inch and a half to two inches in length in the median line of

the neck from the top of the cricoid cartilage. The incision must be made exactly in the middle
line, so as to avoid the anterior jugular veins, and after the superficial structures have been
divided the interval between the Sternohyoid muscles must be found, the raphe divided, and
the muscles drawn apart. The lower border of the cricoid cartilage must now be felt for, and
the upper part of the trachea exposed from this point downward in the middle line. Bose has
recommended that the layer of fascia in front of the trachea should be divided transversely at

the level of the lower border of the cricoid cartilage, and, having been seized with a pair of for-

ceps, pressed downward with the handle of the scalp>el. By this means the isthmus of the th}Toid

gland is depressed, and is saved from all danger of being wounded, and the trachea is cleanly

exposed. The trachea is now transfixed with a sharp hook and drawn forward in order to

steady it, and is then 0|>ened by inserting the knife into it and dividing the two or three upper
rings from below upward. If the trachea is to be opened below the isthmus, the incision to

expose it must be made from a little below the cricoid cartilage to the top of the sternum.

In the child the trachea is smaller, more deeply placed, and more movable than in the adult.

In fat or short-necked people, or in those in whom the muscles of the neck are prominently
developed, the trachea is more deeply placed than in others.

A portion of the lar\Tix or the whole of it has been removed for malignant disease, luryngec-

iomij. Some surgeons do preliminary tracheotomy, insert a Trendelenburg caimiula to prevent

the flow of blood downward into the lungs, and then remove the larynx. Other surgeons do
not employ preliminary tracheotomy. Perier's method of laryngectomy is as follows: Make
a vertical incision in the median line from the level of the hyoid bone to below the level of the

cricoid cartilage. ^lake a transverse incision at each end cf the vertical incision. This makes
an I-shaped wound. Separate the soft parts from the larynx and upper part of the trachea, and
separate these two structures from the oesophagus. After arresting bleeding, divide the trachea
below the cricoid cartilage, introduce a special cannula, complete the removal of the larynx,

suture the opening of the trachea to the lower angle of the wound.and close the rest of the wound
after securing drainaae. In malignant disease of the larvnx the associated hinph nodes must
be removed. Partial laryngectomy, according to Sir F. Semon. is the removal of not less than
one wing of the th\Toid cartilage. Removal of a lesser piece of the thyroid or of a bit (rf the
arytenoid or cricoid he considers with the operation of thyroiomy.

THE PLEURiE (Figs. 889, 919).

Each lung is invested by an exceedingly delicate serous membrane, the pleura,

which encloses the organ as far as its root, and is then reflected on to the peri-

cardium, thoracic wall, and Diaphragm. The portion* of the serous membrane
in\'esting the surface of the lung and dipping into the fissures between its lobes

is called the visceral layer of the pleura (pleura pulmonalis) (Fig. 907), while that

which lines the inner surface of the thorax is called the parietal layer of the pleura

{pleura parietalis) (Fig. 907), The space between these two layers is called tlie

cavity of the pleura {cavum pleurae), and contains a very little clear fluid. It must
be borne in mind that in the healthy condition the two layers are in contact, and
there is no real cavity. \Mien the lung becomes collapsed a separation of it

from the wall takes place and a cavity results. Each pleura is therefore a shut
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sac, one occupying the right, the other the left half of the thorax, and they do not

communicate with each other. The two pleurae do not meet in the middle line

TRIANGULARIS STERN).
Internal Mammary Vessels.

'

L^t Phrenic Nerve

Pleura Pulmonalis.

a CosUUis.

Sympatluiic Nerve.
Thoracic Duct..

\ Vena Azygos Major.

Vagus Nerves.

Fig. 907.—A transverse section of the thorax, showing the relative position of the viscera and the
reflections of the pleurae.

of the thorax, excepting anteriorly opposite the second and third pieces of the ster-

num. The region left between them contains all the thoracic viscera excepting

the lungs, and is named the mediastinum or interpleural septum.

SCALENUS
MINIMUS

SYMPATHETIC
GANGLION

Fig. 908.—The dome of the pleura. (Poirier and Charpy.)

Different portions of the parietal pleura have received special names whic

indicate their position; thus, that portion which lines the inner surfaces of the ribs

i



THE PLEURA 1183

and Intercostal muscles is the costal pleura (pleura costalis); that which covers

the convex surface of the Diaphragm is the diaphragmatic pleura (pleura diaphrag-

mafica); that whicii rises in the neck, over the apex of the lung, is the cervical pleura

(cupula pleurae); and that which is applied to the adjacent structures of the

mediastinum is tlie mediastinal pleura (pleura media^tiualis).

Reflections of the Pleurae {^ig. 907).—Commencing at the sternum, the pleura

passes laterad, covers the inner surfaces of the ribs and costal cartilages, and Internal

intercostal muscles, and at the back part of the thorax passes over the gangliated

cord of the s^Tnpathetic and its branches, and is reflected upon the sides of the

bodies of the vertebrae where it is separated by a narrow intersal, the posterior

mediastinum (carum viediastinale posteriu.s), from the opposite pleura. From
the vertebral column the pleura passes to the side of the pericardium, which it

COSTAPLEURAL
LIQAI

SCALENUS
MINIMUS
MUSCLE

Fig. 909.—The supports of the pleural dome. The (esophagus, trachea, and arteries have been cut and polled
aside to show the pleural reenforcements. (Poirier and Charpy.)

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 sheet descends vertically by the side of
the posterior mediastinum to the Diaphragm, but is not attached thereto. This
sheet is the posterior layer of a wide fold, known as the broad ligament of the lung
{ligamentum pulmonale or Uqamentum latum pulmonis). From the posterior
aspect of the lung root, the pleura may be traced over the convex surface of the
lung, the apex, and base, and also into the fissures between the lobes, on to its

inner surface and the front part of its root; it is continued from the lower margin
of the root as the anterior layer of the broad ligament, and from this it is reflected
on to the pericardium, and from it to the back of the sternum. Below, it covers
the upper surface of the Diaphragm, and extends, in front, as low as the costal
cartilage of the seventh rib; at the side of the thorax, to the lower border of the
tenth rib on the left side and to the upper border of the same rib on the right side;
and behind, it reaches as low as the twelfth rib, and sometimes even as low as
the transverse process of the first lumbar vertebra. Above, its apex projects,
through the superior aperture of the thorax into the neck, extending from one to

two inches (2.5 to 5 cm.) above the anterior extremity of the first rib; this portion of
the sac is strengthened by a dome-like expansion of fascia (Sibson's fascia) (Fig.

909), attached in front to the inner border of the first rib, and behind to the ante-
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COSTOPHRCNIC
SINUS

rior border of the transverse process of the seventh cervical vertebra. This is cov-

ered and strengthened by a few spreading muscle fibres derived from the Scaleni.

In the front of the thorax, where the parietal layer of the pleura is reflected

backward to the pericardium, the two pleural sacs are nearly in contact for a short

distance (Fig. 919). At the upper part of the thorax, behind the manubrium, they

are not in contact, the point of reflection being represented by a line drawn from

the sternoclavicular articulation to the midpoint of the junction of the manubrium

with the body of the sternum. From this point the two pleura? descend in close con-

tact to the level of the fourth costal cartilages, and the line of reflection on the right

side is continued downward in nearly a straight line to the lower end of the gladi-

olus, and then turns outward, while on the left side the line of reflection diverges

slightly outward and is continued downward, close to the left border of the ster-

num as far as the sixth costal cartilage. The inferior limit of the pleura is on a con-

siderably lower level than the corresponding

limit of the lung, but does not extend to the

attachment of the Diaphragm, so that below

the line of reflection of the pleura from the

thoracic wall on to the Diaphragm the latter

is in direct contact with the rib cartilages and

the Internal intercostal muscles. In ordinary

inspiration the thin margin of the base of the

lung does not extend as low as the line of

pleural reflection, with the result that the costal

and diaphragmatic pleura are here in contact,

the narrow slit between the two being termed

the costophrenic sinus {sinus phrenicocostalis)

(Fig. 910). A similar condition exists behind

the sternum and rib cartilages, where the

anterior thin margin of the lung falls short of

the line of pleural reflection, and where the

slit-like cavity between the two layers of pleura

forms what is sometimes called the costome-

diastinal sinus (sinus costomediostincdis).

The line along which the rigid pleura is re-

flected from the thoracic wall to the Diaphragm
starts in front, immediately below the seventh

costosternal joint, and runs downward and

backward behind the seventh costal cartilage

so as to cross the tenth rib in the mid-axillary

line, from which it is prolonged to the spine

of the twelfth thoracic vertebra. The reflection

of the l^t pleura follows at first the ascending part of the sixth costal cartilage,

and in the rest of its course is slightly higher than that of the right side.

The free surface of the pleura is smooth, polished, and moistened by a serous

fluid; its attached 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 some-

what 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.

Ligamentum Latum Pulmonis.—From the above description it will be seen that

the root of the lung is covered in front, above, and behind by the pleura, and that

at its lower border the investing layers come into contact. Here they form a sort of

mesenteric fold, the ligamentum latum pulmonis (lig. pulmonale), which extends

I

DIAPHRAGM

Fig. 910.—Section of the wall of the thorax,
showing the phrenicocostal sinus. (Poirier and
Charpy.)

I
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as far as the Diaphragm (but is not attached thereto) between the pericardium

and the lower part of the inner surface of the lung, having a free falciform border

below, between the lung and the Diaphragm. It senes to retain the lower part

of the lung in position (Figs. 913 and 914).

Structure of the Pleura.—^The pleura is comp)osed of fibroelastic connective tissue, its free

surface being covered with a single layer of flat endothelial cells. It is fastened to adjacent

structures by subserous fibroelastic tissue. The subserous tissue of the visceral pleura is con-

tinuous with the fibroelastic tissue of the lung.

Vessels and Nerves.—The arteries of the pleura are derived from the intercostal, the internal

mammary, the musculophrenic, thymic, pericardiac, and bronchial arteries. The veins cor-

res{X)nd to the arteries. The lymphatics are very numerous in the pleura and subserous tissue.

The lymphatics of the \'isceral layer empty- into the superficial pulmonary trunks; the lym-

phatics of the costal pleura empty into the intercostal trunks; of the diaphragmatic pleura, into

the diaphragmatic trunks ; of the mediastinal pleura, into the posterior mediastinal nodes. The
nerves are derived from the phrenic and sympathetic (Luschka).

Applied Anatomy.—In operations upon the kidney it must be borne in mind that the pleura

mav sometimes extend below the level of tlie last rib, and may therefore be opened in these

operations, especially when the last rib is removed, in order to give more room. It is best to

keep the incision at least one inch below the last rib, enlarging the wound afterward, when the

finger can be introduced as a guide.

In icounds of the Diaphragm the pleura may be injured. In operations about the root of the

neck, especially in the removal of lymph nodes and the ligation of the first part of the subclavian

artery, the pleura may be injured.

Punctured wounds of the root of the neck are apt to reach the pleura.

Empyema is a surgical disease. In acute empyema the treatment is drainage. A portion of

the fifth or sixth rib in the axillary line is removed by subperiosteal resection, the pleura is opened,

and a tube is introduced. In chronic empyema the lung is contracted and adherent and cannot

expand; hence drainage will not cure it. It is necessary to perform multiple rib resection in

order to {>ermit the thoracic wall to sink in and obliterate tjie cavity, which, as the lung is unable

to expand, it cannot do. The necessarj' of)eration may be the one of either E^tlander, Schede.

or Fowler (p. 168).

If a large wound admits suddenly a quantity of air into the pleura, dangerous or fatal pneumo-
thorax arises, and the lung collapses. This is usually met during operations by using the Fell-

O'Dwyer apparatus for artificial respiration, as advised by Matas.* This apparatus keeps the

lung expanded, in spite of the entrance of air into the pleural sac. A surgeon can open the pleura

widely without any fear of the lung collapsing if he operates in a Sauerbruch chamber. The
pressure within this chamber is negative. The patient's head is outside of the chamber, his body
is within it. The bronchioles are distended by the patient inhaling air at the ordinary pressure,

but the exposed lung is subjected to negative presstu"e, hence the lung does not collapse in spite of

a large wound in the pleura. In surgical pneumothorax the limg may be sutured to the thoracic

wall, so as to block the opening. Sometimes, in order to arrest dangerous pulmonary bleeding, a

surgeon deliberately induces pneumothorax, in the hope that the collapse of the Iimg will arrest

bleeding.

When an abscess of the liver is posterior and on the dorsum, transpleural hepatotomy is per-

formed. A jwrtion of the tenth and eleventh ribs below the angle of the scapula is removed.

As a rule, the pleura is foimd obliterated at this point. If it is opened, it is at once sutured or

closed with gauze packing. The exposed Diaphragm is incised, and, as it is usually adherent to

the liver, the abscess cavity is entered. If it is not adherent, the liver is exposed and the abscess

sought for with an aspirating needle.

Grocco's sign is the presence of a triangular area of paravertebral dulness alx)ve the le%-el of

' the twelfth rib on the side opposite to a pleural effusion. The dulness is believed to be due to a
' displacement of the contents of the posterior mediastinum by the fluid.

THE MEDIASTINUM, OR INTERPLEURAL SPACE.

The mediastinum is the space left in the median portion of the thorax by the non-

apposition of the two pleurae. In reality it is an "interpleural septum." It ex-

tends from the sternum in front to the vertebral column behind, and contains all

the thoracic viscera excepting the lungs. The mediastinum may be diWded for

purposes of description into two parts—an upper portion, above the upper level

1 Amuds of Surgery. April, 1899.
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of the pericardium, which is named the superior mediastinuin ; and a lower portion,

below the upper level of the pericardium. This lower portion is again subdivided

into three—that part which contains the pericardium, its contents, and other

structures below this plane: the middle mediastinuin; that part which is in front of

the pericardium, the anterior mediastinum; and that part which is behind th« peri-

cardium, the posterior mediastinum.

The superior mediastinum (Fig. 911) is that portion of the interpleural space

which lies between the manubrium sterni in front and the upper thoracic vertebrae

behind. It is bounded heloic by a plane passing backward from the junction

of the manubrium and gladiolus sterni to the lower part of the body of the fourth

thoracic vertebra, and laterally by the lungs and pleurse. It contains the origins

of the Sternohyoid and Sternothyroid muscles and the lower ends of the Longus

colli muscles; the arch of the aorta; the innominate, the thoracic portion of the

left carotid and subclavian arteries; the upper half of the superior vena cava and

Left Innom- Left Carotid Thymus
inate Vein. Artery. Gland.

Vagus
Nerve.

Vagus Nerve.-^^i
Internal Mammary

Artery.

Right Innom'

, inate \ ein.

1st Rib.

Trachea.

Vertebral

Artery

Left Sublcavian,

Artery.

Oesophagus.-''

2nd Rib.

Fig. 911.—Transverse section through the second thoracic vertebra. (Braune.)

the innominate veins, and the left superior intercostal vein; the vagus, cardiac,

phrenic, and left recurrent laryngeal nerves; the trachea, oesophagus, and thoracic

duct; the remains of the thymus gland and some lymph nodes.

The anterior mediastinum (Fig. 907) is bounded in front by the sternum,

laterally by the pleurae, and behind by the pericardium. It is narrow above,

but widens out a little below, and, owing to the oblique course taken by the left

pleura, it is directed from above obliquely downward and to the left. Its anterior

wall is formed by the left Triangularis sterni muscle and the fifth, sixth, and seventh

left costal cartilages. It contains a quantity of loose areolar tissue, some lym-

phatic vessels which ascend from the convex surface of the liver, two or three

lymph nodes (anterior mediastinal glands), and the small mediastinal branches

of the internal mammary artery.

The middle mediastinum (Fig. 907) is the broadest part of the interpleural

space. It contains the heart enclosed in the pericardium, the ascending aorta,

the lower half of the superior vena cava, with the vena azygos major opening into
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it, the bifurcation of the trachea and the two bronchi, the pulmonary arten* divid-

ing into its two branches and the right and left pulmonary veins, the phrenic
nerves, and some bronchial lymph nodes.

The posterior mediastinum (Figs. 907 and 912) is an irregular triangular space
running parallel witli the vertebral column; it is bounded in front by the peri-

FiG. 912.—The posterior mediastmum.

cardium above, and by the posterior surface of the Diaphragm below, behmd
by the vertebral column from the lower border of the fourth to the twelfth thoracic
vertebra, and on either side by the pleura. It contains the descending thoracic
aorta, the venae azygos major and minor, the vagus and splanchnic nerves, the
oesophagus, the thoracic duct, and some lymph nodes.
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Applied Anatomy.

—

Primary tumors of the mediastinum are usually lymphomata or lympho-

sarcoraata arising from the thymus or from the bronchial or posterior mediastinal lymph nodes;

sarcomata, dermoid cysts, and embryomata, occur more rarely. These tumors give rise to pain,

deformity of the thorax, and symptoms of pressure on the various nerves, bloodvessels, air

passages, lymphatics, and on the oesophagus, as these various structures pass through the thorax.

They may produce physical signs very much like those of an aortic aneurism, so that diagnosis

between the two is often difficult. The prognosis is bad, life usually ending within a few months

or a year of the onset of the symptoms.

Inflammation of the mediastinum due to wounds, or to the spread of inflammation from ad-

jacent parts (e. g., the oesophagus, the pericardium), is sometimes acute, leading to abscess

formation. A more chronic form associated with adhesions and inflammation of the pericar-

dium—the so-called chronic adhesive mediastinopericarditis—gives rise to obscure symptoms
suggesting gradual heart failure, and leads to death slowly but surely.

THE LUNGS (PULMONES) (Figs. 913, 914). f
The lungs are the essential organs of respiration; they are two in number,

placed one on each side of the thorax, separated from each other by the heart and

other contents of the mediastinum. A healthy lung hangs free within the pleural

cavity. It is suspended by the root and by the ligamentum pulmonale. In man3!
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Pulmonary veins
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pulmonis

Fig. 913.—Media^iiinul surface of right lung.

cases examined the lung does not hang free, but, as a result of former pleurisy,

an area of the pulmonary pleura is adherent to the parietal pleura. Each lung

is conical in shape, and presents for an examination an apex, a base, three bor-

ders, and three surfaces.

The apex (apex pulmonis) is rounded, and extends into the root of the neck

about an inch to two inches (2.5 to 5 cm.) above the level of the anterior end of the

first rib. A furrow produced by the subclavian artery as it curves outward in front

of the pleura runs upward and outward immediately below the apex. The
brachial plexus is in close proximity to this portion of the lung.

The base (basis pulmonis) or diaphragmatic surface is broad, concave, and
rests upon the convex surface of the Diaphragm, which separates the right lung

from the upper surface of the right lobe of the liver and the left lung from the

I
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upper surface of the left lobe of the liver, the fundus of the stomach, and the

spleen. Since the Diaphragm extends higher on the right than on the left side,

it follows that the concavity on the base of the right lung is deeper than that of

the left. Laterally and behind, the base is bounded by a thin, sharp margin

which projects for some distance into the costophrenic sinus of the pleura,

between the lower ribs and the costal attachment of the Diaphragm. The base

of the lung descends during inspiration and ascends during expiration; its rela-

tion to the thoracic wall is indicated in Figs. 919 and 920.

Groove for left subclavian artery

Groove for left intiominate rein

.Ptdwumary artery

Posterior border

Ligamentum
latum pulinonit

Ineisura cardiaea

Fig. 914.—Mediastinal surface of left lung.

Surfaces.—The external, costal, or thoracic surface {fades costalis) (Figs. 917

and 91S) is smooth, convex, of considerable extent, and corresponds to the form
of the cavity of the thorax, being deej^er behind than in front. It is in contact

with the costal pleura, and presents, in a hardened specimen, slight grooves

corresponding to the overlying ribs.

The inner or mediastinal surface (fades mediastinalis) (Figs. 913 and 914) is

in contact with that portion of the pleura which forms the lateral boundary of

the mediastinal space. It presents a deep conca\'ity which accommodates the

pericardial sac; this is larger and deeper on the left than on the right lung, on
account of the heart projecting farther to the left than to the right of the mesal
plane. Above and behind this concavity is a triangular depression named the

hilum (hilus pulmonis), where the structures which form the root of the lung enter

and leave the viscus.

On the right lung (Fig. 915), immediately above the hilum, is an arched furrow
which accommodates the vena azygos major, while running upward, and then
arching outward some little distance below the apex, is a wide groove for the supe-
rior vena cava and right innominate vein ; and behind this, nearer the apex, is a sec-

ond furrow for the innominate artery. Along the back part of the inner surface

is a vertical groove for the cesophagus; this groove becomes less distinct below,
owing to the inclination of the lower part of the oesophagus to the left of the middle
line. In front and to the right of the lower part of the oesophageal groove, the
inner surface is applied to the pleural covering of the right and posterior aspects
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of the thoracic parts of the inferior vena cava; this vessel being accommodated

in a deep concavity.

On the left lung (Fig. 91,4), immediately above the hiliim, is a well-marked

curved furrow produced by the arch of the aorta, and running upward from this

toward the apex is a groove accommodating the subclavian artery; a slight impres-

sion in front of the latter and close to the margin of the lung lodges the left in-

nominate vein. Behind the hilum and pericardial depression is a vertical furrow

produced by the descending thoracic aorta, and in front of this, near the base

of the lung, the lower part of the oesophagus causes a shallow depression.

Fig. 915.—Front view of the heart and lungs.

Borders.—The posterior border (margo 'posterior) is broad and rounded, and
is received into the deep concavity on either side of the vertebral column. It is

much longer than the anterior border.

The inferior border {margo inferior) is the sharp margin of the base separating

the costal and diaphragmatic surfaces. It projects, below, into the upper part of

the costophrenic sinus.

The anterior border {margo anterior) is thin and sharp, overlaps the front of the

pericardium, and is projected into the costomediastinal sinus of the pleura. The
anterior border of the right lung is almost vertical; that of the left presents, below,

an angular notch, the incisura cardiaca, into which the heart and pericardium are

received. A projection from the upper lobe comes forward beneath the cardiac

notch; it is called the lingula pulmonis.

Fissures and Lobes of the Lung.—The left lung is divided into two lobes, an

upper and a lower, by an oblique fissure {incisura interlobaris) , which extends

from the outer to the inner surface of the lung both above and below the hilum.
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As seen on the surface, this fissure commences on the inner aspect of the lung
at the upper and posterior part of the hilum, and runs backward and upward

ENTRANCE OF
VENA AZVGOS
BRANCH OF PUL*
MONARV ARTERY

f^^'VK^^'^"
—Pulmonary veins, seen in a dorsal view of the heart and lungs. The lungs have been pulled awav

Fig. 017—The right lung. The outer or costal
surface. (Tddt.)

Fig. 918.—The left lung. The outer or costal
surface. (Toldt.

)

to the posterior border, which it crosses about two and a half inches (6.5 cm.) be-
low the apex. It then extends downward and forward over the outer surface and
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reaches the lower border a Httle behind its anterior inferior extremity, and its

further course can be followed upward and backward across the inner surface as far

as the lower part of the hilum. The upper lobe {lobus superior) lies above and in

front of this fissure, and includes the apex, the anterior border, and a considerable

part of the outer surface and the greater part of the inner surface of the lung. The
lower lobe {lobus inferior), the larger of the two, is situated below and behind

this fissure, and comprises almost the whole of the base, a large portion of the

outer surface, and the greater part of the posterior border.

The right lung is divided into three lobes, upper, middle, and lower, by an oblique

and a horizontal fissure. The oblique fissure separates the lower from the middle

s
Lower edge

of lung.

Line of pleural

reflection on to

Diaphragm

13-

Fig. 919. -Front view of thorax, showing relations of pleurae and lungs to the thoracic wall. The blue lines indicate

the lines of the reflection of the pleurae; the red, the outlines of the lungs and their fissures.

and upper lobes, and corresponds closely with the fissure of the left lung. Its

direction is, however, more vertical, and it cuts the lower border about three inches

from the anterior margin. The horizontal fissure separates the upper from the

middle lobe. It begins in the oblique fissure near the posterior border of

the lung and, running horizontally forward, cuts the anterior border at the level of

of the sternal end of the fourth costal cartilage; on the inner surface it may be traced

backward to the hilum. The middle lobe {lobus medius), the smallest of the

lobes of the right lung, lies between the horizontal fissure and the lower part of

the oblique fissure; it is wedge-shaped and includes the lower part of the anterior

border and the anterior part of the base of the lung.

The right lung is the larger and heavier; it is broader than the left, owing to
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the inclination 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 Root of the Lung {radix pulmonis) (Figs. 913 and 914).—A little above the

middle of the inner surface of each lung, and nearer its posterior than its anterior

Subclaria*
artery.

Fig. 920.—Lateral \-iew of thorax, showing relations of right pleura and lung to the thoracic wall. The blue tine in-
dicates the line of pleural reflection; the red lines, the outline of the lung and ita fissures.

border, is its root, by which the lung is connected to the heart and the trachea.

The root is formed by the bronchial tube, the pulmonary arter^', the pulmonary
veins, the bronchial arteries and veins, the pulmonan*' plexus of nerves, lymphatics,

bronchial lymph nodes, 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
ascending portion of the aorta, and below the vena azygos major. The root of

the left lung lies beneath the arch of the aorta and in front of the descending
aorta; the phrenic nerve and the anterior pulmonary plexus lie in front of each,

and the vagus and posterior pulmonary plexus behind each; below each is the

broad pulmonary ligament.

The chief structures composing the root of each lung are arranged in a similar

manner from before backward on both sides—viz., the two pulmonary veins in

front, the pulmonary artery in the middle, and the bronchus, together with the

bronchial vessels, behind. From above downward, on the two sides, their

arrangement differs, thus:
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On the right side their position is—bronchus, pulmonary artery, pulmonary

veins; but on the left side their position is—pulmonary artery, bronchus, pulmo-

nary veins. It should be noted that the entire right bronchus does not lie above

the' right pulmonary artery, but only its eparterial branch (see p. 1177), which

passes to the upper lobe of the right lung; the divisions of the bronchus for the

middle and lower lobes lie below the artery.

Divisions of the Bronchi.—Just as the lungs differ from each other in the

number of their lobes, so the bronchi differ in their mode of subdivision.

The right bronchus gives off, about an inch from the bifurcation of the trachea,

a branch for the upper lobe. This branch arises above the level of the pulmonary

artery, and is therefore named the eparterial bronchus. All the other branch

bronchi come off below the pulmonary artery, and consequently are termed

hyparterial bronchi. The first of these is distributed to the middle lobe, and the

main tube then passes downward and backward into the lower lobe, giving off

in its course a series of large ventral and small dorsal branches. The ventral

and dorsal branches arise alternately, and are usually eight in number—four of

each kind. The branch to the middle lobe is regarded as the first of the ventral

series.

The left bronchus passes below the level of the pulmonary artery before it

divides, and hence all its branches are hyparterial; it may therefore be looked

upon as equivalent to that portion of the right bronchus which lies on the distal

side of its eparterial branch. The first branch of the left bronchus arises about

two inches from the bifurcation of the trachea, and is distributed to the upper lobe.

The main stem then enters the lower lobe, where it divides into ventral and dorsal

branches similar to those in the right lung. The branch to the upper lobe of the

left lung is regarded as the first of the ventral series.

The true weight of the human lungs as ascertained in the bodies of criminals executed by
electricity, in which the mode of death is attended by a nearly bloodless condition of the lungs,

is 215 grams (7i ounces) for the left lung and 240 grams (8i ounces) for the right lung (E. A.

Spitzka, Amer. Jour, of Anat., iii, 1, p. v). Ordinarily, with the vascular channels more or less

filled with blood and serum, the two lungs together weigh about 42 ounces, the right lung being

2 ounces heavier than the left, but much variation is met with according to the amount of blood

or serous fluid they may contain. The lungs are heavier in the male than in the female. The
specific gravity of the lung tissue varies from 0.345 to 0.746.

The color of the lungs at birth is a pinkish white; in adult life a dark slate-color, mottled in

patches; and as age advances this mottling assumes a black color. The coloring matter con-

sists of granules of 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 surface 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, spongv texture; it floats in water and crepi-

tates when handled, owing to the presence of air in the tissue; it is also highly elastic; hence

the collapsed state of these organs when they are removed from the closed cavity of the thorax.

The Fetal Lung.—After respiration has been established, the lung fills the pleural cavity.

In the stillborn fetus, as the lung has never been distended with air and has never received a large

amount of blood, it is gathered into a small mass at the back of the thorax. It will sink in water

and feels solid to the touch.

Structure.—The structure of the lung is such that the blood brought by the pulmonary

artery comes into close relation with the air which enters from the bronchioles. The blood

gives materials to the air, and the air gives elements to the blood, and the process of respiration

causes the dark blood brought from the heart by the pulmonary artery to return to the heart as

red blood in the pulmonary veins. The lungs are composed of an external serous coat, a sub-

serous areolar tissue, and the pulmonary substance or parench3rma.

The serous coat is thin, transparent, and invests the entire organ as far as the root. It is I

composed of a layer of endothelial cells resting upon a thin layer of fibroelastic tissue, and is
'

continuous with the subserous tissue. It is known as the pulmonary pleura (p. 1181).
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The subserous areolar tissue contains a large proportion of elastic fibres; it invests the

entire surfate of the lung, and extends inward between the lobules.

The parenchsmaa is composed of lobules which, although closely connected by an
interlobular areolar tissue, are quite distinct from one another. The lobules vary in size from
0.3 cm. to 3 cm. (? inch to li inches); those on the surface are large, of p\Tamidal form, with

the bases turned toward the surface; those in the interior are smaller and of various forms.

Each lobule is composed of one of the ramifications of a bronchiole (about 1 mm. in diameter)

and its terminal air cells, and of the ramifications of the pulmonary and bronchial vessels, Xyva-

jihatics, and nerves, all of these structures being connected by fibroielastic tissue.

The bronchus upon entering the lung divides like the ducts of a gland, the terminal tubules,

about 1 mm. in diameter, constituting the bronchioles. Each bronchiole forms a lobule that is

separated and closed from its neighbor. Tne bronchiole diminishes in diameter to about 0.5 mm.
antl divides into several tubules (0.3 to 0.4 mm. in diameter), the respiratory bronchioles, upon
the sides of which some minute depressions, alveoli, may be seen. Each respiratory bronchiole

further subdivides into several alveolar ducts (0.2 mm. in diameter), along which alveoli are

numerous. The alveolar ducts lead into individual dilated spaces, the alvei, air sacs, or infun-

dibula (0.3 to 5 mm. in diameter), upon the sides of which are alveoli or saccules (0.05 to 0.1 mm.
in diameter). The alveoli are partially separated from one another by low partitions or septa,

of the same structure as the alveolar wall.

Changes in Stractore of the Bronchus and Its Divisions.—Each main bronchus resembles

the trachea in structure. Within the lung the bronchial tubes are circular in outline. As the

bronchus divides and redivides monopodially, changes occur in the various coats. The mucous
coat presents a corrugated appearance and the cartilage in the submucosa changes to a com-
plete investing layer composed of a number of individual plates. With this change the smooth
muscle tissue, internal to the cartilage, increases so as to form a complete layer. As the smaller

tubes are approached the cartilage decreases in amount, while the muscle increases relatively.

The mucous glands in mucosa disappear in those tubules of 1 mm. in diameter, while the car-

tilage persists until a diameter of about 0.5 mm. is reached.

Each bronchiole consists of a layer of simple columnar and goblet epithelial cells resting upon
a basement membrane and a fibroelastic tunica propria; external to this is found a layer of

smooth muscle tissue, and beyond this a layer of white fibrous tissue containing the main vessels

and nerves of the tubules. The respiratory bronchiole is lined by simple ciliated cells, that

gradually give way to nonciliated columnar and cuboidal cells, and lastly flattened epithelium

(the respiratory epitheUum). Some muscle tissue is still present, and the elastic tissue increases

in quantity. The alveolar duds are lined by simple epithelial plates resting upon a basement
membrane supported by elastic tissue. At the end of this tubule the muscle tissue disappears.

The air sacs are composed of the alveoh or saccules lined by respiratory epithelium that rests

upon a basement membrane supported by a meshwork of elastic tissue containing the densest

capillary plexus of the body. This elastic tissue allows the alveoli to increase from two to three

times their ordinary' diameters. Separating one alveolus from another is a low septum that

has the same structure as the alveolar wall.

Vessels of the Lungs.

—

The pulmonary artery (Figs. 915 and 916) 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 air cells. In the lung the branches of the

pulmonary artery are usually above and in front of a bronchial tube, the vein below. The
pulmonary arteries are the nutrient vessels of the respiratory epithelium.

The puhnonary capillaries form plexuses which lie immediately beneath the epithelium of the
walls and septa of the air cells and of the alveoli. In the septa between the air cells the capillar}'

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 arteries

of neighboring lobules are independent of one another, but the veins freely anastomose.
The pulmonary veins commence in the pulmonary- capillaries, the radicles coalescing into

larger branches, which run along through the substance of the lung, independently from the
minute arteries and bronchi. After freely communicating with other branches they form large

vessels, which ultimately come into relation with the arteries and bronchial tubes, and accom-
panv them to the hilum of the organ. Finally, they open into the left auricle of the heart, con-
veying oxygenated blood to be eventuallv distributed to all parts of the body by the aorta.

The bronchial arteries supply blood for the nutrition of bronchial tubes and vessels of the
lung. The thoracic aorta usually gives off two left bronchial arteries. The single right bron-

chial artery usually arises from the first right aortic intercostal, but sometimes from the superior
ieft bronchial artery, or from the aorta. In the root of the limg they are posterior to the bron-
chus, they accompany the bronchial tubes, supply the bronchial tubes and surrounding inter-

lobular tissue, and give branches to the walls of the larger pulmonary vessels, the oesophagus,
pericardium, and bronchial lymph nodes. Those supplying the bronchial tubes form a capil-

lary plexus in the muscular coat, from which branches are given off to form a second plexus in
the mucous coat. This plexus anastomoses with branches of the pulmonary arterv, and empties
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into the pulmonary vein. 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

surface of the lung beneath the pleura, where they form a capillary network. There may be

but one bronchial artery; there may be three or four.

The bronchial veins are not found in the walls of the very small bronchi. The small bronchial

veins run along by the front and back of the medium sized and larger tubes, and form two trunks

at the root of each lung. These vessels terminate on the right side in the vena azygos major,

and on the left side in the superior intercostal or left upper azygos vein. Tracheal and posterior

mediastinal veins open into the bronchial veins. The venous blood from the smaller tubes

passes to the pulmonary veins.

INTERLOBULAR
BRONCHUS

ALVEOLAR
DUCT

BRONCHIOLE

RESPIRATORY
BRONCHIOLE

Fig. 921. -A pulmonary lobule,
and Charpy.)

(Poirier Fig. 922.—The tenninal bronchial tubes. The respiratory
bronchiole and alveoli. (Poirier and Charpy.)

The lymphatics begin in networks about the lobule-s and form networks about the bronchi

and beneath the bronchial mucous membrane. The superficial collecting trunks arise about

the lobules and beneath the pleura. According to Sappey, the superficial trunks from the upper

lobe begin on the costal surface; one set passes around the anterior border, another set around
the posterior border, and a third into the incisura interlobaris. The same observer says that

the superficial trunks from the middle lot)e unite with the trunks from the upper and lower lobes;

and the superficial trunks from the lower lobe, like those of the upper lobe, are in three sets.

One set passes around the posterior margin, one around the anterior margin, and one into the

interlobar fissure. All of the superficial trunks convey lymph to the nodes of the hilum. Some
of the deep collecting trunks begin by the side of the small bronchi; others course along by the

pulmonary veins or pulmonary arteries. All of them pass to the nodes of the hilum. The
nodes of the hilum are in communication with the peritracheobronchial nodes.

Nerves.—The lungs are supplied from the anterior and posterior pulmonary plexuses, formed
chiefly by branches from the S3mipathetic and vagus. The filaments from these plexuses accom-
pany the bronchial tubes, and are lost upon them. Small ganglia are found upon these nerves.

Surface Form.—The apex of the lung is situated in the neck, behind the interval between the

two heads of origin of the .Sternomastoid mu.scle. The height to which it rises above the clavicle

varies very considerably, but is generally about one inch. It may, however, extend as much as

an inch and a half or an inch and three-quarters, or, on the other hand, it may .scarcely project

above the level of this bone. In order to mark out the anterior margin of the lung, a line is

to be drawn from the apex point, one inch above the level of the clavicle, and rather nearer the

posterior than the anterior border of the Sternomastoid muscle, downward and inward across

the sternoclavicular articulation and first piece of the sternum until it meets, or almost meets,

its fellow of the other side opposite the articulation of the manubrium and gladiolus. From this

point the two lines are to be drawn downward, one on either side of the mesal line and close to

it, as far as the level of the articulation of the fourth costal cartilages to the sternum. From
here the two lines diverge; the left is to be drawn at first passing outward with a slight inclina-

tion downward, and then taking a bend downward with a slight inclination outward to the apex
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of the heart, and thence to the sixth stemochondral articulation. The direction of the anterior

border of this part of the left lung is denoted w-ith sufficient accuracy by a cur\-ed line with its

convexity directed upward and outward from the articulation of the fourth right costal cartilage

of the sternum to the fifth intercostal space, an inch and a half below and tliree-quarters of an

inch internal to the left nipple in the male. The continuation of the anterior border of the

right lung is marked bv a prolongation of its line from the level of the fourth costal cartilages

vertically downward as far as the sixth, when it slopes off along the line of the sixth costal cartilage

to its articulation with the rib.

The lower border of the lung is marked out by a slightly curved line with its convexity down-
ward from the articulation of the sLxth costal cartilage to its rib to the spinous process of the

tenth thoracic vertebra. If vertical lines are drawn downward from the middle of the clavicle,

from the deepest part of the axilla, and from the apex of the scapula, while the arms are raised

from the sides, they should intersect this convex line, the first at the sixth, the second at the

eighth, and the third at the tenth rib. It will thus be seen that the pleiu^ extends farther down
lan the lung, so that it may be wounded, and a woimd may pass through its cavity into the Dia-

[)hragm, and the abdominal \-iscera may be injured without the limg being involved.

The posterior border of the lung is indicated by a Une drawn from the level of the spinous

jrocess of the seventh cervical vertebra, down either side of the vertebral column, correspond-

ig to the costovertebral joints as low as the spinous process of the tenth thoracic vertebra.

The trachea bifurcates opposite the spinous process of the fourth thoracic vertebra, and from this

)int the two bronchi are directed outward.
" The pnasition of the great fissure of the lungs may be indicated by a line drawn from the third

loracic spine obliquely downward in such a manner as to reach the sixth rib close to the mid-
lavicular line. The interlobar fissure between the upper and middle lobes of the right lung

jrresponds to a line drawn from the apex of the axilla almost,horizontally to the sternum,

ichin? the latter at about the level of the fourth costal cartilage" (Ehrendrath).

Applied Anatomy.—The lungs may be wounded or torn in three ways: (1) By compression
of the thorax, without any injiu-y to the ribs. (2) By a fractured rib penetrating the lung. (3)

By stabs, gunshot wounds, etc.

The first form, where the lung is ruptured by external compression without any fracture of

the ribs, is very rare, and usually occurs in young children, and affects the root of the lung

—

i. e., the most fixed part—and thus, implicating the great vessels, is frequently fatal. It would
-eem to be a most unusual injury, and the exact mode of its causation is difficult to understand.

The probable explanation is that immediately before the compression is applied a deep inspira-

tion is taken and the lungs are fully inflated; owing then to spasm of the glottis at the moment
of compression, the air is unable to escape from the lung, the lung is not able to recede, and
consequently gives way.

In the second variety, when the wound in the limg is produced by the penetration of a broken

rib, both the pleiu-a costalis and the pleura pulmonalis must necessarily be injured, and conse-
quently the air taken into the wounded air cells may find its way through these wounds into the
cellular tissue of the p>arietes of the thorax. This it may do without collecting in the pleural

cavity; the two layers of the pleura are so intimately in contact that the air may pass straight

through from the wounded lung into the subcutaneous tissue. Emphysema constitutes, there-

fore, an important sign of injury to the lung in cases of fractm-e of the ribs. Pneumothorax, or air

in the pleural cavity, is much more likely to occur in injuries to the lung of the third variety; that

is to say, from external icound.", from stabs and gunshot injiu"ies, in which cases air passes either

from the wound of the lung or from an external wound into the cavitv of the pleura dining the
respiratory movements. In these cases there is generally no emphysema of the subcutaneous
tissue unless the external wound is small and vah-ular, so that the air drawn into the wound
during inspiration is then forced into the cellular tissue during expiration because it cannot
escap>e from the external wound. Occasionally in wounds of the parietes of the thorax no
air finds its way into the cavity of the pleura, because the lung at the time of the accident
protrudes through the wound and blocks the opening. This occurs where the woimd is large,

and constitutes a so-called hernia of the lung. True hernia of the lung occurs, though very
rarely, after wounds of the thoracic wall, when the wound has healed and the cicatrix subse-
quently yields from the pressure of the viscus behind. It forms a globular, elastic, crepitating
swelling, which enlarges during expiratory- efforts, falls during inspiration, and disappears on
holding the breath. Wounds of the lung may produce dangerous or fatal hemorrhage into the
pleural sac. In many cases the bleeding is spontaneously arrested; in others the stu-geon must
interfere to save life. In some cases air has been admitted by intercostal incision and the inser-

tion of a tube, and pulmonary collapse has arrested bleeding. In other cases it is necessarv to
resect portions of several ribs, and stop bleeding by ligatiu-es or suture ligatures. J. Chaliners
Da Costa reports a case in which a fiwious secondary hemorrhage followed a giuishot wound.
He resected several ribs, packed the pleiu^l cavity about the lung with sterile gauze, to obtain
a base for support, and then arrested the bleeding by packing iodoform gauze against the firmly
supported lung. This patient recovered.
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Incision of the lung {pneumotomy) is performed for pulmonary abscess (either tuberculous or

pyogenic), pulmonary gangrene, hydatid cysts, and bronchiectasis. In pulmonary abscess,

locate the area by physical signs and the .r-rays, resect a portion of a rib over it, and note if the

pleura is adherent. If it is adherent, continue the operation. If it is not adherent, insert stitches

of catgut through the two layers of pleura and the superficial part of the lung, so as to encircle

a considerable area, and then wait several days for adhesions to form. Adhesions protect the

pleura from infection, and, by keeping air from the pleural sac, prevent pneumothorax. When
ready to continue the operation, locate the abscess with an aspirating needle and syringe, open
it with a cautery at a dull red heat, and drain by means of a tube.

Pneumotomy is very unsatisfactory in tuberculous cavities and bronchiectasis. In tubercu-

losis, excision of the diseased area {pneumectomy) has been employed, but it is not to be advised.

Operations upon the lungs can be most safely j^erformed with the patient in a Sauerbruch

chamber. The danger of collapse of the lung is thus eliminated.

The routine methods of physical examinations—inspection, palpation, percussion, and aus-

cultation^are nowhere more important than they are in the diagnosis of diseases of the lungs.

It is essential, too, that in every case the two sides of the thorax should be compared with each

other, and that the wide variations that may be met with under normal conditions in different

persons and at different ages should be kept in mind when the thorax is being examined.

On inspection the thorax will be seen to be enlarged and barrel-shaped in emphysema, in

which the volume of the lungs is increased by dilatation of their alveoli, or in an acute attack of

asthma, or when a large pleural effusion or mediastinal tumor is present. The thoracic wall will

be flattened or sunken, on the other hand, over an area of lung that has collapsed or become
fibrosed, as often happens in chronic pulmonary tuberculosis. The respiratory movements of

the thoracic wall will be lessened, or even absent, over a part or the whole of the affected side in

such acute disorders as ])leurisy, pneumonia, or pleural effusion, or in more chronic disease where

the underlying lung is fibrosea, or is crushed to one side by a mediastinal tumor; and by the use

of the a:-rays a corresponding loss of movement or displacement of the Diaphragm on the affected

side can often be observed. Under normal conditions the intercostal spaces are a little depressed;

but they may be obliterated or even bulging on that side when a large effusion or newgrowth
fills up one of the pleural cavities.

On palpation, the hand can be used to verify the eye's impressions as to the degree of move-
ment on respiration of any part of the thoracic wall. The facility with which the vibrations

produced by the voice are conducted from the larynx by the underlying lung to the hand (in the

form of vocal fremitus) can also be tested. The vocal fremitus is commonly much increased

over the consolidated area in pneumonia or in fibrosis of the lung, and much diminished over a

pleural effusion when the lung is pushed up by the fluid toward the top of the pleural cavity.

It is also diminished, but to a less extent, in emphysema, and in bronchitis when the bronchi

are blocked by secretion. In bronchitis the bubbling of the secretion in the tubes can often be
felt by a hand placed on the thoracic wall as the patient breathes ; and in chronic pleurisy the

friction of the two roughened pleural surfaces against each other can sometimes be felt in the

same way.
On perctisslon, the normal resonance of the pulmonary tissue is found to be increased in em-

physema, and in pneumothorax this hyperresonance may be still further increased. The
resonance is lessened in any condition causing collapse or solidification of the lung tissue, or

when its place is taken by fluid (pleural effusion) or some solid growth (mediastinal tumor).

Thus, dulness on percussion at the bases of the lungs is common in the hypostatic congestion of

the bases seen in heart failure; dulness at the right base is often due to compression of the lung

by enlargement of the liver; some dulness at the apex of a lung is frequently met with in tuber-

culosis of that part, before the disease has progressed very far. Complete dulness ove^r one side

of the thorax, back and front alike, except at the apex, is common when a large pleural effusion

has taken the lung's place. Von Koranvi, Grocco, and others, have drawn attention to a tri-

angular patch of dulness along the vertebral column (the paravertebral triangle of dulness) on
the unaffected side in pleural effusion; this triangle of d^ulness is said to be absent in other con-

ditions causing loss of pulmonary resonance on percussion, and is due to shifting over of the

contents of the posterior mediastinum toward the sound side. The apex of this triangle is in

the middle line at the upper level of the fluid effusion; its base, some two to four inches in length,

runs horizontally outward from the middle line at the level where the pulmonary resonance
normally comes to an end.

On auscultation of the lungs, both in health and disease, the variety of sounds to be heard is

very great. It is impossible to give adequate consideration to them here, and for further infor-

mation reference should be made to the text-books dealing with the subject.



THE ORGAN'S OF DIGESTION.

I
THE Apparatus for the Digestion of the Food (apparatus digestorius) consists

of the alimentary canal and of certain accessory organs.

The alimentary canal is a musculomembranous tube, about thirty feet, or nine

meters, in length, extending from the mouth to the anus, and lined throughout the

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 {in.sali ration); beyond this are the pharynx and
the oesophagus, the organs which convey the food (deglutition) into that part of

the alimentary canal, the stomach, in which the principal chemical changes occur,

and in which the reduction and solution of the'food take place in digestion; in the

small intestine the nutritive principles of the food are separated, by its admixture

\^•ith the bile, pancreatic and intestinal fluids, from that portion which passes into

the large intestine, most of which is expelled from the system through the rectum.

and anal canal.

Alimentary Canal.

[
Duodenum.

^Nlouth. Small intestine
j
Jejunum.

Pharynx. I Ileum.

(Esophagus. r Cecum and appendix.

Stomach. La_ intestine
] JJ^^^"'^
I Rectum.

[ Anal canal.

Accessory Organs.

Teeth.

Tongue.
f Parotid. Liver.

Salivary glands •! Submaxillary. Pancreas.

I Sublingual.

THE MOUTH, ORAL OR BUCCAL CAVITY (CAVUM ORIS).

The mouth is placed at the commencement of the alimentary canal; it is a
nearly oval-shaped cavity, in which the mastication and insalivation of the food

take place ( Figs. 92.3 and 924).

The aperture of the mouth
( rima oris) is bounded by the lips. The angle of the

mouth (angulus oris) is formed on each side by the meeting of the upper and
lower lips (commissura labiorum). ^Mien at rest with the lips in contact, the rima

is a slightly curved line. Every movement which the lips make alters the shape

of the rima. When the mouth is closed the floor and roof are usually in contact

and its sides are approximated to the dental arches. The mouth consists of two
parts—an outer, smaller portion, the vestibule, and an inner, larger part, the cavity

proper of the mouth.

(1199)
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MOUTH

SALIVARY
GLANDS

PHARYNX

The Lips {labia oris) are two fleshy folds which surround the orifice of the mouth

formed externally by integument and internally by mucous membrane, between

which are found the Orbicularis oris muscle (Fig. 292), the labial vessels, some

nerves (Fig. 439), areolar tissue, and fat, and numerous small labial glands. The

upper lip is called the labium superius; the lower lip is called the labium inferius.

The inner surface of each lip is connected in the middle line to the gum of the

corresponding jaw by a fold of mucous membrane, the frenulum {frenuhmi lahii

superioris and frenulum lahii inferioris), the upper being the larger of the two.

The labial glands (glandulae lahialis) (Fig. 4.39) are situated between the mucous

membrane and the Orbicularis oris muscle around the orifice of the mouth. They

are circular in form and of small size; their ducts open by minute orifices upon the

surface of the mucous membrane. In structure they resemble the salivary glands.

The vestibule {vestibulum oris) is a slit-like space, bounded in front and later-

ally by the lips and cheeks; behind and internally by the gums and teeth. Above

and beloiv it is limited by the reflection of

the mucous membrane from the lips and

cheeks to the gum covering the upper and

lower alveolar arch respectively. It re-

ceives the secretion from the parotid, buc-

cal, molar, and labial glands, and commu-
nicates, when the jaws are closed, with the

cavum oris by an aperture on each side be-

hind the wisdom teeth, and by narrow clefts

between opposing teeth (interdental spaces).

The Cheeks (bnccae) 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 layer of

muscle, besides a large quantity of fat,

areolar tissue, vessels, nerves, and buccal

glands.

The Mucous Membrane.—The mucous mem-
brane lining the cheek is reflected above and below

upon the gums, where its color becomes lighter; it

is continuous behind with the lining membrane of

the soft palate. It is composed of stratified squa-

mous epithelial cells that rest upon a basement
membrane and papillated tunica propria that con-

sists of fibroelastic tissue supporting the smaller

vessels and nerves. Opposite the second molar

tooth of the upper jaw is a papilla, the summit of

which presents the apertiu-e of the parotid duct

(ductus parotideus [Stenonis]) (Fig. 95S). The
principal muscle of the cheek is the Buccinator, but numerous other muscles enter into its

formation—viz., the Zygomatici, Risorius, and Platysma.

The Buccal Glands (glandulae buccales).—The buccal glands are placed in the submucous
tissue between the mucous membrane and Buccinator muscle; they are similar in structure to

the labial glands, but smaller. Four or five glands of larger size than the previously mentioned

glands are placed beneath the mucous membrane in the neighborhood of the last molar tooth.

They are called the molar glands (glandulae molares). Their ducts open into the mouth opposite

the last molar tooth The fat pad of the cheek (corpus adiposum buccae) has been described on

page 376.

The Gums {gingivae) are composed of a dense fibrous tissue, closely connected

to the periosteum of the alveolar processes and surrounding the necks of the teeth.

Thev are covered bv smooth and vascular mucous membrane, which is remarkable

SMALL
INTESTINE

ANUS
Fig. 923.—Diagram of the alimentary tube and

its appendages. (Testut.)
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for its limited sensibility. Around the necks of the teeth the fibroelastic portion

presents numerous fine papillae; from here it is reflected into each alveolus, where

it is continuous with the periosteal membrane lining that ca\-ity.

The cavity of the mouth proper {cavum oris proprium) is bounded laterally

and in front by the alveolar arches with their contained teeth; behind, it communi-

cates with the pharynx by a constricted aperture termed the isthmus faucimn. It

is roofed in by the hard and soft palate. The greater part of the floor is formed

by the tongue, the remainder being completed by the reflection of the mucous

membrane from the sides and under surface of the tongue to the gum lining the

inner aspect of the mandible. It receives the secretion from the submaxillary,

sublingual, and hngual glands.

Floor of the Mouth.—If the tongue be lifted out of its resting-place, the true

; fl(X)r of the mouth, or sublingual region, may be examined. In the middle a fold

POSTERIOR
PILLAR

Fig. 924.—.\ntpro-inferior surface of the soft palate. The tonijue has Been removed, so that the phar>'n?eal isthmus
is distinctly seeu. (Luschka.)

of mucous membrane, the frenum linguae, extends from the under surface of the

tongue to the floor. On each side of the frenum is a papilla, the caruncula subling^u-

alis, on the summit of which is the small orifice of the submaxillary (^Miarton's)

duct. Extending backward from these caruncles, between the tongue and the al-

veolar arches on each side, is a carunculated fold, the plica sublingualis, which

becomes lost posteriorly. The carunculated elevations, of variable number,
present the orifices of the subhngual ducts.

Structure.—The mucous membrane lining the mouth is continuous with the integument at

the free margin of the lips and with the mucous lining of the pharj'nx behind; it is of a rose-

pink tinge during life, and verj' thick where it covers the hard parts bounding the ca\"ity. It

is covered by stratified squamous epithelium. In the subepithelial fibroelastic tissue are seen

many small accessor^' salivarj- glands.
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The Palate {palatum) forms the roof of the mouth; it consists of two portions:

the hard palate, about two-thirds in front; the soft palate, about one-third behind.

The hard palate {palatum durum) (Figs. 924 and 925) is bounded in front

and at the sides by the upper alveolar arches and gums; behind, it is continuous

with the soft palate. It is formed by the palate processes of the maxillse and the]

palate processes of the palate bones (Fig. 72). It is covered by a dense structure

formed by the periosteum and mucous membrane of the mouth, which are inti-|

mately adherent, particularly to the front and sides, by means of a layer of fibrous]

ANTERIOR
PALATINE CANAL

H PALATINE
kNDS

DESCENDING
PALATINE
ARTERY

Fia. 925.—The palatine vault on the right side of the mucous membrane has been removed,
the mucous membrane and the glandular layer. (Poirier and Charpy.)

The left side shows

tissue. Along the middle line is a linear ridge or raphe {raphe palati), which
terminates anteriorly in a small papilla, the incisive papilla {papilla incisiva),

corresponding with the inferior opening of the anterior palatine fossa. On either

side and in front of the raphe the mucous membrane is thick, pale in color, and
corrugated; these corrugations, which are composed of fibrous tissue, are the

palatine^ rugae {plicae palatinae transversae) . In very young children the rugse

are distinct and definite. In the aiged they are indistinct. Behind, it is thin,

smooth, and of a deeper color; it is covered with stratified squamous epithelium

and the fibrous tissue beneath it contains many mucous glands, the palatine glands

(glandulae palatinae). The palatine vessels and nerves lie in the fibrous tissue

beneath the mucous membrane.
The soft palate (palatum molle) (Figs. 924 and 925) is a movable slanting 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 mem-

' Concerning the etymology of palatal and palatine, see footnote on page 109.



THE MOUTH, ORAL OB BUCCAL CAVITY 1203

brane enclosing muscle fibres, an aponeurosis, vessels, ner\'es, Ij-mphoid tissue, and

mucous glands, ^^^len occupying its usual position it is relaxed and pendent,

and its oral surface is concave, continuous with the roof of the mouth, and marked

by a median ridge or raph^, which indicates its original separation into two lateral

halves. Its pharyngeal surface is convex, and continuous with the mucous mem-
brane covering the floor of the posterior nares. Its anterior or upper border is

attached to the posterior margin of the hard palate, and its sides are blended with

the pharynx. Its posterior or lower border is free. The posterior portion of the

soft palate (velum palatiuum) terminates posteriorly and externally on each side

in a free margin, the posterior arch of the palate, and bounds the isthmus of the

pharynx.

Hanging from the middle of its lower border is a small, cone-shaped, pen-

dulous process, the uvula {umda palatina). The uvula varies greatly in length in

different individuals. It is composed of glands and connective tissue, contains

a prolongation of the Azygos uvulae muscle and is covered with mucous membrane,
and arching outward and downward from the base of the uvula on each side are

two curved folds of mucous membrane, containing muscle fibres, called the

arches or pillars of the soft palate or pillars of the fauces (arcus palatini).

The anterior pillar (arcus glossopalatinus) (Fig. 924) on each side runs downward,
outward, and forward to the side of the base of tlje tongue, and is formed by the

projection of the Palatoglossus muscle, covered by mucous membrane.
The posterior pillar (arcus pharyngopalatinus) (Fig. 924) is larger and projects

farther inward than the anterior; it runs downward, outward, and backward
to the sides of the pharynx, and is formed by the projection of the Palatopharyn-

geus muscle, covered by mucous membrane. The anterior and posterior pillars

are separated below by a triangular interval (tonsillar sinus), in which the tonsil

is lodged.

The aperture by which the mouth communicates with the pharj-nx is called the

isthmus of the fauces (isthmus faucium). It is bounded, abate, by the free margin

of the soft palate, below, by the back of the tongue; and on each side, by the pillars

of the fauces and the tonsils.

The aponeurosis of the soft palate is a thin but firm fibrous layer attached above to the pos-

terior border of the hard palate, and becoming thinner toward the free margin of the soft palate.

Laterally, it is continuous with the phari'ngeal aponeurosis. It forms the framework of the

anterior half of the soft palate, and is joined by the tendons of the Tensor palati muscles.

The muscles of the soft palate are found in its posterior half, and are six on each side—the

Levator palati, Tensor palati, Azygos uvulae, Palatoglossus, Palatopharjmgeus, and Sal-

pingopharyngeus isee p. 397). The following is the relative position of these structures in a

dissection of the soft palate from the posterior or nasophari-ngeal to the anterior or oral surface:

Immediately beneath the pharATigeal mucous membrane is a thin stratum of muscle tissue, the

posterior fasciculus of the Palatopharyngeus mtiscle, ioining with its fellow of the opposite side

in the middle line. This posterior fasciculus is jomed by the Salpingopharyngeus muscle.

Beneath this are the Azygos uvulae and Salpingopluuyngeus muscles, consisting of two rounded
fleshy fasciculi, placed side by side in the median line of the soft palate. Next comes the apo-

neurosis of the Levator palati, joining with the muscle of the opposite side in the middle line.

Fourthly, the anterior fasciculus of the Palatopluuyngeus, thicker than the posterior, and sepa-

rating the Levator palati from the next muscle, the Tensor palati. This muscle terminates in a

tendon which, after winding around the hamular process of the internal pterygoid plate of the

sphenoid bone, expands into a broad aponeurosis in the soft palate, anterior to the other muscles

so far enumerated. Finally, we have a thin muscular stratum, the Palatoglossus muscle, placed

in front of the aponettfosis of the Tensor palati, and separated from the oral mucous membrane by
hinphoid tissue.

The mucous membrane of the soft palate is thin, and covered with stratified squamous epi-

thelium on both surfaces, excepting near the orifice of the Eustachian tube, where its epithelium

is stratified and ciliated.^ Beneath the mucous membrane on the oral stu^ace of the soft palate

' According to Klein, the mucous membrane on the nasal surface of the soft palate in the fetus is covered througl^-
out by columnar ciliated epithelium, which subsequently becomes squamous; and some anatomists state that it is

covered with columnar ciliated epithelium, except at its free margin, throughout life.
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is a considerable amount of lymphoid tissue. The palatine glands form a continuous layer

on the pharyngeal surface and around the uvula.

The arteries supplying the palate are the descending palatine branch of the internal maxil-

lary artery {a. palatina descendens) , the ascending or palatine branch of the facial artery (a.

palatina ascendens), and sometimes a palatine branch of the ascending pharyngeal. The
veins terminate chiefly in the pterygoid and tonsillar plexuses. The lymphatic vessels pass to

the superior deep cervical nodes.

The motor nerves are chiefly derived from the pharyngeal plexus, the Tensor palati, however,

receiving a special branch from the otic ganglion. The sensor nerves are derived from the de-

scending palatine, nasopalatine, and from the glossopharyngeal.

Development of the Mouth.—The mouth is developed partly from the stomodeum, the

depression between the head end of the embryo and the pericardial area, and partly from the

floor of the extreme end of the foregut. The floor of the stomodeum is the thin, buccopharyngeal

membrane, formed by the apposition of ectoderm and entoderm; this membrane wholly disap-

pears after the second week of embryonic life, and a communication is established between the

mouth and future pharynx. With the development of the face the nasal passages are separated

from the mouth proper by the coalescence of the maxillary and palatal processes of the first

visceral arch with the lateral nasal and globular processes forming the maxillae and palate.

The development of the teeth is described on page 1212.

Applied Anatomy.—Cleft palate is by no means a rare congenital deformity, and may be

partial or complete. Most of the cleft is in the middle line. It may be a mere deft of the

uvula, it may be limited to the soft palate, or it may involve the hard palate to but not include

the alveolus. It may pass through the alveolus, but if it does so it ceases to be median at this

point, and follows the line of suture between the incisive bone and the maxilla (pp. 106 and

152). Complete cleft palate is likefy to be accompanied by harelip. This cleft in the lip is

not median, but is at the termination of the palate cleft. If the deft of a cleft palate runs

along each side of the incisive bone, the bone is isolated from the maxilla and the cleft is

Y-shaped. In such a case double harelip is present.

The Teeth {denies).—The human subject is provided with two sets of teeth,

which moke their appearance at different periods of life.

Those of the first set appear in childhood, and are called the temporary, decidu-

ous, or milk teeth. Those of the second set are named permanent or succedaneous

teeth.

The temporary teeth are twenty in number—^four incisors, two canines, and four

molars in each jaw (Figs. 926 and 947).

The permanent teeth are thirty-two in number—four incisors (two central and

two lateral) , two canines, four bicuspids, and six molars in each jaw (Figs. 928 and

932).

The dental formulae may be represented as follows:

Temporary Teeth.

Upper jaw .

Molar.

. . 2

Canine.

1

Incisor.

2

Incisor.

2

Canine.

1

Molar.

2

Lower jaw . . . 2 1 2 2 1 2
1-Total, 20.

Upper jaw

Molar. Bicuspid. Canine.

.3 2 1

Lower jaw

Permanent Teeth.

Incisor.

2

Incisor. Canine.

2 1

Bicuspid. Molar.

2 3
Total, 32.

General Characters (Fig. 933).—^Each tooth consists of three portions—the

crown or body {corona dentis), projecting above the gums; the root or fang {radix

dentis), entirely concealed within the alveolus; and the neck {collum dentis), the

constricted portion between the root and crown, covered by the gum.

The roots of the teeth are firmly implanted within the sockets or alveoli of the

jaws {alveoli dentales^ (see pp. 104 and 117). These depressions are lined with

periosteum, which is reflected on to the tooth at the apex of the root and covers

• According to Klein, the mucous membrane on the nasal surface of the soft palate in the fetus is covered
throughout by columnar ciliated epithelium, which subsequently becomes squamous; and some anatomists
state that it is covered with columnar ciliated epithelium, except at its free margin, throughout life.
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it as far as the neck. This is the root-, or pericemental membrane {^periosteum alve-

olare). At the margin of the alveolus the periosteum becomes continuous with

the fibrous structure of the gums.

Surfaces.—In consecjuence of the curve of the dental arch, such terms as anterior,

posterior, internal, and external, as applied to the teeth, are misleading and con-

fusing. Special terms are therefore applied to the different surfaces of a tooth:

That which looks toward the lips and cheek is the labial or buccal surface (fades

Bight upper.

te. 926.—Deciduous teeth of left side. Labial \iew. Fig. 927.—Deciduous teeth. Lingual view.

lahicdU); that toward the tongue is the lingual surface (fades lingualis); that

surface which is directed toward the mesal plane, supposing the teeth were arranged

in a straight line outward from the central incisor, is known as the proximal

surface, looks toward predecessor; while that directed away from the mesal plane

is called the distal surface, looks toward successor. The surface which comes in

contact with the teeth of the opposite jaw is the grinding, masticating, or occlusal

surface (fades masticatoria).

Fig. 928.—Pennanent teeth, right side. (Burchard.)

The Temporary, Deciduous, or Milk Teeth (denies deddui) (Figs. 926 and 927)
are smaller, but resemble in form those of the permanent set. The neck is more
marked, owing to the greater degree of convexity of the labial and lingual surfaces

of the crown. The last of the two temporary molars is the largest of all the

deciduous teeth, and is succeeded by the second bicuspid. The first upper molar
has only three cusps—two labial, one lingual ; the second upper molar has four

cusps. The first lower molar has four cusps; the second lower molar has five.
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The roots 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.

Permanent Teeth {denies permanentes) (Fig. 928).—The incisors or cutting teeth

(dentes incisivi) are so named from their presenting a sharp cutting edge, adapted

for incising the food. They are eight in number, and comprise the four front

teeth in each jaw.

The crown is directed vertically and is chisel-shaped, being bevelled at the

expense of its lingual surface, so as to present a sharp horizontal cutting edge.

Before being subjected to attrition this edge presents three small elevations. The

labial surface is convex, smooth, and highly polished. The lingual surface is con-

cave, and is marked by two marginal ridges extending from an encircling ridge

at the neck to the angles of the cutting edge of the tooth. The ridge at the neck

is termed the cingulum or basal ridge. The neck of the tooth is constricted. The

root is long, single, conical, transversely flattened, thicker before than behind,

and slightly grooved on either side in the longitudinal direction. The root may

be curved.

Fig. 929.—Right half of upper jaw (from below),
with the corresponding teeth. The letters and
numbers point to the classes of teeth and the numbers
in classes.

Fig. 930..—Right half of lower jaw, with the cor-
responding teeth. The letter and numbers point to
the various cusps or their modifications on the differ-

ent teeth. (Burchard.)

The incisors of the upper jaw are altogether larger and stronger than those of

the lower jaw, the central incisors being larger and flatter than the lateral incisors.

They are directed obliquely downward and forward.

The incisors of the lower jaw are smaller and flatter than the upper, and the

elevations upon their lingual faces are not marked. The two central are smaller

than the two lateral incisors, being the smallest of all the teeth. The roots of these

teeth are flattened laterally.

The Canine Teeth (dentes canini) are four in number, two in the upper, two in

the lower jaw—one being placed distal to each lateral incisor. They are larger and
stronger than the incisors, especially in the roots, which are deeply implanted

and each causes a well-marked prominence of the process at the place of inser-

tion.

The crown is large, of spear-head form, and its very convex labial surface is

marked by three longitudinal ridges. The concave lingual surface is also marked
by three ridges which unite at a basal ridge. The point or cusp is longer than in

the other teeth, and is the point of division between a short proximal and a long

distal cutting edge. These two edges form an obtuse angle with each other.
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The root is single, oval, or elliptical on transverse section, and is longer and more
prominent than the roots of the incisors.

The upper canines, popularly called the eye teeth, are larger and longer than the

two lower, and in occlusion are distal to them to the extent of half the width of the

crown.

The lower canines, popularly called the stomach teeth, have the general form of

the upper canines, but their lingual surfaces are much more flattened, owing to

the absence of the elevations marking the upper teeth. Their roots are more
flattened and may be bifid at their apices.

The bicuspid teeth, or the premolars (denies previolares) are eight in number,

four in each jaw; they are placed distal to the canine teeth, two upon each side

of the jaw.

The crown is surmounted by two cusps, one buccal and one lingual, separated

by a groove, the buccal being more prominent and larger than the lingual. The
lower bicuspids are not truly bicuspid, the first having but a primitive Ungual

cusp, the second having the lingual cusp divided into two sections

—

i. e., it is

usually tricuspid. The necks of the teeth are oval; the roots are single and later-

ally compressed, that of the first upper bicuspid being frequently bifid. The
first upp)er bicuspid is usually the largest of the series. The roots of the lower

bicuspids are less compressed and more rounded.

The Molar Teeth (denies molares) are the largest and strongest teeth of the per-

manent set, and are adapted by their forms for the crushing and grinding of the

food. They are twelve in number, six in each jaw, three being placed posterior

to each second bicuspid.

The crowns are cuboidal in form, are convex bucally and lingually; they are

flattened proximally and distally. They are formed by the fusion of three primi-

tive cuspids in the upper and four in the lower. To these are added in the first

and second upper molars a distoling^ual tubercle, and in the first and third

^molars of the lower jaw a distobuccal tubercle. The unions of the' primitive

forms are marked by sulci. The necks of these teeth are large and rhom-
boidal in form. The roots of the upper molars are three in number—one large

lingual or palatal root, and two smaller buccal roots. In the lower molars, two roots

are found, a proximal and a distal, each of which is much flattened from before

backward.

The first molar teeth are the largest of the dental series; they have four cusps

on the upper and five in the lower—three buccal and two Ungual. The second

molars are smaller; the crowns of the upper are compressed until the distoUngual

cusp is reduced. The crowns of the lower are almost rectangular, with a cusp

at each angle. The third molars are called the wisdom teeth, or dentes sapientiae

(denies seroiini), from their late eruption; they have three cusps upon the upper and
five uf)on the lower. The three roots of the upper are frequently fused together,

forming a grooved cone, which is usually curved backward. The roots of the lower,

two in number, are compressed together, and curse backward.
Of the permanent teeth, aU but the molars represent succedaneous teeth,

that is. teeth that succeed those of the temporary set. The molars are primary
teeth, as they possess no predecessors in the temporary set.

Arrangement of the Teeth.'
—

^The human teeth are arranged in two parabolic

arches, the upper row or arch (arcns denialis superior) being larger, its teeth over-

lapping the lower row or arch (arcus denialis inferior). The average distance

between the centres of the condyles of the mandible is about four inches, which
is also the distance from either of these points to the line of junction between the
lower incisor teeth. \Yhether the jaw be large or small, the equilateral triangle

« After Dr. W. G A. BonwiU.
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indicated is included in it; the range of size is between three and one-half and four

and one-half inches.

I

Fig. 931.—View of teeth in situ, with the external plates of the alveolar processes removed. (.Cryer.)

Owing to the smaller sizes of the lower incisors, the teeth of the mandible are

each one-half a tooth in advance of its upper fellow, so that each tooth of the dental

Fio. 932.—Front and side views of the teeth and jaws. (Cryer.)

series has two antagonists, with the exception of the lower central incisors and
upper third molars (Figs. 931 and 932).



THE MOUTH, ORAL OR BUCCAL CAVITY 1209

The grinding faces of the upper bicuspids and molars curve progressively upward

and point outward, the first molar being at the lowest point of the curve, the third

molar at the highest. The curve of the lower dental arch is the reverse, the first

molar at its deepest part, the third molar at its extremity. The greater the depth

to which the upper incisors overlap

the lower, the more marked this

curve and the more pointed are the

cusps of the grinding teeth.

The movement of the human
mandible is forward and downward,

the resultant of these directions^

being an oblique line, upon an
average of 35 degrees from the

horizontal plane.^

^^^len the mandible is advanced

until the cutting edges of the in-

cisors are in contact, the jaws are

separated, but at the highest point

of the lower arch its third molar

advances, and meets and rests upon
a high point, the second molar of

the upper arch, and thus undue
strain upon the incisors is obviated.

In the lateral movements of the

mandible but one side is in effective

action at one time; the oblique

positions of the cusps of the oppo-

site teeth are such that when either

side is in action the other is balanced

at two or more points.

Pulp CavHy.

Fig. 934.—Vertical section of a tooth in situ (15 diam-
eters), c is placed in the pulp cavitj-, opposite the cervix,
or neck of the tooth; the part above is the crown, that below
is the root (fang). 1. Enamel with radial and concentric
markings. 2. Dentin with tubules and incremental lines. 3.
Cementum or crusta petrosa, with bone corpuscles. 4. Perice-

FiG. 933.—Vertical section of molar tooth. mental membraoe. 5. Bone of mandible.

There is an anatomical correspondence between the forms and arrangement

of the teeth, the form of the condyle of the mandible, and the muscular arrange-

ment. Individuals who have teeth with long cusps have the head of the bone much
rounded from before backward, and have a preponderance of the direct over the

oblique muscles of mastication, and vice versa; teeth with short or no cusps are

associated with a flattened condyle and strong oblique muscles.

Very great aberrations in the dental arrangement are frequently followed by
accommodative changes in the condyles of the mandible.

Structure of the Teeth.—A longitudinal section of a tooth will show the presence of a central

charal>er ha\'ing the general form of the crown of the tooth, and called the pulp chamber or

pulp cavity {cavum dentis). The solid portion of the tooth exhibits three hard tissues: one, the

> W. E. Walker, Dental Cosmos. 1896.
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proper dental substance, called dentin or ivory sheathed upon the exposed crown by a layer

called the enamel, while the dentin of the root is enclosed in a distinct tissue, the cementum or

crusta petrosa. Both enamel and cementum are thinnest at the neck and thickest upon their

distal portions.

The enamel (substantia adamantina) (Figs. 934, 935, and 938) is the hardest and most com-

pact part of a tooth, and forms a thin crust over the exposed part of the crown, as far as the

commencement of the root. It is thickest on the grinding surface of the crown until worn away

by attrition, and becomes thinner toward the neck. It consists of a congeries of minute hex-

agonal rods, columns, or prisms, known as enamel fibres or prisms (prismata adamantina)

(Fig. 938). In general they lie parallel with one another, resting by one extremity upon the

dentin, which presents a number of minute depressions for their reception, and forming the

free surface of the crown by the other extremity. There are additional shorter (supplemental)

prisms filling in the spaces between the long diverging prisms. There are occasional collections

of prisms which run diagonally. The prisms are directed vertically on the summit of the

crown horizontally at the sides; they are about i^rhu inch in diameter, and pursue a more or

less wavy course. By reflected light radial striations are visible, best marked near the dentin.

These are Schreger's lines and are due to the fact that the prisms take an undulatory course

/
MW/

Fig. 935.—Longitudinal ground section through the apex of a canine tooth from a three-and-a-half-year-old
boy. The entrance of the dental canaliculi between the enamel prisms and the course taken by the latter are

shown. X 135. (Szymonowicz.)

and those of two layers may have opposite directions. Another series of lines, having a brown
appearance from pigmentation, and denominated the parallel striae or brown striae of Betzius,

or the colored lines, are seen on a section of the enamel. These lines are concentric, and cross

the enamel rods. They are caused by the mode of enamel deposition. Inasmuch as the enamel

columns, when near the dentin, cross each other and only become parallel farther away, a

series of radial markings, light and dark alternately, is obtained (Fig. 934) . The enamel prisma

are themselves calcified and are fixed to each other by a very small amount of cement substance.

Numerous minute interstices intervene between the enamel fibres near their dentinal surface.

It is noted that some of the dentinal canals at the crown penetrate a certain distance between
the rods of the enamel; this is considered pathological by some (Fig. 935). No nutritive canals

exist in the enamel, except the very few dentinal canals which at the crown penetrate a short

distance, and these are found only in a small area.

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 the phosphate and
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the carbonate of calcium, with traces of fluoride of calcium, phosphate of magnesia, and other

salts.

The enamel of a recently erupted tooth is covered by a membrane, the thickness of which
is 20V0 inf*h It is known as enamel cuticle or Nasmyth's membrane {cuticvla dentin) It

is probably the remains of the enamel organ, though some consider it the continuation of the

cementum.
The dentin or ivory (substantia ehnmea) (Fig. 937) forms the principal mass of the tooth.

It represents modified bone, but differs from the latter in that its cells are upon the siui'ace of

the pulp and not in the substance of the dentin. The important parts are: dentinal tubules,

dentinal sheaths, matrix, and dentinal fibres.

The dentinal tubules are minute canals which have a spiral course, more or less perpendicular

to the pulp cavity, and extending from this cavity to the enamel or to the cementum. The
diameter at the pulpal end is about ^^Va '^f an inch, and this diminishes as the tubules branch.

The tubules usually end blindly near the enamel; some, however, terminate in the interglobular

spaces or anastomose with other

„r~ ^ * '^ Ep

^^^--•^-^-a^r-SEJfeaasa^iSL- -0

K

tubules. The dentinal tubules contain

the dentinal fibres, which represent

the peripheral processes of the odonto-

blastic cells, and their branches follow

the divisions of the tubules. The
tubule branches are most numerous
near the enamel or the cementum.

D

r-rcii.^;^*:
; a'-f siyr: r-r L

Fig. 936.—Ground section through the root of a human pre-

molar. D. Dentin. K. Cement corpuscles. O. Osteoblasts.

Ep. Remains of Hertwig's epithelial sheath, 200 diameters. J.

Interglobular spaces. (Rose.)

Fig. 937.—From a ground section through
the parts of a dentin, near the pulp, of a human
canine tooth which has been impregnated with
pigment. The dental canaliculi are cut across
and are joined together by side branches.

X 400.

The dentinal sheaths, or Neumann's sheaths, are tubes of markedly resistant dentin sur-

rounding and bounding the dentinal tubules. They branch and curve as do the tubules.

The matrix, or intertubular dentin, is less dense than that of the sheaths. It fills the spaces

between the sheaths, and seems to be composed of lamellae that run parallel to the pulp chamber.

Fibrils have been found in the matrix. Scattered in the matrix, and especially near the enamel,

are numerous spaces filled with a gelatinous substance; these are the interglobular spaces

(spatia interglobulares) , representing areas of incomplete calcification. Between the dentin and

cementum the spaces are very numerous, but small; these constitute Tomes' granular layer.

In a dry tooth a section of dentin often displays a series of lines—the incremental lines oi

Salter—which are parallel with the laminae above mentioned. These lines are caused by two

facts: (1) The imperfect calcification of the dentinal laminae immediately adjacent to the Une.

(2) The drj-ing process, which reveals these defects in the calcification. These lines are wide

or narrow according to the number of laminae involved, and along their course, in consequence of

the imperfection in the calcif\nng process, little irregular cavities are left, which are the inter-

globular spaces already referred to. They have received their name from the fact that they are

surrounded by minute nodules or globules of dentin. Other curved lines may be seen parallel

to the siu-face. These are the concentric lines of Schreger, and are due to the optical effect of

simultaneous curvature of the dentinal tubules.
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Chemical Composition.—According tp Berzelius and Bibra, dentin consists of twenty-eight

parts of animal and seventy-two of earthy matter. The animal matter is resolvable by boiling

into gelatin. The earthy matter consists of phosphate and carbonate of calcium, with a trace of

fluoride of calcium, phosphate of magnesia, and other salts.

The cementum, or crusta petrosa {substantia ossea) (Fig. 934). is disposed as a thin layer

on the roots and neck of a tooth, from the termination of the enamel as far as the apex of

the root, where it is usually very thick. At the neck it overlies a slight margin of enamel. In

structure and chemical composition it is true bone. It consists of a number of lamellae that are

thicker near the ape.x than the neck of the tooth in young teeth. In older teeth there are addi-

tional shorter supplemental lamellae at the apex. Between the lamellse are the lacunae and

<! canaliculi, and it is claimed that in thick cementum even Haversian systems may be found.

)
It is composed of about 66 per cent, organic matter and 34 per cent, inorganic matter. The

i ^ /teeth of the young usually contain Haversian systems in the thicker portions of the cementum.

(^^ /The neck of the tooth does not contain lacunae. Sharpey's fibres (p. 38) are very numerous.

/ Some of the lacunae of the cementum receive dentinal tubes from the dentine.

/ As age advances the cement increases in thickness, and gives rise to those bony growths, or

1 exostoses, so common in the teeth of the aged; the pulp cavity becomes also partially filled

V by a hard substance intermediate in structure between dentin and bone (the osteodentin of

Owen; the secondary dentin of Tomes). It is formed by the odontoblasts, the dental pulp

lessening in volume.

/

Fig. 938.—Enamel prisms (350 diameters). A. Fragments and single fibres of the enamel isolated by the action
of hydrochloric acid. B. Surface of a small fragment of enamel, showing the hexagonal ends of the fibres.

The pulp (pulpa dentis) occupies the pulp cavity or chamber. This chamber communicates
with the outside through a minute canal in the apex of each fang, called the root canal {canalis

radicis dentis). The foramen at the apex is called the apical foramen (foramen apicis dentis).

The pulp is a highly vascular and sensitive mass of mucous connective tissue connected with

the nutrition and sensitiveness of the tooth. It consists of a network of delicate fibrils sup-

porting spindle-shape, stellate, and spheroidal cells, and, lastly, the odontoblasts, which are

arranged in a single row upon the surface of the pulp; each odontoblast is a cylindrical or flask-

shaped cell possessing several processes, of which the peripheral becomes the dentinal fibre.

The bloodvessels of the pulp break up into innumerable capillary loops which lie beneath the

layer of odontoblasts. The nerve fibrils break up into numberless amyelinic filaments, which
spread out beneath the odontoblasts, and probably send terminal filaments to the extreme
periphery of the pulp outside the odontoblasts. The matrix cells and their processes are irregu-

larly arranged in the body of the pulp, but in the canal portion the fibrillae are in the direction of

the axis of the root.

The peridental membrane (pericementvm) is a vascular and sensitive fibrous tissue membrane
that holds the tooth in place. Upon its internal surface it forms cementum, while upon its outer

surface it forms the bone of the alveolar process of maxilla or mandible. It is thickest at the

apical and gingival regions of the tooth and thin in the middle. Upon its inner surface are

seen cementoblasts, and upon its outer surface are found osteoblasts. The arteries are derived

from the apical artery, and ultimately form a capillary plexus beneath the cemental and alveolar

surfaces of the membrane. The venous channels converge at the apex to empty into the

apical vein.

Lymphatics are said to be absent.

Development of the Teeth (Figs. 939 to 945),—The teeth are an evolution from the

dermoid system, and not of the bony skeleton; they are developed from two of the blasto-
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dermic layers, the ectoderm and mesoderm. From the former the enamel is developed; from

the latter the dentinal pulp, dentin, cementum, and peridental membrane. It is customary to

view the development of the permanent and temporary teeth as separate studies.

The earliest evidence of tooth formation in the human embryo is observed about the sixth

week. The epithelium covering the embryonic jaws is seen to rise as a ridge along the summit

of each jaw. This ridge is the maxillary rampart of Eblliker and Waldeyer. A transverse

section through the jaw will show the elevation to be due to a linear and outlined activity of the

trerminal epithelial layer; a corresponding epithelial growth is seen to sink as a band into the

mesodermal tissue beneath. This band is called the dental lamina or dental shelf. The local

Epithelium of
oral cavity

Basal layer

Enamel pulp
Superficial cells

of enamel organ

Epithelium of
oral cavity

Basal layer

'':::^y- Superficial cells of

•••.•v;~
enamel organ

,•;;.! . Enamel pulp

f^f^,— Dentinal papilla

Fig. 939.—Anlage of the enamel germ con-
nected with the oral epithelium by the
enamel ledge. X 110.

Fig. 940.—First trace of the dentinal papilla. X 110.

ii.-,v.-:;-.-..v.O;..i.-;
'',•/.•.• ;'.v.-jK'.V':!f«

Epithelium of
oral cavity

Basal layer

Superficial cells of
enamel organ

Enamel pulp

'^Enamel cells

^Dentinal papilla

Epithelium of
q^T^^— oral cavity

-^Basal layer

Part of enamel ledge

of a permanent tooth

Enamel germ of
permanent tooth
Enamel pulp
Dentinal papilla

Odontoblasts

Enamel cells

Fig. 941.—Advanced .stage with larger papilla and
differentiating enamel pulp. X 110.

Fig. 942.—Budding from the enamel ledge of
the anlage of the enamel germ, which later goes
to form the enamel of a permanent tooth; at the
periphery of the papilla the odontoblasts are be-
ginning to differentiate. X 40.

Figs. 939 to 942. —Four stages in the development of a tooth in a sheep embryo (from the lower jaw)
(From Bohm and Davidoff.)

cell activity continues, and in its descent the band appears to meet with a resistance which causes

a flattening of its extremity into a continuous lamina. From the outer or labial surface of the

shelf epithelial buds are given off successively, ten in number, one for each temporary tooth;

the earliest (central incisors) appear about the seventh to the eighth week.
The growth of each bud continues, and each expands into a flask-like form, the walls covered

by a layer of germinal cells, its interior compo.sed of stellate cells. The bulb is now seen to flatten

upon its deep surface, as though it had met with an outlined resistance from the mesodermal
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tissue beneath. The mesoderm at the base of each enamel organ condenses, and seems to

force the adjacent part of the enamel germ toward the apex of the organ, producing thus a sac-

like structure, the enamel organ; the latter now consists of three layers, outer columnar layer,

middle, stellate reticulum, and inner, enamel-forming cells, the membrana adamantina. The
papilla-like mass of mesoderm that extends into the enamel organ is called the dental papilla.

Dental fui ) on

Remains of "neck" of
enamel organ, or of the~

common dental shelf t.

Permanent special

dental germ

Meckel's cartilage.

Internal enamel layer,

or adamantoblasts

Dental sac

Enamel pulp

External enamel
layer

Papilla

Mandible

Fig. 943.—Vertical sectioQ of the mandible of an early human fetus. (Magnified 25 diameters.)

The mesoderm periphera' to the enamel organ condenses to form a sheath called the dental sac

or follicle. In the meantime the dental shelf becomes attenuated and tends to disappear, and
bone is being deposited in the intervals around and between the teeth, so that the latter soon lie

in a gutter of bone.

The cells of the enamel organ now undergo a series of differentiations. The inner layer,

arranged as columnar epithelium, are the enamel cells, or ameloblasts. The layer is called the

Dentine
^,^^^^^

Fig. 944.—Section through tooth follicle

^-human canine seven and one-half months.
A. Follicular wall. B. Outer epithelial coat.
C. Stellate reticulum. D. Stratum inter-
medium. E. Ameloblasts. F. Odontoblasts.
6. Pulp.

Fig. 945.—Diagram after Williams (Dental Cosmos, 1896),
mode of enamel deposition. A. Blood supply to B, secreting

papillse. C. Layer of ameloblasts containing enamel globules
and droplets of calcoglobulin. D. Enamel globules deposited.

E. Formed dentin. F. Forming dentin. G. Layer of odonto-
blasts. H. Blood supply to odontoblastic layer.

ameloblastic or enamel-forming layer (Figs. 944, 945, and 946) . The cells of the outer wall

remain cuboidal; the cells which lie between become much distended, and on account of their

appearance when seen in section this portion of the organ is called the enamel jelly or the

stellate reticulmn. The layer of cells immediately contiguous to the ameloblasts forms a layer

called the stratimi intermedium (Fig. 944, D).
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llie enclosed mesoblastic papilla (the future denial pulp) has its p>eripheral cells, which are

called odontoblasts, differentiated into columnar bodies disposed as a layer, each cell ha\'ing

a laree nucleus. The vascular supply of the pulp is now well marked. A section of a folhcle

at this period will exhibit the follicidar wall springing from the base of the dental papilla and
haxing a well-marked blood supply. The bony alveolar walls are well outlined, and evidences of

a periosteum appear (Figs. 943, 944, and 945).

Development of Enamel (Fig. 945).—In point of time, the deix)sition of dentin actually

begins before that of enamel, so that the first-formed layer of enamel is deposited against a layer

of immature dentin, and is formed from within outward, so that the youngest enamel b upon
the surface of the tooth. The enamel is bmlt up of two distinct substances—globules of uniform
size which are formed by the ameloblasts, and a cementing substance, probably an albuminate
of calcium (calcoglobulin), the basis of all the calcified tissues. In the ends of the ameloblasts,

next to the dentin, the secretion of calcoglobulin is deposited, and into the plastic mass the
enamel globules are extruded, each globule remaining connected with the ameloblasts by plasmie
strings, which also join the globides laterally.^

The first deposit of enamel begins in the tips of the cusps, and is quickly followed by a disap-
pearance of the stellate reticuliun at that point; the stellate reticulum appears to atrophy, so that

the vascular follicular wall is brought into direct apposition with the stratum intermedium, which
becomes differentiated into a glandular (secreting)

tissue which elaborates the calcic albuminous basis

of the enamel. The secretion passes from the cells

of the stratum intermedium through a membrane hito

the ameloblasts, where it is in part combined with

the cellular globules, and irr^ular masses of it are

extruded as cementing substance. The deposition

continues until the enamel cap has its typical form.

The deposition of the layers of globules is indicated

b\ parallel lines transverse to the axes of the enamel
rods. At the completion of amelification the ameloblasts

are partially calcified and form the enamel cuticle or

Nasmyth's membrane (cuticida dentis). Fxo. 946.-Part of section of developing
Formation of Dentin.—The layer of columnar tooth. 9^ *T°h ^d' ^^°^\\^^^ °"^^ °*

cells bounding the periphery of the pulp, the odonto- a.^^ler*"laye/ of fuUy^'calcified demL^^b!
blasts, are in apposition with the plexus of capillary Uncalcified matrix with a few noduJes of cal-

I ,
!? r\if\ T? v. II- ^- LJ1-1 careous matter, c. Odontoblasts with proc-

Vessels (l*lg. 946). tach cell is a secretmg body which esses extending into the dentin, d. Pulp.
selects the material for dentin building. Against the The section is stained with carmine, which
I t 1 ui i iU z, L • • ii_ colors the uncalcified matrix, but not the cal-
iayer of ameloblasts, the membrana ebons, covering the cified part.

dental papilla, the odontoblasts deposit globules of the

calcium albuminate, and receding as the dep>osits are made, leave one or more protoplasmic proc-
esse? in the calcic deposit. These are known as Tomes' or dentinal fibres. The process contin-
ues imtil the normal dentin thickness is formed. The deposit is laid down in a scaffolding of finely
fibrillated tissue, and begins about the sixteenth week. The layer of formative cells remains
constant. The remains of the dentinal papilla constitute the palp and lie in the pulp cavity
(p. 12121.

Formation of Cementum.—As the enamel organ continues to grow the dental follicle cov-
ering atrophies, while that over the future root region continues to grow. Upon its dentinal
surface the stellate cells constitute the cementoblasts. Upon its outer surface the stellate cells

are osteoblasts that form the alveolar bone. The cementum of the tooth is not formed until

the dentin has extended below the enamel cap, while the cementum of the ap>ex is usually not
completed until after the eruption of the tooth.

Formation of Alveoli.—By the time the crowns of the teeth have formed, each is enclosed
in a looulus of bone which has developed around it and at some distance from it; the developing
permanent tooth is contained in the same loculus, but is later separated from the temporary
tooth by a growth of bone. The alveolar process is not completed until after the eruption of
the teeth. During eruption that portion of the process overlying the crown undergoes absorp-
tion, and as soon as the immature tooth is erupted the alveolar process has developed about the
root, whose formation is also completed after eruption.

Development of the Permanent Teeth.—The permanent teeth as regards their develop-
ment may be divided into two sets: (1) Those which replace the temporarj' teeth, and which,
like them, are ten in number; these are the successional pemument teeth; and (2) those which
have no temporarj- predecessors, but are superadded at the back of the dental series. These
are three in number on either side in each jaw, and are termed the saperadded permanent
teeth. They are the three molars of the permanent set, the molars of the temporary set being
replaced by the premolars or bicuspids of the permanent set.

* J. L. Williams. Dental Cosmos, 1896.
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The Development of the Successional Permanent Teeth—the ten anterior ones in either

jaw—^will be first considered. The germs for these teeth are developed from the hngual side

of the dental shelf, opposite to the corresponding temporary teeth. The germ for the central

incisor appears at about the seventeenth week, and the others follow successively in order of their

eruption. The deposition of enamel, dentin, and cementum occurs as in the temporary teeth.

The sac of each permanent tooth is also connected with the fibrous tissue of the gum by a

slender band of the gubemaculum, which passes to the margin of the jaw behind the corre-

sponding milk tooth (see above).

The Superadded Permanent Teeth—three on each side in each jaw—develoj) as primary

teeth. The enamel germ for the first molar tooth appears during the sixteenth week from the

end of the dental shelf. The enamel germ for the second molar tooth appears about the fourth

month after birth from the neck of the enamel sac of the first molar tooth, while that for the

third molar or wisdom tooth does not appear until the third year after birth, from the enamel sac

of the second molar tooth.

Eruption.—When the teeth are ready to erupt the bone between them and the gum is absorl>ed

as well as that covering the labial surface of the crown, until one-half of the enamel is exposed.

The bone covering the lingual surface is more slowly absorbed, as it protects the permanent

tooth germ beneath. As a result of this process the tooth is exposed chiefly by the removal of the

bone around the crown, and not by a growth upward of the tooth itself. In the replacement of

the temporary teeth by the permanent set the roots of the temporary teeth are gradually absorbed

until merely the enamel cap and contained dentin remain. The hold of the tooth upon the jaw

is weakened so that it may readily be removed or lost.

Fig. 947,—The milk teeth in a child aged about four years. The permanent teeth are seen in their alveoli. (Cryer.)

Calcification of the permanent teeth proceeds in the following order: First molar, soon after

birth; the central incisor, lateral incisor, and canine, about six months after birth; the bicusjiids,

at the second year or later; second molar, end of second year; third molar, about the twelfth

year.

The Eruption of the Temporary Teeth commences at the seventh month, and is complete

about the end of the second year.

The periods for the eruption of the temporary set are (C. S, Tomes)

:

Lower central incisors . . 6 to 9 months.

Upper incisors 8 to 10

Lower lateral incisors and first molars 1.5 to 21

Canines .
16 to 20

;|

Second molars 20 to 24
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The Eruption of the Permanent Teeth takes place at the following periods, the teeth of the

lower jaw preceding those of the upper bv a short interval:

6J years, first molars.

7th year> two middle incisors.

8th year, two lateral incisors.

9th year, first bicuspid.

10th year, second bicuspid.

11th to 12th year, canine.

12th to 13th year, second molars.

17th to 21st year, third molars.

THE TONGUE (LINGUA) (Fig. 948).

The tongue is a very mobile muscular organ, undergoing changes in length and

width at every contraction of its muscle. It is one of the organs of the special

sense of taste, and is also an organ of speech, and assists in insalivation, masti-

cation, and deglutition. It is situated in the floor of the mouth, in the interval

between the two lateral portions of the body of the mandible, and when at rest

is al)out three and one-half inches (8.75 cm.) in length. We describe the body^

base, apex, dorsum, margin, and Inferior surface.

The body {corpus linguae) forms the great bulk of the organ and is composed

of striated muscle.

The base or root {radix linguae) is directed backward and connected with the

hyoid bone by the Hyoglossi and Geniohyoglossi muscles and the hyoglossal mem-
brane; with the epiglottis by three folds, glossoepiglottic folds, of mucous membrane;
with the soft palate by means of the anterior pillars of the fauces; and with the

pharynx by the Superior constrictor muscles and the mucous membrane.
The apex or tip {apex linguae) is free, thin, and narrow, and is directed forward

against the inner surface of the lower incisor teeth.

The dorsum of the tongue {dorsum linguae) of a living person, when at

rest, is markedly arched from before backward. On the dorsum is a median

longitudinal raph^ {sulcus medianus linguae). This slight depression terminates

posteriorly in the depression known as the foramen cecum {foramen caecum linguae

[Morgagnii]), from which a shallow, V-shaped groove, the sulcus terminalis of His,

runs outward and forward on each side to the lateral margin of the tongue. The
part of the dorsum of the tongue in front of this groove, known as the anterior,

apical, or oral part, forming about two-thirds of its upper surface, looks upward,
is practically horizontal, and is rough and covered with papillae; the posterior or

basal third of the dorsum is vertical and looks backward, is smoother, and contains

numerous muciparous glands and lymphoid nodules.

The margin of the tongue {margo lateralis linguae) is free in front of the anterior

arch of the palate. Just in front of the arch are several vertical folds, the folia

linguae.

The under or inferior surface {facies inferior linguae) of the tongue is connected

with the mandible by the Geniohyoglossi muscles; from its sides the mucous mem-
brane is reflected to the inner surface of the gums, and from its under surface

on to the floor of the mouth, where, in the middle line, it is elevated into a distinct

vertical fold, the frenum linguae {frenulum linguae). To each side of the frenum
is a slight fold of the mucous membrane, the plica fimbriata, the free edge of which
exhibits a series of fringe-like processes.

The tip of the tongue, part of the under surface, its sides, and dorsum are free.

Structure of the Tongue.—The tongue is partly invested by mucous membrane and a sub-

mucous fibrous layer surrounding the central muscle tissue. It consists or symmetrical halves,

separated from each other, in the middle line, by an incomplete fibrous septum. Each half is

composed of muscle fibres arranged in various directions (p. 393), containing many glands and
much interposed fat, and supplied by vessels and nerves.

The mucous membrane (tunica mucosa linguae) invests the entire extent of the free surface

of the tongue. On the dorsimi it is thicker behind than in front, and is continuous with the
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sheath of the muscles attached to it, through the submucous fibrous layer. On the under surface

of the orcan, where it is thin and smooth, it can be traced on each side of the frenum through

the ducts of the submaxillary and the sublingual glands. As it passes over the borders of the

organ it gradually assumes a papillary character. That covering the under surface of the

organ is thin, smooth, and identical in structure with that lining the rest of the oral cavity.

The mucous membrane covering the tongue behind the foramen cecum and sulcus terminalis

is thick and freely movable over the subjacent parts.

The mucosa consists of stratified squamous epithelial cells resting upon a basement mem-
brane, and this upon a papillated tunica propria of fibroelastic tissue containing the capillary

loops and nerves. Upon the apical two-thirds of the dorsum of the tongue the projections of

the mucosa are seen, and these are the papilla*. They vary in number, size, form, and location;

thev are the filiform papillae, fungiform papillae, and circumvallate papillae.

PHARYNX

EPIGLOTTIS

Fig. 948.—Upper surface of the tongue.

The filiform or conical papillae {papillae filiformes) are small and scattered over the apical

two-thirds (dorsum and margin) of the tongue, and are arranged in parallel lines that are directed

outward and forward, especially posteriorly. Minute secondary papillae of a whitish color pro-

ject from these filiform structures.

The fungiform papillae {papillae fungiformes) (Fig. 949) are scattered sparingly over the

dorsum of the tongue, and are more numerous at the sides and apex. They are larger in size

but less numerous than the preceding, and are readily recognized by their large size and deep
red color. Their bases are narrow and constricted, while the free ends are large and blunt;

the whole papilla is above the general epithelial surface of the tongue. These papillae possess

.secondary papillae, and in their epithelium taste buds are at times seen.

The circumvallate papillae {pajnllae vallatae) (Fig, 949) are of large size, but only eight to

twelve in number. They are arranged like a letter V at the junction of the apical two-thirds and
basal one-third of the dorsum, with the apex at the foramen cecum and the arms directed out*
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ward and forward just in front of the sulcus terminalis. These papillae are partially or wholly

subinerc^, that is, lie in depressions. Each consists of a narrow base, attached at the bottom

of the depression, while the remainder is surrounded by the vallum or ditch. Each papilla is

from Jo to Ti inch in width and possesses secondary papillae. In the epithelium of the sides

are found the tw<te buds.

The foramen cecum, according to His, represents the remains of the evagination that formed

the middle lobe of the th\Toid body and the upper end of the supposed thjrTOglossal duct {ductus

thyroglossus). This may exist as a canal, at times extending toward the hyoid bone.

FiUform.

Fungif&rm.

Secondary
papillx.

C^ratrnTaUitte.

Artery:
Vein.

Fig. 949.—Filiform papills. Fig. 950.—Fuagiform papills, magni- Fig. 951.—Circumvallate papills, mag-
magnified, fied. nified.

Upon the posterior or basal one-third of the dorsum of the tongue papillae are not found.

The surface is irregular, however, due to the presence of nodular collections of Ivinphoid tissue,

that produce rounded elevations of the mucosa. Each nodule possesses a little pit or crj-pt, and
collectively the folhcles are termed the lingual tondl {ton-silla Ungualis). Each crj-pt is lined

b\' stratified squamou.s epithelial cells upon ba.sement membrane and tunica propria; in the latter

are numerous solitary- nodules arranged around the pit, and each group is isolated from the
neighboring collection. These groups constitute the lingual tonsils.

Beneath the tunica propria of the mucosa is the

muscle tissue of the tongue. This muscle tissue

is of the voluntary' striated variety and is dinded
into two sets of muscles—Intrinsic and Extrinsic

(described on p. 393).

Scattered throughout the tongue, but especially

located in definite areas, are glands of a mucous
and serous character. The mucous glands are

found behind the circumvallate papillae and along
the margins, and an especial group at the apex,

called the apical glands or glands of Nuhn and
Blandin {cjlandulae linguales anteriores of Xuhn
and Blandin) (Fig. 953) Each gland is situated

at the side of the frenulum and is covered by a
fasciculus of muscle fibres derived from the Stylo-

glossus and Inferior lingualis muscles. Each gland
is from one-half inch to nearly an inch in length

(1 to 2 cm.) and about one-third of an inch broad
(8 mm.). Each gland has from four to six ducts,

which open on the under surface of the apex.
The serous glands, or glands of von Ebner, occur
in the basal part of the tongue, the ducts opening
chiefly into the fos-sse around the circumvallate
papillae. Both mucous and serous glands resemble
the other salivary glands in structure fp. 1226).

The Vessels of the Tongue.—The arteries of the tongue are derived from the lingual, the
facial, and ascending phaiyngeaL The veins of the tongue open into the internal jugular.
The lingual artery (Fig. 9-5.5) on each side passes forward beneath the hyoglossus muscle

and courses to the apex of the tongue, between the Genioglossus and the Inferior lingual muscles,
alwut one-eighth of an inch from the surface. It divides into the ranine (Fig. 953) and sub-

FiG. 952.—Circumvaii^iir j/,i).i,i.e of tongue of
rabbit, snowing position of taste goblets, a.
Duct of gland, d. Serous gland. .<7. Taste buds.
/. Primary septa, and /', secondarj- septa, of
papillae, n. Myelinated nerve. Jtf. Muscle fibres.
(Stohr.)
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lingual (Fig. 955). Near the apex a branch is given off from the ranine artery, which pene-

trates the septum and joins a like branch from the other side. The dorsalis linguae is a branch of

the hnfual supplying the posterior part of the tongue, and rami from the tonsillar branch of

the facial go to the same region. A network of capillary vessels is placed beneath the epithelium.

The ranine veins lie to the side of the frenum underneath the mucous membrane. Each

ranine vein runs backward, superficial to and upon the Hyoglossus muscle and near to the

Bristles

in ducts

of glands.

Glands of
\ Blandin

'\ or Nuhn.

Lingual uerce. Ranine artery.

Fig. 953.—Under surface of tongue, showing position and relations of gland of Blandin or Nuhn.
a preparation in the Museum of the Royal College of Surgeons of England.)

(From

hypoglossal nerve. The venae comites of the lingual artery usually join the ranine vein, and

the trunk opens into the internal jugular vein, but the vessels may open separately into tlif

jugular vein (Fig. 496).

The Lymphatic Vessels of the Tongue (Fig. 559).—The lymphatic vessels from the anterior

half of the tongue pass to the submaxillary Isrmph nodes.

Lymph vessels from the posterior half of the tongue are connected with satellita nodes on

the Hyoglossus muscle and terminate in the deep cervical nodes. The last-named lymph

vessel accompanies the ranine vein. The lingual lymphatics arise from a network beneath the

SUPERIOR
LONGITUDINALIS

MUSCLE

VERTICALIS,
LINGUiE MUSCLE

TRANSVCRSUS
LINGUiE MUSCLE

INFERIOR
LONGITUDINALIS

MUSCLE

STYLOGLOSSUS
MUSCLC

SEPTUM

DEEP LINGUAL
ARTERY

SUBLINGUAL
GLAND
GENIOGLOSSUS
MUSCLE

Fig. 954.—Frontal section through the body of the tongue of a newborn babe. X 3. (Spalteholz.)

epithelium. Across the anterior two-thirds of the tongue there is little or no lymphatic con-

nection between the two sides; in the posterior one-third there is free connection, due to absence

of septum here.
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The Nerves of the Tongue (Fig. 955).—The nerves of the tongue are five in number in each

half—tlie lingual branch of the inferior maxillary division of the trigfeminal, which is distributed

to the papillae at the fore part and sides of the tongue, and forms the nerve of ordinary sensibility

for its anterior two-thirds; the chorda tympani, which runs in the sheath of the lingual, is gen-

erally regarded as the nerve of taste for the same area (p. 997); the lingual branch of theglosso-

pharjnigeal, which is distributed to the mucous membrane at the base and sides of the tongue,

and to the papillae circumvallatae, and which supplies both sensor and gustatory filaments to

this region ; the hypoglossal nerve, which is the motor nerve to the muscular sub.stance of the

tongue; and the internal laryngeal branch of the superior laryngeal, which sends some fine

branches to the root near to the epiglottis. Sympathetic filaments also pass to the tongue from

the nervi moUes on the lingual and other arteries supi^lying it. Some of the nerves end free

between the cells of epithelium; others terminate as end organs (Meissner's corpuscles and
the end-bulbs of Krause), and in taste buds as sensor dendrites (p. 1149).

Sublingual
artery.

Fig. 955.—Under surface of tongue, showing the distribution of nerves to this organ.
in the Museum of the Royal College of Surgeons of England.)

(From a prej^aration

The Development of the Tongue (Figs. 956 and 957).—The tongue is developed in the floor

of the pharynx. The rudiment of the anterior or buccal portion appears during the third week
as a roimded elevation, immediately behind the ventral ends of the mandibular arches. This
elevation is named the tuberculum impar (Figs. 956 and 957); it extends forward on the oral

surface of the mandibular arch, and increases markedly in size by the development of a pair of

lateral tongue elevations, which raise themselves from the inner surfaces of the mandibular
arches, and, blending with the tuberculum impar, form the tip and greater portion of the buccal
part of the tongue. The.se lateral growths correspond with similar structures which were de-
scribed by E. Kallius in the development of the tongue of the lizard. From the ventral ends of the
fourth arch there arises a second and larger elevarion, in the centre of which is a median groove
or furrow. This elevation is named the furcula (Fig.. 956), and is at first separated from the
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tuberculum impar by a depression, but later by a ridge formed by the forward growth and fusion

of the ventral ends of the second and third arches. The posterior or pharyngeal part of the

tongue is developed from this ridge, which extends forward in the form of a V, so as to embrace
between its two limbs the tuberculum impar (Figs. 956 and 957). At the apex of the V a pit-

like invagination occurs, to form the middle thyroid rudiment, and this depression is represented

in the adult by theforamen cecum of the tongue. In the adult the union of the anterior and pos-

terior parts of the tongue is marked by a V-shaped depression {sulcus terminalis), the apex of

which is at the foramen cecum, while the two limbs run outward and forward, parallel to, but a

little behind, the circumvallate pajiillse. The prominent anterior part of the furcula forms the

epiglottis; the furrow behind it is the entrance to the larynx; and the anterior parts of its lateral

margins constitute the arytenoepiglottidean. folds.

Tuberculum impar
{papillary part of tongue)

Posterior part of tongue.

Furcula.

Entrance to larynx.

Mandibular arch.

Ilyoid arch.

Third arch.

Fourth arch.

Fig. 956.—The floor of the pharynx of a human embryo about twenty-three days old. X 30. (From His.)

Applied Anatomy.—The diseases to which the tongue is liable are numerous, and its ap-

plied anatomy is of importance, since any or all the structures of which it is composed—muscles,
connective tissue, mucous membrane, glands, vessels, nerves, and lymphatics—may be the seat

of morbid changes. It is not often the seat of congenital defects, though a few cases of vertical

cleft have been recorded, and it is occasionally, though much more rarely than is commonly sup-
posed, the seat of tongue-tie, from shortness of the frenum.

There is, however, one condition which must be regarded as congenital, though not uncom-
monly it does not exhibit the significant changes until a year or two after birth. This is an
enlargement of the tongue which is due primarily to a dilatation of the lymph channels and a
greatly increased development of the lymphatic tissue throughout the tongue (macroglossia). This
is often aggravated by inflammatory changes induced by injury or exposure, and the tongue may

Papillary portion of tongue.

Mandibular arch.

Hyoid arch.

Foramen cxcum. Posterior part Third arch,

of tongue.

Fig. 957.—Floor of mouth of an embryo slightly older than that shown in Fig. 956. X 16. (From His.)

assume enormous dimensions and hang out of the mouth, giving the child an imbecile expression.
The treatment consists in excising a V-shaped portion and bringing the cut surfaces together
with deeply placed silver sutures. Acute inflammation of the tongue (acute glossitis) may
be caused by injury or the introduction of some septic or irritating matter, and it is attended
by great swelling from infiltration of the connective tissue of the tongue; this connective tissue

is present in considerable quantity. The great swelling renders the patient incapable of swal-
lowing or .speaking, and may seriously impede respiration. The condition may eventuate in
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suppuration and the formation of an acute abscess. Chronic abscess, which has been mistaken
for cancer, may also occur in the substance of the tongue.

The mucous membrane of the tongue may become chronically inflamed, and presents different

appearances in different stages of the disease, to which the terms leukoplakia, psoriasis, and
ichthyosis have been given.

The tongue, being very vascular, is often the seat of nevoid growths, and these have a tendency

to grow rapidly.

Tne tongue is frequently the seat of ulceration, which may arise from many causes, as from

the irritation of jagged teeth, dyspepsia, tuberculosis, syphilis, and cancer. Of these, the cancerous

iloer is the most important, and probably also the most common. The variety is the squamous
pithelioma, which soon develops into an ulcer with an indurated base. It produces great pain .

which speedily extends to all parts supplied with sensation by the trigeminal nerve, especially to

the region of the ear. The pain in these cases is conducted to the ear and temporal region by
the lingual nerve, and from this nerve pain radiates to the other branches of the inferior maxil-

lary nerve, especially the auriculotemporal. Possibly pain in the ear itself may be due to impli-

cation of the fibres of the glossopharyngeal nerve, which by its tympanic branch reaches the

tvmpanic plexus. Cancer of the tongue spreads through the organ very rapidly because of the

almost constant muscular movements.
Cancer of the tongue may necessitate removal of a part or the whole of the organ, and many

different methods have been adopted for its excision. TTie better method is by the scissors,

usually known as ^^'hitehead's method. The mouth is widely opened with a gag, the tongue is

transfixed with' a stout silk ligature, by which to hold and make traction on it and the reflection

of mucous membrane from the tongue to the jaw, and the insertion of the Geniohyoglossi first

divided with a pair of curved blunt scissors. The Palatoglossi are also divided. TTie tongue

can now be pulled well out of the mouth. The base of the tongue is cut through by a series of

short snips, each bleeding vessel being dealt with as soon as divided, until the situation of the

ranine artery is reached. The remaining undivided portion of tissue is to be seized with a pair of

Wells' forceps, the tongue removed, and the vessel seciu-ed. In the event of the ranine artery

being accidentally injured early in the operation, hemorrhage can be at once controlled by
passing two fingers over the dorsum of the tongue as far as the epiglottis and dragging the root of

the tongue forcibly forward.

In cases where the disease is confined to one side of the anterior portion of the tongue this

operation may be modified by splitting the tongue down tb*» centre and removing only the affected

half. If the posterior portion of the tongue is attacked by cancer the entire tongue must be
removed, even if but one side of the organ is apparently involved. The exchange of lymph
between the halves of the posterior portion of the tongue makes it certain that the opposite half

becomes involved soon after the origin of the disease. \Miatever operation is performed for

cancer of the tongue, the lymph nodes must be removed from both sides of the neck. This is to

be done, even if but one side of the tongue is removed.
Finally, where both sides of the floor of the mouth are involved in the disease, or where very

free access is required on account of the extension backward of the disease to the pillars of the

fauces and the tonsil, or where the mandible is involved, the operation recommended by Svme
must be performed. This is done by an incision through the central line of the lip, across the
chin, and down as far as the hvoid bone. The mandible is sawed through at the symphysis, and
the two halves of the bone forcibly separated from each other. The mucous membrane is sepa-
rated from the bone, the Geniohyoglossi detached from the bone, and the Hyoglossi divided.

The tongue is then drawn forward and removed close to its attachment to the hyoid bone. Ad-
jacent lymph nodes can be removed, and if the bone is implicated in the disease, it can also be
removed by freeing it from the soft parts externally and internally, and making a second section

with the saw beyond the diseased part.

THE SALIVARY GLANDS (Fig. 958)

The principal salivary glands communicating with the mouth, and pouring
their secretion into its cavity, are the parotid, submaxillary, and sublingual.

The Parotid Gland {glcndula parolis) is the largest of the three salivary- glands,

varyiiiE: in weight from half an ounce to an ounce. It lies upon the side of the face,

immediately below and in front of the external ear. The main portion of the gland
is superficial, somewhat flat and quadrilateral in form, and is placed between
the ramus of the mandible in front and the mastoid process and Sternomastoid
muscle behind, overlapping, however, both boundaries. Above, it is limited by
the zygoma; below, it extends to about the level of a line joining the tip of the mas-
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toid process to the angle of the mandible. The remainder of the gland is wedge-

shaped, and extends deeply inward toward the pharyngeal wall.

The gland is enclosed within a capsule continuous with the deep cervical fascia;

the layer covering the outer surface is dense and closely adherent to the gland;

a portion of the fascia, attached to the styloid process and the angle of the mandible,

is thickened to form the stylomandibular ligament which intervenes between the

parotid and submaxillary glands.

The anterior surface of the gland is moulded on the posterior border of the ramus

of the mandible with the attached Internal pterygoid and Masseter muscles, and
advances forward between the two Pterygoid muscles and overlaps the Masseter.

A part of the overlapping portion, immediately below the zygoma, is usually

detached, and is named the socia parotidis {gl. parotis accessoria).

The outer or superficial surface, slightly lobulated, is covered by the integument,

the superficial fascia containing the facial branches of the great auricular nerve

and some small lymph nodes, and the fascia which forms the capsule of the gland.

Fig. 958.—The salivary glands. (Note that the deep process of the submaxillary gland lies upon the deep surface
of the Mylohyoid.)

The inner or deep surface extends inward by means of two processes, one of

which lies on the styloid process and the styloid group of muscles and projects

under the mastoid process and Sternomastoid muscle; the other is situated in

front of the styloid process and passes into the posterior part of the glenoid fossa

behind the temporomandibular joint. The deep surface is in contact with the
internal and external carotid arteries, the internal jugular vein, and the vagus
and glassopharyngeal nerves.

The anterior border lies on the superficial surface of the IVIasseter; the posterior

abuts on the external auditory canal and the mastoid process, and overlaps
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the anterior edge of the Stemomastoid. The superior border is in contact wit6

the zygomatic arch, and the inferior overlaps the posterior belly of the Digastric.

The inner border at the junction of the anterior and inner surfaces is in relation

with the styloid process and styloid muscles, and is separated from the phan-ngeal

wall by some loose connective tissue.

Structures within the Gland.—The external carotid artery lies at first in contact

with the deep surface, and then in the substance of the gland. The artery gives

off its posterior auricular branch which emerges from the gland behind; it then

divides into its terminal branches, the internal maxillary and superficial temporal;

the former runs inward behind the neck of the mandible; the latter runs upward
across die zygoma and gives off its transverse facial branch which emerges from

the front of the gland. Superficial to the arteries are the temporal and internal

maxillary veins, uniting to form the temporomaxillary vein; in the lower part of

the gland this vein divides into anterior and posterior di^'isions. The anterior

division emerges from the gland to join the facial vein; the posterior unites in the

gland with the posterior auricular vein to form the external jugular vein (Fig. 495).

On a still more superficial plane is thefacial nerve, the branches of which emerge at

the upper and anterior borders of the gland. Branches of the great auricidar

nerve pierce the gland to join the facial, and the auriculotemporal branch of the

inferior maxillary nerve emerges from the upper part of the gland.

Lymph nodes, known as the parotid nodes, are in and about the parotid gland,

some being embedded in the outer surface of the parotid fascia, others being in

the inner surface of the fascia, others in the gland itself, particularly along the

temporomaxillary vein and external carotid arter\' (see p. 775).

The Duct of the Parotid Gland, or Stenson's Duct (ductus parotideus [Stenonis])

(Fig. 958), is about two inches and a half (5 to 6 cm.) in length. It commences by
numerous branches from the anterior part of the gland, crosses the Masseter

muscle, and at its anterior border turns inward nearly at a right angle and passes

into the substance of the Buccinator muscle, which it pierces; it then runs for a

short distance obliquely forward between the Buccinator muscle, and the mucous
membrane of the mouth, and opens upon the inner surface of the cheek by a small

orifice, opposite the second upper molar tooth (Fig. 936). While crossing the

Masseter it receives the duct of the socia parotidis. In this position it has the

transverse facial artery above it and some branches of the facial nerve below it.

The parotid duct is dense, it is of considerable thickness, and its canal is about

the size of a crowquill; but at its orifice on the inner aspect of the cheek its lumen
is greatly reduced in size. The duct corresponds to the middle third of a
line drawn across the face from the lower margin of the external auditory meatus
to midway between the red margin of the upper lip and the columella of the nose.

Vessels and Nerves.—The arteries supphing the parotid gland are derived from the ex-

ternal carotid, and from the branches given off by that vessel in or near its substance. The
veins empty into the external jugular through some of its tributaries. The lymphatics terminate

in the superficial cer\-ical and the deep eer\-ical nodes, passing in their course through two or

three lymph nodes placed on the surface and in the substance of the parotid. The nerves
are derived from the plexus of the S3rinpathetic on the external carotid arters-, the nervns inter-

medins, the auriculotemporal, and the great auricular nerves. It is probable that the branch
from the auriculotemporal nerve is derived from the glossopharyngeal through the otic gan-
gUon. At all events, in some of the lower animals this has been proved experimentally to be
the case.

The Submaxillary Gland (glandula suhmaxillaris) (Fig. 958) is irregular in

form and weighs about two drams (eight to ten grams). A considerable part

of it is situated in the submaxillarA* triangle, reaching forward to the anterior

belly of the Digastric and backward to the stylohyoid ligament which intervenes
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Between it and the parotid gland. Above, it extends under cover of the body

of the mandible; helow, it usually overlaps the intermediate tendon of the Digastric

and the insertion of the Stylohyoid, while from its deep surface a tongue-like

deep process extends forward and inward above the ]\Iylohyoid muscle.

The deep surface is in relation with the ^Mylohyoid, Hyoglossus, Styloglossus,

Stylohyoid, and posterior belly of the Digastric muscles; in contact with it are the

mylohyoid nerve and the mylohyoid and submental vessels.

The facial artery is embedded in a groove in the posterior border of the

gland.

The deep process of the gland extends forward and inward between the Mylo-

hyoid below and externally, and the Hyoglossus and Styloglossus internally;

above it is the lingual nerve; below it, the hypoglossal nerve and ranine vein.

The duct of the submaxillary gland, or Wharton's duct (ductus submaxillar^ [WAcrton/]), is

about two inches (5 cm.) in length, and its wall is much thinner than that of the parotid duct. It

begins by numerous branches from the deep portion of the gland which lies on the upper surface

of the Mylohyoid muscle, and runs forward and inward between the Mylohyoid and the Hyoglos-

sus and Geniohyoglossus muscles, then between the sublingual gland and the Geniohyoglossus

muscle, and opens by a narrow orifice on the summit of a small papilla (caruncula sublingualis')

at the side of the frenum linguae. On the Hyoglossus muscle it lies between the lingual and
hypoglossal ner\'es, but at the anterior border of the muscle it is crossed by the lingual nerve.

vessels and Nerves.—The arteries supplying the submaxillary glands are branches of the

facial and lingual. Its veins follow the course of the arteries. The Ijrmphatics drain into the

submaxillary lymph nodes. The nerves are derived from the submaxillary ganglion, through

which it receives filaments from the chorda tjrmpani and from the lingual branch of the inferior

maxillary, sometimes from the mylohyoid branch of the inferior dental and from the sympa-
^Jietic.

The Sublingual Gland {glandula suhlingvulis) (Fig. 958) 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 frenum linguae, in contact with the inner surface

of the mandible, close to the symphysis. It is narrow^ flattened, in shape some-

what like an almond, and weighs about a dram. It is in relation, above, with the

mucous membrane; below, with the Mylohyoid muscle; in front, with the mandible

and its fellow of the opposite side; behind, with the deep part of the submaxillary

gland; and internally, with the Geniohyoglossus, from which it is separated by

the lingual nerve and submaxillary duct. Its excretory ducts or ducts of Rivinus

(ductus sublingualis minores) are from eight to twenty in number; some join the

submaxillary duct, others open separately into the mouth, on the elevated crest

of mucous membrane (plica sublingvxilis) caused by the projection of the gland

on either side of the frenum linguae. One or more join to form a tube which opens

into the submaxillary duct; this is called the duct of Bartholin (ductus sublingualis

major).

Vessels and Nerves.—The sublingual gland is supplied with blood from the subungual and

submental arteries. Its nerfSs are derived from the lingual.

Structure of Salivary GlandS (Fig. 959).—The salivary glands are compound tubulorace-

mose or racemose glands, surrounded by a capsule of white fibrous connective tissue that divides

the gland into numerous lobes and lobules. The tissue between the lobules supports blood-

vessels, nerves, lymphatics, and ducts. Each lobule consists of the ramifications of a single

duct, dividing frequently like the branches of a tree, the branches terminating in either rounded

or tubular ends, the acini or alveoli, around which the capillaries are distributed. Each alveolus

or acinus consists of a single layer of columnar or pyramidal epithelial cells resting upon a hase-

ment membrane, further supported by the fibroelastic tunica propria, in which the capillaries and
nerves are found. Within the lobule are found intralobular ducts that collect the secretion

from the alveoli and empty it into the interlobular ducts between the lobules. The latter join,

to ultimately form the excretory duct of the gland.

The main or excretory duct of each gland consists of mucous, muscle, and fibrous coats.

The mucous coat is composed of either simple columnar or stratified columnar epithelial cells
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that rest upon a basement membrane, and fibroelastic tunica propria. The mascle coat

onsists of circularly arranged smooth muscle tissue. The fibrous coat consists of fibroelastic

tissue and serves to support the other coats.

The salivary glands are mucotis, serous, and mixed. The mucous glands secrete a thick

viscid fluid and the cells of the acini stain lightly. The alveoli are tubular in form and the cells

large and of a columnar shape, cloudy to transparent, and may even be striated in appearance.
At intervals peculiar, darkly staining crescent-shaped cells or cell groups are seen between the
above epithelium and the basement membrane; these are the demilunes of Heidenhain or
crescents of Gianuzzi (Fig. 959), by some regarded as mucous cells in the resting stage, and by
others as distinctly separate cells. These glands are the small unnamed glands of lips, cheek,
pharynx, oesophagus, and tongue (especially the glands of Xuhn and Blandin).

Serous glands are those that secrete a thin, watery fluid, and the cells of the acini stain darkly.

The acini are grape-like and the cells are somewhat pyramidal in form, smaller than mucous
cells, and possess richly granular protoplasm. These glands are the parotid and many small

unnamed glands in the tongue and lips.

Mixed glands are those in which some of the alveoli are tubular (mucous) and others grape-

like (serous), representing both of the above varieties in one capsule. Here belong the sub-

lingual and submaxillary glands.

The arteries enter the capsule and divide into branches that enter the interlobular tissues;

from these vessels branches enter the lobules and form capillary plexuses aroimd the alveoli in

close proximity to the basement membrane. The veins retiun the blood in vessels parallel to

the arteries.

The nerves enter with the vessels and ultimately form plexuses in the interlobular and intra-

lobular tissue, the latter sending filaments that end in relation to the epithelial cells and blood-

vessels. In the submaxillary gland small ganglia are found in connection with the interlobular

nerve plexus.

Development of the Sahvary Glands.—The salivary glands arise as diverticula from the

epithelial lining of the mouth, and their rudiments appear in the following order—viz., the

parotid during the fourth week, the subma.xillary in the sixth week, and the sublingual during
the ninth week (Hammar).

Crescent of GianuzzL

Salirary duct

Fig. 959.— .\ highly magnified section of the submaxillary gland of the dog, stained with carmine. (Kolliker.)

Surface Form.—The orifice of the mouth is bounded by the lips, two thick, fleshy folds
covered externally by integument and internally by mucous membrane, and consisting of muscles,
vessels, nerves, areolar tissue, and numerous small glands. Th^^ize of the orifice of the mouth
varies considerably in different individuals, but .seems to hear a close relation to the size and
prominence of the teeth. Its corners correspond pretty accurately to the outer border of the
canine teeth. In the Ethiopian tribes the front teeth are large and inclined forward, the mouth
is large; and this, combined with the thick and everted lips which appear to be associated with
prominent teeth, gives to the negro's face much of the peculiarity by which it is characterized.
The smaller teeth and the slighter prominence of the alveolar arch of the more highly civilized

races render the orifice of the mouth much smaller, and thus a small mouth is an indication
of intelligence, and is regarded as an evidence of the higher civilization of the individual.
Lpon looking into the mouth, the first thing we may note is the tongue, the upper surface of

which will be seen occupying the floor of the cavity. This surface is convex, and is marked
along the middle line by a raphe which divides it into two symmetrical portions. The anterior
two-thirds is rough and studded with papillae; the posterior thii:d, smooth and tuberculated,
contains numerous lymphoid structures which proiect from the surface. Upon raising the
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tongue the mucous membrane which invests the upper surface may be traced covering the sides

of the under surface, and then reflected over the tioor of the mouth on to the inner surface of

the mandible, a part of which it covers. As it passes over the borders of the tongue it changes

its character, becoming thin and smooth and losing the papillse which are to be seen on th(>

upper surface. In the middle line the mucous membrane on the under surface of the tip of the

tongue forms a distinct fold, the frenum lingua', by which this organ is connected to the sym-

physis of the mandible. Occasionally it is found that this frenum is rather shorter than natural,

anii, acting as a bridle, prevents the complete protrusion of the tongue. When this condition

exists and an attempt is made to protrude the organ, the tip will be seen to remain buried in the

floor of the mouth, and the dorsum of the tongue is rendered very convex, and more or less

extruded from the mouth; at the same time a deep furrow will be noticed to appear in the middle

line of the anterior part of the dorsum. Sometimes, a little external to the frenum, the ranine

vein may be seen immediately beneath the mucous membrane. The corresponding artery,

being more deeply placed, does not come into view, nor can its pulsation be felt with the fin-

ger. On either side of the frenum, in the floor of the mouth, is an elevation or ridge, pro-

duced by the projection of the sublingual gland, which lies immediately beneath the mucous

membrane. And close to the attachment of the frenum to the tip of the tongue may be seen

on either side the slit-like orifices of the submaxillary ducts, into which a fine jirobe may be passed

without much difficulty. By everting the lips the smooth mucous membrane lining them may

be examined, and may be traced from them on to the outer surface of the alveolar arch. In the

middle line, both of the upper and lower lip, a small fold of mucous membrane passes from the

lip to the bone, constituting the frena ; these are not so large as the frenum linguae. By pulling

outward the angle of the mouth, the mucous membrane lining the cheeks can be seen, and on it

mav be perceived a little papilla which marks the position of the orifice of the parotid duct. The
exact position of the orifice of the duct will be found to be opposite the second upper molar

tooth. The introduction of a probe into this duct is attended with considerable difficulty.

The teeth are the next objects which claim our attention upon looking into the mouth. These,

are, as stated above, ten in either jaw in the temporary set, and sixteen in the permanent set.

The gums, in which they are implanted, are dense, firm, and vascular.

At the back of the mouth is seen the isthmus of the fauces, or, as it is popularly called, "the

throat;" this is the space between the pillars of the fauces on either side, and is the means by

which the mouth communicates with the pharynx. Above, it is bounded by the soft palate,

the anterior surface of which is concave and covered with mucous membrane, which is con-

tinuous with that lining the roof of the mouth. Projecting downward from the middle of its

lower border is a conical-shaped projection, the uvula. On either side of the isthmus of the

fauces are the anterior and posterior pillars, formed by the Palatoglossus and Palatopharyngeus

muscles, respectively, covered over by mucous membrane. Between the two pillars on either

side is situated the tonsil.

When the mouth is wide open a prominent tense fold of mucous membrane may be seen and

felt, extending upward and backward from the position of the fang of the last molar tooth to

the posterior part of the hard palate. This is caused by the pterygomaxillary ligament, which

is attached by one extremity to the apex of the internal pterygoid plate, and by the other to the

posterior extremity of the mylohyoid ridge of the lower jaw. It connects the Buccinator with

the Superior constrictor of the pharynx. The fang of the last molar tooth indicates the position

of the lingual nerve Avhere it is easily accessible, and can with readiness be divided in cases

of cancer of the tongue (see p. 993). On the inner side of the last molar tooth we can feel

the hamular process of the internal pterygoid plate of the sphenoid bone, around which the

tendon of the Tensor palati plays. The exact position of this process is of importance in per-

forming the operation of staphylorrhaphy. About one-third of an inch (8 mm.) in front of the

hamular process, and the same distance directly inward from the last molar tooth, is the situation

of the opening of the posterior palatine canal, through which emerges the posterior or descend-

ing palatine branch of the internal maxillary artery and one of the descending palatine nerves

from Meckel's ganglion. The exact position of the opening on the subject may be ascertained

by driving a needle through the tissues of the palate in this situation, when it will be at once

felt to enter the canal. The artery emerging from the opening runs forward in a groove in

the bone just internal to the alveolar border of the hard palate, and may be wounded in the

operation for the cure of cleft palate. Under these circumstances the palatine canal may require

plugging. By introducing the finger into the mouth the anterior border of the coronoid process

of the mandible can be felt, and it is especially prominent when the jaw is dislocated. By throw-

ing the head well back a considerable portion of the posterior wall of the pharynx may be seen

through the isthmus faucium, and on introducing the finger the anterior surface of the bodies

of the upper cervical vertebrje may be felt immediately beneath the thin muscular stratum form-

ing the wall of the pharynx. The finger can be hooked around the posterior border of the soft

palate, and by turning it forward the ]iosterior nares, se])arated by the septum, can be felt, or

the presence of any adenoid or other growths in the nasopharynx can be ascertained.
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Applied Anatomy.—The duct of a salivarj' gland may be blocked by a calculus, and the

condition is often productive of severe pain.

A icound of the parotid duct or of the parotid gland may be followed by a salteary fistula.

The parotid recess is completely lined by fascia, except above. " Between the anterior edge

of the styloid process and the posterior border of the External pterygoid muscle there is a gap

in the fascia, through which the parotid space communicates with the connective tissue about

the pharynx."
This explains why there is frequently swelling of the parotid region in jwstpharj-ngeal abscess.

A parotid abscess rarely bursts through the skin; it may pass into the temporal fossa, may enter

the zygomatic fossa, may advance toward the mouth, pharj-nx, or neck. Because of the situa-

tion of the gland, a parotid abscess may cause inflammation of the temporomandibular joint or

neriostitis of the bone alx)ut the canal, and may even burst into the external auditory canal

Treves).

The facial nene passes through the gland, and iuflammation or tuberculosis of the gland

may cause facial palsy. Some enlargements of the parotid r^ion are due to inflammation of

the parotid lymph nodes, and these nodes may become tuberculous.

Mumps is characterized by acute inflammation of the parotid gland.

Various tumors occiu* in the parotid (fibroma, sarcoma, carcinoma, enchondroma, etc.).

Most parotid tumors contain more or less cartilage. Complete extirpation of the parotid gland
surgically is certamly extremely difficult, and Treves and others maintain that it is impossible.

THE PHARYNX (Figs. 964, 965).

The pharynx is that part of the alimentarv canal which is placed behind, and
communicates with the nose, mouth, and larvnx. It is a musculomembranous
tube, somewhat conical in form, with the base upward and the apex downward,
extending from the under surface of the skull to the level of the cricoid cartilage

in front and that of the sixth cervical vertebra behind.

The ca^^ty of the phar\nx (canim pharyngis) is about five inches in length, and

broader in the transverse than in the antero-posterior diameter. Its greatest

breadth is immediately below the base of the skull, where it projects on either side,

behind the orifice of the Eustachian tube, as a recess termed the fossa of Rosen-

miiller; its narrowest part is at its termination in the cesophagus. It is limited

above by the body of the sphenoid as well as by the basilar process of the occipital

;

heloic, it is continuous with the cesophagus; posteriorly, it is connected by loose are-

olar tissue with the cervical portion of the vertebral column and the Longus colli

and Rectus capitis anticus muscles; this areolar tissue is contained in what is called

the retrophar3nigeal space; anteriorly, it is incomplete, and is attached in succession

to the Eustachian tube, the internal pterygoid plate, the pterygomandibular liga-

ment, the posterior termination of the mylohyoid ridge of the mandible, the

mucous membrane of the mouth, the base of the tongue, hyoid bone, the thy-

roid and cricoid cartilages; laterally, it is connected to the styloid processes and
their muscles, and is in contact with the common and internal carotid arteries,

the internal jugular veins, and the glossopharyngeal, vagus, hj'poglossal, and
s\Tnpathetic nerves, and above with a small part of the Internal pterygoid

muscles. Seven openings communicate with it—viz., the two posterior nares,

the two Eustachian tubes, the mouth, larvnx, and oesophagus. The cavity of

the pharynx may be subdivided from above downward into three parts—nasal,

oral, and laryngeal.

The Nasal Part, or Nasopharynx (pars nasalis pharyngis) (Fig. 964), lies behind

the nose and above the level of the soft palate; it differs from the two lower parts

of the tube in that its ca\'ity always remains patent. In front it communicates
through the posterior nares (choanae) (Fig. 965) \sith the nasal fossse. On its

lateral wall is the pharyngeal orifice of the Eustachian tube (ostium pharyngeum
tubae auditirae) (Figs. 960 and 961), somewhat triangular in shape and bounded
behind by a firm prominence, the Eustachian cushion {torus tnbarius), caused by
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the inner extremity of the cartilage of the tube which elevates the mucous mem-
brane (Fig. 961). At the pharyngeal end of the tube is a collection of lymphoid

tissue called by Gerlach the tubal tonsil. The orifice is about one-third to one-half

inch behind the inferior turbinated bone. A vertical fold of mucous membrane, the

salpingopharsmgeal fold {-plica salpingopharyngea) (Fig. 961), stretches from the

lower part of the cushion to the pharynx; it contains the Salpingopharyngeus

muscle. A second and smaller fold, the salpingopalatine fold (plica salpingopalatina)

(Fig. 949), stretches from the upper part of the cushion to the palate. Behind the

orifice of the Eustachian tube is a deep recess, the lateral recess or fossa of Rosenmiil-

ler (recessus pliaryngeiis) (Fig. 961), which represents the remains of the upper part

of the second inner branchial cleft. The posterior wall of the nasopharynx is

directed upward and forward, and it meets the superior wall at an angle constituting

the vault of the pharynx (fornix pharyngis). On the posterior wall, above the level

of the orifices of the Eustachian tubes, is a prominence, best marked in childhood,

produced by a mass of lymphoid tissue which is known as the pharyngeal tonsil

(tonsilla pharyngea) (Fig. 960)'. In the pharyngeal vault, in the middle line,

an irregular flask-shaped depression of the mucous membrane is sometimes seen

extending up as far as the basilar process of the occipital bone. It is known as

the pharyngeal bursa, a possible vestige of the pharyngeal tonsil. The floor of the

nasopharynx is formed by the upper surface of the sloping soft palate; in front

the floor is continuous with that of the nasal cavities, while behind it ends at the

free margin of the soft palate, which bounds the isthmus of the pharynx (isthmus

pharyngonasalis).

The Oral Part (pars oralis pharyngis) of the pharynx reaches from the under
surface of the soft palate to about the level of the hyoid bone. It opens ante-

riorly, through the isthmus faucium, into the mouth, while in its lateral wall,

between the two pillars of the fauces, is the tonsil.

ORiriCE OF
EUSTACHIAN
TUBE
PHARYNGEAL
BURSA

SALPINGO-
NASAL FOLD
EUSTACHIAN

CUSHION

SALPINGO-
PA'LATINE FOLD

8ALPINGO-PHARYN-
GEAL FOLD

Fig. 960.—Pharyngeal tonsil in an adult.
(Escat.)

Fig. 961. -The posterior lateral cavity of the naso-
pharynx. (Escat.)

The Tonsils (tonsilla palatina) (Figs. 963 and 964) are two lymphoid bodies

situated one on each side of the fauces, between the anterior and posterior pillars

of the soft palate, corresponding in position externally to the angle of the mandible.
They are usually of an oval form as viewed from their oral aspect, and vary con-

siderably in size in different individuals. As seen in horizontal sections in hard-
ened heads, the form of each tonsil is rather that of a Brazil nut, with antero-

internal, lateral, and posterior siirfaces, and an upper and a lower pole} A recess,

' Cf. George Fetterolf's article: "The Anatomv and Relations of the Tonsil in the Hardened Body," etc., Ameri-
can Journal of the Medical Sciences, July, 1912.

"
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the supratonsillar fossa (fossa supraionsillaris) may be seen, directed upward,

outward, and backward above the tonsil, the recess being the remains of the

second inner visceral cleft. The space below the tonsil, between the tongue in

front and the posterior pillar behind, is called the tonsillar sinus. The tonsil is

encased within a thin fibrous capsule over its lateral and posterior surfaces. An
extension of the tonsillar capsule, inward and backward beyond the anterior

pillar of the fauces, with its free surface covered by mucous membrane and partly

vering the antero-internal surface of the tonsil is called the plica triangularis.

Of its three sides the anterior is attached apparently to the anterior pillar, the

posterior runs downward and backward over the tonsil, and the inferior either is

inserted into the side of the tongue, or, in the case of a small tonsil and a large

fossa, fades away in the lower part of the tonsillar sinus."*

The fibrous capsule covering the lateral and posterior surfaces of the tonsil

lies in contact with the aponeurosis of the Superior constrictor muscle of the

phar\Tix; external to this is a mass of areolar tissue with the ascending palatine

artery and, more laterally, the Internal pterygoid muscle. The internal carotid

artery lies behind and to the outer side of the tonsil, and nearly an inch (20 to 25

mm.) distant from it. The Palatoglossus courses along the anterior margin,

while the Palatopharyngeus is in contact with the capsule investing the posterior

surface of the tonsil.

The free or antero-internal surface of the tonsil is directed toward the cavity

of the oropharynx and presents from twelve to fifteen orifices, each leading into

small recesses or crjrpts (fossttlae tonsillares). From the crN-pts numerous follicles

branch out into the substance of the tonsil by means of very irregular channels.

As indicated above, this surface of the tonsil is partially covered by the plica

triangularis, which may be free or attached.

Structure.—The tonsil is covered externally by a capsule of white fibrous tissue that separates

it from the surrounding organs and tissues, and is continued into the plica triangularis. This
oapside sends in trabecuiae that di\-ide the organ into irregular compartments.' Within the
compartments is the deHcate framework and reticulum in the meshes of which are found diffuse

lymphoid tissue and solitary nodules or follicles. The internal surface presents twelve to fifteen

depressions or crypts that extend into the organ in the form of irregular, blindly ending, tortuous
channels or follicles. The internal sm^ace of the tonsils and the crj-pts and follicles are lined

by stratified squamous cells, exhibiting in places marked degenerative changes, and in others

Ieukoc\-tes that are passing through the epithelial layer to the cn.'pts.

The arteries supplying the tonsil are all derived from branches of the external carotid. Accord-
ing to the obser%-ations of J. Leslie Davis.' they usually enter the tonsil at what is commonly
called the hilum. just behind and about a quarter of an inch from the margin of the anterior

pillar, about midway between the upper and lower p)oles. FetterolP emmierates: (1) an
anterior tonsillar artery, a branch from the dorsalis linguae; (2) the siq>erior tonsillar artery, from
the descending palatine; (3) the posterior tonsillar artery, a branch of the ascending phar\'ngeal,

and (4) three inferior tonsillar arteries, of which one is a branch of the dorsaUs linguae, while

the other two are offshoots from the tonsillar branches of the facial.

The veins of the tonsil terminate in the tonsillar plexus on the lateral and posterior surfaces

of the tonsil, and the tonsillar plexus joins the pharj-ngeal plexus which communicates with
the pterygoid plexus of the internal jugular or the facial vein. While most of the veins leave

at the hilum, there is usually a large vein coiu-sing downward along the posterior surface of the

tonsil, to the outer side of the Palatophar^-ngeus.

Surrounding each follicle is a close plexus of lymphatic resseh. From these plexuses the
l\Tnphatic vessels pass to the submaxillarA" hinph nodes below the angle of the mandible. From
the submaxillary nodes hTnph passes to the deep cer\ncal nodes.

The Nerves of the Tonsil.—A branch from the glossopharyngeal nerve by uniting with
branches from tlie middle and posterior palatine branches from the sphenopalatine ganglion
forms the tonsillar plexus.

> G. Fetterolf, loc. cit.
*" Tonsillectomy, Why, When, and How," etc., Pennsylvania Medical Journal, November, 1911.
* G. Fetterolf, loc. cit.

"
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Development.—The tonsils are developed from the lower parts of the second inner visceral

clefts, immediately behind the anterior pillars of the fauces. The entoderm which lines these

Fia. 962.—Diagrams of horizontal sections of left tonsillar region, viewed from above, the upper one showing the
attached form of plica and the lower one the free form: T, Tonsil; C, capsule; PT, plica triangularis; M, M, mucous
membrane; L, L, lacunae; AF, anterior tonsillar fossa; SC, superior constrictor; A, Palato-glossus; P, Palato-pharyn-
geus; V, V, main veins of tonsillar plexus. (Fetterolf.) .

Fig. 963.—Actual shape of (left) tonsil, with arterial supply: 1, Mesal aspect; 2, postero-lateral aspect; E, lateral

surface; B, posterior surface; O, groove for Palato-pharyngeus; T, tonsil tissue; PT, plica triangularis; G, capsule;
A A, anterior tonsillar artery; PA, posterior tonsillar artery; SA, superior tonsillar artery; IA, inferior tonsillar arteries.

IFetterolf.)
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efts grows in the form of a number of solid buds into the surrounding mesoderm. These
ids become hollowed out by the degeneration and casting off of their central cells, and by this

cans the tonsillar cr\-pts are formed. Lj-mphoid cells accumulate around the cr\-pts, and
l)econie grouped to form the Ij-mphoid foUicles; the latter, however, are not well defined until

after birth.

Applied Anatomy.—^The tonsils can be easily insf)ected by instructing the patient to throw
the head back with mouth wide open, the tongue being depressed by a spatula or tongue
depressor. The normal tonsil should not project inward beyond the plane of the anterior

pillar of the fauces. When enlarged they make deglutition and respiration troublesome.

The deafness which so often attends h\f>ertrophy of the tonsil is not due to blocking of the

Eustachian orifice by the tonsil, but is due to the attendant thickening of the mucous mem-
brane lining the tube itself. The tonsils may be the seat of acute inflammation, which may run
on to suppiu-ation, requiring evacuation of the pus. The incision into the tonsil should

always be made from in front backward and inward. Another form of acute inflammation
of the tonsil is follicular tonsillitis, due to the lodgment of micro-organisms in the tonsillar

crjT>ts.

Tonsillectomy is the complete enucleation of the gland. In this operation, profuse bleeding

may be avoided by the use of dissectors designed to keep to the outer surface of the capsule

and by the use of the snare and tenaculum. Successful methods are those of FetterolP and
Davis,* whereby enucleation is complete without inflicting damage upon surroimding structures,

such as the faucial pillars, which, if injured, may cause discomfort and affect the voice, and also

avoiding injurj- to the amending pharyngeal artery or one of the palatine arteries Ijing without
the capsule of the tonsil.

The tonsil may be the seat of malignant growth, feither an epithelioma or a lymphosarcoma.

The Laryngeal Part of the pharvnx (pars laryngea pharyngis) is that division

which lies behind the larvnx; it is wide above where it is continuous with the oral

portion, while below at the lower border of the cricoid cartilage it becomes continu-

ous with the oesophagus. In front it presents the triangular aperture of the larvnx,

the base of which is directed forward and is formed by the epiglottis, while its

lateral boundaries are constituted bv the arvtenoepiglottic folds. On either side

of the laryngeal orifice is a recess, termed the sinus pyriformis (jecessus pyriformis)

(Fig. 964); it is bounded internally by the arytenoepiglottic fold, externally by
the thyroid cartilage and th\Tohyoid membrane. In the anterior part of the sinus

p\Tiformis is a fold (plica nervi laryngei), which passes downward and inward.

Extending outward from the epiglottis on each side is a fold, the pharyngoepiglottic

fold (plica pharyngoepiglottica). This ascends in the lateral wall of the pharynx,

nearly to the posterior arch of the fauces.

Structure.—The pharynx is composed of mucous, fibrous, and muscular coats.

The mucous coat (tunica mucosa) is continuous with that lining the Eustachian tubes, the
nasal fossae, the mouth, and the larvnx. In the nasopharynx it is covered bv stratified ciliated

epithelium; in the buccal and laryngeal portions the epithelium is of the stratified squamous
variety. In the tunica propria considerable diffuse lymphoid tissue, phar\-ngeal tonsil, and
mucous glands (glandulae pharyngeae) are found; the latter are esp>ecially numerous at the upper
part of the pharvnx around the orifices of the Eustachian tubes.

The pharyngeal aponeurosis or fibrous coat is situated between the mucous and the muscle
layers, and consists of large bundles of white fibrous connective tissue. It is thick above, where
the muscle fibres are wanting, and is firmly connected to the periosteum of the basilar process of

' the occipital and petrous portion of the temporal bones. As it descends it diminishes in thick-
• ness. and is gradually lost. It is strengthened posteriorly by a strong fibrous band, which is

attached above to the pharyngeal spine on the under surface of the basilar portion of the occipital

bone, and passes downward, forming a median raphe, which gives attachment to the Constrictor
muscles of the pharvnx.

The muscular coat has been already described (pp. 394 to 397).

The motor nerres are derived chiefly from the phar\Tigeal plexus; the Tensor palati, however,
1 receives a sjjecial branch from the otic ganglion. The sensor filaments are derived from tha
flf'-'cending palatine, nasopalatine, and from the glossopharjTigeal nerve.

' G. Fetterolf, loc. cit. * J. Leslie Davis, loc. cit.

78
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The Lsrmphatic Pharyngeal Ring.—This name was applied by Waldeyer to the lymphatic

structures gathered into a sort of ring about the pharynx. There are four chief collections of

this tissue on each side. The first is known as the lingual tonsil (p. 1219); the second as the

palatal tonsil (p. 1230); the third as the pharyngeal tonsil (p. 1230); and the foiu-th as the tubal

tonsil (pp. 1128, 1230).

Development of the Pharynx (Figs. 956, 957).—The pharynx develops from the cephalic

portion of the foregut, flanked by the five branchial (visceral) arches, with foior intervening bran-

chial clefts (visceral pouches). These have become retrogressively modified in that they have
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Fig. 964.—Sagittal median section of the head and neck. The head is thrown backward into complete extension,

which explains the relations between the lower jaw and the hyoid bone as seen in the figure. (Luschka.

)

lost their respiratory function (as gills), but recur in the development of each individual for the

purpose of forming organs not entirely vestigial. Thus, the first or most cephalic branchial

arch assists in the formation of the jaws, the malleus, incus, sphenomandibular ligament, and

part of the external ear. The second arch forms the styloid process, lesser cornu of hyoid and

the intervening stylohyoid ligament, the stapes, a part of the external ear, and a part of the

posterior one-third of the tongue. From the third arch are formed the body and greater cornu

of the hyoid bone, and part of the posterior one-third of the tongue. The fourth and fifth arches

share in forming the thjToid cartilage. The inner furrows or clefts, lined by entoderm, contribute

to the formation of important structures. Thus, the first inner furrow becomes the midflle-

ear cavity and Eustachian tube, the "closing membrane" persisting as the tympanic membrane

J
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separating the inner from the outer furrow, which becomes the external auditory mea^s.

The second inner furrow becomes the lateral recess of the pharj'nx, and its entodermal lining

gives rise to the tonsil. From the third inner furrow are developed the th\-mus and the

inferior parath\Toid gland, while the fourth gives rise to the lateral lobes of the thjToid

and the superior parathjToid glands. The isthmus of the th\Toid is derived by a median

ventral evagination of the entoderm arising between the tuberculum impar and the second

visceral bar. Another median ventral evagination occurs at the level of the fourth visceral

arch to form the respiratory apparatus. The tuberculum impar forms the papillarj- portion of

the tongue.

Applied Anatomy.—The internal carotid artery is in close relation with the phar^iix, so that

its pulsations can be felt through the mouth. It has been occasionally wounded by sharp-

pointed instruments introduced into the mouth and thrust through the waU of the pharjiix.

Fig. 965.—The anterior surface of the pharj-nx. (Saprwy.)

In atieuri.tm of this vessel in the neck the tumor necessarily bulges into the pharynx, as this is

the direction in which it meets with the least resistance, nothing lying between the vessel and the

mucous membrane except the thin Constrictor muscle, whereas on the outer side there is the

dense cervical fascia, the muscles descending from the styloid process, and the margin of the

.Sternomastoid muscle.

The mucous membrane of the pharynx is very vascular, and is often the seat of inflammation,

frequently of a septic character, and dangerous on account of its tendency to spread to the larjTix.

On account of the tissue which siurounds the pharyngeal wall being loose and lax, the inflam-

mation is liable to spread through it far and wide, extending downward into the posterior medi-
astinum along the oesophagus. Abscess may form in the connective tissue behind the pharynx,
l)etween it and the vertebral column, constituting what is known as retropharyngeal abscess.

This is most commonly due to caries of the cer\ncal vertebrae, but may also be caused by sup-
puration of a l\Tnph node which is situated in this position opposite the axis, and which receives

I\'mphatics from the nares, or by gumma or by acute pharyngitis. In these cases the pus may
be easily evacuated by an incision, with a guarded bistourj', through the mouth, but, for aseptic
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reasons, it is desirable that the abscess should be opened from the neck. In some instances this is

perfectly easy; the abscess can be felt bulging at the side of the neck and merely requires an inci-

sion for its relief; but this is not always so, and then an incision should be made along the posterior
border of the Sternomastoid and the deep fascia should be divided. A director should now
be inserted into the wound, the forefinger of the left hand being introduced into the mouth and
pressure made upon the swelling. This acts as a guide, and the director is to be pushed onward

until pus appears in the groove. A pair of sinus forceps
are now inserted along the director and the opening into
the cavity dilated.

Foreign bodies not infrequently become lodged in the

-U mm pharynx and most usually at its termination at about
the level of the cricoid cartilage, just beyond the reach
of the finger, as the distance from the arch of the teeth

to the commencement of the oesophagus is about six

inches.

Hypertrophy of the lymphoid tissue of the naso-
pharynx produces groups of hypertrophic masses known
as adenoids. A child with adenoids has a cough, and
when awake or asleep, breathes noisily and with the
mouth open. The voice is muffled, the hearing is im-
paired, the expression is vacant, the mind is dull, and
the tonsils are enlarged.

-19 mm

-25 -14 mm
THE (ESOPHAGUS (Figs. 966, 967).

so mm.

IS-14 mm

The oesophagus, or gullet, is a musculomembra-
nous canal, about nine or ten inches in length,

extending from the pharynx to the stomach.
It commences at the upper border of the cricoid

cartilage, opposite the sixth cervical vertebra,

descends along the front of the vertebral column
through the posterior mediastinum, passes

through the Diaphragm, and, entering the abdo-
men, terminates at the cardiac orifice of the

stomach, opposite the eleventh thoracic verte-

bra, about an inch (2.5 cm.) to the left of the me-
dian plane. The general direction of the oesopha-

gus is vertical, but it presents two or three slight

curves in its course. At its commencement 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

deviates to the left as it passes forward to the

oesophageal opening of the Diaphragm (hiatus

oesophageus). The oesophagus also presents

antero-posterior flexures, corresponding to the

curvature of the cervical and thoracic portions

of the vertebral column. It is the narrowest

part of the alimentary canal, being most con-

tracted at its commencement, at about the level

of the third thoracic vertebra, and at the point

where it passes through the Diaphragm (Fig.

966).

When empty, the oesophagus is contracted so that its anterior and posterior walls

come in contact and the lumen is stellate on account of the longitudinal foldings

of the inelastic mucous membrane loosely held by the submucosa. The calibre

1-40

Fig. 966.

—
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(ESOPHAGUS

of the lumen varies between half an inch to an inch or more, depending upon the

absence or presence of swallowed substances. The average distance from the

upper incisor teeth to the beginning of the gullet is about six inches (15 cm.);

the average distance from the incisor teeth to the

cardiac opening of the stomach is fifteen or sixteen

inches (40 cm.). The portion of the oesophagus

which is in the neck is called the cervical portion

{pars cervicalis); the portion in the thorax, the

thoracic portion (^pars thoracalis); and the portion

which lies in the oesophageal groove of the liver,

,and therefore below the Diaphragm, is the abdom-

lal portion. The abdominal portion of the oesopha-

(pars abdominalis) is not over half an inch in

length, and is limited to the small portion of the

interior and left lateral surface observed when a

fstomach which is completely empty is drawn
[downward with considerable force. The abdominal

)ortion of the oesophagus is covered by perito-

AZYGOS VEIN

LMONARY
RTERY

RONCHUS

(TSOPHAGUS

DIAPHRAGM

Fig. 967.—Pleural cul-de-sac of the posterior mediastinum,
of sixth thoracic vertebra.

Level
Fig. 968.—The relations of oesopha-

gus, trachea, and aorta in an in^nt.
(Poirier and Charpy.)

neum only on its ventral and left aspects. It is somewhat conical, with its

base toward the stomach, and is known as the antrum cardiacum.

Relations.

—

The cervical portion of the cesophagus is in relation, in front, with the trachea,

and at the lower part of the neck, where it projects to the left side, with the thyroid gland;

behind, it rests upon the vertebral column and Longus colli muscles; (m either side, it is in

relation with the common carotid artery (especially the left, as it inchnes to that side) and
part of the lateral lobe of the thyroid gland; the recurrent laryngeal nerves ascend between
it and the trachea ; to its left side is the thoracic duct.

The thoracic portion of the CEsophagus is at first situated a little to the left of the median
line; it then passes behind the aortic arch, separated from it by the trachea, and descends in the

posterior mediastinum, along the right side of the aorta, then runs in front and a little to the left

of the aorta, and enters the abdomen through the Diaphragm at the level of the tenth thoracic

vertebra. Just before it passes through the Diaphragm it presents a distinct dilatation or bulb.

It is in relation, infront, with the trachea, the left bronchus, the pericardium, and the Diaphragm;
behind, it rests upon the vertebral column, the Longus colli muscles, the right intercostal arteries,

the thoracic duct, and the vena azygos minor veins; and below, near the Diaphragm, upon the
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front of the aorta. On its left side, in the superior mediastinum, are the terminal part of the

arch of the aorta, the left subclavian artery, the thoracic duct, and left pleura, while running

upward in the angle between it and the trachea is the left recurrent laryngeal nerve; helow, it

is in relation with the descending thoracic aorta. On its right side are the right pleura and the

vena azygos major, which it overlaps. The vagus nerves descend in close contact with it, the

right nerve passing down behind, and the left nerve in front of it; the two nerves uniting to form

a plexus {plexus oesophageus s. gvlae) around the tube.

In the lower part of the posterior mediastinum the thoracic duct lies to the right side of the

oesophagus; higher up, it is placed behind it, and, crossing about the level of the fourth thoracic

vertebra, is continued upward on its left side.
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Fig. 969.—The position and relation of the oesophagus in the cervical region and in the posterior mediastinum.
Seen from behind. (Poirier and Charpy.)

Structure.—The oesophagus has four coats—an external or fibrous, a muscular, a sub-

mucous, and an internal or mucous coat.

The fibrous coat consists of white fibrous connective tissue that supports the other coats and
assists in connecting the oesophagus to the surrounding tissues or organs.

The muscular coat (tunica muscularis) is composed of two planes of considerable thickness,

an external longitudinal and an internal circular.

The longitudinal fibres are arranged, at the commencement of the tuV)e, in three fasciculi

—

one in front, which is attached to the vertical ridge on the posterior surface of the cricoid car-

tilage, and one at each side, which is continuous with the fibres of the Inferior constrictor of

the pharynx; as they descend they blend together and form a uniform layer, which covers the

outer surface of the tube.

Accessory slips of muscle tissue pass between the oesophagus and the left pleura, where
the latter covers the thoracic aorta, or the root of the left bronchus, or the back of the peri-

cardium (Fig. 970).
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The circular fibres are continuous above with the Inferior constrictor of the pharynx; their

direction is transverse at the upper and lower parts of the tube, but oblique in the intermediate

part. Below, the circular fibres pass into the circular and oblique fibres of the stomach.

The muscle fibres in the upper part of the oesophag;us are of a red color, and consist chiefly of

the striped variety, but below they consist for the most part of involuntary muscular fibres.

The submucous coat itela submucosa) connects loosely the mucous and muscular coats.

The mucous coat {tunica mucosa) is thick, of a reddish color above and pale below. It is

disposed in longitudinal folds, which disappear on distention of the tube. Its surface is studded

with minute papilla?, and is covered throughout with a thick layer of stratified pavement epi-

thelium. Beneath the mucous membrane, between it and

the submucous coat, is a layer of longitudinally arranged

nonstriped muscle tissue. This is the muscularis mucosae
(lamina muscularis mucosae). At the commencement of the

(tsophagus it is absent, or only represented by a few scattered

bundles; lower down it forms a considerable stratum.

The oesophageal glands are small compound racemose

glands of the mucous type; they are lodged in the submucous
tissue and each opens upon the mucous surface by a lotig

excretory duct.

Vessels and Nerves.—The larger vessels are in the

>uiimucosa and send branches to the mucosa and muscularis.

The arteries supplying the oesophagus are derived from the

inferior thsnroid branch of the thyroid axis of the subclavian,

from the descending thoracic aorta and the bronchial arte-

ries, and from the gastric branch of the coeliac axis, and from

the left inferior phrenic of the abdominal aorta. They have
for the most part a longitudinal direction. The veins are

gathered into a plexus on the outer surface of the oesopha-

ffTis. This plexus receives the venous blood from the walls

the tube. From the lower portion of the plexus branches

to the coronary vein of the stomach. Higher up branches

to the azygos veins and thjo-oid veins. In this manner
communication is opened between the portal vein and the

systemic veins.

The l3anphatics drain into the inferior deep cervical nodes
and the nodes of the posterior mediastinum.
The nerve? are derived from the vagus and from the

sympathetic; they form a plexus in which are groups of

ganglion cells between the two layers of the muscular coat.

From this fibres pass to supply the muscle, and others go to

the submucous tissue to form a secondary plexus. It is

usual to regard the plexus as consisting of two parts, an
anterior oesophageal plexus, derived from the left vagus,

and a posterior oesophageal plexus, derived from the right

vagus. These two plexuses are in the posterior mediasti-

num; they communicate with each other and contain sym-
|)athetic fibres.

Applied Anatomy.—The relations of the oesophagus are of considerable practical interest

to the surgeon, as he is frequently required, in cases of stricture of this tube, to dilate the canal
liy a bougie, when it is of importance that the direction of the oesophagus and its relations to

>iirrounding parts should be remembered. In cases of malignant disease of the oesophagus,

where its tissues have become softened from infiltration of the morbid deposit, the greatest

care is requisite in directing the bougie through the strictured part, as a false passage may easily

be made, and the instrument may pass into the mediastinum, or into one or the other pleural

cavity, or even into the pericardium.
One should also remember that obstruction of the oesophagus, and consequent symptoms of

stricture, are occasionally produced by aneurism of some part of the aorta pressing upon the
tube. In such a case the passage of a bougie could only hasten the fatal issue.

In passing a Bougie the left forefinger should be introduced into the mouth and the epiglottis

felt for, care being taken not to throw the head too far backward. The bougie is then to be
passed beyond the finger until it touches the posterior wall of the pharynx. The patient is

now asked to swallow, and at the moment of swallowing the bougie is passed gently down-
ward, all violence being carefully avoided.

It occasionally happens that a foreign body becomes impacted in the oesophagus and can
neither be brought upward nor moved downward. When all ordinary means for its removal
have failed, and the body is lodged above the lower one-third of the gullet, external oesopha-

FiG. 970.—Accessory muscle slips

between the oesophagus and pleura,
and oesophagus and trachea. (From
a preparation in the Museum of the
Royal College of Surgeons of England.)
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gotomy is performed. If the foreign body is lodged in the lower one-third of the gullet, the

stomach is opened (gastrotomy) and the foreign body is extracted. If the foreign body is allowed

to remain lodged in the oesophagus, extensive inflammation and ulceration may ensue. In one

case the foreign body ultimately penetrated the intervertebral substance, and destroyed life

by inflammation of the membranes and substance of the spinal cord.

The operation of oesophagotomy is thus performed: The patient being placed upon his back,

with the head and shoulders slightly elevated, an incision, about four inches in length, should

be made on the left side of the trachea, from the thyroid cartilage downward, dividing the skin,

Platysma, and deep fascia. The edges of the wound being separated, the Omohyoid muscle

should, if necessary, be divided, and the fibres of the Sternohyoid and Sternothyroid muscles

drawn inward; the sheath of the carotid vessels, being exposed, must be drawn outward, and
retained in that position by retractors; the oesophagus will now be exposed, and should be divided

over the foreign body, which can then be removed. Great care is necessary to avoid wounding
the thyroid vessels, the thyroid gland, and the laryngeal nerves.

The oesophagus may be obstructed not only by foreign bodies, but also by changes in its coats,

producing stricture, or by pressure on it from without of new growths or aneurisms, etc.

The different forms of stricture are: (1) the spasmodic, occurring in neurotic individuals, and
intermittent in character, so that the dysphagia is not constant. Spasmodic stricture of the

oesophagus sometimes occurs in cases of cancer of the stomach and cancer of the liver; (2)

fibrous, due to cicatrization after injuries, such as swallowing corrosive fluids or boiling water;

and (3) malignant, usually epithelioraatous in its nature. Cancer is most common either at

the upper end of the tube, opposite to the cricoid cartilage, or at its lower end at the cardiac

orifice. Cicatricial stricture may be treated by gradual dilatation. If a stricture is impassable

from above, the stomach may be opened, an instrument passed from below, and a string used

to divide the stricture. The operation of oesophagostomy has occasionally been performed, but

if any operative interference is undertaken for stricture, with the idea of forming an orifice for

the introduction of food, it is better to perform gastrostomy. In malignant stricture, gastrostomy

is the only operation to be thought of.

THE ABDOMEN.

The abdomen is that portion of the trunk which lies below the Diaphragm, and
it contains the largest cavity in the body. It is of an oval form, the extremities

of the oval being directed upward and downward; the upper one is formed
by the under surface of the Diaphragm, the lower end is limited by the structures

Male Tyi^e Infantile Type Female Type

A B C
Fig. 971.-—Schematic outlines of the abdomen.

which clothe the inner surface of the bony pelvis, principally the Levatores ani

and the Coccygei muscles on either side. These muscles are sometimes termed
the Diaphragm of the pelvis. In order to facilitate description, it is artificially

divided into two parts, an upper and larger part, the abdomen proper, and a lower

and smaller part, the pelvis. The cavities of these divisions are not separated

from each other, but the limit between them is marked by the brim of the true

pelvis. The cavity is wider above than below, and measures more in the vertical

than in the transverse diameter.

The abdomen proper differs from the other great cavities of the body in being

bounded for the most part by muscles and fasciffi, so that it can vary in capacity

and shape according to the condition of the viscera which it contains; but, in
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addition to this, the abdomen varies in form and extent with age and sex (Fig.

971). In the adult male, with moderate distention of the viscera, it is oval or

barrel-shaped, but at the same time flattened from before backward. In the

adult female, with a fully developed pelvis, it is conical with the apex above, and
in young children it is conical with the apex below.

Heart contour

Small intettine

Peritoneum— Bladder

Fiu. 972.—Topography of thoracic and abdominal viscera.

Boundaxies.—The boundary between the thorax and abdomen is the Dia-
phragm, which extends as a dome over the abdomen, so that the cavity extends
high into the bony thorax, reaching on the right side, in the midclavicular line,

to the upper border of the fifth rib; on the left side it falls below this level by
about half an inch or more. The abdomen proper is bounded in front and at the

sides by the lower ribs, the abdominal muscles, and the iliac fossae; behind, by the

vertebral column and the Psoas and Quadratus lumborum muscles; above, by the

Diaphragm; below, by the plane of the inlet or brim of the pelvis. The muscles
forming the boundaries of the cavity are lined upon their inner surface by a layer

of fascia, differently named, according to the part which it covers.
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The abdomen contains (Fig. 972) the greater part of the aHmentary canal;

some of the accessory organs to digestion—viz., the Uver and pancreas; the spleen,

the kidneys, and adrenals, or 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 peritoneum (Fig. 1004).

The Apertures in the Walls of the Abdomen.—The apertures found in the walls of

the abdomen, for the transmission of structures to or from it, are the umbilicus, for

the transmission (in the fetus) of the umbilical 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 major, and thoracic duct; and the

oesophageal opening, for the oesophagus and vagus 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 in the male, and the round ligament

in the female.

Fig. 973.—The regions of the abdomen and their contents. Edges of costal cartilages in dotted outline.

Regions (Fig. 973).—For convenience of description of the viscera, as well as

of reference to the morbid conditions of the contained parts, the abdomen is arti-

ficially divided into nine regions by imaginary planes, two horizontal and two
sagittal, passing through the cavity, the edges of the planes being indicated by
lines drawn on the ventral surface of the body. Of the horizontal planes, the upper

or infracostal is indicated by a line encircling the body at the level of the lowest

points of the tenth costal cartilages, the lower by a line carried around the trunk

at the level of the summits of the iliac crests. The lower plane closely corre-

sponds to the intertuhercular 'plane passing through the trunk at the level of the

prominent and easily defined tubercle on the iliac crest about two inches behind
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the anterior superior iliac spine. By means of these imaginary planes the abdomen

is divided into three zones, which are named, from above downward, subcostal,

umbilical, and hypogastric zones. Each of these is further subdivided by two

sagittal planes, which are indicated on the surface by lines drawn vertically through

points halfway between the anterior superior iliac spines and the symphysis pubis.

The regions as outlined by the BNA Commission are shown in Fig. 974.^

The middle region of the upper zone is called the epigastric, and the two lateral

regions, the right and left hypochondriac. The central region of the middle zone is

the umbiUcal; and the two lateral regions, the right and left lumbar. The middle

region of the lower zone is the hypogastric or pubic region; and the lateral regions

are the right and left iliac or inguinal.

REGIO INGUINALI8--

FiG. 974.—Regions of the abdomen, according to the BNA Commission.

The pelvic cavity is that part of the abdominal cavity which lies below and behind

a plane passing through the promontory of the sacrum, the iliopectineal lines and
the pubic crests. It is bounded behind by the sacrum, coccyx, Pyriformis muscles,

and the great sacrosciatic ligaments ; in front and laterally by the pubes and ischia

and Obturator internus muscles; above, it communicates with the cavity of the

abdomen; beloic, it is closed by the Levatores ani and Coccygei muscles and the

triangular ligament. The pelvic cavity contains the urinary bladder, the sigmoid
colon, the rectum, a few coils of small intestine, and some of the generative organs.

If the anterior abdominal wall is reflected in the form of four triangular flaps

by means of vertical and transverse incisions—the former from the ensiform car-

tilage to the symphysis pubis, the latter from flank to flank at the level of the

umbilicus—the abdominal or peritoneal cavity is freely opened and the contained

' Anatomists are far from agreed as to the best method of subdividing the abdominal cavity. Addison (Jour-
nal of Anatomy and Physiology, vols, xxxiv and xxxv), in a careful analysis of the abdominal viscera in forty
subjects, adopts the following lines: (1) a median, from the symphysis pubis to the ensiform cartilage; (2) two
lateral lines drawn vertically through a point midway between the anterior superior iliac spine and the symphysis
pubis; (3) an upper transverse line half way Ijetween the symphysis pubis and the suprasternal notch; and
(4) a lower transverse line midway between the last and the upper border of the symphysis pubis. The upper
transverse line corresponds with what he has termed the transpyloric plane, from the fact that in most cases
this plane traverses the pylorus.
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viscera are in part exposed. Above and to the right side is the liver, situated

chiefly under the shelter of the right ribs and their cartilages, but extending across

the middle line, and reaching for some distance below the level of the ensiform

cartilage. To the left of the liver is the stomach, from the lower border of which

an apron-like fold of peritoneum, the greater omentum, descends for a varying

distance, and obscures, to a greater or less extent, the other viscera (Fig. 1002).

Below it, however, some of the coils of the small intestine can generally be seen,

while in the right and left iliac regions respectively the cecum and the sigmoid

flexure of the colon are exposed. The bladder occupies the anterior part of the

pelvis, and, if distended, will project above the symphysis pubis; the rectum lies

in the concavity of the sacrum, but is usually obscured by the coils of the small

intestine. The sigmoid colon lies between the rectum and the bladder.

If the stomach is followed from left to right it will be found to be continuous

with the first part of the small intestine, or duodenum, the point of continuity

being marked by a thickened ring which indicates the position of the pyloric

sphincter. The duodenum passes toward the under surface of the liver, and then,

curving downward, is lost to sight. If, however, the great omentum be thrown

upward over the thorax, the terminal part of the duodenum will be observed

passing across the vertebral column toward the left side, where it becomes con-

tinuous with the coils of the small intestine. These measure some twenty feet in

length, and if followed downward will be seen to end in the right iliac fossa by

opening into the cecum, the commencement of the large intestine. From the

cecum the large intestine takes an arched course, passing at first upward on the

right side, then across the middle line and downward on the left side, and forming

respectively the ascending, transverse, and descending parts of the colon. In the

left iliac region it assumes the form of a loop, the sigmoid flexure, then follows the

curve of the sacrum and terminates in the rectum and anal canal.

The spleen lies behind the stomach in the left h}^ochondriac region, and may
be in part exposed by pulling the stomach over toward the right side.

The glistening appearance of the deep surface of the abdominal wall and of

the exposed viscera is due to the fact that the former is lined and the latter more
or less completely covered by a serous membrane, the peritoneum.

THE PERITONEXJM (TUNICA SEROSA).

The peritoneum is the largest serous membrane in the body, and consists, in

the male, of a closed sac, a part of which is applied against the abdominal parietes,

while the remainder is reflected more or less completely over the contained viscera.

In the female the peritoneum is not a closed sac, since the free extremities of the

Fallopian tubes open directly into the peritoneal cavity. The part which lines the

parietes is named the parietal peritoneum; that which is reflected over the viscera,

the visceral peritoneum. The free surface of the membrane is smooth, covered by a

layer of flattened endothelium, and lubricated by a small quantity of serous fluid.

Hence the viscera can glide freely against the wall of the cavity or upon one another

with the least possible amount of friction. The attached surface is rough, being

connected to the viscera and inner surface of the parietes by means of areolar

tissue termed the subserous areolar tissue (tela suhserosa). 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 also in the middle line of the

abdomen.
The space between the parietal and visceral layers of the peritoneum is named

the peritoneal cavity; but it must be remembered that under normal conditions this

cavity is a potential one, since the parietal and visceral layers are in contact.
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The peritoneal "cavity" is subdivided into a greater and a lesser cavity or sac, which
communicate through the foramen of Winslow {foramen epiploicum). The
greater sac is opened when the ventral abdominal wall is pierced; the lesser is

situated behind the stomach and adjoining structures, and may be regarded as a
diverticulum of the greater sac.

The disposition of the peritoneum as it is applied to the parietes and also

reflected over the viscera contained in the abdominal cavity is best understood

after tracing the developmental (embryoloffic) history of the peritoneum and the

alimentary tract.

Development of the Peritoneum and Alimentary Tract/—^The segment-

ing ovum, at an early stage, becomes a blastodermic vesicle with two layers

of cells composing its wall, named, from without inward, ectoderm and ento-

derm. The cavity of the vesicle is filled with the nutritive yolk (yitellus). Only
a part of the ovum is destined to' form the embryo, the remainder being used

up in the formation of membranes and other appendages which are concerned

in protection and nutrition; the ovum may, therefore, be divided into its embryonic

area and extra-embryonic portion. In the embryonic area, in its caudal part,

appears the transitory primitive streak and groove produced by an axial thickening

of the ectoderm. From the head process of the primitive streak a third layer of

cells, the mesoderm, extends in all directions between ectoderm and entoderm, ex-

tending alongside the neural tube and notochord. The extension of the mesoderm
takes place throughout the whole of the embryonic and extra-embryonic areas of

the ovum except in certain regions. One such area, devoid of mesoderm, is seen

Fig. 975.—Diagrammatic outline of a longitudinal vertical section of the chick on the fourth day. ep. Ecto-
derm, sm. Somatic mesoderm, hy. Entoderm, rm. Visceral mesoderm, af. Cephalic fold. pf. Caudal fold.
am. Cavity of true amnion, ys. Yolk sac. i. Intestine. 8. Foregut. a. Future anus, still closed, m. The
mouth, me. The mesentery, al. The allantoic vesicle, pp. Space between inner and outer folds of amnion.
(From Quain's Anatomy, Allen Thomson.)

immediately cephalad of the neural tube. This is named the buccopharyngeal
area, since it afterward forms the temporary septum between the primitive mouth
and primitive pharynx. This membrane extends from the head to the peri-

cardial area. A similar area devoid of mesoderm is seen immediately caudad of

the embryonic area, and is named the cloacal membrane, since it afterward forms
the temporary septum between the anal pit and the primitive hindgut.

While the paraxial mesoderm extends along the neural tube and notochord
and in all directions, its lateral portion splits into two concentric layers; the outer
or somatic layer becomes applied to the ectoderm, and with it forms the somato-
pleure or body wall; the inner or splanchnic layer adheres to the entoderm, and
with it forms the splanchnopleure, from which the greater portion of the digestive

tract is formed. The space created between the layers of the mesoderm is

termed the ccelom or body cavity. A portion of this space is later enclosed within
the embryo, and is called the embryonic coelom, while the portion of the ccelomic

ton
' In the preparation of this chapter the editor has consulted several original treatises, notably G. S. Huntingr
n's "Anatomy of the Human Peritoneum and Abdominal Cavity," 1903.
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cavitv left outside the embryo, the extra-embryonic ccelom, envelops the vitelline

or yolk sac.

'''WM

•Allantois

Hind-gut

Fig. 976.—Diagram of a longitudinal section of a mammalian embryo. Very early. (After Quain.)

The relatively slow growth of the niargin of the embryonic area and the relatively

rapid growth of the axial parts soon come to form a ring of constriction between

the embryo and the yolk sac, and a part of the latter—that is, a part of its splanch-

nopleural wall and part of the

cavity—becomes enclosed within

the embryo to form the primitive

alimentary canal (Fig. 976). At

the same time a part of the coelom

becomes enclosed within the em-
bryo by the relative approximation

of the lateral, cephalic, and caudal

folds, and the embryonic coelom

cavity forms the rudiment of the

pleural, pericardial, and peritoneal

cavities. The abdominal cavity is

separated from the other cavities

by the septum transversum, the

proton of the Diaphragm. The
embryo grows more rapidly in

length than in width, and its

cephalic and caudal extremities

are bent ventrad; the forward

growth of the head tilts the areas

situated cephalad so that the posi-

tions of the buccopharyngeal and
pericardial areas become reversed; the same inversion takes place with regard to

the cloacal membrane.

Figs. 977 and 978.—Early form of the alimentary canal. In
Fig. 977 a front view, and in Fig. 978 an antero-posterior sec-
tion are represented, a. Four pharyngeal or visceral pouches.
b. The pharynx, c, c. The commencing lungs, d. The stom-
ach. /, /. The diverticula connected with the formation of the
liver, g. The yolk sac, into which the middle intestinal
groove opens. h. The hind gut. (From Kolliker, after
Bischoff.)
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The alimentary tube, now in its simplest form, is nearly straight and may be
divided into three portions: (a) the foregut between the pericardium and noto-

Cerebellum.-^,

}[idbrain.

Pharynx.-

Auditory pit:

Aortic buib.-

Stonuich.-

Cloacal dilatation,

of hitidgut.

Allantoie stalk."

Cmbiiical vein

/Optic vesicle.

StomodxHm.

Veutride

of hearL

Liver.

Midgut and yolk

stalk.

- IHndgut.

AUaittois.

Umbilical artery.

I

Fig. 979.—Human emoryo, about fifteen days old. Brain and heart represented frtHii right side; alimentary
canal and yolk sac in mesal section. (After His.)

(chord; (b) the midgut, opening directly into the yolk sac; and (c) the hiudgut,

[Contained within the caudal fold. The passage between the midgut and the

PimcreoM.

Bile duct.

M-shaped loop^

of hiudgut.'

Fitello-intestiHal duct.

Cloaca.-

Stomadi.

Figs, 9S0 and 9S1.—Front view of two successive stages in the development of the alimentary canal. (His.)

lyolk sac is at first relatively wide, but it is subsequently narrowed and lengthened

Ito become the tubular vitelline duct (to wholly disappear eventually).
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In its course from the head to the tail the primitive ahmentary canal is held to

the body axis (notochord) by a broad mass of mesoderm, from which the common

Notochord.

Rathke's pouch

( pit idfart/ invagination).

Lung diver-.-f-
ticulum.

Stomach.

Liver.

Opening into_,

yolh sac.

AUantois.-t-

I

^'^Terminnl portion of
hindgut.

-Wolffian dttcf.

iMng diverticulum

(Esophagus. ^

Median rtidiment of

I thyroid gland.

I -Mandibular arch,

Notochord.

Rathke's
~
~pouch
(pituitary

invagination).

Omphalo-
mesenteric

duct.

Allantois.
Terminal portion of
— - hindgut.

-Wolffian duct.

FiOB. 982 and 983.—Sketches in profile of two stages in the development of the human alimentary canal.
A X 30. Fig. 983, B X 20. (His.)

Fig. 982,

mesentery of the gut is subsequently developed. The foregut^ is also held by
a ventral mesentery, the thoracic portion of which becomes modified by the de-

velopment of the heart and lungs, while the abdominal portion serves as a matrix
for the developing liver, and ultimately becoming the falciform ligament and gastro-

• The junction of the foregut with the midgut is generally understood to be at the level of the orifice of the com-
mon bile duct, or site of origin of the liver diverticulum.
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hepatic omentum. The mesoderm lining the body cavity as well as the free

surfaces of the mesenteries soon assumes the character of a serous membrane,
and is then called the peritoneum. Topographically, this membrane may be sub-

divided into: (a) Parietal peritoneum, investing the inner surface of the abdominal
cavity; (6) visceral peritoneum, investing the alimentary tube and its derivatives;

mesenteric peritoneum, connecting the two former, as a suspensory support
iur the alimentary tract, and carrying the vessels and nenes to it.

The pharynx, oesophagus, stomach, and part of the duodenum are developed
from the foregut; the descending and sigmoid parts of the colon, the rectum, and
the tubular diverticulum of the allantois are developed from the hindgut; the

midgut gives origin to the remainder of the alimentary tube.

Greater
curvature
of stomach.
Great omatr

turn.

Point vhert
intestinal

loops cro$$
each other.

Mesocolon.
Laarqe into-
tme.

Yolktialk.

Fiaa. 984 aod 985.—Illustrating two stages in the development of the human alimentary canal and its mesentery.
The arrow indicates the entrance to the bursa omentalis. (Hertwig.j

The upper part of the foregut becomes dilated in the form of branchial pouches
to form the pharynx; the succeeding part remains tubular^ and with the descent

of the stomach becomes elongated to form the oesophagus. About the fifth week
a fu-.iform dilatation, the future stomach, makes its appearance. The stomach,
together with a succeeding part of the duodenum, has a ventral mesentery, called

the ventral mesogastrium, in addition to its dorsal attachment, the dorsal meso-
gastrium. In the base of the dorsal mesogastrium courses the aorta which sup-
plies a series of branches, embedded in the mesoderm, to the alimentary tube.

The stomach undergoes a further dilatation, and its two curvatures can be recog-

nized, the greater directed dorsad and the lesser ventrad, while its two surfaces

look to the right and left respectively. The midgut undergoes great elongation

and forms a loop which projects downward and forward; from the arch of the loop
the vitelline duct passes to the umbilicus. For a time a part of the loop extends
beyond the abdominal ca\-ity into the umbilical cord, but is withdrawn into the
cavity by the end of the third month.
About the sLxth week a lateral diverticulum makes its appearance on the caudal

part of the loop a short distance from the vitelline duct, and indicates the future
cecum and appendix. The part of the loop on the distal side of the cecal diver-

ticulum increases in diameter and forIRs the future ascending and transverse
portions of the large intestine. The cecal diverticulum shares only partially in

this increase in calibre, its pendant portion remaining rudimentary and forming
the appendix.

The stomach and intestine, \\*ith their mesenteries, undergo changes of position

determined by several growth factors, such as the elongation of the intestine, and

' The epithelium of the CESophagus and certain other portions of the gut increases so greatly in thickness by active
proliferation of the cells that the lumen is nearly or wholly closed during the second month, to be restored about one
month later (Congenital stenosis).

79
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the development of such organs as the liver, pancreas, and spleen. Such devt

opmental changes, with subsequent displacements, adhesions, and absorption?

serve to form all the mesenteries, omenta, and peritoneal folds of the adult,
'

that while in the primitive condition the intestinal tube is suspended by a dors

mesentery and freely movable, certain portions of it become later, by secondai

adhesion, firmly connected with the parietes (retroperitoneal) or with other pc

tions of the tract.

Rotation of Stomach and Intestine.—^The stomach rotates so that its greater

(dorsal) curvature with the attached dorsal mesogastrium is carried downward

and to the left, so that the right surface of the stomach is now directed backward

and the left surface forward (ventrad)—a change in position which explains

why the left vagus nerve is found on the front of the

stomach and the right vagus on the back of it. As the

stomach rotates, the dorsal mesogastrium is necessarily

elongated; this elongation is, however, augmented in

further development, so that a large pouch, the bursa

omentalis or lesser sac is formed. The entrance to this

pouch constitutes the future foramen of Winslow.

The duodenum, developed from that part of the tube

which immediately succeeds the stomach, undergoes

Septum transiiersum.

JAver

Mesogastrium
(vetitralpa

Umbilical vein.

Umbilical cord.

Aorta.

Mesogastrium
(dorsal part).

Stomach.

Intestinal

W-shaped loop.

Mesentery.

Colon,

Fig. 986.- -The primitive mesentery of a six weeks' human embryo, half
schematic. (Kollmann.)

Fig. 987.^Final dispositii

of the intestines and their vi

cular relations. A. Aorta
Hepatic artery. S. Splenic ar-
tery. M , Co/. Branches of su;

rior mesenteric artery.
Branches of inferior mesen'
artery. (Jonnesco.)

little elongation. It is at first suspended by a mesentery (mesoduodenum) a

projects forward in the form of a loop. The loop is subsequendy displace

backward by the transverse colon, so that the right surface of the mesoduodenum
is swung back, and, adhering to the parietal peritoneum partly in front of the

right kidney, is obliterated; in this way the duodenum, together with the pancreas

which has invaded the dorsal mesoduodenum, become retroperitoneal. It is

further fixed in position by the liver and pancreas which arise as diverticula from

it. The liver, developing between the layers of the ventral mesogastrium, comes

to occupy the upper right portion of the abdominal cavity, and thus reduces the

entrance to the omental bursa to the small foramen of Winslow.
The remainder of the alimentary canal becomes elongated, and as a consequence

the tube becomes complexly coiled on itself, and this elongation demands a

corresponding increase in the width of the intestinal attachment of the mesentery,

which becomes folded.

Rotation of the Intestine.—At an early stage the small and large intestines are

attached to the dorsal wall of the abdomen by a common mesentery, the coils
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of the small intestine falling to the right, while the large intestine lies on the left

side.^

The gut now becomes rotated upon itself, so that the large intestine is carried

over in front of the small intestine, and the cecum is placed immediately below

the liver; about the sixth month the cecum descends into the right iliac fossa,*

and the large intestine now forms an arch consisting of the ascending, transverse,

and descending portions of the colon—the transverse portion crossing in front of

the duodenum and lying just below the greater curvature of the stomach; within

this arch the coils of the small intestine are disposed (Figs. 984 and 985). The
intestine in its rotation twists the mesentery in a funnel-shaped manner, so that

Cecum

Fig. 988.—Torsion of the mnbilical loop.
Initial position. (Jonnesco.)

Vitelline Duct

Fig. 989.-—Torsion of the mnbilical loop.
Acquired position. (Jonnesco.)

the original right leaf of die mesentery of die small intestine has become the left,

and vice versa. The mesentery of the small intestine assumes the oblique attach-

ment characteristic of its adult conditions. All divisions of die large intestine

are at first freely movable, being suspended by a free mesocolon; but subsequently
the ascending and descending portions become fixed retroperitoneal structures

in consequence of adhesion of the opposed surfaces of the ascending and descending
mesocolons and of the dorsal parietal peritoneum. Occasionally the descending
mesocolon, more rarely die ascending, persists so that the bowel is more or less

movable in these divisions. The sigmoid colon usually remains movable through-
out life.

The omental bursa, which at first reaches only as far as the greater curvature
of the stomach, grows downward as a double-layered, pouch-like fold, the interior

layer derived from the right leaf of the primitive mesogastrium, its exterior layer

from the left leaf. This omental sac or greater omentum extends downward as an
apron-like fold in front of the transverse colon and the coils of the small intestine.

The anterior layer of the transverse mesocolon is at first quite distinct from the

' Sometimes this condition persists throughout life, and it is then found that the duodenum does not cross from
the right to the left side of the vertebral column, but lies entirely on the right side of the mesal plane, where it is
continued into the jejunum; the arteries to the small intestine (rami intestini temiis) also arise from the right instead
of the left side of the superior mesenteric arterj-.

' Sometimes the downward progress of the cecum is arrested, so that in the adult it may be found Ij-iiig imme-
diately below the liver instead of in the right iliac region.
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Diaphragm
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Fig. 990.—Illustrating the development of the bursa omentalis, cavity of the greater omentum or lesser sac.

Fetal stage. • Lesser sac. (Hertwig.)
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Liver

Lesser omentum

Pancreas

Part of omentum enclosing pancreas
Transverse mesocolon
Duodenum

Stomach

Greater curvcUure

I^Sterior lamella of greater omentum

Transverse colon

Greater omentum'

Mesentery

Small intestine

Fig. 991"—Development of bursa omentalis. Infantile stage. Greater omentum covers the intestines and ha
fused with the transverse mesocolon. Pancreas is free from peritoneum posteriorly. (Hertwig.)
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Fta. 992.—Schematic figure of the bursa omentalis, etc. Human embryo of eight weeks. (Kollmann./
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posterior layer of the bursa omentalis, but ultimately the two blend, and hence the

greater omentum appears as if attached to the transverse colon (Figs. 990, 991,

and 992).

The lesser omentum is formed by a thinning of the mesoderm of the ventral

raesogiistrium which attaches the stomach and part of the duodenum to the ventral

abdominal wall. By the subsequent growth of the liver this leaf is divided into

two parts—viz., the falciform and coronary ligaments between the liver and the

abdominal wall and Diaphragm; and the lesser or gastrohepatic omentum, be-

tween the liver and the stomach.

Aorta.

FeiUroZ meaofiastrinm.

Superior mesenteric
artery.

Mesentery.

Inferior mesenteric artery.

Hindgut.

Fig. G93.—Abdominal part of alimentary canal and its attachment to the primitive or common mesentery.
Human embryo of six weeks. (KoUmann.)

Vertical Disposition of the Greater Sac (Fig. 995).

—

^It is convenient to trace the

reater sac from the back of the abdominal wall at the level of the umbilicus.

On following the parietal peritoneum upward from this level it is seen to be
^reflected around a fibrous cord, the llgamentum teres or impervious umbilical vein
(Figs. 998 and 1087), which reaches from the umbilicus to the under surface of

the liver. This reflection forms a somewhat triangular fold, the falciform or

suspensory ligament of the liver (Ugamentum falciforme hepatis), attaching the

upper and anterior surfaces of the liver to the Diaphragm and abdominal wall.

\\ith the exception of the line of attachment of this ligament the peritoneum
covers the whole of the under surface of the anterior part of the Diaphragm and
is continued from it on to the upper surface of the right lobe of the liver as the

superior layer of the coronary ligament, and on to the upper surface of the left

lobe as the superior layer of the left lateral ligament of the liver. Covering the

upper and anterior surfaces of the liver it is continued around it" sharp margin
on to its under surface, where it presents the following relations: (a) It covers
the under surface of the right lobe and is reflected from the back part of this to

the upper extremity of the right kidney, forming in this situation the inferior

layer of the coronary ligament; from the kidney it is carried downward to the duo-
denum and hepatic flexure of the colon and inward to the inferior vena cava.
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where it is continuous with the posterior wall of the lesser sac. Between the two

layers of the coronary ligament there is a triangular surface of the liver which

is devoid of peritoneal covering; this is named the bare area of the hver. and is

attached to the Diaphragm by areolar tissue. Toward the right margin ot the

liver the two layers of the coronary ligament gradually approach each other, and

ultimately fuse to form a small triangular fold connecting the right lobe of the

liver to the Diaphragm, and named the right lateral Ugament of the liver. The

M. iliacus.

\
External
mguinal
fossa.

External,

iliac

artery.

Exter
iliac
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Internal inguinal
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Femoral
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Middle inguinal
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Fio. 994.—Posterior view of the anterior abdominal wall in its lower half. The peritoneum is in place,

and the various cords are shining through. (After Joessel.)

apex of the triangular bare area corresponds to the point of meeting of the two

layers of the coronary ligament, its base with the fossa of the inferior vena cava.

(6) It covers the lower surface of the quadrate lobe, the under and lateral surfaces

of the gall-bladder, and the under surface of the posterior border of the left lobe;

it is then reflected from the upper surface of the liver to the Diaphragm as the

inferior layer of the left lateral ligament, and from the transverse fissure and

the fissure for the ligamentum venosum to the lesser curvature of the stomach as

the anterior layer of the gastrohepatic, or lesser omentum. If this layer of the lesser

omentum be followed to the right it will be found to turn around the hepatic

artery, bile duct, and portal vein and become continuous with the anterior wall of

the lesser sac, forming a free folded edge of peritoneum.

Traced downward it covers the antero-superior surface of the stomach and the

commencement of the duodenum, and is carried down from the greater curvature

of the stomach into a large free fold, the gastrocolic or greater omentum (Figs. 996

and 1002). Reaching the free edge of this fold, it is reflected upward to cover

the under and posterior surfaces of the transverse colon, and thence to the pos-
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terior abdominal wall as the inferior layer of the transverse mesocolon (Fig. 995).

It reaches the abdominal wall at the upper border of the third part of the duo-

denum, and is then carried down on the superior mesenteric vessels to the small

intestine as the anterior layer of the mesentery. It encircles the intestine, and

LESSER OMENTUM
ARROW IN FORAMEN

OF WINSLOW

TRANSVERSE
MESOCOLOn

E. A. S.

Fig. 995.—Diagram showing the vertical disposition of the peritoneum. Lesser sac in red; greater sac in blue.

subsequently may be traced, as the posterior layer of the mesentery, upward and
)ackward to the abdominal wall. From this it sweeps down over the aorta into

le pelvis, where it invests the sigmoid colon, its reduplication forming the sigmoid

lesocolon (Fig. 1004). Leaving first the sides and then the front of the rectum,

it is reflected on to the base of the bladder, and, after covering the upper surface

)f that viscus, is carried along the urachus and impervious hypogastric arteries

the back of the abdominal wall, from which a start was made.
Between the rectum and the bladder the peritoneum forms, in the male, a pouch,

le rectovesical pouch {excavatio reciovesicalis), bounded on the sides by two
;rescentic or semilunar folds (plicae rectovesicales), which pass from the posterior

surface of the bladder to the sides of the rectum ; the bottom of this pouch is about

m a level with the middle of the seminal vesicles— /. e., three inches or so from

le orifice of the anus. AMien the bladder is distended the peritoneum is carried

ip with the expanded viscus, so that a considerable part of the anterior surface

)f the latter lies directly against the abdominal wall without the intervention of
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the peritoneal membrane. When the bladder is empty the peritoneum forms

a transverse fold over its upper surface {plica msicalis transversa).

In the female the peritoneum is reflected from the rectum to the upper part

of the posterior vaginal wall, forming the rectovaginal pouch or pouch of Douglas

(excavatio rectouterina) (Fig. 996). It is continued over the posterior surface

and fundus of the uterus on to its anterior surface, which it covers as far as

the junction of the body and cervix uteri, forming here a second but shallower

depression, the uterovesical pouch (excavatio vesicouterina). It is also reflected

from the sides of the uterus to the lateral wall of the pelvis on each side as two

expanded folds, the broad ligaments of the uterus (ligamenta lata uteri), in the

free margin of each of which is the Fallopian tube.

Vertical Disposition of the Lesser Sac (Fig. 995).—^A start may be made in this

case on the posterior abdominal wall above the pancreas. From this region

the peritoneum may be followed upward on to the inferior surface of the Dia-

phragm, and thence on to the Spigelian and caudate lobes of the liver to the fissure

for the ligamentum venosum and the transverse fissure ; this cul-de-sac is the Spige-

lian recess. Traced laterally, it is continuous over the inferior vena cava with the

posterior wall of the greater sac. P>om the liver it is carried downward to the

lesser curvature of the stomach as the posterior layer of the gastrohepatic omentum,

and is continuous on the right, around the hepatic artery, bile duct, and portal vein,

with the grieater sac. The posterior layer of the gastrohepatic omentum is carried

down to the greater curvature of the stomach as a covering for the postero-inferior

surface of this viscus, and from the greater curvature is continued downward
as the deep layer of the greater or gastrocolic omentum. From the free margin

of this fold it is reflected upward on itself to the anterior and superior surfaces of

the transverse colon and thence as the superior layer of the transverse mesocolon

to the upper border of the third part of the duodenum, from which it may be

followed over the front of the pancreas to the level at which a start was made.

It will be seen that the loop formed by the wall of the lesser sac below the transverse

colon follows, and is closely applied to, the deep surface of that formed by the

greater sac, and that the greater omentum or large fold of peritoneum which hangs

in front of the small intestine therefore consists of four layers, two anterior and
two posterior, separated by the potential cavity of the lesser sac though inseparably

blended, as a rule, in the adult.

Horizontal Disposition of the Peritoneum.—^Below the transverse colon the

arrangement is extremely simple, as it includes only the greater sac (Fig. 997)

;

above the level of the transverse colon it is more complicated on account of the

existence of the two sacs. Below the transverse colon it may be considered in

in three regions—^viz., in the pelvis and in the abdomen proper, upper and lower

portions.

1. In the Pelvis.—^The peritoneum here follows closely the surfaces of the pelvic

viscera and the irregularities of the pelvic walls and presents important differences

in the two sexes: (a) In the male it encircles the sigmoid flexure, from which

it is reflected to the posterior wall as a fold, the sigmoid mesocolon. It then

leaves the sides and, finally, the front of the rectum, and is continued to the bladder;

on either side of the rectum it forms a fossa, the pararectal fossa, which varies in

size with the distention of the rectum. In front of the rectum the peritoneum

forms the rectovesical pouch, which is limited laterally by peritoneal folds extending

from the sides of the bladder to the rectum and sacrum. These folds are known
from their position as the rectovesical or sacrogenital folds. The peritoneum of

the anterior pelvic wall covers the superior surface of the bladder, and on either

side of this viscus forms a depression, termed the paravesical fossa, and limited

externally by the fold of peritoneum covering the vas deferens. The size of this

fossa is dependent on the state of distention of the bladder; when the bladder is

empty, a variable fold of peritoneum, the plica vesicalis transversa, divides the
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fossa into two portions. On the peritoneum between the paravesical and para-

rectal fossae the only elevations are those produced by the ureters and the internal

iliac vessels. (6) In the female, pararectal and paravesical fossae similar to those

in the male are present; the outer limit of the paravesical fossa is the peritoneum

investing the round ligament of the uterus. The rectovesical pouch is, however,
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Pig. 996.—Diagrammatic mesal section of the female body, to show the peritoneimi on vertical tracing. The
greater sac of the peritoneum is black and is represented as being much larger than in nature; the lesser sac is very
darkly shaded; the peritoneum on section is shown as a white line, and a white arrow is passed through the fora
men of Winslow from the greater into the lesser sac. (Cunningham.)

divided by the uterus and vagina into a small anterior vterovesical and a large,

deep, posterior rectovaginal pouch or pouch of Douglas. The sacrogenital folds

form the margins of the latter, and are continued on to the back of the uterus to

form a transverse fold, the torus uterinum. The broad ligaments extend from the

sides of the uterus to the lateral walls of the pelvis ; they contain in their free margins

the Fallopian tubes, and on their posterior surface the ovaries attached by the

mesovaria. Below, the broad ligaments are continuous with the peritoneum on
the lateral walls of the pelvis. On the lateral pelvic wall behind the attachment

of the broad ligament, in the angle between the elevations produced by the

diverging internal and external iliac vessels, is a slight rossa, the ovarian fossa,

in which the ovary normally lies.

2. In the Lower Abdomen (Fig. 997).—Starting from the linea alba, below the

level of the transverse colon, and tracing the continuity in a horizontal direction

to the right, the peritoneum covers the inner surface of the abdominal wall almost
as far as the outer border of the Quadratus lumborum; it encloses the cecum and
appendix, and is reflected over the sides and anterior surface of the ascending
colon; it may then be traced over the Psoas muscle and the inferior vena cava
toward the middle line, whence it passes along the mesenteric vessels to invest

the small intestine, and back again to the large vessels in front of the vertebral
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column, forming the mesentery, between the layers of which are contained the

mesenteric bloodvessels, nerves, lacteals, and lymph nodes. It is then continued

over the left Psoas muscle; it covers the sides and anterior surface of the descending

colon, and, reaching the abdominal wall, is continued on it to the middle line,

3. In the Upper Abdomen (Fig. 998).—Above the transverse colon the peri-

toneum can be traced, forming the greater and lesser sacs, and their communication

through the foramen of Winslow can be demonstrated.

Peritonetim

Psoas

Sight
kidney

Left kidney

Fig. 997.—Peritoneal reflection in transverse section of lumbar region below the transverse colon. Seen
from above. Schematic. (Tillaux.)

(a) Greater Sac.—Commencing on the posterior abdominal wall at the inferior

vena cava, the membrane may be followed to the right over the front of the upper

part of the right kidney on to the antero-lateral abdominal wall. From the middle

of the anterior wall a backwardly directed fold encircles the impervious umbilical

vein and forms the falciform ligament of the liver. Continuing to the left, the

peritoneum lines the lateral abdominal wall and covers the outer part of the front

of the left kidney, and is reflected to the posterior border of the hilus of the spleen

as the posterior layer of the lienorenal ligament (Fig. 1001). It can then be traced

over the surface of the spleen to the front of the hilus, and thence to the cardiac

extremity of the stomach as the anterior layer of the gastrosplenic omentum. It

covers the antero-superior surface of the stomach and first part of the duodenum
and extends up from the lesser curvature of the stomach to the liver, the latter

portion forming the anterior layer of the gastrohepatic omentum.

(&) Lesser Sac.—On the posterior abdominal wall the peritoneum of the greater

sac is continuous with that of the lesser sac in front of the inferior vena cava.

Starting from here, the lesser sac may be traced across the aorta and over the inner

part of the front of the left kidney to the hilus of the spleen as the anterior layer

of the lienorenal ligament. From the spleen it is reflected to the stomach as the

posterior layer of the gastrosplenic omentum. It covers the postero-inferior

surfaces of the stomach and commencement of the duodenum, and from the

lesser curvature of the stomach extends upward to the liver as the posterior layer

of the gastrohepatic omentum; the right margin of this layer is continuous around
the hepatic artery, bile duct, and portal vein with the wall of the greater sac.

The foramen of Winslow (foramen epiploicum) is the passage of communication
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between the greater and lesser sacs. It is bounded in front by the free border

of the gastrohepatic omentum, with the hepatic artery, common bile duct, and

portal vein between its two layers; behind by the peritoneum covering the inferior

vena cava; above by the peritoneum on the caudate lobe of the liver, and below

by the peritoneum covering the commencement of the duodenum and the hepatic

artery, the latter passing forward below the foramen before ascending between the

two layers of the gastrohepatic omentum (Fig. 998).

Lig. teres

Common bile duct

Portal vein

-Foramen of
Winslow

—Inferior Vena Cava

Aorta

Fig. 998.—Transverse section of peritoneum above the transverse colon. The arrow points to the lesser
sac and passes through the foramen of Winslow.

The boundaries of the lesser sac will now be evident. It is bounded in front,

from above downward, by the Spigelian lobe of the liver, the gastrohepatic omen-

tum, the stomach, and the anterior two layers of the greater omentum; behind, it

is limited, from below upward, by the two posterior layers of the greater omentum,
the transverse colon, and. the ascending layer of the transverse mesocolon, the

upper surface of the pancreas, the left suprarenal gland, and the upper end of

the left kidney. Laterally, the lesser sac extends from the foramen of Winslow

to the spleen (recessus lienalis) (Fig. 1001), where it is limited by the lienorenal

ligament and the gastrosplenic omentum.
In the fetus the lesser sac reaches as far as the free margin of the great omentum,

but in the adult its vertical extent is usually more limited, owing to adhesions

between the layers of the omentum. It should be stated that during a consider-

able part of fetal life the transverse colon is suspended from the posterior abdomi-
nal wall by a mesentery of its own—the two posterior layers of the greater omen-
tum passing, at this stage, in front of the colon (Fig. 990). This condition some-

times persists throughout adult life, but, as a rule, adhesion occurs between the

mesentery of the transverse colon and the posterior layer of the greater omentum,
with the result that the colon appears to receive its peritoneal covering by the

splitting of the two posterior layers of the latter fold. In the adult the lesser sac

intervenes between the stomach and the structures on which that \'iscus lies, and
performs, therefore, the functions of a serous bursa for the stomach.

Numerous peritoneal folds extend between the various organs or connect them
to the parietes. They serve to hold them in position, and, at the same time,
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enclose the vessels and nerves proceeding to them. Some of these folds which

connect certain viscera with the parietes are called ligaments, such as the ligaments

of the liver and the false ligaments of the bladder. Others, which connect certain

parts of the intestine with the abdominal wall, constitute the mesenteries; and

lastly, those which proceed from the stomach to certain viscera in its neighborhood

are called omenta.

The ligaments, formed by folds of the peritoneum, include those of the liver,

spleen, bladder, and uterus. They will be found described with their respective

organs.

The omenta are the lesser omentum, the greater omentum, and the gastrosplenic

omentum.

The lesser or gastrobepatic omentum (omentum minus) (Figs. 996 and 999) is

the dupHcature which extends between the transverse fissure of the liver and the

right side of the abdominal portion of the oesophagus, the lesser curvature of the

stomach, and the upper portion of the superior surface of the duodenum.

Papillary tiiberde
Cut edge of peritoneum

Spleen covered

yhy peritoneum

Cut edge of peritoneum

Fio. 999.—Bursa omentalis, or lesser sac, opened from the front by an incision through the gastrocolic omen-
tum, A probe passes through the foramen of Winslow and rests on the gastropancreatic fold. (Henle.)

The portion going to the cesophagus and stomach is called the hepatogastric ligament (%a-
mentum hepatogastricum). The division of the ligament which goes to the cesophagus is strong

and dense; the division which goes to the lesser curvature of the stomach is thin and relaxed.

The portion of the lesser omentum which goes to the duodenum is continuous with the first-

named portion. It is called the hepatoduodenal ligament (ligamentum hepatoduodenale).

The right margin of this ligament is free and concave. The hepatocolic ligament {ligamentum
hepatocolicum is not invariably present. It is a fold of the hepatoduodenal ligament and runs

from the posterior surface of the gall-bladder to the descending portion of the duodenum or

possibly to the transverse colon.

The lesser omentum is thin, and is continuous with the two layers which cover

respectively the anterior and posterior surfaces of the stomach. When the two
layers reach the lesser curvature of the stomach, they join and ascend as the double
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fold to the transverse or portal fissure of the liver; to the left of this fissure the double

fold is attached to the bottom of the fissure for the ligamentum venosum, along

which it is carried to the Diaphragm, where the two layers separate to embrace the

end of the oesophagus. At the right border the two layers are continuous and form

a free margin which constitutes the anterior boundary of the foramen of Winslow.

Between the two layers, close to this free margin, are the hepatic artery, the com-

mon bile duct, the portal vein, lymphatics, and the hepatic plexus of nerves (Fig. 1000)

—all these structures being enclosed in loose areolar tissue which is continuous

with Glisson's capsule. Between the layers where they are attached to the

stomach lie the gastric artery and the pyloric branch of the hepatic artery.

The greater or gastrocolic omentum {omentum majus) (Figs. 996 and 1002) is the

largest peritoneal fold. It consists of a double sheet of peritoneum, folded on
itself so that it is made up of four layers. The two layers which descend from the

stomach pass in front of the small intestines, sometimes 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*
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Fig. 1000.—Structures between the layers of the lesser omentum. The liver has been raised up, and the anterior
layer of the omentum removed. Semidiagrammatic. (Cunningham.)

or less inseparably blended. The left border of the greater omentum is continuous
with the gastrosplenic omentum; its right border extends only as far as the duo-
denum. The greater omentum is usually thin, presents a cribriform appearance,
and always contains some adipose tissue, which in fat persons accumulates in

considerable quantity. Between its two anterior layers is the anastomosis
between the right and left gastroepiploic arteries. In opening the abdomen the
greater omentum is rarely found spread out evenly over the intestines. It often

projects between intestinal coils, or is largely gathered in some one region, or is

pushed in front of the stomach by distention of the colon.

The gastrosplenic omentum is the fold which connects the margins of the hilum
of the spleen to the stomach, being continuous by its lower border vrit\i the greater

omentum. It contains the vasa brevia.
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Fig. 1001.—Hortzontal section through the stomach, pancreas, spleen, and the left kidney to show peritoneal reflec-

tions at the hilum of the spleen. (G. S. H.)

Fig. 1002.—The greater omentum as seen from the front. (Testut.)
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mesocolon, and the mesentery of the vermiform appendix. In addition to these

there are sometimes present an ascending and a descending mesocolon.

The mesentery (mesenterium) (Figs. 1003 and 1004), is the broad, fan-shaped

fold of peritoneum which connects the convolutions of the jejunum and ileum with

Duodenum

Fig. 1003.—Mesentery. Small intestine pushed upward to the right. (Tillaux.)

the posterior wall of the abdomen. Its root {radix mesenterii), the part connected

with the structures in front of 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 iliac fossa (Fig. 1004). Its intestinal border is about twenty feet in

length, and here the two layers separate so as to enclose the intestine and form its

peritoneal coat. Its breadth, between its vertebral and intestinal border, is about

eight inches. Its upper border is continuous with the under surface of the trans-

verse mesocolon; its lower border, with the peritoneum covering the cecum and
ascending colon. It serves to retain the small intestines in their position, and
contains between its layers the mesenteric vessels and nerves, the l3rmphatic vessels,

and mesenteric lymph nodes. These nodes number from 50 to 150. The mesentery

is somewhat translucent, particularly at its upper part, but in stout individuals

it becomes opaque on account of the fat deposited between its layers.

In most cases the peritoneum covers only the front and sides of the ascending
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and descending parts of the colon. Sometimes, however, these are surrounded by
the serous membrane and attached to the posterior abdominal wall by an ascending

mesocolon {mesocolon ascendens) and a descending mesocolon (mesocolon descendens)

respectively. At the place where the transverse colon turns downward to form the

descending colon, a fold of peritoneum is continued to the under surface of the

Diaphragm opposite the tenth and eleventh ribs. This is the phrenocolic ligament

(ligamentum phrenicocolicum) ; it passes below the spleen, and serves to support

this organ, and therefore it has received the name of sustentaculum lienis.
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Fig. 1004.—Diagram devised by Dr. Del^pine to show the lines along which the peritoneum leaves the wall of the
abdomen to invest the viscera.

The transverse mesocolon (mesocolon transversum) (Fig. 1004) is a broad fold

which connects the transverse colon to the posterior wall of the abdomen. It is

formed by the two posterior layers of the greater omentum, w^hich, after separating

to surround the transverse colon, join behind it, and are continued backward to the
vertebral column, where they diverge in front of the anterior border of the pancreas.

This fold contains between its layers the vessels which supply the transverse colon.

The sigmoid mesocolon (mesocolon sigmoideum) (Fig. 1004) is the fold of peri-

toneum which retains the sigmoid flexure in connection with the pelvic wall.

Its line of attachment forms a V-shaped curve, the apex of the curve being placed
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about the point of division of the left common iliac artery. The curve begins

on the inner side of the left Psoas, and runs upward and backward to the apex,

from which it bends sharply downward and inward, and ends in the mesal plane

at the level of the third sacral segment. Between the two layers of this fold run

the sigmoid afid superior hemorrhoidal vessels.
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Fig. 1005.—Superior and inferior duodenal fossse. (Poirier and Charpy.)

The mesoappendix or mesentery of the vermiform appendix (mesenteriolum pro-

cessus rermiformis) (Fig. 1008) is a double fold of peritoneum derived from the

left leaf of the mesentery. In the majority of cases it is triangular in shape and
usually extends along the entire length of the appendix. Between its two layers

lie the appendicular artery (Fig. 1055), a branch of the ileocolic artery, some
connective tissue, and lymph vessels and nerves.

The appendices epiploicae 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.

Retroperitoneal Fossae.—In certain parts of the abdominal cavity there are

recesses of peritoneum forming cuU-de-sac or pouches, which are of surgical inter-

est in connection with the possibility of the occurrence of retroperitoneal hernia.

One of these is the lesser sac of the peritoneum (Figs. 996 and 998), which may be

regarded as a recess of peritoneum through the foramen of Winslow, in which
a hernia may take place, but there are several others, of smaller size, which require

mention.

These recesses, or fossae, may be divided into three groups—viz. : (1) the duodenal

fossse; (2) pericecal fossae; and (3) the intersigmoid fossa.

1. Duodenal Folds and Fossae.—]\Ioynihan has described no less than nine fossae

as occurring in the neighborhood of the duodenum. Three of these are fairly

constant. Five of the fossae are here considered: (a) The inferior duodenal

fossa, or fossa of Treitz (Fig. 1005), is the most constant of all the peritoneal fossae

in this region, being present in from 70 to 75 per cent, of cases. It is situated

opposite the third lumbar vertebra on the left side of the ascending portion of the

duodenum. Its opening is directed upward, and is bounded by a thin, sharp

fold of peritoneum with a concave free upper margin, called the inferior duodenal

fold {plica duodenomesocolica) . The tip of the index finger introduced into the

fossa under the fold passes some little distance behind the ascending or fourth

portion of the duodenum. (6) The superior duodenal fossa (Fig. 1005) is the next

most constant pouch or recess, being present in from 40 to 50 per cent, of cases.

It often coexists with the inferior one, and its orifice looks downward, in the oppo-
site direction to the preceding fossa. It lies to the left of the ascending portion

80
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of the duodenum. It is bounded by the free edge of the superior duodenal fold

{plica diiodenojejunalis), which presents a semilunar margin; to the right it is

blended with the peritoneum covering the ascending duodenum, and to the left

with the peritoneum covering the perirenal tissues. The fossa is bounded in

front by the superior duodenal fold; behind by the second lumbar vertebra; to

the right by the duodenum, (c) The duodenojejunal fossa or mesocolic fossa

(recessus duodenojejunalis) is formed where the duodenojejunal angle enters the

root of the transverse mesocolon. There are two forms: (1) a single fossa and (2)

a double fossa. It can be seen by pulling the jejunum downward and to the right

after the transverse colon has been pulled upward. It will appear as an almost

circular opening, looking downward and to the right, and bounded by two free

borders or folds of peritoneum, the duodenomesocolic ligaments. The opening
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Fig. 1006.—Duodenojejunal fossa. (Poirier and Charpy.)

admits the little finger into the fossa to the depth of from four-fifths to one and one-

fifth inches, or 2 to 3 cm. The fossa is bounded above by the pancreas, to the right

by the aorta, and to the left by the kidney; beneath is the left renal vein. The
fossa exists in from 15 to 20 per cent, of cases, and has never yet been found

in conjunction with any other form of duodenal fossa, (d) Paraduodenal fossa or

the fossa of Landzert {recessus duodenojejunalis) is most distinct in the infant,

and is to the left of the ascending portion of the duodenum. The fold of peri-

toneum to its outer side and above is produced by the inferior mesenteric vein.

Its lower limit is a fold called the mesentericomesocolic fold, (e) The retro-

duodenal fossa (Fig. 996) was described in 1893 by Jonnesco. It is a peritoneal

cul-de-sac, sometimes found behind the horizontal and ascending portions of the

duodenum.
2. Pericecal Folds and Fossae.—There are at least three pouches or recesses to be

found in the neighborhood of the cecum, which are termed pericecal fossae. (1)

The ileocolic fossa or superior ileocecal {recessus ileocecalis superior) (Fig. 1007)

is formed by a fold of peritoneum, the ileocolic fold, arching over the branch of

the ileocolic artery which supplies the ileocolic junction. The fossa is a narrow
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chink situated between the ileocolic fold in front, and the mesentery or the small

intestine, the ileum, and a small portion of the cecum behind (2) The ileocecal

or ileoappendicular fossa (recesstis ileocecalis inferior) (Fig. 1007) is situated behind

the angle of junction of the ileum and cecum. It is formed by a fold of peri-

toneum, the ileocecal fold {plica ileocecalis), or "bloodless fold" of Treves, the

upper border of which is attached to the ileum, opposite its mesenteric attach-

ment, while the lower border, passing over the ileocecal junction, joins the

mesentery of the appendix, and sometimes the appendix itself; hence this fold

is sometimes called the ileoappendicular fold. Between this fold and the mesen-
tery of the vermiform appendix is the inferior ileocecal fossa. It is bounded above

by the posterior surface of the ileum and the mesentery; in front and beloiv by the

ileocecal fold and behind by the upper part of the mesentery of the appendix.

M) The retrocecal or subcecal fossa {recessus retrocecalis) (Fig. 1008) is situated
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behind the cecum, which has to be raised to bring the fossa into view. It varies

much in size and extent. In some cases it is sufficiently large to admit the index

finger and extends upward behind the ascending colon in the direction of the kidney;

in others it is merely a shallow depression. It is bounded and formed by two folds

:

one, the external parietocolic fold, or the superior cecal fold, which is attached by
one edge to the abdominal wall from the lower border of the kidney to the iliac

fossa and by the other to the postero-external aspect of the colon ; and the other,

the inferior cecal or mesentericoparietal fold, which is in reality the insertion of the

mesentery into the iliac fossa. In some instances the subcecal fossa is double.

3. The intersigmoid fossa (recessus intersigmoideiis) is constant in the fetus

and common during infancy, but disappears in a large percentage of cases as age
advances. Upon drawing the sigmoid flexure upward, the left surface of the sig-

moid mesocolon is exposed, and on it will be seen a funnel-shaped recess of the
peritoneum, lying on the external iliac vessels, in the interspace between the
Psoas and Iliacus muscles. This is the orifice leading to the fossa intersigmoidea,

which lies behind the sigmoid mesocolon, and in front of the parietal peritoneum.
The fossa varies in size; in some instances it is a mere dimple, whereas in others

it will admit the whole of the index finger.

L
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Any of these fossse may be the site of a retroperitoneal hernia. The pericecal

fossje are of especial interest, because hernia of the vermiform appendix frequently

takes place into one of them, and may there become strangulated. The presence

of these pouches also explains the course which pus has been known to take in

cases of perforation of the appendix, where it travels upward behind the ascend-

ing colon as far as the Diaphragm.^

Applied Anatomy.—Study of the peritoneum by Robinson and others shows that absorption

takes place more rapidly from the region of the Diaphragm, less rapidly but still very actively from

the region of the small intestine, slowly from the pelvic region. Clinically we know that pelvic
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Fig. 1008.—The retrocecal fossa. The ileum and cecum are drawn backward and upward. (Souligoux.)
,

peritonitis is not nearly so dangerous as peritonitis in the small intestine or Diaphragm areas, and
that peritonitis in the region of the Diaphragm is the most fatal form of the infection. Aftei

abdominal operations in infected cases, it is well to elevate the head of the bed (Fowler's position),

so as to obtain the aid of gravity in draining septic fluids away from the dangerous region and
toward the safer region.^ In areas in which absorption is rapid, protective exudation is not apt to

form. In areas in which absorption is slow, inflammatory exudation is apt to circumscribe the

area and prevent diffusion. After an operation in a noninfected case, if salt solution has been

left in the abdominal cavity because of shock or hemorrhage, raising the foot of the bed will aid

rapid absorption of the fluid by favoring the natural current toward the Diaphragm and hurrying

the fluid to a region in which absorption is rapid. Dr. John B. Murphy's plan of treating general

peritonitis has proved remarkably successful. He does not remove the exudation of lymph which
is seen upon the peritoneum. This exudation is conservative, blocks up lymph spaces, and lessens

the absorption of dangerous toxins. He inserts a drainage tube into the peritoneal cavity above
the pubes, puts the patient erect or semierect in bed (Fowler's position), and administers salt

solution continuously by low pres.sure proctolysis. According to Murphy, the lymph circulation

is reversed and the peritoneum becomes a secreting surface. Certain it is that the salt solution

absorbed from the rectum reaches the peritoneal cavity in large amounts and flows out of the

drainage tube.

The greater omentum stores up fat, and, being movable, it is able to pass to different parts ot

the peritoneal cavity. Dr. Robinson, in his work on the Peritoneum, describes its functions as

follows: "The omentum is the great protector against peritoneal infectious invasions. It builds

barriers of exudates to check infection. It is like a man-of-war, ready at a moment's notice to

move to invaded parts. It circumscribes abscesses, it repairs visceral wounds, and prevents

' On the anatomy of these fosste, see the Arris and Gale Lectures by Moynihan, 1899.
* George R. Fowler, in Medical Record, April 14, 1900.
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adhesions of mobile viscera to the anterior abdominal wall. It resists infectious invasions by
tvpical peritoneal exudates, and not by succumbing to absorbed sepsis. It is a director of peri-

toneal fluids, a peritoneal drain."

In abdominal wounds the greater omentum often protrudes. This structure frequently con-

stitutes or is part of a hernia, and is almost invariably present in umbilical hernia. As a result

of inflammation, it may become adherent to adjacent structures. Adhesions may be of service

bv matting together the intestines and circumsc-ribing infections. They may be harmful by
constricting the bowels and producing obstruction. A portion of the omentum may become
adherent to some other part and form a band, and under this band the gut may be caught and
strangulated. The omentum may adhere to and plug a perforation in a hollow viscus, and the

surgeon may utilize it for the same purpose, or to cover a raw surface or overlie a suture line.

The omentum may be in the surgeon's way while operating. If it is, the patient is placed in

the Trendelenburg position (pelvis elevated).

Any tear or opening found by the surgeOn in the greater omentum must be closed with sutures,

because of the danger that intestine might enter and be caught in such an opening. A tumor
cut off from its proper blood supply, for instance, an ovarian cyst with a twisted pedicle, may
continue to receive noiu-ishment from adherent omentmn, and gangrene may thus be prevented!.

The lax character and shifting tendency of the subserous tissue explains the occurrence of

ptosis of the abdominal viscera and kidneys.

The vast number of nerves in the peritoneum accounts for the profound shock which follows

a wound, attends an intraperitoneal calamity, or which develops from infection. An infective

process of any portion of the peritoneum produces pain and reflex symptoms (vomiting, ab-
dominal rigidity, intestinal paresis, etc.).

The parietal p>eritoneum is very sensitive to pain, but not to touch; hence, after injecting a
local anesthetic and opening the abdomen, a fairly satisfactory exploration can be made with
the finger.

The intestine, the mesentery, the stomach, the anterio'' margin of the liver, and the gall-bladder

are insensitive, and may be cut or even biu*ned without pain.i Viscera which obtain their inner-

vation purely from visceral nerves are insensitive; those which receive branches from somatic
nerves are sensitive (Lennander).

The oblique origin of the mesentery causes this structure to form a sort of shelf. A hemor-
rhage or extravasation into the abdomen, to the right of the mesentery, tends to flow into the

right iliac fossa; one occiuring on the left side flows into the pelvis. Monks shows how the

mesentery can be utilized to determine the direction of an intestinal loop:
" Now, let us suppose that the surgeon has between his fingers a loop of bowel, and wishes

to determine its direction. He knows that one side of the loop is the left side of the intestine,

and that the corresponding side of the mesentery, if closely followed down to the mesenteric
root, will conduct him into the left fossa; he also knows that the other side of the bowel is its

right side, and that the mesentery on that side will conduct him into the right fossa. Now,
if his finger goes into the great fossa on the left side of the abdomen, after having closely fol-

lowed the mesentery down to its root and arranged his loop to be parallel with that root, he then
knows that the left and right sides of the intestine face to the left and right sides of the abdomen
respectively, and that the end of the loop which points downward is the end nearest the ileo-

cecal valve. He can determine the direction of the gut in a similar way in case his finger enters

the right fossa. All this would seem very simple were it not for the twists in mesentery and
intestine, which tend to mislead one. A little practice will usually enable one to recognize a twist

in the mesentery. This should be untwisted by rotation of the gut, after which the direction is

determined by another palpation of the mesenteric root."*

The studies made of the arrangement and variations of the loops of the mesenteric vessels by
Dr. Thomas Dwight*have been utilized and expanded by Dr. George H. Monks in laying down
rules for the determination of the exact portion of small intestine which may be in the surgeon's

hand.* His views are as follows:

"General Vascularity of tlie Mesentery near the Bowel.—Opposite the upper part of the bowel
the mesenteric vessels are distinctly larger than opposite any other part of it. These vessels grow
smaller and smaller as we pass downward until the lower third of the gut is reached, where they

remain about the same size as far as the ileocecal valve. The arrangement of the mesenteric

vessels has some features which intimately concern the subject in hand, and which I shall describe

with some detail. Diagramraatically speaking, the main branches of the superior mesenteric

artery unite with each other by means of loops, which are called for convenience 'primary loops ;*

in some parts of the tube, 'secondary loops,' and even, occasionally, 'tertiary loops,' are super-

imposed upon these. From these loops little straight vessels—the vasa recta already referred to

—run to the lx)wel, upon which they ramify, alternating, as a rule, as to the side of the intestine

which they supply. The mesenteric veins are arranged in a manner somewhat similar to the

arteries.

' Dr. K. E. L. Lennander, in Mittheilungen aus dem Grenzgebieten der Medicin und Chinirgie, Band x, Heft, 1, 2-

' Intestinal Localization, by George H. Monks, Annals of Surgery, October, 1903.
' Reports of tiie Meeting of American Anatomists, 1897.
* Annals of Surgerj-, 1903.
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"The Loops of the Mesenteric Vessels.—Opposite the upper part of the bowel there are only

primary loops. Occasionally a secondary loop appears, but it is small and insignificant as com-

pared with the primary loops, which are large and quite regular. As we proceed down the

bowel, secondary loops become more numerous, larger, and approach nearer to the bowel than

the primary loops in the upper part. As a rule, secondary loops become a prominent feature

at about the fourth foot. As we continue farther downward, the secondary loops (and, possibly,

tertiary loops) become still more numerous and the primary loops smaller, the loops all the time

getting nearer and nearer to the gut. Opposite the lower part of the gut the loops generally

lose their characteristic appearance, and are represented by a complicated network.

"The Vasa Recta.—Opposite the upper part of the intestine the vasa recta are from three to

five centimetres long, when the loop of small intestine to which they run is lifted up so as to put

them gently on the stretch. They are straight, large, and regular, and rarely give off branches

in the mesentery. In the lower third they are very short, being generally less than 1 cm. in

length. Here they are less straight, smaller, less regular, and have frequent branches in the

mesentery.

"

THE STOMACH (GASTER; VENTRICULUS) (Figs. 972, 1010).

The stomach is one of the principal organs of digestion, and serves aS a tem-

porary receptacle for food. It is the most dilated part of the alimentary canal

and is situated between the termination of the oesophagus {cardia) and the

commencement of the small intestine.

It lies more or less obliquely or horizontally in the epigastric, umbilical, and left

hypochondriac regions of the abdomen, and occupies a recess or chamber called

the stomach chamber (Fig. 999). When distended the viscus completely fills the

space. When the stomach is empty it lies upon the floor of the chamber, and the

portion it has vacated is occupied by the transverse colon, which ascends in front

of the stomach and finally gets above it. The anterior and left wall of the stomach
chamber is formed by the anterior abdominal wall and Diaphragm. The roof

is formed by the under surface of the Diaphragm and the under surface of the left

lobe of the liver. The floor is formed by the left suprarenal gland and the summit
of the left kidney, the gastric surface of the spleen, the upper surface of the

pancreas, the transverse mesocolon, and the colon.

The shape and position of the stomach are so greatly modified by changes

within itself and in the surrounding organs that no one form can be described

as typical. The chief modifications are determined by (1) the amount of the

stomach contents, (2) the stage which the digestive process has reached, (3) the

degree of development or functional power
of the gastric musculature, and (4) the con-

dition of the adjacent intestines.

When empty and contracted, as after a
nth Thoracic K -y^-— ftv I

pcrlod of Tcst,^ thc stomach is sickle- or

sausage-shaped, as shown in Fig. 1009. At
an early stage of gastric digestion the

stomach commonly consists of two seg-

, , , , , , , , , ^ ments—(a) a lange globular portion on the
1st Lumbar V. / / -J„..-^ { /\ , i A \

» » ^
left, and (o) a narrow tubular portion on

the right, corresponding to the fundus and

E. A. s. r-^
"

\—

^

pyloric portions, and forming an angle

with each other, the axis of the fundus

Fig. 1009.—Form and topography of the stem- being directed dowuward and inward while
ach when empty and contracted, as seen imme- j.i i* <• J„J4.^
diately after death in an executed individual. the pyloriC portlOU CUrVCS Upward and tO

the right.

The stomach presents two openings, two borders or curvatures, and two sur-

faces.

An opportunity to view this condition is given by the immediate examination of the organ in situ in executed
cnminala who have not eaten for some time.



THE STOMACH 1271

Antrum cardiacum

Inciinira
cardiaca/

' Inclsura anffularis

Pylorus

Pyloric canal

Sulcus intermediua

Pylffric vestibule

Fig 1010.—Outlines of the stomach, showing its

anatomical landmarks.

Openings.—The opening by which the oesophagus communicates with the

stomach is known as the cardiac orifice, and is situated at the level of the eleventh

thoracic vertebra, nearly an inch from the midline, corresponding to the seventh

left chondrosternal junction. The short intra-abdominal portion of the oesopha-

gus (antru'in cardiaeiim) is conical in shape and curved sharply to the left, the base of

the cone being continuous with the cardiac orifice of the stomach. The right mar-

gin of the oesophagus is continuous with the lesser curvature of the stomach, while

the left margin joins the greater curvature at an acute angle, the incisura cardiaca.

The pyloric orifice communicates with the duodenum, and its position is indi-

cated on the surface by a circular groove, the duodenopyloric constriction. This

orifice lies to the right of the middle line

at the level of the first lumbar vertebra;

it may be from one to two inches to

the right of the middle line, depending

upon the degree of distention of the

stomach. Its position on the ventral

surface of the body would be indicated

by a point in the transpyloric plane (see

p. 124.3) about one inch to the right of

the middle line.

Curvatures.—The lesser curvature (ciir-

ratura ventricuU minor), extending be-

tween the cardiac and pyloric orifices,

forms the right or posterior border of the

stomach. It descends as a continuation

of the right margin of the oesophagus

in front of the left crus of the Diaphragm, and then, turning to the right, it crosses

the first lumbar vertebra and ends at the pylorus. Nearer its pyloric than its

cardiac end is a well-marked notch, the incisura angularis, which varies somewhat
in position with the state of distention of the viscus, it serves to separate the

stomach into a right and left portion. The lesser curvature gives attachment to

the two layers of the gastrohepatic omentum, and between these two layers are

the gastric artery and the pyloric branch of the hepatic artery. It is from three

to four inches (S-10 cm.) in length.

The greater curvature {ciirvahira ventricidi major) is directed mainly fon^^ard

and to the left, and is three or four times as long as the lesser curvature (twelve to

sixteen inches, or 30 to 40 cm.); starting from the cardiac orifice at the incisura

cardiaca it forms an arch backward, upward, and to the left; the highest point

of the convexity is on a le\ el with the sixth left costal cartilage or tenth thoracic

vertebra. From this level it may be followed downward and forward with
a slight convexity to the left as low as the cartilage of the ninth rib; it then turns

to the right to end at the pylorus. Directly opposite the incisura angularis of the

lesser curvature the greater curvature presents a dilatation, the pyloric vestibule or

aufrian, which is limited on the right by a slight groove, the sulcus intermediiis; this

sulcus is about an inch from the duodenopyloric constriction. The portion between
the sulcus intermedins and the duodenopyloric constriction is termed the pyloric

canal. At its commencement the greater curvature is covered by peritoneum con-
tinuous with that covering the front of the organ. The left part of the curvature
gives attachment to the gastrosplenic omentum, while to its anterior portion are
attached the two anterior layers of the great omentum, separated from each other
by the gastroepiploic vessels.

Surfaces.—^\Vhen the stomach is in the slightly dilated condition, its surfaces
are directed more upward and downward respectively, but when the viscus is dis-

tended they are directed more forward and backward. They may, therefore,
be described as antero-superior and postero-inferior.
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Antero-superior Surface.—The left half of this surface is in contact with the Dia-

phragm, vvliich separates it from the base of the left lung, the pericardium, the

seventh, eighth, and ninth ribs, and intercostal spaces of the leftside. The right

half is in relation with the left and quadrate lobes of the liver and with the ventral

abdominal wall. When the stomach is empty the transverse colon may be found

lying on the front part of this surface. The whole surface is covered by peri-

toneum.

The Postero-inferior Surface (paries posterior) is in relation with the Diaphragm,

the gastric surface of the spleen, the left suprarenal gland, the upper part of the

front of the left kidney, the anterior surface of the pancreas, the splenic flexure

of the colon, and the upper layer of the transverse mesocolon. These structures

form a shallow concavity ("stomach bed"), on which the stomach rests. The
transverse mesocolon intervenes between the stomach and the duodenojejunal

flexure and small intestine. The postero-inferior surface is covered with peri-

toneum, except over a small area close to the cardiac orifice; this area is limited

by the lines of attachment of the gastrophrenic ligament, and lies in contact with

the Diaphragm and frequently with the upper portion of the left adrenal gland.

Component Parts of the Stomach.—The stomach may be divided into a left

portion or body and a right or pyloric portion or antrum by a plane passing through

the incisura angularis and the left limit of the opposed dilatation (pyloric vestibule)

on the greater curvature. The left portion of the body (corpus ventriculi) is known
as the fundus, while that which is adjacent to the cardiac orifice is known as the

cardiac antrum. The pyloric antrum is divided into a right part, the pyloric canal,

and a left, the pyloric vestibule, by a plane passing through the sulcus intermedins

at right angles to the axis of this portion (Fig. 1010).

The size of the stomach varies considerably in different subjects. When mod-
erately distended its greatest length, from the top of the fundus to the lowest part

of the greater curvature, is from ten to twelve inches and its diameter at the

widest part from four to five inches. The distance between the two orifices,

when the stomach is in situ, is three to four inches, and the measurement from the

anterior to the posterior . wall three and one-half inches. Its weight, according

to Clendinning, is about four ounces and a half, and its capacity in the adult male

is five to eight pints. The stomach of a newborn child holds about one ounce.

Alterations in Position.—There is no organ in the body the position and connections of

\Vhich present such frequent alterations as the stomach. When empty, it lies at the back part

of the abdomen, some distance from the ventral abdominal wall, and is in the left hypochondriac
region and the left portion of the epigastric region. Its fundus is directed upward and backward
toward the Diaphragm. The long axis of the viscus is quite oblique. Its pyloric end is directed

toward the right, covered in front by the left lobe of the Uver, and on a level with the first himbar
vertebra. When empty and contracted the stomach assumes a more or less cylindrical form,

especially noticeable at its pyloric end, and resembles a piece of thick-walled intestine. When
the stomach is distended, its surfaces become convex and the shape becomes pyriform, its long

axis being downward, forward, and to the right. The greater curvature is elevated and carried

forward, so that the anterior surface is turned more or less upward and the posterior surface

downward, and the stomach is brought well against the anterior wall of the abdomen. Its

fundus expands and rises considerably above the level of the cardiac orifice; in doing this the

Diaphragm is forced upward, contracting the cavity of the thorax; hence the dyspnea complained
of as inspiration is impeded. The apex of the heart is also tilted upward; hence the oppression
in this region and the palpitation experienced in extreme distention of the stomach. The left

lobe of the liver is pushed toward the right. When the stomach becomes distended the change
in the position of the pylorus may be considerable; it is shifted to the right as much as two
inches from the median line, and lies under cover of the liver, near the neck of the gall-

bladder. In consequence of the distention of the stomach the pyloric antrum bulges in front

of the pylorus, concealing it from view, and causing it to undergo a rotation, so that its orifice is

directed backward. When the stomach is greatly distended its lower border may enter the um-
bilical and the left lumbar regions. During inspiration the stomach is displaced downward by
the descent of the Diaphragm, and it is elevated by the pressure of the abdominal muscles during
expiration. Pressure from without, as from tight lacing, pushes the stomach down toward the

pelvis. In fact, in the female, because of tight lacing, the body of the stomach may be to the left
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side of the vertebral column and nearly vertical in direction, the pyloric portion being sharply

angled upward toward the pylorus, which lies underneath the liver. Besides the angulation,

the stomach may have a median constriction, and there may even be an hour-glass stomach.

In disease the position and connection of the stomach may be greatly changed, from the accumu-
lation of fluid in the thoracic cavity or abdomen, or from alteration in size of any of the surround-

ing viscera.

Variations According to Age.—In an early period of development the stomach is vertical, and in

the newborn child it is more vertical than later on in life, as owing to the large size of the liver

it is pushed over more to the left side of the abdomen, and the whole of the anterior surface is

covered by the left lobe of this organ.

Interior of the Stomach.—^\Mien examined after death, the stomach is usually

ifi.xed at some temporary stage of the digestive process. A common form is that

[shown in Fig. 1011. If the viscus be laid open by a section through the plane of

its two curvatures, it is seen to consist of the two segments already described

—

viz., a large globular portion to the left, comprising the body and fundus, and the

tubular pyloric portion to the right. The mucous membrane lining the interior

!is soft and velvety, red or reddish brown in the body and fundus, and of a pinkish

[tinge at the pyloric end. It is thrown into numerous folds or rugae, chiefly longi-

tudinal in direction and most marked toward the pyloric end and along the greater

curvature. To the left of the cardiac orifice is liie incisura cardiaca; the projec-

Jtion of this notch into the cavity of the stomach increases as the organ distends,

and has been supposed to act as a valve preventing regurgitation into the oesopha-

tgus. In the pyloric portion are seen (a) the elevation corresponding to the

[incisura" angularis, and (6) the circular projection from the duodenopyloric con-

striction which forms the pyloric valve. The separation of the pyloric vestibule

[from the pyloric canal is scarcely indicated, but the manner in which the pylorus

ris invaginated into the duodenum is evident.

The pyloric valve (valnda pylori) (Fig. 1013) is formed by a reduplication of

[the mucous membrane of the stomach, containing numerous circular fibres, which

are aggregated into a thick circular ring, the Pyloric Sphincter (m. sphincter pylori)
;

1 some of the deeper longitudinal fibres turn in and interlace with the circular fibres

Pylorus.

Pyloric canal

Fig. 1011.—Interior of the stomach.

pf the valve. The pylorus is normally kept closed by the action of this Sphincter
muscle. During the early stage of digestion it remains closed, but after a time
Dpens now and then, this relaxation becoming more frequent and the period of
patency more prolonged as digestion advances.
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Structure.—The wall of the stomach consists of four coats

—

serous, muscular, submucous,

and mucous, together with vessels and nerves.

The serous coat {tunica serosa) 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

uncovered by peritoneum along which the nutrient ^'essels and
nerves pass. On the posterior surface of the stomach, close to the

cardiac orifice, there is also a small triangular area uncovered by
peritoneum, where the organ is in contact with the under surface

of the Diaphragm.
The muscular coat {tunica muscularis) (Figs. 1014 and 1015) is

situated immediately beneath the serous covering, to which it is

closely connected. It consists of three sets of smooth muscle
- tissue

—

longitudinal, circular, and oblique, from without inward,

in the order named.
The longitudinal fibres {stratum longitudinale) are the most

superficial, and are arranged in two sets. The first set consists of

fibres continuous with the longitudinal fibres of the oesophagus;

they radiate in a stellate manner from the cardiac orifice and are

practically all lost before the pyloric portion is reached. The
second set commences on the body of the stomach and passes to

the right, its fibres becoming more closely collected as thev approach the pylorus. Some of

the more superficial fibres of this set pass on to the duodenum, but the deeper fibres dip in and
interlace with the circular fibres of the pyloric valve Sphincter. The bundles of longitudinal

Fig. 1012.—Diagrammatic
view of the coats of the stom-
ach, duodenum, and pylorus.
The ridge is the pyloric valve.
(Allan Thomson.)

Fig. 1013.—The superficial muscular layer of the stomach, viewed from above and in front. (Spalteholz.)

muscle fibre on the upper and lower surfaces of the pylorus are particularly firm and distinct,
and are called the pyloric ligaments {ligamenta pylori).
The circular fibres {stratum circulare) form a uniform layer throughout the whole extent of

the stomach internal to the longitudinal fibres. They begin as tiny rings at the left ex-tremity of
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the fundus and pass over into larger and larger rings to encircle the entire organ. At the pylorus

they are most abundant, and are aggregated into a circular ring or Sphincter, which projects into

the cavity, and forms, with the fold of mucous membrane covering its surface, the pyloric valve

(Fig. 1012). The circular fibre stratum is continuous with the circular layer of the cesophagus,

the fibres being interlaced at the transition.

The oblique fibres
{ fibrae obliquae) arise at the left side of the cardia from the circular fibres

of the oesophagus. The fibres pass down in the anterior and posterior walls, and almost reach

the pylorus. Certain oblique muscular fibres encircle the fundus of the stomach in a series of

rings.

The submucous coat (Ida submticosa) consist of loose areolar tissue, connecting the mucous
and muscular coats. It supports the large bloodvessels previous to their distribution to the

mucous membrane; hence it is sometimes called the vascular coat.

Fig. 1014.—The middle and deep mu.*cul;ir Li\erot the stomach, viewed from above and in front. (Spaltebols.)

The mucous membrane (tunica mucosa) (Figs. 1015, 1016, 1017, and 1018) is thick, its surface

smooth, soft, and velvety. In the fresh 3tate it is of a pinkish tinge at the pyloric end, and of a
red or reddish-brown color over the rest of the surface. In infancy it is of a brighter hue, the
vascular redness being more marked. It is thin at the cardiac extremity, but thicker toward
the pylorus. During the contracted state of the organ it is thrown into numerous folds or

rugs (plicae mucosae) (Figs. 1015 and 1016), which for the most part have a longitudinal direction,

and are most marked toward the pyloric end of the stomach and along the greater curvature.

These folds coilsist of mucous and submucous coats, and are entirely obliterated when the organ
becomes fully distended.

Structure of the Mucous Membrane.—When examined with a lens the inner surface of the
mucous membrane presents a peculiar honeycomb appearance, from being covered with small
shallow depressions, the gastric crsrpts or pits (fareolae gastricae) (Figs. 1015 and 1018) of a poly-
gonal or hexagonal form, which vary from y J^ to t\o of an inch in diameter, and are separated
by slightly elevated ridges (plicae rillosae). The pits in the cardiac and fundal portions of

the stomach extend through about one-sixth the thickness of the mucosa, while in the pyloric end
they extend through about one-half the mucous coat. In the bottom of the crj'pts are seen
ihree to seven orifices of minute tubes, the gastric glands (Fig. 1018), which are placed per-



1276 THE ORGANS OF DIGESTION

pendicularly side bv side throughout the entire substance of the mucous membrane. The sur-

face of the mucous membrane of the stomach is covered by a single layer of columnar epithe-

lium and a few goblet cells; it lines the crypts, and also for a certain distance the mouths of the

gastric glands; in the glands the character of the epithelium changes. This epithelium com-

Gastric J^reas. Rugae..

Fig. 1015.—Mucous membrane of the stomaou, from the pars pylorica, viewed from the surface.

(Spalteholz.)
X 5.

Ridges between the alveoli.

Gastric alveoli.

Fig. 1016.—Mucous membrane of the
stomach, from the pars pylorica, viewed
from the surface. X 16. (Spalteholz.)

mences very abruptly at the cardiac orifice, where the

cells suddenly change in character from the stratified

epithelium of the oesophagus.

The Gastric Glands.—The gastric glands are of

three kinds—the true gastric glands, the pyloric

glands, and the cardiac glands.

The true gastric glands (Fig. 1020) are called also

the oxjoitic glands, the fundus glands, and the peptic

glands (glandulae ga^tricae propriae). They are dis-

tributed throughout the entire fundus and body, and
may be found even at the pylorus. They are mainlyj

of the simple tubular variety, and are lined by simple

epithelial cells resting upon a delicate basement mem-
brane supported by the tunica propria. The duct, or

mouth, however, in these glands is shorter than in the

other variety, sometimes not amounting to more than

one-sixth of the whole length of the gland; it is lined

throughout by columnar epithelium. At the point

where the terminal tubes open into the mouth, and

which is termed the neck, the epithelium alters, and

consists of short columnar or polyhedral, granular

cells, which almost fill the tube, so that the lumen

becomes suddenly constricted, and is continued down
as a very fine channel. They are known as the chief

or the peptic or the central cells of the glands, and

furnish pepsin. Between these cells and the basement

membrane rtre found other darker granular-looking

cells, studded throughout the tubes at intervals, and

giving it a beaded or varicose appearance. The fun-

dus is the blind extremity of the gland, and here the

chief cells predominate. These are known as the

acid, parietal, or oxjoitic cells. Some of the parietal
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cells empty directly into the lumen of the gland by secretory capillaries; others empty by a

channel which divides into secretory capillaries. The parietal cells secrete the acid of the

MAM Ml LLC .^

Fig. ii)17

MOUTHS OF GASTRIC
GLANDS, WITH GLAND'

TUBES AT BOTTOM

DEPRESSION BETWEEN
TWO MAMMILLjE

MOUTH OF
GASTRIC GLAND -e^>Sa\ itidnSl

Fig. 1018.

Figs. 1017 and 1018.—The mucous memfaraneof the stomach. Fig. 1017. Natural size. Fig. 1018. Magnified 25
diameters. In Fig. 1017 the rugae and the mamillated surfaces are shown. In Fig. 1018 the gland mouths (foveolae
gastricae), with the gland tubes leading from some of them, and the ridges separating the mouths (plicae villosae)
are seen. (Cunningham.)

^-iJ-ll:t,

Fig. 1019.- Pyloric gland. Fig. 1020.—Peptic gastric gland.

gastric juice. Between the glands the tunica propria consists of fibroelastic connective-tissue

framework with lymphoid tissue and a rich capillary plexus. In places this latter tissue,

especially in early life, is collected into little masses, which to a certain extent resemble the

I



1278 THE ORGANS OF DIGESTION

PLEXUS
BENEATH THE
EPITHELIUM

GLANDULAR
PLEXUS

solitary nodules of the intestine, and are by some termed the lenticular follicles of the Stom-

ach. They are not, however, so distinctly circumscribed as the solitary follicles.

The pyloric glands {glandulae pyloricae) (Fig. 1019) are the branched tubular glands, and

secrete mucus and pepsin.

They are placed most plentifully about the pylorus, but between the fundus and pylorus, in

the region known as the transitional or intermediate zone, both true gastric glands and pyloric

glands are found. Each pyloric gland consists of two or tlyee short tubes opening into a com-
mon mouth or duct, the external orifice of which
is situated at the bottom of a crvpt. The tubes

are wavy, and are of about equal length with the

duct. The tubes and duct are lined throughout

<vith simple epithelium, the duct being lined by
columnar cells continuous with the epithelium

lining the surface of the mucous membrane of

the stomach, the tubes with tall, broad, and
pale-staining cells, which are finely granular.

The pyloric glands branch more frequently, are

more curved in direction, and open into deeper
foveolse than the true gastric glands (Szymono-
wicz). They contain only chief or peptic cells

and do not possess parietal cells. These glands,

at times, extend into the submucous coat.

The cardiac glands are found about the oeso-

phageal orifice. They resemble the glands of the

oesophagus and are mucous in character.

External to the tunica propria of the mucous
membrane, and between it and the submucous
coat, is a thin stratum of involuntary muscle tis-

sue (muscularis mucosae), which in some parts

consists only of a single longitudinal layer; in others, of two layers, an inner circular, and an

outer longitudinal.

Vessels and Nerves.

—

The arteries sujipiymg the stomach are the gastric, the pyloric,

and the right gastroepiploic branch of the gastroduodenal, the left gastroepiploic and vasa

brevia from the splenic. The gastric artery passes to the lesser curvature just below the cardia

It gives off the oesophageal branch, and passes from left to right along the lesser curvature of the

stomach beneath the peritoneum between the two layers of the lesser omentum and upon the

wall of the stomach. It may in this course be a single vessel, or may divide into two branches,

I
ARTERIOLE

PLEXUS OF
BLOODVESSELS
IN SUBMUCOUS

TISSUE

Fig. 1021.—Terminations of the bloodvessels in

the mucous membrane of the stomach. (Poirier

and Charpy.)

GASTRODUODENAL
ARTERY

RIGHT GASTRO-
CPIPLOIC ARTERY

LEFT GASTRO-
EPIPLOIC AHTERV

Fig. 1022.—The arteries of the anterior surface of the stomach. (Poirier and Charpy.)

which run along each side of the lesser curvature (Fig. 1022). If there is a single artery, it gives

off six or seven descending branches to the anterior wall and about the same number to the pos-

terior wall of the stomach. It also gives branches to the lesser omentum. If two vascular

arches form, one gives branches to the anterior wall of the stomach, the other to the posterior

i
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wall, and both to the lesser omentum. The termination of the gastric anastomoses with the
pyloric branch or two rami of the pyloric branch of the hepatic artery. From each arch six or

seven descending branches come off to the anterior and posterior walls of the stomach. The
gastroduodenal artery is given off by the hepatic. From the gastroduodenal comes the right

gastroepij)loic. The left gastroepiploic comes from the splenic. The right gastroepiploic

artery passes from right to left in the gastrocolic omentum below the greater curvature of the

stomach. The left gastroepiploic artery passes forward in the gastrosplenic omentum to

below the greater curvature of the stomach, and passes from left to right along that curvature
in the greater omentum, and joins the right gastroepiploic artery. The gastroepiploic arteries

are not upon but are distinctly below the stomach wall. From them numerous gastric branches
are sent to the anterior and posterior walls of the stomach, and they anastomose with branches
of the gastric and pyloric. Vasa brevia, four or five in number, arise from the splenic, pass
forward in the gastrosplenic omentum, and supply the fundus. The arteries of the stomach lie

jfirst beneath the peritoneum, but soon enter the muscular coat, supply it, pierce it, 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 (Fig. 1021). The arteries break up
[at the base of the gastric tubules into a plexus of fine capillaries which run upward between
Ithe tubules, anastomosing with each other, and ending in a plexus of larger capillaries, which
Isurround the mouths of the tubes and also form hexagonal meshes around the crypts.

The capillary network about the glands gives origin to the veins. The various small veins
[unite and form a plexus in the submucous tissue (Fig. 1021). From this plexus come branches
[which j)ass through the muscular coat and terminate in the right gastroepiploic branch of the
[superior mesenteric, the left gastroepiploic branch of the splenic, the veins to the splenic which
icorrespond to the vasa brevia arteries, and the gastric or coronary branch of the portal.

The l3anphatics (Figs. .570 and 571) arise in the mucous membrane and terminate in a net-

[work in the submucous tissue. From this network trunks arise which perforate the muscular
coat in the regions of the curvatures and terminate in the seromuscular collecting trunks. The
[details of the lymphatic drainage of the stomach are given on page 792.

The nerves of the stomach come from the right and left vagi and from the solar plexus of

[the S3mipathetic. The left vagus passes to the front of the stomach, and the right nerve passes

to the back, and they unite with the fibres of the sympathetic. The fibers thus formed are mostly
[amyelinic. They form Auerbach's plexus in the muscular coat between the circular and longi-

[tudinal fibres and Meissner's plexus in the submucous coat, the latter plexus being formed by
[fibres from the former. Auerbach's plexus supplies the muscular coat of the stomach, while

[fibres from Meissner's plexus ramify in the submucous coat and terminate in the muscularis

[mucosae and the mucous membrane, branches passing to the gastric glands and to just beneath

I

the epithelium. (See nerve supply of small intestine, p. 1295).

Relations of the Stomach.—The antero-superior surface is in relation with the left

and quadrate lobes of the liver, the ventral abdominal parietes, and the costal portion of the

'Diaphragm. The postero-inferior surface is in relation with the lumbar portion of the Dia-
tphragm, the pancreas, and the transverse mesocolon, while the fundus may come into -contact

rith the left kidney and suprarenal gland, the spleen, and splenic flexure of the colon. The lesser

t curvature is directed toward the transverse fissure of the liver, while the greater cuirvature may
[be in contact with the transverse colon.

Movements and Innervation of the Stomach.

Movements.—It has apparently been demonstrated that the stomach "consists of two parts

.physiologically distinct."' The cardiac portion of the stomach is a food reservoir in which
[salivary digestion continues; the pyloric portion is the seat of active gastric digestion. Cannon
[affirms that there are no peristaltic waves in the cardiac portion, but that as the food passes from
the pyloric portion into the intestines, tonic contraction of the muscles of the fundus squeezes the

contents of the pyloric portion. Moritz, Levan, and Cannon assert that muscular activity is

.chiefly manifested in the pyloric portion. In this portion during digestion there is a succes-

I

sion of peri.staltic waves, which waves in the human being pass at the rate of three per minute
(Moritz). Cannon points out that the efficiency of peristalsis in mixing the food depends

I

upon the contraction of the pyloric sphincter. So long as the sphincter holds, each constric-

tion ring coursing from the middle to the end of the stomach presses the food into a blind pouch;
[the food, unable to escape through the pyloric opening, has as its only outlet the opening in

[the advancing ring. This is an admirable device for bringing the food under the influence of

[the glandular secretions of the pyloric region. For, as a constriction occurs, the secreting sur-

iface enclosed by the narrowed muscular ring is pressed close around the food within the ring.

[As the constriction advances it continually presses inward fresh glandular surfaces, and further-

» Walter B. Cannon, Medical News. May 20, 1905.
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more, as the constriction advances, a thin stream of food is continuously forced back through

the ring and thus past the mouths of the glands. The old view that the pyloric sphincter only

opens after several hours' continuance of the process of digestion, and that then the stomach

empties at once, is incorrect. It is emptied in small amounts, which escape at frequent intervals

because of the intermittent opening of the pylorus. When the pylorus is open a wave of peri-

stalsis forces some of the material from the stomach into the duodenum (Cannon).

Cannon is of the opinion that the pyloric sphincter is caused to relax by the presence of free

hydrochloric acid in the pyloric portion of the stomach. When the pylorus is open acid chyme

passes into the duodenum, and acid in the duodenum causes the pylorus to close. The acid

in the duodenum causes a flow of alkaline pancreatic juice and the acid is neutralized. "As

the neutralizing proceeds, the stimulus closing the pylorus is weakened until the acid in the

stomach again opens the sphincter."'

Innervation.—The stomach, as previously shown, has nerve plexuses in its walls and is

connected to the cerebrospinal and sympathetic systems. It is probable that gastric peristalsis

is due to a local reflex from Auerbach's plexus (Magnus), the local reflex being inaugurated by

local stimulation, which stimulation, in the words of Bayliss and Starling, "produces excitation

above and inhibition below the excited spot."^ Reversed peristalsis cannot occur if "the reflex

mechanism is intact" (Cannon). Cannon in the previously quoted article states that cutting

the vagi or splanchnic nerves does not destroy the reflex mechanism of the pylorus, but, never-

theless, it is markedly affected by the central nerve system.

Surface Form (see p. 1241).—The cardiac orifice corresponds to the articulation of the seventh

left costal cartilage with the sternum. The pyloric orifice of the empty stomach is about an inch

to the right of the midline in the transpyloric line. According to Braune, when the stomach is

distended, the pylorus moves considerably to the right, sometimes as much as three inches.

The fundus of the stomach reaches, on the left side, as high as the level of the sixth costal car-

tilage of the left side, being a little below and behind the apex of the heart. The portion of the

distended stomach which is in contact with the abdominal walls, and is therefore accessible for

opening in the operations of gastrotomy and gastrostomy, is represented by a triangular space,

the base of which is formed by a line drawn from the tip of the tenth costal cartilage on the left

side to the tip of the ninth costal cartilage on the right, and the sides by two hnes drawn from
the extremity of the eighth costal cartilage on the left side to the end of the base line. What is

commonly termed the semilunar space of Traube is that portion of the stomach which is not

covered by neighboring viscera. It is bounded above by the left lobe of the liver and the inferior

margin of the left lung, posteriorly and to the left by the spleen; on percussion, this area is nor-

mally tympanitic.

Applied Anatomy.—Operations on the stomach are frequently performed, ulcers are excised,

malignant growths are removed with the associated lymphatic involvement, the entire stomach
may be removed for cancer, etc. By "gastrotomy" is meant an incision into the stomach for the

removal of a foreign body, or the arrest of hemorrhage, or for exploration, the opening being

immediately afterward closed—in contradistinction to " gatitrostomi/," the making of a more or

less permanent fistulous opening. Gastrotomy is probably best performed by an incision in the

linea alba, especially if the foreign body is large. The cut may reach from the ensiform car-

tilage to the umbilicus. The incision may be made over the foreign body itself, where this can be
felt, or by one of the incisions for gastrostomy, to be mentioned shortly. The peritoneal cavity

is opened, and the point at which the stomach is to be incised decided upon. This portion is

then brought out of the abdominal wound and sponges carefully packed around. The stomach
is now opened by a transverse incision and the foreign body extracted. The wound in the

stomach is then closed by Lembert sutures

—

i. e., by sutures passed through the peritoneal,

muscular, and submucous coats in such a way that the peritoneal surfaces on each side of the

wound are brought into apposition. Gastrostomy was formerly done in two stages by the direct

method. The first stage consisted in opening the abdomen, drawing up the stomach into tht

external wound, and fixing it there; and the second stage, performed from two to four days
afterward, consisted in opening the stomach. The operation is now done by a valvular method.
The following plan is known as the Ssabanejew-Frank operation. An incision is commenced
opposite the eighth intercostal space, two inches to the left of the median line, and carried down-
ward for three inches. By this incision the fibres of the Rectus muscle are exposed and these

are separated from one another in the same line. The posterior layer of the sheath, the trans-

versalis fascia, and the peritoneum are then divided, and the peritoneal cavity is opened. In-

stead of the above incision, the curved incision of Fenger can be made at the margin of the left

costal cartilages. The anterior wall of the stomach is now seized and drawn out of the wound
and a silk suture passed through its submucous, muscular, and serous coats at the point selected

for opening the viscus. This is held by an assistant so that a long conical diverticulum of the

stomach protrudes from the external wound, and the parietal peritoneum and the posterior layer

of the sheath of the Rectus are sutured to the base of the cone. A second incision is made through

> Wailtfer B. Cannon, Medical News, May 20, 1905. 2 Ibid.

J
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the skin, over the margin of the costal cartilage, above and a little to the outer side of the first

incision. If Fenger's incision were used, the second incision should be above the margin of the

cartilages. With a pair of dressing forceps a track is made under the skin through the subcu-

taneous tissue from the one opening to the other and the diverticulum of the stomach is drawn
along this track bv means of this suture inserted into it; so that its apex appears at the second

opening. A small perforation is now made into the stomach through this protruding apex and
its margin carefully and accurately sutured to the margin of the external wound. The remainder

of this incision and the whole of the first incision are then closed in the ordinary way and the

wound dressed.

In cases of gastric ulcer, 'perforaiion sometimes takes place, and this was formerly regarded

as an almost fatal complication. In the present day, by opening the abdomen and closing

the perforation, which is generally situated on the anterior surface of the stomach, a consider-

able percentage of cases are cured, provided the operation is undertaken within twelve to fifteen

hours after the perforation has taken place. The opening is best closed by bringing the peri-

toneal surfaces on either side into apposition by means of Lembert sutures.

Pylorectomy or excision of the pylorus is performed, particularly for early cancer, but is also

done for cicatricial stricture and for ulcer. The mortality after operation for cancer was, until

recently, very great, but of late years it has been notably reduced, though it is still much higher

than that which follows operations*for any non-malignant condition.

In operating for cancer, bear in mind Cun^o's study of the lymphatics (p. 792). These
observations indicate that the fundus and two-thirds of the greater curvature are free from
lymphatic involvement in pyloric cancer.' In every operable case of cancer of the pylorus

the entire lesser curvature must be removed up to the gastric artery (Mikulicz's point), and
the greater curvature must be removed to the left of the involved lymph nodes (Hartmann's
rule).

Gastroenterostomy is an operation which establishes a fistulous communication between the

stomach and jejunum. The operation is often called gastrojejunostomy. The opening may be
made upon either the anterior or the posterior wall of the stomach, between the cardia and the

seat of pyloric disease. The operation is employed for stricture of the pylorus (benign or malig-

nant), and occasionally for ulcer of the stomach.

Hypertrophy and spasm of the circumferential muscular coat of the pylorus coming on
during the first few weeks of life, and somewhat erroneously described as congenital hyper-

trophic stenosis of the pylorus, is a rare but serious disorder of infancy. It is characterized by
abdominal pains and obstinate vomiting coming on after food has been given, and gastric

peristalsis can be observed by inspection of the child's epigastrium after it has been fed and
before vomiting has occurred. Progressive wasting for want of noiu-ishment and death from
exhaustion tend to ensue. Treatment should be by washing out the stomach, and the admin-
istration at frequent intervals of small quantities of easily digested food. Surgical interference—pyloroplasty or pylorectomy—entailing a severe operation, gives less favorable result.

Total gastrectomy is the removal of the entire stomach. It is only used for cancer. It was first

performed by Conner, of Cincinnati. The first successful operation was done by Schlatter, of

Zurich, in 1898. A number of successes have been reported. It is a justifiable operation only in

a case in which almost the entire stomach is cancerous, in which the viscus is movable, in which
there are no secondary deposits, and no irremovable diseased lymph nodes.

Gasfrogastrostomy is an operation em]iloyed in hour-glass stomach. In this operation an
anastomosis is made between the pyloric and cardiac ends of the stomach.

Gastroplication is the operation of suturing the stomach wall into folds or reefs, in order to

lessen its size. It is employed in some cases of gastric dilatation.

Gastroptosis is a condition in which the stomach is displaced downward. In some of these

cases the greater curvature almost reaches the level of the symphysis pubis, and the lesser curva-
ture is midway between the umbilicus and ensiform cartilage. The condition is usually associated
with enteroptosis and movable kidney (nephroptosis). In this condition the gastrohepatic omen-
tum is pulled upon and lengthened. The best operation for gastroptosis was devised by Beyea.
He applies sutures so as to make folds in and thus shorten the stretched omentum. Thus the
stomath is elevated to its proper position, and its mobility is not lessened, as it is in other opera-
tions which suture it to the abdominal wall.

THE SMALL INTESTINE (INTESTINUM TENUE).

The small intestine is a convoluted tube, extending from the pylorus to the

ileocecal valve, where it terminates in the large intestine. It is about twenty feet

> William J. Mayo, Annals of Surgery, March, 1904.
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(6 m.) in length/ and gradually diminishes in size from its commencement

to its termination. It is contained in the central and lower part of the abdominal

cavity, and is surrounded above and at the sides by the large intestine; a portion

of it extends below the brim of the pelvis and lies in front of the rectum.

It is in relation, in front, with the great omentum and abdominal parietes, and

the greater part of it is connected to the vertebral column by a fold of peritoneum]

the mesentery (p. 1263). The small intestine is divisible into three portions-j

the duodenum, the jejunum, and the ileum.

The Duodenum (Figs. 1023, 1030).

The duodenum has received its name from being about equal in length to th<

breadth of twelve fingers (ten inches). It is the shortest, the widest, and the most

fixed part of the small intestine, and has no mesentery, being only partially inj

vested by peritoneum. Somewhat more than the upper half of the duodenum ia

placed in the epigastric region; the remainder is in the umbilical region.. Its

course prevents a remarkable curve, somewhat of the shape of an incomplete circlej

so that its termination is not far removed from its beginning.

In the adult the course of the duodenum is as follows: Commencing at the

pylorus it passes backward, upward, and to the right, beneath the quadrate lobe

of the liver to the neck of the gall-bladder, varying slighdy in direction according

to the degree of distention of the stomach ; it then takes a sharp curve and descends

along the right margin of the head of the pancreas, for a variable distance, genei^

ally to the level of the upper border of the body of the fourth lumbar vertebra

It now takes a second bend, and passes from right to left across the front of th|

vertebral column, having a slight inclination upward; and to the left side of th^

vertebral column it ascends for about an inch, and then terminates opposite th^

second lumbar vertebra in the jejunum. As it unites with the jejunum it tun

abruptly forward, forming the duodenojejunal flexure. From the above descrij

tion it will be seen that the duodenum may be divided into four portions—superioi

descending, transverse, and ascending.

The first or superior portion {pars superior) (Figs. 1023 and 1024) is abou^

two inches (5 cm.) in length. Beginning at the pylorus, it ends at the level of the

neck of the gall-bladder. It is the most movable of the four portions. It is almost

completely covered by peritoneum derived from the two layers of the lesser omen-
tum, but a small part of its posterior surface near the neck of the gall-bladder

and the inferior vena cava is uncovered (Fig. 1024). It is in such close relation

with the gall-bladder that it is usually found to be stained by bile after death,

especially on its anterior surface. It is in relation above and in front with the

quadrate lobe of the liver, lying in a slight concavity, the impressio duodenalis, and
the gall-bladder; behind, with the gastroduodenal artery, the common bile duct,

and the portal vein; and below, with the head of the pancreas.

The second or descending portion {pars descendens) (Figs. 1023 and 1025) is

between three and four inches (7.5 to 10 cm.) in length, and extends from the neck
of the gall-bladder on a level with the first lumbar vertebra along the right side

of the vertebral column as low as the body of the fourth lumbar vertebra. It is

crossed in its middle third by the transverse colon, the posterior surface of which
is uncovered by peritoneum and is connected to the duodenum by a small quantity

of connective tissue. The portions of the descending part of the duodenum above
and below this interspace are named the supracolic and infracolic portions, and are

' Treves states that in one hundred cases the average length of the small intestine in the adult male was 22
feet 6 mches, and in the adult female 23 feet 4 inches; but that it varies very much, the extremes in the male
being 31 feet 10 inches in one case and 15 feet 6 inches in another, a difference of over 15 feet. He states that
he has convinced himself that the length of the bowel is independent, in the adult, of age, height, and weight
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covered in front by peritoneum (Fig. 1025). The infracolic part is covered by the

right leaf of the mesentery. Posteriorly the descending portion of the duodenum

Trihutary to rena cava.

Hepatic artery, portal

vein, and bile

Supra- renal

capsule

Crura of Diaphra^n.

Gastric artery.

Splenic

artery.

Splenic

vein.

Fig. 1023.—Relations of duodenum, pancreas, and spleen. (From a east by Professor Birmingham.') The broken
line represents the line of attachment of the trans\'erse mesocolon.

is not covered by peritoneum. It is in relation, in front, with the transverse colon,

and above this with the right lobe of the liver, where it lies in the impressio duo-

' In the subject from which the cast was taken the left kidney was lower than usual.
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denalis for the second part of the duodenum ; behind, with the inner part of the righ<

kidney, to which it is connected by loose areolar tissue, the right renal vessels, anc*

the inferior vena cava; at its inner side is the head of the pancreas and the commoi

bile duct; to its outer side is the hepatic flexure of the colon. The common bile

duct passes downward behind the first portion of the duodenum, descends to th«

Lesser omentum

k>. Lesser Sac

^,.,^:I£^f.,

Hepatic Artery

Portal Vein

'Greater
t /. Sac

Greater

omentum

Fig. 1024.—Diagram of croas-section of the first

part of the duodenum, to show its peritoneal rela-

tions. (Gerrish.)

Transverse Mesocolon S.

Fia. 1025.—Diagram of cress-section of the second
part of the duodenum, to show its peritoneal reL

tions. (Gerrish.)

inner side of the second portion, is joined by the pancreatic duct, and the two to-j

gether perforate the inner side of this portion of the intestine obliquely, and emptj

into the duodenum by a common opening or by two openings at the summit of

papilla, some three and a half or four inches (9 to 10 cm.) beyond the pylorus^

o «

> H
r

u! o

.^^^-^.

Fig. 1026.—Diagram of the third part of the
duodenum, to show its peritoneal relations. (Ger-
rish.)

Fig. 1027.—Diagram of the fourth part of the duode
num, to show its peritoneal relations. ((5errish.)

The relations of the second part of the duodenum to the right kidney present con-
siderable variations.

The third, preaortic, or transverse portion (pars horizontalis inferior) (FigsJ

1023 and 1026) is from two to three inches in length. It commences at the

right side of the upper border of the fourth lumbar vertebra and passes from rightl
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to left, with a slight inclination upward, in front of the great vessels and crura

of the Diaphragm, and ends in the fourth portion in front of or just to the left

of the abdominal aorta. It is crossed by the superior mesenteric vessels and the

mesentery. Its ventral surface is covered by peritoneum, except near the middle

line, where it is crossed by the superior mesenteric vessels (Fig. 1026). Its posterior

surface rests upon the aorta, the inferior vena cava, and the crura of the Dia-

phragm. Its upper surface is in relation with the head of the pancreas.

The fourth or ascending portion of the duodenum {pars ascendens) (Figs. 1023

and 1027) is about an inch (2.5 cm.) long. It ascends on the left side of the

vertebral column and aorta, as far as the level of the upper border of the second

lumbar vertebra, where it turns abruptly forward to become the jejunum, forming

the duodenojejunal flexure (fiexura duodenojejunalis) (Fig. 1028). It lies in front

of the left Psoas muscle and left renal vessels, and is covered in front and partly

at the sides by peritoneum, continuous with the left portion of the mesentery
(Fig. 1027). The left side of the termination of the ascending portion is also

covered bv peritoneum, and in this region some of the duodenal tossse are found

(p. 1265).'

CELLULAR MEMBRANE
CONNECTING THE PARTS
OFTHE DUODENAL RING
BEHIND THE PANCREAS

DIAPHRAGM

CCELIAC AXIS

GANGLION OF
CCELIAC PLEXUS
SUPERIOR MESEN*
TERIC ARTERY

SUSPENSORY
MUSCLE OF
DUODENUM

Fig. 1028.—Suspensory muscle of the duodenum or muscle of Treitz. (Poirier and Charpy.)

The first part of the duodenum, as stated above, is somewhat movable, but
the rest is practically fixed and is bound down to neighboring viscera and the
posterior abdominal wall by the peritoneum. In addition to this, the fourth part
of the duodenum and the duodenojejunal flexure is further bound down and fixed
by a structure called the Suspensory muscle of the duodenum or the suspensory
ligament of Treitz (m. suspensorius duoden i) (Fig. 1028) . This structure commences
in the connective tissue around the cceliac axis and left crus of the Diaphragm,
and passes downward to be inserted into the superior border of the duodenojejunal
curve and a part of the ascending duodenum, and from this it is continued into the
mesentery. It possesses, according to Treitz, some few nonstriated muscle fibres
mixed with the fibrous tissue, of which it is principally made up. It is of little

importance as a muscle, but acts as a suspensory ligament.
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Interior of the Duodenum (Fig. 1029).—The proximal part of the duodenum is

comparatively smooth. \^alvulae conniventes begin to appear in the distal half

VALVU
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SOUND IN COMMON
BILE DUCT
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OF SANTORINI
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Fig. 1029.—The interior of the duodenum. (Spalteholz.)
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Fig. 1030.—^The duodenum, its four parts marked a, b, c, d. The liver is lifted up: the greater part of the
stomach is removed, broken lines indicating its former position. (Testut.)
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of the first portion, being at first trivial elevations irregularly placed. They

become higher, regular, and more numerous farther on, and near the termination

of the duodenum are strongly marked and closely placed transverse or spiral folds

(Fig. 1029 and p. 1289). In the descending portion (Fig. 1029), to the side and

rear, is a longitudinal fold {plica longitudincdis duodeni), which is formed by the

projection of the bile duct and pancreatic duct beneath the mucous membrane.

The caruncula major of Santorini or the bile papilla is a projection in the lower

part of the longitudinal fold. At the summit of this papilla the bile duct and pan-

creatic duct empty into the duodenum. One inch above and half an inch

or more in front of the bile papilla is a much smaller papilla, the caruncula

minor of Santorini (papilla duodeni \^Santorini^), on the summit of which the acces-

sory pancreatic duct of Santorini opens when present.
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Fig. 1031.—^The bloodvessels of the duodenum. (Poirier and Charpy.)

Structure of the Duodenum.—(See Structure of the Small Intestine, p. 1289.)

Vessels and Nerves.—The arteries (Fig. 1031) supplying the duodenum are the pyloric and
pancreaticoduodenal branches of the hepatic, and the inferior pancreaticoduodenal branch
of the superior mesenteric. The veins (Fig. 1031) correspond to the arteries. The superior

duodenal vein passes into the superior mesenteric, and the inferior duodenal vein passes into

the portal. The l3rmphatics pass along wath the pancreaticoduodenal arteries, lymph nodes

being present here and there, and terminate in the nodes about the cceliac axis. The nerves
are derived from the solar plexus.

Applied Anatomy.— Ulcer of the duodenum is more common than used to be thought. The
portion of the duodenum between the pylorus and the bile papilla is about four inches in length,

and is called by the Mayo brothers the vestibule of the duodenum. Here the acid gastric juice

enters and may produce an ulcer. The portion of the duodenum below the vestibule is not

liable to ulcer, because it is protected by the alkaline«bile and pancreatic juice.

A duodenal tilcer may perforate a large duodenal vessel and cause death from hemorrhage,
or may perforate the intestine and produce septic peritonitis. A perforated ulcer is treated

by laparotomy and closure of the perforation. Occasionally ulceration of the duodenal glands

(Curling's ulcer) may occur in cases of extensive burns of the skin, but is not a very common
complication.

The Jejunum and Ileum (Figs. 972, 1003).

The remainder of the small intestine from the termination of the duodenum
comprises the jejunum and ileum; the former name being given to the upper two-

fifths and the latter to the remaining three-fifths. Spalteholz and others call all of

the small intestine below the duodenum the intestinum tenue mesenteriale. There
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is no morphological line of distinction between the jejunum and ileum, and the

division is arbitrary; but at the same time it must be noted that the character of

the inte;?tme gradually undergoes a change from the commencement of the jeju-

num to the termination of the ileum, so that a portion of the bowel taken from

these two situations would present characteristics and marked differences. These

are briefly as follows:
Jejunum. Ileum.

Calibre larger (1 J inches). smaller (1 inch).

Wall thicker, heavier. thinner, lighter.

Color red, more vascular. pale, less vascular.

Valvulae conniventes . . prominent. smaller and fewer.

Lymphoid tissue .... diffuse and few nodules. diffuse and many Peyer's patches.

Villi numerous, short, and broad, fewer, slender, filiform.

Intestinal glands .... more numerous. less numerous.

The Jejunum (intestmum jejunum).—^The jejunum is wider, its diameter being

about one inch and a half (3.75 cm.), and is thicker, more vascular, and of a deeper

color than the ileum, so that a given length weighs more. Its valvulae conniventes

are large and thickly set and its villi are larger than in the ileum. The patches of

Payer are almost absent in the upper part of the jejunum, and in the lower part

are less frequently found than in the ileum, and are smaller and tend to assume

a circular form. Brunner's glands are only found in the duodenum. By grasping

the jejunum between the finger and thumb the valvulae conniventes can be felt

through the walls of the gut; these being absent in the lower part of the ileum,

it is possible in this way to distinguish the upper from the lower part of the small

intestine.

The Ileum (irdestinum ileum).—The ileum is narrower, its diameter being

one inch (2.5 cm.) or a little more, and its coats are thinner and less vascular

than those of the jejunum. It possesses but few valvulae conniventes, and they

are small and disappear entirely toward its lower end, but Peyer's patches are

larger and more numerous. The jejunum for the most part occupies the umbilical

and left iliac regions, while the ileum occupies chiefly the umbilical, hypogastric,

right iliac, and pelvic regions, and terminates in the right iliac fossa by opening
into the inner side of the commencement of the large intestine. The jejunum
and ileum are attached to the posterior abdominal wall by an extensive fold of

peritoneum, the mesentery (p. 1263), which allows the freest motion, so that each

coil can accommodate itself to changes in form and position. The mesentery is

fan-shaped; its posterior border or root, about six inches (15 cm.) in length, is

attached to the posterior abdominal wall from the left side of the body of the

second lumbar vertebra to the right iliac fossa, crossing successively the third part

of the duodenum, the aorta, the inferior vena cava, the right ureter, and the

right Psoas muscle (Fig. 1004). Its breadth between its vertebral and intestinal

borders is about eight inches (20 cm.) from its commencement to its termination

at the intestine, and it is greater in the middle than at either end of the bowel.

According to Lockwood, it tends to mcrease in length as age advances. Between
the two layers of which it is composed are contained bloodvessels, nerves, lacteals,

and lymph nodes, together with a variable amount of fat.

Meckel's Diverticulum (diverticulum ilei).—This consists of a pouch which pro-

jects from the lower part of the ileum in about 2 per cent, of subjects. Its average

position is about three feet from the ileocolic junction, and its average length about
two inches. Its calibre is generally the same as that of the ileum. Sometimes
only a portion of the proximal end has a lumen and the balance of the structure

is impervious and shrunk to a fibrous cord. In other cases the diverticulum is

actually of greater diameter than the intestine. It usually is at a right angle

to the intestine, but may take almost any direction. Its blind extremity may be

iinattached or may be connected with the abdominal wall or with some other
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portion of the intestine by a fibrous band. It represents the remains of the

vitelline or omplialomesenteric duct, the duct of communication between the

umbilical vesicle and the alimentary canal in early fetal life.

Structure of the Small Intestine, Including the Duodenum.—The wall of the small

intestine is composed of four coats—serous, muscular, submucous, and mucous.
The Serous Coat (tunica serosa).—The relation of the peritoneum to the duodenum has been

described. 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 muscidar coat (tunica muscularis) consists of two layers of fibres, an external or Iongi<

tudinal layer and an internal or circular layer.

The longitudinal fibres (stratum loncfitudinale) are thinly scattered over the surface of the

intestine, and are more distinct along its free border.

The circular fibres (stratum circulare) form a thick, uniform layer; they surround the cylinder

of the intestine in the greater part of its circumference, and are composed of smooth muscle cells

of considerable length. The muscular coat is thicker at the upper than at the lower part of the

small intestine.

The submucous coat (tela submucosa) connects the mucous and muscular layers. It con-

sists of loose, filamentous areolar tissue, which forms a bed for the subdivisions of the nutrient

vessels, previous to their distribution to the mucous surface, also for the lymph channels and
nerves.

The submucous coat contains Ismiph nodules (noduli lymphatici). Each nodule is pjTamidal

or pear-shaped, and the apex lies in the mucous membrane and forms a rounded elevation.

These rounded elevations mark the solitary follicles and Peyer's patches (Figs. 1033 and
1040), and nowise resemble villi. In the duodenum the submucous tissue contains the duo-
denal glands. The submucous tissue is prolonged into the valvulae conniventes. It contains

bloodvessels, Meissner's plexus of nerves, and lymph vessels.

The mucous membrane (tunica mucosa) is thick and highly vascular at the upper part of the

small intestine, but somewhat paler and thinner below. It consists of the following structures:

next the areolar or submucous coat is a layer of unstriped muscle tissue, the muscularis mucosae ;
-

internal to this is a quantity of retiform tissue, enclosing in its meshes Ijinph corpuscles (diffuse

lymphoid tissue), and in which the bloodvessels and nerves ramify. Lastly, a basement mem-
brane, supporting a single layer of columnar epithelial and goblet cells. They are granular

in appearance, and each possesses a clear, oval nucleus. At their superficial or unattached

end they present a distinct layer of highly refracting material, the cutictdar border, marked by
vertical striae.

The mucous membrane presents for examination the following structures contained within it

or belonging to it:

Valvulae conniventes.

Villi.

Intestinal glands.
Lymphatic nodules {

Solitary follicles.

'' ^
I Peyer s or agminated follicles.

The valvulae conniventes or the valves of Kerkring (plicae circulates [Kerkringi\) (Fig. 1032)

are large folds or valvular flaps projecting into the lumen of the bowel. They are composed of

reduplications or folds of the mucous membrane, the two layers of the fold being bound together

by submucous tissue; they contain no muscular
fibres, and, unlike the folds in the stomach, they

are permanent, and are not obliterated when
the intestine is distended. The majority ex-

tend transversely across the cylinder of the

intestine for about one-half or two-thirds of its

circumference, but some form complete circles,

and others have a spiral direction; the latter

usually extend a little more than once around
the bowel, but occasionally two or three

times. The larger folds are about one-third

of an inch in depth at the broadest part; but
the greater number are of smaller size. The
larger and smaller folds alternate with each
other. They are not found at the commence-
ment of the duodenum, but begin to appear
about one or two inches beyond the pvlorus. _ ,„„„ ,. , ,

• . .- _
I ., , i » J.L J !• J.-

Fig- 1032.—Valvulae conniventes in the upper part
In the lower part of the descending portion, of the small intestine. (Poirier and Charpy.)
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Fig, 1033.—Mucosa of small intestine in ideal vertical cross-section. (Testut, after Heitzmann.)
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below the point where the bile and pancreatic ducts enter the intestine, they are ver>' large and
closely approximated. In the transverse portion of the duodenum and upf)er half of the jejunum

they are large and numerous; and from this f)oint, down to the middle of the ileum, they diminish

considerably in size. In the lower part of the ileum they almost entirely disappear; hence the

comparative thinness of this portion of the intestine as compared with the duodenum and jeju-

num. The valvulae conniventes retard the passage of the food along the intestine, and afford a
more extensi\e surface for absorption.

The villi {tilli intestumli^j (Figs. 1034 and 1035) are minute, highly vascular processes,

never larger than 1 millimeter, projecting from the mucous membrane of the small intestine

throughout its whole extent, and giving to its surface a velvety appearance. They spring

from the valvulae conniventes and also from the spaces between them. In shape, according

to Rauber, they are short and leaf-shaped in the duodenum, tongue-shaped in the jejunimi,

and filiform in the ileum. They are largest and most numerous in the duodenum and jejunum,
and become fewer and smaller in the ileum. Kraus estimates their number in the upp)er 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.

Capillaries.

Lymph trunk. Lymph trvnk.

•-Capillariea.

Small artery.^ Lymphatic plexus.

Fig. 1035.—Villi of small intestine. (Cadiat.)

Structure of the Villi (Figs. 1034 and 1035).—The structure of the villi has been studied by
many eminent anatomists. We shall here follow the description of Watney,i whose researches

have a most important bearing on the physiolog\' 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 bloodvessels, the epithelium, the

basement membrane, and muscle and lymphoid tissues of the mucosa, these structures being

supported and held together by retiform tissue.

These structures are arranged in the following manner: Situated in the centre of the villus

is a space, the lacteal, terminating near the summit in a blind extremity; running beside this

vessel are unstriped muscle fibres; surrounding it is a meshwork of fibroelastic tissue supporting

a plexus of capillary vessels and diffuse lymphoid tissue, the whole being enclosed by a basement
membrane, and covered by simple columnar epithelium and goblet cells. Xerve fibres are con-

tained within the villi; they form ramifications throughout the reticulum.

The lacteals are in some cases double, and in some animals multiple. Situated in the axis of a
villus, each commences by a dilated cecal extremity near to, but not quite at, the summit of the

villus. The walls are composed of a single layer of endothelial cells, the interstitial substance

between the cells being continuous with the reticulum of the matrix. The mtiscle fibres are

derived from the muscularis mucosae, and are arranged in bundles around the lacteal vessel.

> Phil. Trans., vol. clxv, part ii.
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extending from the base to the summit of the villus, and giving off laterally individual muscle
cells, which are enclosed by the reticulum, and by it are attached to the basement membrane.
The bloodvessels form a plexus between the lacteal and the basement membrane, and are

enclosed in the reticular tissue; in the interstices of the capillary plexus, which they form, are

contained the cells of the villus.

The intestinal glands, crjrpts or glands of Lieberkiihn (glandulae intestinales [Liebrkuhni])

(Figs.1036 and 1040), are found in considerable numbers over every part of the mucous membrane
of the small intestine. They consist of minute simple tubular depressions of the mucous mem-
brane, arranged perpendicularly to the surface, upon which they open by small circular aper-

tures. They may be seen with the aid of a lens, their orifices appearing as minute dots seen at

the base of the villi. Their walls are thin, consisting of a basement membrane lined by simple

columnar epithelium and goblet cells, and are surrounded by capillary vessels. In the glands of

the ileum and also to a certain extent those of the jejunum are seen some coarsely granular cells,

the cells of Paneth. They seem to be cells of special secretion.

The duodenal or Brunner's glands (glandidae duodenales [BrvnnenJ) are limited to the duode-

num. They are small, branched, tubular glands in the subniiucous coat, and open upon the

surface of the mucous membrane by minute excretory ducts. They are most numerous and
largest near the pylorus. They resemble the pyloric glands in appearance, and are believed to

be a direct continuation of those glands. The cells are clear and pale staining, and Stohr states

that cells resembling parietal cells are occasionally seen.

CALCIFORM
CELL

GLANDULAR
CELL

Fig. 1036.- -Section of a gland of Lieberkiihn in the
mouse. (Paneth.)

Fig, 1037.—Transverse section of crj^jts of
Lieberkuhn. (Klein and Noble Smith.)

The lymph nodules {noduli lymphatici) are small pyriform structures. The bodies of the nodes
are in the submucous coat; the apices are in the mucous membrane, which is thrown by them
into rounded elevations. They are divided into solitary follicles and Payer's patches.
The solitary foUicles (noduli bjmphatici solitarii) (Fig. 1033) are found scattered throughout

the niucous and submucous coats of the small intestine and the large intestine. In the small
intestine they are most numerous in the lower part of the ileum, upon and between the valvulae
conniventes. They are small, round, whitish bodies, from one-twenty-fourth of an inch to one-
quarter of an inch (1 to 6 mm.) in diameter. Their free surface is free of villi, and each
follicle is surrounded by the openings of the glands of Lieberkuhn. They are now recognized
as lymph nodules. They consist of a dense interlacing retiform tissue closely packed with
lymph corpuscles and permeated with an abundant capillary network. The interspaces of the
retiform tissue are continuous with larger lymph spaces at the base of the nodule, through which
they communicate with the lacteal system. Each consists of a lighter central area, the germinal
centre, where the leukocytes are reproducing, and a peripheral darker zone, where the cells are
more numerous and closely packed.

Peyer's patches, the agminated follicles, or the tonsillae intestinales {noduli lymphatici
acjgreyati[Peijeri]) (Figs.1038, 1039, and 1040)may be regarded as aggregations-of solitary follicles,

forming circular or oval patches from ten to sixty" in number, and varying in length from half an
inch to four inches (1.25 to 10 cm.). Thev are largest and most numerous in the ileum. In
the lower part of the jejunum they are small, of a circular form, and few in number. They are
occasionally seen in the duodenum. They are placed lengthwise in the intestine, and are situated
m the portion of the tube most distant from the attachment of the mesentery. Each patch is

formed of a group of the above-described solitary follicles covered with mucous membrane, and
m almost every respect are similar in structure to them. They do not, however, as a rule.
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possess villi on their free surface nor glands. Each patch is surrounded by a circle of the cr\'pti

of Lieberkiihn. They are best marked in the young subject, becoming indistinct in middle age

and sometimes altogether disappearing in advanced life. They are largely supplied with blood

,JU>
_.. •Capillary network.

Fio. 1038.—Transverse section through the equatorial plane
of three of Peyer's follicles from the rabbit.

Fig. 1039.—Free surface of a Peyer's
patch. (After Quain.)

vessels, which form an abundant plexus around each follicle and give off fine branches which
permeate the lymphoid tissue in the interior of the follicle. The lacteal plexuses which are
found throughout the small intestine are especially abundant around these patches; here they
form rich plexuses with sinuses around the glands (Fig. 1024), In typhoid fever there is ulcera-
tion of Peyer's patches.

INTESTINAL VILLUS

GLAND OF LIEBERkUhN

CHYLIFCROUS
DUCT

SUMMIT OF
FOLLICLE

MIDDLE FOLLICULAR
ZONE

PERIFOLLICULAR
LYMPHATIC ZONE

INFERIOR LYM-
PHATIC PLEXUS

Fig. 1040.—Vertical section of a Peyer's patch in a man with the lymphatic vessels injected. (Frey.)

Vessels and Nerves.—The arteries (rasa intestini tenuis (are branches of the superior
mesenteric (Fig. 470) and course within the mesentery, forming single, double, or even tertiary
loops (Figs. 1041, 1042, 1043, 1044, 1045, and 1046). The terminal branches reach the intestine,
and each branch divides into two, one going to each side of the intestine and passing transversely
around it. At first they are directly beneath the peritoneum, but after a time they pass to the
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submucosa and form a plexus, from which branches go to the mucous membrane Some of

these enter the villi; others form plexuses about the glands of Lieberkuhn (Birmingham). The

details of the arterial blood supply of the small intestines are given on page 663.

Fia. 1041 Fig. 1042

Three feet. Six feet.

Fig. 1043 Fig. 1044

Nine feet. Twelve feet.

Fig. 1045 Fig 1046

Seventeen feet. Twenty feet.

Figs. 1041, 1042, 1043, 1044, 1045, 1046.—Diagrams showing the arrangement and variations of the loops of

the mesenteric vessels for various segments of the small intestine of average length. Nearest the duodenum the

mesenteric loops are primary, the vasa recta are long and regular in distribution, and the translucent spaces (lunettes)

are extensive. Toward the ileocolic junction, secondary and tertiary loops are observed, the vessels are smaller

and become obscured by numerous fat-tabs. (After Monks.) (See p. 1269 for detailed description.)
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The veins correspond to the arteries, and the venous blood passes to the superior mesenteric

vein, which, it will be remembered, unites with the splenic vein to form the portal vein. The
mesenteric veins are devoid of valves.

The lacteals are lymphatics (Figs. 1033 and 1040) which arise in the villi. Lymphatics also

begin in sinuses at the base of the solitary follicles and in Peyer's patches. There is an extensive

lymphatic plexus in the submucous coat, another in the muscular coat, another under the peri-

toneum. The submucous plexus is formed by lymphatics from the villi and mucous membrane.

This plexus is joined by lymphatics from the bases of the solitary follicles, and the lymph passes

Dv vessels to larger vessels at the mesenteric border of the gut. The muscular lymphatics are

placed between the two muscular layers. They form a plexus and communicate freely with

the Ivmphatics from the mucous membrane, and empty themselves in the same manner into the

commencement of the lacteal vessels at the attached border of the gut. The vessels from all

sources of Ivmphatic supply pass up between the two layers of the mesentery, being connected

with the mesenteric nodes (Fig. 572), and unite to form a trunk, the intestinal lymphatic

trunk, which opens into the receptaculum chyli, or the vessels unite to form several trunks,

which open separately into the receptaculum chyli.

Fig. 1047.—Meissner's plexus. (Ramon y Cajal.)

The nerves of the small intestine (Fig. 1047) are derived from the coeliac plexus about
the superior mesenteric artery. They pass along within the mesentery- with the sup)erior

mesenteric artery and reach the intestine. They pass to the plexus of ner\-es and ganglia situated

between the circular and longitudinal muscular fibres (Auerbach's plexus), from which the nerve
branches are distributed to the muscular coats of the intestine. From this plexus a secondary
plexus is derived (Meissner's plexus). It is formed by branches which have perforated the cir-

cular muscular fibres. This plexus lies in the submucous coat. It is also gangliated, and from
it the ultimate fibres pass to the muscularis mucosae, to the villi, and to the mucous membrane.
The nerves of the intestine are amyelinic, and some of the fibres are derived from the vagus.
Applied Anatomy.—The applied anatomy of the small intestine, especially the surgical

anatomy of the hernias, is given on page 1315.

THE LARGE INTESTINE (INTESTINUM CRASSUM) (Figs. 977, 1078).

The large intestine extends from the termination of the ileum to the anus. It

is about five feet or more in length, being one-fifth of the whole extent of the

intestinal canal. It is largest at its commencement at the cecum, and gradually
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diminishes as far as the rectum, where there is a dilatation of considerable size

just above the anal canal. It differs from the small intestine in its greater size,

its more fixed position, its sacculated wall, and in possessing certain appendages

to its external coat, the appendices epiploicae (Fig. 1048), little peritoneal pouches

containing fat.

SACCULATIONS
APPENDICES EPIPLOICAC

MUSCULAR BAND

Fig 1048 Large intestine. A piece of transverse colon from a child two years old. The three chief character-

istics of the large intestine—sacculations, teenise, and appendices epiploicae—are shown. (Cunningham.)

Further, the longitudinal muscle fibres of the large intestine do not form a con-

tinuous layer around the gut, but are arranged in three longitudinal bands or taenisB

{taeniae coli) (Fig. 1048). The large intestine, in its course, describes an arch

which surrounds the convolutions of the small intestine. The segment of the

intestinal tract where the small intestine joins the large is termed the ileocecal

or ileocolic junction. The large intestine commences in the right inguinal region,

in a dilated part, the cecum, together with

a rudimentary structure, the appendix.

It ascends through the right lumbar and

right hypochondriac regions to the under

surface of the liver; here it takes a bend

to the left (hepatic flexure), and passes

transversely across the abdomen on the

confines of the epigastric and umbilical

regions, to the left hypochondriac re-

gion; it then bends again (splenic flexure),

and descends through the left lumbar re-

gion to the left iliac fossa, where it be-

comes convoluted, and forms the sigmoid

flexure; finally it enters the pelvis and
descends along its posterior wall to the

anus. The large intestine is divided into

the cecum, colon, rectum, and anal canal.

MUSCULAR
BAND

MUSCULAR.
BAND

Fig. 1049.—Segment of large intestine, showing the
characteristic feature of its structures. (Testut.)

The Cecum.

The cecum (intestinum cecum) (Figs. 1050 and 1051-1054), the commencement
of the large intestine, is the large blind pouch situated below the ileocecal valve.

Its blind end or fundus is directed downward, and its open end upward, communi-
cating directly with the colon, of which this blind pouch appears to be the beginning
or head, and hence the old name caput cecum coli was applied to it. Its size is

variously estimated by different authors, but on an average it may be said to be
two and one-half inches (6.25 cm.) in length and three (7.5 cm.) in breadth.*

' In 435 careful autopsies, Robinson found the cecum and appendix congenitally ab.sent in one case (St.
Louis Courier of Medicme, October-December, 1902). Sometimes a very large, sometimes an exceedingly
small, cecum is encountered. A large cecum maybe four inches in width, entirely surrounded by peritoneum,
and usually is exce.ssively mobile. An adult cecum may be only one inch in width and one-half an inch in
length, and it is usually devoid of mobility.
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It is situated in the right iliac fossa, above the outer half of Poupart's ligament;

it rests on the Iliopsoas muscle, and lies immediately behind the abdominal wall.

As a rule, it is entirely enveloped on all sides by peritoneum, but in a certain number
of cases (6 per cent., according to Berry) the peritoneal covering is not complete,

so that a small portion of the upper end of the posterior surface is uncovered and
connected to the iliac fossa by connective tissue. The cecum lies quite free in

the abdominal cavity and is capable of a considerable amount of movement,

so that it may become herniated down the right inguinal canal, and has occasion-

ally been found in an inguinal hernia on the left side.*

The cecum varies in shape, but, according to Treves, in man it may be classified

under one of four types (Figs. 1051-1054). In early fetal life it is short, conical,

and broad at the base, with its apex turned upward and inward toward the ileocecal

junction. It then resembles the cecum of some of the monkey tribe, e. g., Man-
gabey monkey. As the fetus grows the

cecum increases in length more than in

breadth, so that it forms a longer tube than

in the primitive form and without the broad

base, but with the same inclination inward

of the apex toward the ileocecal junction.

This form is seen in others of the monkey
tribe, e. g., the spider monkey. As develop-

ment goes on, the lower part of the tube

ceases to grow and the upper part becomes
greatly increased, so that at birth there is a

narrow tube, the vermiform appendix, hang-

ing from a conical projection, the cecum.

This is the infantile form, and as it persists

throughout life, in about 2 per cent, of cases

it is regarded by Treves as the first of his

four types of human ceca. The cecum is

conical and the appendix rises from its

apex. The three longitudinal bands start

from the appendix and are equidistant

from each other. In the second type, the

conical cecum has become quadrate by the

growing out of a saccule on either side of the

anterior longitudinal band. These saccules

are of equal size, and the appendix arises from between them instead of from the

apex of a cone. This type is found in about 3 per cent, of cases. The third t}^e

is the normal type of man. Here the two saccules, which in the second type were

uniform, have grown at unequal rates, the right with greater rapidity than the left.

In consequence of this an apparently new apex has been formed by the growing

downward of the right saccule, and the original apex, with the appendix attached,

is pushed over to the left toward the ileocecal junction. The three longitudinal

bands still start from the base of the appendix, but they are now no longer equi-

distant from one another, because the right saccule has grown between the anterior

and postero-external bands, pushing them over to the left. This type occurs in

about 90 per cent, of cases. The fourth type is merely an exaggerated condition

of the third; the right saccule is still larger, and at the same time the left saccule

has been atrophied, so that the original apex of the cecum, with the appendix,

is close to the ileocecal junction, and the anterior band courses inward to the

same situation. This type is present in about 4 per cent, of cases.

Fig. 1050.—The cecum and colon laid opwn to
show the ileocecal valve.

• In 310 adult males, Robinson found 8 per cent, with undescended cecum and appendix. Nondescent woa
found in less than 4 per cent, of females. A partly descended cecum usually lies upon the right kidney.
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The Interior of the Cecum.—Corresponding to the surface sacculations are seei

the pouch-like depressions {haustra) bounded by the semilunar folds {plicae semiX

lunares coli) (Fig. 1050), corresponding to the surface constrictions which mark

off the saccules. The interior of the cecum is continued into the colon abovej

and the orifice of the ileum and of the appendix open into it. These orifices

guarded respectively by the ileocecal valve and by the valve of Gerlach, ai

'described on pages 1299 and 1301.

Pericecal Folds and Fossae.—See page 1266, and Figs. 1007 and 1008.

Type III. Type II,

90%

Type IV. Type I (Treves).

2%

Figs. 1051 to 1054.—The four types of cecum.

The Venrnform Appendix (processus vermiformis) (Figs. 1056 and 1062).—The
vermiform appendix is found only in man, the higher apes, and the wombat,
although in certain rodents a somewhat similar arrangement exists. In carnivo-

rous animals the cecum is very slightly developed; in herbivorous animals (with

a simple stomach) it is, as a rule, extremely large. It has been suggested that thej

vermiform process in man is the degenerated remains of the herbivorous cecum,
which has been replaced by the carnivorous form. The vermiform appendix is

a long, narrow, worm-shaped, musculomembranous tube, which starts from what
was originally the apex of the cecum. After development has advanced the vermi-

form appendix comes off, as a rule, from the inner side of the posterior wall of the]

cecum, below and behind the termination of the ileum. This origin usually cor-|

responds to McBumey's point on the abdominal wall, two to three inches from the]

anterior superior iliac spine on a line from this process to the umbilicus, and whicl

is the usual seat of the greatest tenderness in appendicitis. The origin of the^
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appendix varies with the t\*pe of cecum present. These variations are shown in

Figs. 1051-1054. The movable portion of the appendix may be met with in dif-

ferent situations. It may pass upward and in front of the cecum and colon,

upward and behind the cecum, and even behind the colon betwcvjn the two
layers of the mesocolon; upward and to the inner side or upward and to the

outer side of the cecum and colon. It may pass to the left under the ileum

and mesentery, upward and to the left or downward and. to the left into the

true pelvis. It may pass directly downward under the cecum. It may pass to the

right in front of or back of the cecum. It may occupy any one of the peri-

cecal fossae (p. 1266), but most often enters the ileocecal fossa. When the cecum
is mobile the appendix may be found almost anywhere within the abdomen.
When the cecum is undescended, the appendix of course shares in the failure to

descend, and may be below the gall-bladder or in front of the right kidney, and may
pass in several directions—upward behind the cecum, to the left behind the ileum

and mesentery; or downward and inward into the true pelvis. It varies from one-

ILEOCOLIC ARTERY

ANTERIOR ILEO-

CECAL ARTERV

ANTERIOR CiECAL
ARTERV

APPENDICULAR
ARTERY

APPENDIX
VERMIFORMI8

Fig. 1055.—Arteries of the cecum and of the appendix vermiformis and of the terminal portion of the ileum.
(Poirier and Charpy.)

half an inch to nine inches in length (1.25 to 22.5 cm.) its average being about
three inches (7.5 cm.). Its diameter is from one-eighth inch to one-quarter inch

(3 to 6 mm.). The operating surgeon may occasionally fail to find an appendix
buried in one of the cecal fossae, and may conclude that the diverticulum is absent.

In rare instances the appendix has been found absent. It is retained in position

by a fold of peritoneum derived from the left leaf of the mesentery, which forms

a mesentery for it, and is called the mesoappendix (p. 1265 and Figs. 1007 and
1008). This fold, in the majority of cases, is more or less triangular in shape, and,

as a rule, extends along the entire length of the tube. In color the healthy ap-

pendix is yello^^•ish-pink and is soft and smooth to the touch. The canal of the

appendix is small and extends throughout the whole length of the organ. The walls

of the healthy diverticulum are thick, and the diameter of the lumen is usually triv-

ial as compared \\\t\i the diameter of the appendix itself. The lumen of the ap-

pendix communicates with the cecum by an orifice which is placed below and
behind the ileocecal opening (Fig. 1060). It is sometimes guarded above and to

the left side by a semilunar fold of mucous membrane, the valve of Gerlach {valvula

processus vermiformis). The valve is inconstant, and is never perfect. It is stated

that the lumen of the appendix tends to undergo obliteration in advanced age as

an involution change in a supposedly functionless organ. The lumen rarely

contains foreign bodies after death, but often contains fecal concretions. Certain

it is that in 25 per cent, of necropsies upon adults or elderly persons the lumen
is found to be partially or completely occluded.



1300 THE ORGANS OF DIGESTION
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Structure of the Appendix (Fig. 1058).—The coats of the appendix correspond to the coa'

of the bowel

—

serous, muscular (the outer layer of longitudinal, the inner of circular fibres)

submucous, and mucous.

The outer or serous coat forms a complete investment

the appendix except along the narrow line of attachment of

mesentery in its proximal two-thirds or more.
The longitudinal muscle layer is thin and irregularly distri

uted, and in certain regions may be exceedingly thin or actuall;

absent, so that the peritoneal and submucous coats are contigui

over small areas.

The circular muscle layer is a much thicker layer than \^
preceding, and at the blind extremity forms a dome-like col-

lection of interlacing fibres. Both layers have openings at in-

tervals for the passage of bloodvessels.

The submucous coat varies greatly in thickness. It contains

bloodvessels, nerves, and lymphatics, and a large number of,
lymphoid follicles (300 to 400) and, at times, adipose tissue

The mucous membrane (Fig. 1056) is lined by colum
epithehum and contains numerous solitary lymph follicles, glam
of Lieberkiihn (about 25,000), surrounded by diffuse lymphoid
tissue, bloodvessels, lymphatics, and nerves.

The muscularis mucosae may be absent, may be scanty, or

may be distinct. The l3rmphoid follicles are visible to the naked
eye (Fig. 1056). Some of them are in the submucosa, some of

them chiefly in the mucosa, the bases of the latter, however, being

in the submucosa.

The arteries of the cecum and appendix are derived from the

ileocolic branch of the superior mesenteric artery. Close to the

ileocecal junction the ileocolic artery gives off anterior and pos-

terior ileocecal branches to the terminal part of the ileum and
beginning of the large intestine. The terminal branches to the

cecum are called anterior and posterior cecal arteries. The appendix is supplied by the

appendicular artery, a branch of the posterior ileocecal artery (see p. 664).

The veins of the appendix are numerous, thin walled, and large. Veins from the submucous
plexus pass through the muscular gaps and enter the subperitoneal plexus. Veins from the sul>

peritoneal plexus pass into the veins in the mesoappendix which correspond to but do not really

r ou

4ind**

Fig. 1056.—The internal sur-
face of the vermiform appendix.
(Bonamy and Broca.)
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Fio. 1057.—Arteries and veins of the cecum and vermiform appendix seen from behind. (Poirier and Charpy.

accompany the arteries (Lockwood). Most of the veins of the mesoappendix pass to the pos-
terior ileocecal vein, though some pass directly to the cecal vein. These veins are radicles of

the portal system.

The lymphatics of the cecum and appendix are described on page 794. ,

I
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The Ileocecal Valve (valruli coli) (Figs. 1060 and 1061).—The lower end of the

ileum terminates by opening into the inner and back part of the large intestine,

at the point of junction of the cecum with the colon. The opening is guarded

by a valve, consisting of two semihmar segments, an upper or colic segment (labium

superiiis) and a lower or cecal segment {labium inferius), which project into the

EPITHELIUM

GLAND
TUNICA

'^"propria

'T'MUSCULAR LAVrR

Fig. 1058.—Transverse section of the vermiform appendix of man. (Kolliker.)

lumen of the large intestine. 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, which is more concave and longer, is attached to the point of

junction of the ileum with the cecum. At each end of the aperture the two segments

iir"
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1^^ :?\ ANTERIOR
-,1^^^
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Fig. 1059.—Lymphatics of the cecum and appendix, anterior view. (Poirier and Charpy.)

of the valve coalesce, and are continued as a narrow membranous ridge around
the canal for a short distance. Each ridge is known as the frenulum of the valve

(frenulum valvulae coli). The left or anterior part of the aperture is rounded;
the right or posterior is narrow and pointed. In the formation of the valve the

termination of the small intestine invaginates for a short distance into the lumen
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of the large intestine (Fig. 1061), the invaginated portion of the wall of the small

intestine uniting with a corresponding portion of the wall of the large intestine.

Each segment of the valve is formed by a reduplication of the mucous membrane
and of the circular muscle fibres of the intestine, the longitudinal fibres and peri-

toneum being continued uninterruptedly

across the one portion of the intestine to

the other.

The surface of each segment of the

valve directed toward the ileum possesses

villi, and presents the characteristic

structure of the mucous membrane of the

ORIFICE O
APPENDIX

Fig. 1060.- -Ileocecal valve of the circular type.
(Poirier.)

Fig. 1061. —V^ertical section through the cecum and
ileocecal valve. (Gegenbaur.)

small intestine; while that turned toward the large intestine is destitute of villi,

and marked with the orifices of the numerous tubular glands peculiar to the mucous
membrane of the large intestine. These differences in structure continue as far

as the free margins of the

valve. ^'^Tien the cecum is

distended it is supposed that

the margins of the opening

are approximated so as to

prevent reflux into the ileum.

It is known, however, that a

very large enema which dis-

tends the cecum and colon

may in part enter the ileum,

being driven there by waves
of reversed peristalsis. The
valve resists, but a certain

amount of pressure over-

comes it. Some believe that

the so-called ileocecal valve

is not a valve, but a distinct

sphincter. This has been
demonstrated to be true in

cats and dogs, but lacks dem-
onstration in man (p. 1313).

ILCU

LONG MUSCU-
LAR FIBRES
FROM ILEUM

anterior
tjenia'

CUL-DE-SAC
OF CECUM

POSTERIOR
TJENIA

Fig. 1062.—Cecum and vermiform appendix; ileum cut through
(Sappey.)

AppUed Anatomy.—The vermiform appendix is very liable to become inflamed, the condi-
tion being known SiS appendicitis. The condition may be set up by a catarrhal inflammation
arising in the appendix or derived from the colon. It may remain catarrhal and then subside.
It may become purulent or may be purulent from the beginning. Anything which lessens vital
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resistance makes the appendix a ready prey to bacteria. Among causes which lessen resistance

are fecal concretions, twists of the mesoappendix cutting off the blood supply, bruises inflicted

by the Psoas muscle (BjTon Robinson), blocking of the outlet of the appendix by catarrhal

exudate, concretions, proliferated lymphoid tissue, or adhesions. Appendicitis may arise by the
appendix becoming twisted, owing to

the shortness of its mesentery, in con-
setjuence of distention of the cecum.
As the result of inflammation, its

blood supply, which is mainly through
one large artery running in the meso-
appendix, becomes interfered with.

Again, in rarer cases, the inflamma-
tion is set up by the impaction of a
solid mass of feces or a foreign body
in the appendix. The inflammation
may result in ulceration and perforation,

or in gangrene of the appendix the a])-

pendix may be blocked and full of pus,

or abscess may form outside of it (appen-
dicular abscrss). These conditions re-

quire prompt operative interference,

and in cases of recurrent attacks of

appendicitis it is advisable to remove
this diverticulum between the attacks.

The cecum and appendbc may be
implicated in cases of strangulated
hernia, giving rise to serious .symptoms
of obstruction. An obstruction in the

distal part of the large bowel causes di-stention, particularly of the cecum, which sometimes
assumes enormous dimensions, and has been known to rupture, causing fatal peritonitis.
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Fig. 1063.—Ileocecal valve. (Sappey.)

The Colon.

The colon is divided into four parts—the ascending, transverse, and descending

colon and the sigmoid flexure.

The ascending colon (colon ascendens) is smaller than the cecum, with which
it is continuous. It passes upward, from its commencement at the cecum, oppo-
site the ileocecal valve, to the under surface of the right lobe of the liver, on the

right of the gall-bladder, where it is lodged in a shallow depression on the liver,

the impressio colica; here it bends abruptly forward and inward to the left, forming
the hepatic flexure (flexura coli dextra). It is retained in contact with the pos-

terior 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 muscle, and with the front of the lower and outer part

of the right kidney (Fig. 1064). Sometimes the peritoneum almost completely

invests it, and forms a distinct but short mesocolon^ (p. 1251). It is in relation,

in front, with the convolutions of the ileum and the abdominal parietes.

The transverse colon {colon transversum) (Fig. 999), the longest and most
movable part of the large intestine, passes transversely from the right hypo-
chondriac region across the abdomen, within the confines of the epigastric and
umbilical zones, into the left hypochondriac region, where it curves dowTiward
beneath the lower end of the spleen, forming the splenic flexure (flexura coli

sinistra). In its course the transverse colon describes an arch, the concavity of

' Treves states that after a careful examination of one hundred subjects, he found that in fifty-two there was
neither an ascending nor a descending mesocolon. In twenty-two there was a descending mesocolon, but no
trace of a corresponding fold on the other side. In fourteen subjects there wa-s a mesocolon to both the ascend-
ing and the descending segments of the bowel; while in the remaining twelve there was an ascending mesocolon,
but no corresponding fold on the left side. It follows, therefore, that in performing liunbar colostomy a meso-
colon may be expected on the left side in 36 per cent, of all cases, and on the right in 26 per cent. (The Anatomy
of the Intestinal Canal and Peritoneum in Man, 1885, p. 55.)
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which is directed backward toward the vertebral column and a little upward.

It is almost completely invested by peritoneum, and connected to the posterior

Antetior
lamella of

lumbar fascia.

Posterior

lamella of
lamella of lumbar fascia,

lumbar -7^-

QUADRATUS LUMBORUM.

Middle
amella c

lumbar
fascia.

Fia. 1064.—Diagram of the relations of the large intestine and kidneys, from behind.

abdominal wall by a large and wide duplicature of that membrane, the transverse

mesocolon (Fig. 1013). The transverse colon is in relation, by its upper surface,

with the liver and gall-bladder, the greater curvature of the stomach, and the lower
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DESCENDING COLON

end of the spleen; by its under surface, with the small intestines; by its anterior

surface, with the anterior layers of the greater omentum and the abdominal

parietes; its posterior surface on the right side

is in relation with the second portion of the duo-

denum, and on the left side is in contact with

some of the convolutions of the jejunum and

ileum.

The splenic flexure is in relation with the lower

end of the spleen and the tail of the pancreas. It

lies at a higher level than, and on a plane posterior

to, the hepatic flexure, and is attached to the Dia-

phragm opposite the tenth and eleventh ribs, by

a peritoneal fold, the phrenocolic ligament (see

p. 1264).

The descending colon {colon descendens) passes

downward through the left hypochondriac and

lumbar regions along the outer border of the left

kidnev. At the lower end of the kidney it turns
Fig. 1065 Sigmoid colon, front view.

Semidiagrammatic. (Testut.)

Fic. 1066.—^Sigmoid colon and rectum, front view. The broken lines indicate the situation of the concealed part
of the sigmoid colon. The small intestine is drawn away, and the anus is turned forward. (Testut.)

inward toward the outer border of the Psoas muscle, along which it descends to

the crest of the ilium, where it terminates in the sigmoid flexure. It is retained
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in position by the peritoneum, which covers its anterior surface and sides, its S
posterior surface being connected by areolar tissue with the outer border of

the left kidney, and the Quadratus lumborum muscle (Fig. 1004). It is smaller

in calibre and more deeply placed than the ascending colon, and is more fre-

quently covered with peritoneum on its posterior surface than the ascending,^

colon (Treves).

The sigmoid flexure, pelvic colon, or sigmoid colon {colon sigmoidevvi) (Figs.

1065 and 1066) 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 thej

crest of the ilium, and then forming a loop, which varies in length and position, i

and which terminates in the rectum at the level of the attachment oi the mesen-

tery upon the front of the third sacral vertebra. It passes downward about

two inches (5 cm.) parallel to the outer border of the Psoas muscle, then taking a

transverse direction enters the cavity of the pelvis, crosses this cavity from left to

right and a little upward to the lower margin of the right iliac fossa; thence it '

passes downward, backward, and inward along the anterior surface of the sacrum

to its junction with the rectum. It is surrounded by the peritoneum and is

attached to the posterior abdominal wall by the mesosigmoid. "When the sigmoid

is lifted upward and to the right and the mesosigmoid is put slightly on the stretch

the intersigmoid fossa (p. 1267) is brought into view. When the sigmoid flexure

is empty most of it falls into the rectovesical or rectovaginal space (Fig. 1066).

When distended it mounts up into the abdomen, reaching to or even above the

umbilicus. The sigmoid flexure is in relation in front with the small intestine

and abdominal parietes. The sigmoid mesocolon is attached to a line running

downward and inward from the crest of the ilium, across the left Psoas muscle,

left external iliac artery and vein, left spermatic or ovarian vessels, and the left

ureter (Fig. 1004).

Applied Anatomy.—The diameter of the large intestine gradually dimiiiishes from the

cecum, which has the greatest diameter of any part of the bowel, to the point of junction of the

sigmoid flexure with the rectum, at or a little below which point stricture most commonly occurs

and diminishes in frequency as one proceeds upward to the cecum. When distended by some
obstruction low down, the outline of the large intestine can be defined throughout nearly the

whole of its course—all, in fact, except the hepatic and splenic flexures, which are more deeply

placed; the distention is most obvious in the two flanks and on the front of the abdomen just

above the umbilicus. The cecum, however, is that portion of the bowel which is, of all, most
distended (see p. 1297). The hepatic flexure and the right extremity of the transverse colon are

in close relationship with the liver, and abscess of this viscus sometimes bursts into the gut in this

situation. The gall-bladder may become adherent to the colon, and gallstones may find their

way through into the gut, where they may become impacted or may be discharged per anum.
The mobility of the sigmoid flexure renders it more liable to become the seat of a volvulus or

twist than any other part of the intestine. It generally occurs in patients who have been the

subjects of habitual constipation, and in whom, therefore, the mesosigmoid is elongated. The
gut at this part being loaded with feces, from its weight falls over the gut below, and so gives

rise to the twist.

The Rectum (Intestinum Rectum) (Figs. 1067, 1068).

The rectum is continuous with the sigmoid flexure, while below it ends in the

anal canal. From its origin at the level of the third sacral vertebra it passes

downward, lying in the sacrococcygeal curve, and extends for about an inch (2.5

cm.) in front of, and a little below, the tip of the coccyx, as far as the apex of

the prostate gland. It then bends sharply backward to continue as the anal canal.

It therefore presents two antero-posterior curves. An upper, with its convexity
backward, is due to the conformation of the sacrococcygeal column. The lower
one has its convexity forward, and is angular. Two lateral curves are also

described—the one to the right, opposite the junction of the third and fourth sacral
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Fig. 1067.—Sa«;ittal section in the median line of the male pelvis. Rectum distended. (Poirier and Charpy.)
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Fig. 1068.—Median sagittal section of the female pelvis. Rectum distended. (Luschka.)
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vertebrae; the other to the left, opposite the sacrococcygeal articulation. They

are, however, of little importance.

The adult rectum measures about five inches (12.5 cm.) in length, and at its

commencement its calibre is similar to that of the sigmoid flexure, but near its

termination it is dilated to form the rectal ampulla. The rectum has no saccu-

lations comparable to those of the colon, but a sacculated condition, due to the

presence in its interior of valves (shortly to be described), is sometimes seen.

The peritoneum is related to the upper two-thirds of the rectum, covering at

first its front and sides, but lower down its front only ; from the latter it is reflected

on to the seminal vesicles in the male and the posterior vaginal wall in the female,

forming the vesico-uterine cul-de-sac of Douglas.

The level at which the peritoneum leaves the anterior wall of the rectum to be

reflected on to the viscus in front of it is of considerable importance from a surgical

point of view, in connection with removal of the lower part of the rectum. It is

, higher in the male than in the female. In

the former the height of the rectovesical

pouch is about three inches (7.5 cm.) ; that is

to say, the height to which an ordinary index

finger can reach from the anus. In the

female the height of the rectovaginal pouch
is about two and a quarter inches (5.2

cm.) from the anal orifice. The rectum
is surrounded by a dense tube of fascia de-

rived from the fascia endopelvina, but fused

behind with the fascia covering the sacrum
and coccyx. The fascial tube is loosely

attached to the rectal wall by areolar tissue

in order to allow the viscus to distend.

Pig. 1069.—Diagram of rectum, showing Hous-
ton's valves in the interior. (Cunningham.)

Relations of the Rectum.—The upper part

of the rectum is in relation, behind, with the

superior hemorrhoidal vessels, the left Pyriformis
muscle, and left sacral plexus of nerves, which

separate it from the anterior surfaces of the sacral vertebrae; in its lower part it lies directly

on the sacrum, coccyx, and Levatores ani, a dense fascia alone intervening; in front, it is sep-
arated above, in the male, from the 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

(Fig. 1068). To the sides below the peritoneal reflections, the rectum is surrounded by cellular

tissue in which on each side lie the lateral sacral artery and the bifurcated hypogastric plexus of

RECTAL VALVEa

Fig. 1070. Fig. 1071. Fig. 1072.

in the fetus. Fig. 1070. Aged four to five months.
„ _, _ anal canal is distinctly marked off from the rectum

proper; the columns of Morgagni and the rectal valves are distinct. (Cunningham.)

Figs. 1070-1072.—The anal canal and lower part of the rectum ir

Fig. 1071. Six month.s. Fig. 1072. Nine months. In each the ana

the sympathetic. This portion of the rectum is separated from the sacrum and coccyx by an
interval, the retrorectal space, which is filled with cellular tissue. The lower or prostatic portion
in the male is in relation anteriorly with the triangular portion of the base of the bladder, the
seminal vesicles, vasa deferentia, and, more anteriorly, with the prostate gland; in the female,
with the posterior wall of the vagina.
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The Anal Canal {pars analis recti) (Figs. 1070-1073).—The anal canal is

the terminal portion of the large intestine. It begins at the level of the apex of

the prostate, is directed downward and backward, and ends at the anus. It forms

an angle with the lower part of the rectum and measures an inch to an inch and

a half (2.5 to 3.75 cm.) in length. It has no peritoneal covering, but is invested

by the Internal sphincter, supported by the Levatores ani muscles, and surrounded

at its termination by the External sphincter; in the empty condition it presents

the appearance of a longitudinal slit. Behind is a mass of muscle and fibrous

tissue, the anococcygeal body; in front of it, in the male, are the membranous por-

tion and bulb of the urethra, and the base of the triangular ligament, and in the

female it is separated from the lower end of the vagina by a mass of muscle and

fibrous tissue, named the perineal body.

LONG ITU
MUSCLE

OF R

LEVATOR ANI r'.!

INTERNAL
SPHINCIER

ANAL CANAL

RUGC OF
MUCOUS
MEMBRANE

COLUMNS OF
MORGAGNI

ANAL VALVES

Fig. 1073.—The interior of the anaJ canal and lower part of the rectum, showing the columns of Morgagni and
the anal valves between their lower ends. The columns were more numerous in the specimen than usual.
(Cunningham.)

The Anal Orifice or Anus is the external opening of the anal canal, formed

by pigmented skin containing numerous sebaceous and sudoriparous glands

glandulae circumanales) and furnished with hairs, ^^"hile the anus is closed,

the skin around it is thrown into radial folds by the contraction of the External

sphincter.

Structure of Large Intestine.—The large intestine has four coats—serous, muscular, sub-

mucous, and mucous. The serous coat is derived from the peritoneum, and invests the different

portions of the large intestine to a variable extent. The cecum is completely covered by the

serous membrane, except in a small percentage of cases (5 or 6 per cent.), where a small portion

of the upper end of the posterior surface is uncovered. The ascending and descending colon

are usually covered only in front and at the sides; a variable amount of the posterior surface

is uncovered.) The transver.se colon is almost completely invested, the parts corresponding to

the attachment of the great omentum and transverse mesocolon being alone excepted. The
sigmoid flexure is completely surrounded, except along the line to which the sigmoid mesocolon
is attached. The upper two-thirds of the rectum is covered in front and laterally by the peri-

toneum, but not posteriorly, between the two posterior folds of peritoneum, the so-called meso-
rectum; later it is covered only on its anterior surface; and the lower portion is entirely devoid
of any serous covering. In the course of the colon the peritoneal coat is thrown into a number of

small pouches filled with fat, called appendices epiploicae. They are chiefly appended to the

transverse colon, and are particularly numerous along the anterior band.
The muscular coat consists of an external longitudinal and an internal circular layer of smooth

mu.scle tis.sue.

The longitudinal fibres do not form a uniform layer over the whole surface of the large intes-

tine. In the cecum and colon they are especially collected into three flat longitudinal bands

> See footnote, page 1303.
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or taenia {taenioE coli) (Figs. 1048 and 1049), each being about half an inch (12 mm.) in width,

and named, respectively, the mesocolic, omental, and free longitudinal bands or taeniae. These

bands commence at the base 9f the vermiform appendix, which structure is surrounded by a

uniform layer of longitudinal muscular fibres. The bands pass from the base of the appendix

to the rectum. At this point they broaden, fuse, and surround the rectum. On the ascending,

descending, and sigmoid colon the mesocolic band {taenia mesocolica) is posterior and internal;

the omental band {taenia omentalis) is posterior and external ; the free band {taenia libera) is

anterior. On the transverse colon the taenia libera is inferior; the taenia mesocolica is poste-

rior; the taenia omentalis is anterior and superior. These bands are one-sixth shorter than the

other coats of the intestine to which they are applied, and serve to produce the sacculi (Fig.

1049), which are characteristic of the cecum and colon; accordingly, when they are dissected off,

the tube can be lengthened, and its sacculated character becomes lost. There are three rows of

the sacculations separated from each other by the longitudinal bands. These pouches are also

subdivided by transverse furrows which correspond to concave folds of mucous membrane,

called semilunar folds {plicae semilunares coli). In the sigmoid flexure the longitudinal fibres

become more scattered, and around the rectum they spread out and form a layer which com-

pletely encircles this portion of the gut, but is thicker on the anterior and posterior surfaces than

on the lateral surfaces. In addition to the muscular fibres of the bowels, two bands of smooth

muscle fibres arise from the second and third coccygeal vertebrae, and pass downward and for-

ward to blend with the longitudinal muscle tissue on the posterior wall of the anal canal. They
are known as the rectococcygeal muscles (m. rectococcygeus).

The circular fibres form a thin layer over the cecum and colon, being especially accumulated

in the intervals between the sacculi. In the rectum the circular fibres constitute a thick layer,

and in the anal canal they become numerous and constitute the Internal sphincter.

The submucous coat {tela submucosa) connects the muscular and mucous layers closely

together. Solitary follicles are quite numerous here.

The mucous membrane, in the cecum and colon, is pale, smooth, destitute of villi, and raised

into numerous crescentic folds which correspond to the intervals between the sacculi. In the

rectum it is thicker, of a darker color, more vascular, and connected loosely to the muscular

coat, as in the oesophagus. It consists of simple columnar and goblet cells resting upon a base-

ment membrane, beneath which is seen the tunica propria, which contains the capillaries and a

considerable amount of diffuse lymphoid tissue. Externally, is seen the muscularis mucosae.

Simple tubular glands, lined chiefly by goblet cells, are present. They are much broader than

those of the small intestine.

When the lower part of the rectum is contracted, its mucous membrane is thrown into a num-
ber of folds, which are longitudinal in direction and are effaced by the distention of the gut.

Besides these, are certain permanent horizontal folds, of a semilunar shape, known as the rectal

or Houston's valves (Figs. 1070 to 1072). 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; a second extends inward from the left side opposite the middle of the

sacrum; a third, the largest and most constant, projects backward from the forepart of the

rectum, opposite the base of the bladder. When a fourth is present, it is situated nearly an inch

(2.5 cm.) above the anus on the left and posterior wall of the tube. These folds are about half

an inch (12 mm.) in width and contain some of the circular fibres of the gut. In the erhpty

state of the intestine they overlap each other so effectually that they render the introduction of

a bougie or the finger somewhat difficult, and their use seems to be "to support the weight of

fecal matter, and prevent its urging toward the anus, where its presence always excites a sensa-

tion demanding its discharge."

The lumen of the anal canal presents, in its upper half, a number of vertical folds, produced
by an infolding of the mucous membrane and some of the muscle tissue. They are known as

the columns of Morgagni or anal colimms (columnae rectales [Morgagni]) (Figs. 1073 and 1074).

There are from five to ten of these folds, each of which is about half an inch long. They are

most prominent when the Sphincter contracts. The outer angle of each column below passes

into a semilunar valve. The grooves between the columns are shallow above and deeper below,

and end in the anal valves. The valves of Morgagni or anal valves (Figs. 1073 and 1074)

are folds which stretch from the b%,se of one column to another, and form the anal pockets

or crypts of Morgagni {sinus rectales). Just below the anal valves is the junction of the mucous
membrane of the anal canal with the skin; this is indicated by the so-called white line of Hilton

or anocutaneous line of Hermann (Fig. 1074).

Vessels and Nerves of the Large Intestine.

—

The arteries (see also p. 664) supplying the
large intestine give off large branches, which ramify between the muscular coats supplying them,
and, after dividing into small vessels in the submucous tissue, pass to the mucous membrane.
The cecum, the appendix, and the ileocecal valve are supplied by the branches from the anasto-

motic loops between the right colic and ileocolic branches of the superior mesenteric artery

' Dublin Hospital Reports, vol. v, p. 163.
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(Fig. 1075). The ascending colon is supplied by the right colic, and the transverse colon by
the middle colic branch ol the superior mesenteric. The descending colon is supplied by the
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Fig. 1074.— Inner wall of the lower end of the rectum and anus. On the right the mucous membrane has
been removed to show the dilatation of the veins and how they pass through the muscular wall to anastomoee
with the external hemorrhoidal plexus. (Luschka.)

Fig. 1075.—The arterial blood supply of the anterior (ventral) surface of the cecum and appendix: A. Heo-
colie artery. B. Cecal appendicular artery. D. Anterior cecal artery. F and G. Appendicxilar artery. Note
that the cecal and appendicular arteries anastomose by fine capillaries, both ventraUy and dorsally. C. Iliac
arterj-. 1. Right colon. 2. External sacculus of cecum (to right of taenium coU). 3. Appendix. 4. Iliac
muscle. 5. Psoas muscle. (Robinson.)
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left colic branch of the inferior mesenteric, and the sigmoid flexure by the sigmoid branches

of the inferior mesenteric. The rectum (Fig. 1076) is supplied mainly by the superior hemor-

rhoidal branch of the inferior mesenteric, but also at its lower end by the middle hemorrhoidal

from the internal iliac, and the

inferior hemorhoidal from the

internal pudic artery. ITie

superior hemorrhoidal, the con-

tinuation of the inferior mesen-

teric, divides into two branches,

which run down either side of the

rectum to within about five inches

(12.5 cm.) of the anus; they here

split up into about six branches,

which pierce the muscular coat

and descend between it and the

mucous membrane in a longitu-

dinal direction, parallel with each

other as far as the Internal

sphincter, where they anastomose

with the other hemorrhoidal arte-

ries and form a series of loops

around the anus. The veins of

the large intestine correspond to

the arteries and join the superior

and inferior mesenteric veins

which join the portal vein. The
veins of the rectum (Fig. 1076)

commence in a plexus of vessels

which surrounds the lower ex-

tremity of the intestinal canal.

In the vessels forming this

plexus are small saccular dilata-

tions just within the margin of

the anus (Figs. 1074 and 1076);

from it about six vessels of con-

siderable size are given off.

These ascend between the mus-
cular and mucous coat for about

five inches (12.5 cm.), running

parallel to each other; they then

pierce the muscular coat, and,

by their union, form a single

trunk, the superior hemorrhoidal

vein, which empties into the

inferior mesenteric tributary of

the portal vein. This arrange-

ment is termed the hemorrhoidal

plexus (Fig. 523); it communi-
cates with the tributaries of the

middle and inferior hemorrhoidal

established between the systemic

empty into the internal pudic

MIDDLE
HEMORRHOIDAt
ARTERY

RIOR
ORRHOIDAL

Fig. 1076.—The bloodvessels of the rectum and anus, showing the
distribution and anastomosis on the posterior surface near the termi-
nation of the gut. (Poirier and Charpy.)

veins at its commencement, and thus a communication is

and portal circulations. The inferior hemorrhoidal veins

veins, and the middle hemorrhoidal veins empty into the internal iliac veins

The lymphatics of the large intestine are described on page 794.

The nerves are derived from the sympathetic plexuses around the branches of the superior

and inferior mesenteric arteries. They are distributed in a similar way to those found in the

small intestine. The spinal centre for the nerves of the anus and rectum is situated in the first

and second sacral segments of the spinal cord.

Movements and Innervation of the Intestines.

Movements.—As the smallintestine is devoid of any sphincter arrangement, peristalsis cannot
mix the food as it does in the pyloric portion of the stomach. The process by which the food is

mixed with the secretions and is brought against the intestinal wall for absorption is called by
Cannon "rhythmic segmentation." Rhythmic motions "mix the food and expose it to the
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mucosa without advancing it appreciatively along the canal."' In this process constrictions occur
in the circular fibres, with the result that a collection of stationary food is divided into a number
of segments. In the middle of each segment constrictions appear and the earlier constrictions

relax. Then the latter constrictions relax and the earlier reappear, and so on until the food is

thoroughly mixed with digestive secretions. Finally, the food is driven on by peristalsis, coming
again to rest, and being again subjected to "rhythmic s^mentation." Cannon says that in the
duodenum "rhythmic segmentation" lasts for several minutes, but in other parts of the intestine

it may continue for half an hour or more, the food which is being subjected to it scarcely moving
along the canal. It is probable that in man there are from seven to eight s^mentations per
minute in a given area. It is also probable that there is a sphincter action at the ileocecal opening.
Cannon divides the large intestine into two parts—a distal part, in which the material is hard

and lumpy and is "advanced by rings of tonic contraction," and a proximal part, in which the
material is soft. In this part "the common movements are waves of constriction running back-
ward toward the cecum." The resistance of

ihe valve or sphincter enables reversed peri-

stalsis or antiperistalsis to mix the food.

\Mien more food enters from the small intes-

tine, antiperistalsis ceases, tonic contraction of

the cecum and proximal portion of the colon

occurs, some of the food is merged into the

transverse colon, and antiperistalsis again
begins to act on what remains. The above
facts have been observed in animals and are

probably true in man.
Innervation.—The vagus fibres of the

small intestine seem to excite contraction of

the circular fibres after a brief preliminary

period of inhibition.^ Some observers main-
tain that the splanchnic fibres are inhibitory,

but others claim that they are also motor.
The local reflex of the small intestine is in

Auerbach's plexus. Cannon quotes Bayliss

and Starling to the effect that the pelvic visceral

nerves to the large intestine, "arising like

the vagus from the central nerve system, are

augmentary nerves, whereas the supply from
the sympathetic system is purely inhibitory

in its action." It is further contended that

the pelvic visceral nerves are distributed to

the distal colon only. "The region of anti-

peristalsis does not, therefore, receive motor
impulses from the pelvic nerves."

Surface Form.—The coils of the small intestine occupy the front of the abdomen below the

transverse colon, and are covered more or less completely by the great omentum. For the most
part the coils of the jejunum occupy the left side of the abdominal cavity

—

i. e., the left lumbar
and inguinal regions and the left half of the umbilical region—while the coils of the ileum are

situated to the right, in the right lumbar and inguinal regions, in the right half of the umbilical

r^on, and also in the hypogastric region. The cecum is situated in the right inguinal r^on.
Its position varies slightly, but the mid-point of a line drawn from the anterior superior spinous

process of the ilium to the symphysis pubis will about mark the middle of its lower border. It is

comparatively superficial. From it the ascending colon passes upward through the right lumbar
and hypochondriac regions, and becomes more deeply situated as it ascends to the hepatic flexure,

which is deeply placed under cover of the liver. The transverse colon crosses the belly trans-

versely on the confines of the umbilical and epigastric regions, its lower border being on a level

slightly above the umbilicus, its upper border just below the greater curvature of the stomach.

The splenic flexure of the colon is situated behind the stomach in the left hypochondrium, and
is on a higher level than the hepatic flexure. The descending colon is deeply seated, passing

down through the left hypochondriac and lumbar regions to the sigmoid flexure, which is situ-

ated in the left inguinal region, and which can be felt in thin persons, with relaxed abdominal
walls, rolling under the fingers when empty, and when distended forming a distinct bulge. The
usual position of the base of the vermiform appendix is indicated by a point on the cutaneous

surface two to three inches (5-7.5 cm.) from the anterior sup)erior spinous process of the iliima, on
a line drawn from this process to the umbilicus. This is known as McBumey's point. Another
mode of defining the position of the base of the appendix is to draw a line between the anterior

superior spines of the ilia and marking the point where this line intersects the right semilunar

line.
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Fig. 1077.—Transverse section of wall of large intestine.

Medical News, May 20, 1905. ' Bayliss and Starling, Journal of Physiology, 1899.
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Upon introducing the finger into the rectum, the membranous portion of the urethra can

be feh, if an instrument has been introduced into the bladder, exactly in the middle line; behind

and above this the prostate gland can be recognized by its shape and hardness and any enlarge-

ment detected; above the prostate the fluctuating wall of the bladder when full can be felt,

and if thought desirable it can be tapped in this situation; on either side and behind the prostate

the seminal vesicles can be readily felt, especially if enlarged by tuberculous disease. Behind,

the coccyx is to be felt, and on the mucous membrane one or two of Houston's folds. The

ischiorectal foss* can be explored on either side, with a view to ascertaining the presence of

deep-seated collections of pus. Finally, it will be noted that the finger is firmly gripped by the

sphincter for about an inch (2.5 cm.) up the bowel.

Applied Anatomy.—The small intestine is much exposed to injury, but, in consequence

of its elasticity and the ease with which one fold glides over another, it is not so frequently rup-

tured as would otherwise be the case. Any part of the small intestine may be ruptured, but

probably the most common situation is the transverse duodenum, on account of its being more^

fixed than other portions of the bowel, and because it is situated in front of the bodies of the

vertebrae, so that if this portion of the intestine is struck a sharp blow, as from the kick of a

horse, it is unable to glide out of the way, but is compressed against the bone and lacerated.

Wounds of the intestine sometimes occur. If the wound is a small puncture, under, it is said,

aae-quarter of an inch (6 mm.) in length, there may be no extravasation of the contents of the

bowel. The mucous membrane becomes everted and perhaps plugs the little opening. The
bowels, therefore, may be punctured with a fine capillary trocar, in cases of excessive distention

of the intestine with gas, without much danger of extravasation. A longitudinal wound gapes

more than a transverse wound, owing to the greater thickness of the circular muscular coat. In

closing a wound of the intestine, use Lembert's inversion sutures, which bring the peritoneal

surfaces in contact. Halsted showed that these sutures must include the tough submucous

coat. The portions of intestine which lie in the pelvis are inflamed in pelvic peritonitis and

become embedded in adhesions. The portions of intestine which may be present are the termi-

nation of the ileum, the portion of small intestine with the largest mesentery (Treves), the rectum,

and the pelvic colon. The small intestine, and most frequently the ileum, may become strangu-

lated by internal bands, or through apertures, normal or abnormal. The bands may be formed in

several different ways: they may be old peritoneal adhesions from previous attacks of peritonitis;

or adherent omentum from the same cause; or the band may be formed by Meckel's diverticulum,

which has contracted adhesions at its distal extremity; or the band may be the result of the

abnormal attachment of some normal structure, as the adhesion of two appendices epiploicae,

or an adherent vermiform appendix or Fallopian tube. Intussusception or invagination of the

small intestine may take place in any part of the jejunum and ileum, but the most frequent situa-

ation is at the ileocecal valve, the valve forming the apex of the entering tube. This form may
attain great size, and it is not uncommon in these cases to find the valve projecting from the anus.

Stricture, the impaction offoreign bodies, and twisting of the gut (volvulus) may lead to intestinal

obstruction. Volvulus is most common in the sigmoid flexure. Meckel's diverticulum may
itself become twisted and strangulated.

Resection of a portion of the intestine may be required in cases of gangrene of the bowel; in

cases of intussusception; for the removal of a newgrowth in the bowel; in dealing with artificial

anus; and in cases of rupture. The operation is termed enterectomy, and is performed as follows:

The abdomen having been opened and the amount of bowel requiring removal having been deter-

mined upon, the gut must be clamped on either side of this portion in order to prevent the escape

of any of the contents of the bowel during the operation. The portion of bowel is then separated

above and below by means of scissors. If the portion removed is small, it may be simply removed
from the mesentery at its attachment and the bleeding vessels tied ; but if it is large, it will be
necessary to remove also a triangular piece of the mesentery, and having secured the vessels,

suture the cut edges of this structure together. The surgeon then proceeds to unite the cut

ends of the bowel. He may do it by the operation termed end-to-end anastomosis. There
are many ways of doing this, which may be divided into two classes—one, where the anastomosis

is made by means of some mechanical appliance, such as Murphy's button, or one of

the forms of decalcified bone bobbins; and the other, where the operation is performed by
simply suturing the ends of the bowel in such a manner that the peritoneum covering the free

divided ends of the bowel is brought into contact, so that speedy union may ensue.

In some cases after resection each open end of the gut is closed, the side of the terminal portion

is sutured to the side of the initial portion, a fistula is made in each, and the suturing is com-
pleted so as to cause the two fistulse to correspond. A permanent side-to-side opening is thus
made. Lateral anastomosis without resection may be practised between two pieces of intestine,

in order to side-track an intervening portion, which is the seat of malignant disease or of an
artificial anus. Complete exclusion of a portion of intestine is performed for irremovable tumors
or persistent fecal fistulse of the large intestine. The intestine is cut through above and below
the diseased area and the ends of the healthy gut are united to each other, or the larger end is

closed, an opening is made into the side of the larger end and the smaller end is implanted in it



MOVEMENTS AND INNERVATION OF THE INTESTINES 1315

(lateral implantation). The two ends of the excluded portion are fastened to the skin and are
left open.

In ascites resuhing from cirrhosis of the liver, benefit occasionally follows the performance of

Talma's operation (epiplopexy). The abdomen is opened and the omentum is sutured to the
'anterior abdominal wall or in the abdominal wound, in the hope of establishing a more free

[communication between the portal and systemic circulations, thus lowering portal pressure.

Hernia.—The two chief sites at which external hernia may take place are the inguinal region

[and the crural canal. The description of the inguinal canal and its relations will be found on
rpages 437 to 439 and that of the crural canal on pages 503 and 684. Some p>oints in regard
[to the disposition of the peritoneum in these regions may, however, be recapitulated here.

Between the upper margin of the front of the pelvis and the umbilicus, the peritoneum,

[when viewed from behind, will be seen to be raised into fine folds with intervening depressions,

[by more or less prominent bands which converge to the umbilicus. The urachus, situated in

{the middle line, is covered by a fold of peritoneum known as the plica urachi. On either side of

[this a fold of peritoneum around the impervious hypogastric artery forms the plica hypogastrica.

[To either side of these three cords is the deep epigastric artery covered by the plica epigastrica.

Between these raised folds are depressions constituting the so-called fossse. The most internal,

between the plica urachi and plica hvpogastrica, is known as the internal inguinal fossa (fovea

[tupravesicalis). The middle one is situated between the plica hv'pogastrica and plica epigas-

itrica, and is termed the middle inguinal fossa (fovea inguinalis medialis). The external one is

external to the plica epigastrica and is known as the external inguinal fossa (fovea inguinalis

'lateralis). Occasionally the deep epigastric artery corresponds in position to the impervious

- hypogastric artery, and then there is but one fold on each side of the middle line. In the usual

position of the parts the floor of the external inguinal fossa corresponds to the internal abdominal
ring, and into this fossa an oblique inguinal hernia descends. To the inner side of the plica

epigastrica are the two internal fossae, and through either of these a direct hernia may descend.

The whole of the space between the deep epigastric artery, the margin of the Rectus and Pou-
part's ligament, is known as Hesselbach's triangle. Below the level of Poupart's ligament

is a small depression corresponding to the position of the crural ring. It is known as the femoral

fossa, and into it a femoral hernia descends.

Inguinal Hernia.—Inguinal hernia is that form of protrusion which makes its way through

the abdomen in the inguinal region. There are two principal varieties of it—external or oblique,

and internal or direct.

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 extraperitoneal tissue and is enclosed in the infim-

dibuliform fascia. In passing along the inguinal canal it displaces upward the arched fibres

of the Transversalis and Internal oblique, and receives a covering of Cremaster muscle and
cremasteric fascia. It then passes along the front of the spermatic cord and escapes from the

inguinal canal at the external ring, becoming invested by intercolumnar fascia. Lastly, it

descends into the scrotum, receiving coverings from the superficial fascia and the integument.

The seat of stricture in oblique inguinal hernia is at either the external or internal abdominal
ring; most frequently in the latter situation. If it is situated at the external ring, the division of

a few fibres at one point of the circumference is all that is necessary for the replacement of the

hernia. If at the internal ring, it is necessary to divide the aponeurosis of the External oblique

so as, to lay open the inguinal canal; in dividing the aponeurosis the incision should be directed

parallel to Poupart's ligament, and the constriction at the internal ring should then be divided

directly upward.
AMien the intestine passes along the inguinal 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 bubonocele. 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 some other varieties of oblique inguinal hernia (Figs. 1078 to 1082) depending
upon congenital defects in the processus vaginalis, the pouch of peritoneum which precedes

the descent of the testis. Normally this pouch is closed before birth, closure commencing at

two points—viz., at the internal abdominal ring and at the top of the epididymis, and gradually

extending until the whole of the intervening portion is converted into a fibrous cord. From
failure in the completion of this process, variations in the relation of the hernial protrusion to

the testis and tunica vaginalis are produced; these constitute distinct varieties of inguinal

hernia—viz., congenital, infantile, encysted, and hernia of the funicular process.

^^^lere the processus vaginalis remains patent throughout, the cavity of the tunica vaginalis

communicates directly with that of the peritoneum. The intestine det"?ends along this pouch
into the cavity of the tunica vaginalis which constitutes the sac of the hernia, and the gut lies in

contact with the testis. Though this form of hernia is termed congenital, the term does not imply
that the hernia existed at birth, but merely that a condition is present which may allow of the

I.
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descent of the hernia at any moment. As a matter of fact, congenital herniee frequently do not

appear until adult life.

Where the processus vaginalis is occluded at the internal ring only and remains patent through-

out the rest of its extent, two varieties of oblique inguinal hernia may be produced—viz.. infantile

Fig. 1078.—Common scrotal hernia. Fig. 1079.—Congenital hernia.

Fig. 1080.—Infantile hernia. Fig. 1081.—Encysted hernia.

Tunica
vaginalis

Fig. 1082.—Hernia into the funicular process.

Fios. 1078 to 1082.—Varieties of oblique inguinal hernia.

and encysted herniae. In the infantile form (Fig. 1080) the bowel pressing upon the septum and
the peritoneum in its immediate neighborhood causes it to yield and form a sac which descends
behind the tunica vaginalis; so that in front of the bowel'there are three layers of peritoneum.
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the two layers of the tunica vaginaHs and its own sac. In the encysted form (Fig. 1060) pressure

at the occluded spot causes the septum to yield and form a sac which projects into the tunica

vaginalis, forming thus a sac within a sac, so that in front of the bowel there are two layers of

peritoneum, one from the tunica vaginalis and one from its own sac.

Where the processus vaginalis is occluded at the lower point only, i. e., just above the testis,

the intestine descends into the pouch of peritoneum as far as the testis, but is prevented from

entering the sac of the tunica vaginalis by the septum which has formed between it and the

pouch. This is known as hernia into the funicular process; it resembles the congenital form

except that instead of enveloping the testis it lies above it.

In direct inguinal hernia the protrusion makes its way through some part of Hesselbach's

triangle, either through (o) the outer part, where only extraperitoneal tissue and transversalis

fascia intervene between the peritoneum and the aponeurosis of the External oblique; or through

(6) the conjoined tendon which stretches across the inner two-thirds of the triangle between the

artery and the middle line. In the former the hernial protrusion escapes from the abdomen on

the outer side of the conjoined tendon, pushes before it the peritoneum, extraperitoneal tissue,

and transversalis fascia, and enters the inguinal canal. It passes along nearly the whole length

of the canal and finally emerges from the external ring, receiving an investment from the inter-

columnar fascia. The coverings of this form of hernia are similar to those of the oblique form,

except that a portion derived from the general layer of transversalis fascia replaces- the infun-

dibuliform fascia.

In the second form, which is the more frequent, the hernia is either forced through the fibres

of the conjoined tendon, or the tendon is gradually distended in front of it so as to form a com-
plete 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

external spermatic fascia, the superficial fascia, and the int^ument. The coverings of this form,

therefore, differ from those of the oblique form in that the conjoined tendon is substituted for the

cremaster, and the infundibuliform fascia is replaced by a jwrtion of the general layer of the

transversalis fascia.

The seat of stricture in both varieties of direct hernia is usually found either at the neck of the

sac or at the external ring. In that form which perforates the conjoined tendon it not infre-

quently occurs at the edges of the fissure through which the gut passes. In all cases of inguinal

hernia, whether direct or oblique, it is proper to divide the stricture directly upward; by cutting

in this direction the incision is made parallel to the deep epigastric artery—external to it in the

oblique variety, internal to it in the direct form of hernia; all chance of wounding the vessel is

thus avoided. Direct inguinal hernia is of much less frequent occurrence than the oblique, and
is found more often in men than in women. The main differences in position between it and
the oblique form are: (a) it is placed over the pubis and not in the course of the inguinal canal;

(b) the deep epigastric artery runs on the outer or iliac side of the neck of the sac; and (c) the

spermatic cord lies along its external and posterior sides, not directly behind it, as in oblique

inguinal hernia.

Femoral Hernia.—In femoral hernia the protrusion of the' intestine takes place through
the crural ring. As already described (p. 503), this ring is closed by the septum crurale, a
partition of modified extraperitoneal tissue; it is, therefore, a weak spot in the abdominal wall,

and especially in the female, where the ring is larger and where profound changes are produced
in the tissues of the abdomen by pr^nancy. Femoral hernia is, therefore, more common in

women than in men.
WTien a portion of intestine is forced through the femoral ring it carries before it a pouch of

peritoneum which forms the hernial sac. It receives an investment from the extraperitoneal

tissue or septum crurale and descends along the femoral canal, or inner compartment of the
sheath of the femoral vessels, as far as the saphenous opening; at this point it changes its course,
being prevented from extending farther down the sheath on account of the narrowing of the
latter, and its close contact with the vessels, and also from the close attachment of the superficial

fascia and femoral sheath to the lower part of the circumference of the saphenous opening.
The tumor is consequently directed forward, pushing before it the cribriform fascia, and then
curves upward over Poupart's ligament and the lower part of the External oblique, being covered
by the superficial fascia and integument. While the hernia is contained in the femoral canal it is

usually of small size owing to the resisting nature of the siurounding parts, but when it escapes
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 first downward, then for-

ward and upward; in the application of taxis for the reduction of a femoral hernia, therefore,

pressure should be directed in the reverse order.

The coverings of a femoral hernia, from within outward, are peritoneum, septum crurale,

femoral sheath, cribriform fascia, superficial fascia, and int^ument. Sir Astley Cooper has
described an investment for femoral hernia under the name of fascia propria, lying immediately
external to the peritoneal sac but frequently separated from it by some adipose tissue. Surgi-
cally it is important to remember the frequent existence of this layer on account of the ease with
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which an inexperienced operator may mistake the fascia for the peritoneal sac and the contained

fat for omentum, as there is often a great excess of subperitoneal fatty tissue enclosed in the

"fascia propria." In many cases it resembles a fatty tumor, but on further dissection the true

hernial sac will be found in the centre of the mass of fat. The fascia propria is merely modified

extraperitoneal tissue which has been thickened to form a membranous sheet by the pressure of

the hernia.

When the intestine descends along the femoral canal only as far as the saphenous opening the

condition is known as incomplete 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, ren-

ders it an exceedingly dangerous variety of the disease from the extreme difficulty of detecting

the existence of the swelling, especially in corpulent subjects. The coverings of an incomplete

femoral hernia would be, from without inward, integument, superficial fascia, superior falciform

process of fascia lata, femoral sheath, septum crurale, and peritoneum.

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 is at the point of junction of the superior falciform

process with the free edge of Gimbernat's ligament; or it may be at the margin of the saphenous

opening. The stricture should in every case be divided in a direction upward and inward for a

distance of about one-sixth to one-quarter of an inch. All vessels or other structures of impor-

tance in relation to the neck of the sac will thus be avoided.

The spine of the pubis forms an important landmark in serving to differentiate the inguinal

from the femoral variety of hernia. The inguinal protrusion is above and to the inner side of

the spine, while the femoral is below and to its outer side.

By the term interned hernia, we mean hernia into the foramen of Winslow, into the retro-

duodenal fossa, into the retrocecal fossa, or into the intersigmoid fossa. Such a hernia produces

the symptoms of acute strangulation of the intestine.

In typhoid fever there is ulceration of Peyer's patches. One of these ulcers may 'perforate.

The only chance for life is immediate laparotomy and closure of the perforation. This saves

one-fifth, or possibly one-third, of the cases. The incision is made to expose the lower ileum, as

in the vast majority of cases the perforation is in this portion of the gut.

The surgical anatomy of the rectiiin is of considerable importance. There may be congenital

malformation due to arrested or imperfect development. Thus, there may be no invagination of

the ectoderm, and consequently a complete absence of the anus ; or the hind gut may be imper-

fectly developed, and there may be an absence of the rectum, though the anus is developed;

or the invagination of the ectoderm may not communicate with the termination of the hind gut

from want of solution of continuity in the septum which in early fetal life exists between the

two. The mucous membrane is thick and but loosely connected to the muscular coat beneath

and thus favors prolapse, especially in children. The vessels of the rectum are arranged as

mentioned above, longitudinally, and are contained in the loose cellular tissue between the

mucous and muscular coats, and receive no support from surrounding tissues, and this favors

varicosity. Moreover, the veins, after running upward in a longitudinal direction for about five

inches in the submucous tissue, pierce the muscular coats, and are liable to become constricted

at this point by the contraction of the muscular wall of the gut. In addition to this there are no
valves in the superior hemorrhoidal veins, and the vessels of the rectum are placed in a dependent
position, and are liable to be pressed upon and obstructed by hardened feces. The anatomical

arrangement, therefore, of the hemorrhoidal vessels explains the great tendency to the occurrence

of piles. The presence of the Sphincter ani is of surgical importance, since it is the constant

contraction of this muscle which prevents an ischiorectal abscess from healing and tends to

cause a fistula. Also, the reflex contraction of this muscle is the cause of the severe pain com-
plained of in fissure of the anus. The relations of the peritoneum to the rectum are of impor-
tance in connection with the operation of removal of the lower end of the rectum for malignant
disease. The membrane gradually leaves the rectum as it descends into the pelvis; first leaving

its posterior surface, then the sides, and then the anterior surface, to become reflected in the

male on to the posterior wall of the bladder, forming the rectovesical pouch, and in the female
on to the posterior wall of the vagina, forming Douglas' pouch. The rectovesical pouch of

peritoneum extends to within three inches (7.5 cm.) from the anus, so that it is not desirable

to remove more than two and a half inches (6.25 cm.) of the entire circumference of the bowel, for

fear of the risk of opening the peritoneum. When, however, the disease is confined to the poste-

rior surface of the rectum, or extends farther in this direction, a greater amount of the posterior

wall of the gut may be removed, as the peritoneum does not extend on this surface to a lower
level than five inches from the margin of the anus. The rectovaginal or Douglas' pouch in the

female extends somewhat lower than the rectovesical pouch of the male, and therefore it is

advisable to remove a less length of the tube in this sex. Of recent years, however, much more
extensive operations have been done for the removal of cancer of the rectum, and in these the
peritoneal cavity has necessarily been opened. If, in these cases, the opening is plugged with
iodoform gauze until the operation is completed, and then the edges of the wound in the peri-

toneum are accurately brought together with sutures, no evil result appears to follow. For cases

J
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of cancer of the rectum which are too low to be reached by abdominal section, and too high to be

removed by the ordinary operation from below, Kraske has devised an operation which goes by

his name. The patient is placed on his right side and an incision is made from the second sacral

spine to the anus. The soft parts are now separated from the back of the left side of the sacrum

as far as its left margin, and the greater and lesser sacrosciatic ligaments are divided. A portion

of the lateral mass of the sacrum, commencing on the left border at the level of the third poste-

rior sacral foramen, and running downward and inward through the fourth foramen to the cornu,

is now cut away with a chisel. The left side of the wound being now forcibly drawn outward,

the whole of the rectum is brought into view, and the diseased portion can be removed, leaving

the anal portions of the gut, if healthy. The two divided ends of the gut can perhaps then be

approximated and sutured together. Kraske's operation is in many cases preceded by the per-

formance of iliac colostomy. In cancer high up in the rectum removal of the growth through

the abdomen is sometimes practised, the divided lower end of the rectum being sutured to the

divided upper end (Weir's operation).

The colon frequently requires opening in cases of intestinal obstruction, and by some sur-

geons this operation is performed in cases of cancer of the rectum, as soon as the disease is recog-

nized, in the hope that the rate of growth may be retarded by removing the irritation produced
by the passage of fecal matter over the diseased surface. The operation of colostomy may be
performed either in the inguinal or lumbar region; but inguinal colostomy (Maydl's operation)

has at the present day superseded the lumbar operation. The main reason for preferring this

operation is that a spur-shaped process of the mesocolon can be formed, which prevents any fecal

matter finding its way past the artificial anus and becoming lodged on the diseased structures

below. The sigmoid flexure being surrounded by peritoneum, a coil can be drawn out of the

wound, and when it is opened transversely a spur is formed, and this prevents any fecal matter

finding its way from the gut above the opening into that below. The operation is performed
by making an incision two or three inches in length from a point one inch internal to the anterior

superior spinous process of the ilium, parallel to Poupart's ligament. The various layers of

abdominal muscles are cut through, and the peritoneum opened and sewed to the external

skin. The sigmoid flexure is now sought for, and pulled out of the wound and fixed by pushing
a glass bar through a slit in the mesocolon. The two parts of the loop are sutured together.

The intestine is now sutured to the parietal peritoneum. The wound is dressed, and either

immediately or between the second to the fourth day, according to the requirements of the case,

the protruded coil of intestine is opened. It is opened transversely with the Paquelin cautery.

The loose connective tissue around the rectum is occasionally the site of an abscess, the active

focus of which, however, may be located elsewhere. This form of abscess may be described as

the superior pelvic rectal; it is placed above the pelvic diaphragm, but beneath the peritoneum.

The acute variety is generally due to ulceration or perforation of the bowel (possibly produced by
a foreign body) above the level of the attachment of the Levator ani. The abscess may also occur

above a stricture (simple or malignant) of the rectum; occasionally it arises from suppuration
around the prostate, and more rarely follows abscess of the seminal vesicles. Chronic abscesses

also appear in the same region either from caries of the anterior surface of the sacrum or from
caseation of the presacral lymph nodes, while in other cases an abscess finds its way down into

the pelvis from disease of the anterior surfaces of the bodies of the lumbar vertebral.

THE LIVER (HEPAR) (Figs. 1083, 1084).

The liver is the largest gland in the body and is situated in the upper and
right part of the abdominal cavity, occupying almost the whole of the right hj'po-

chondrium, the greater part of the epigastrium, and not uncommonly extending

into the left hvpochondrium as far as the midclavicular line. In the male it weighs
from fifty to sixty ounces; in the female, from forty to fifty. It is relatively

much larger in the fetus than in the adult, constituting, in the former, about one-

eighteenth, and in the latter, about one-thirty-sixth of the entire body weight.

Its greatest transverse measurement is from eight to nine inches (20 to 22 cm,).

Vertically, near its lateral or right surface, it measures about six or seven inches

(15 to 18 cm.), while its greatest antero-posterior diameter is on a level with the

upper end of the right kidney and is from four to five inches (10 to 12 cm.). Op-
posite the vertebral column its measurement from before backward is reduced
to about three inches (7.5 cm.). Its consistence is that of a soft solid; it is, how-
ever, friable and easily lacerated; its color is a dark reddish brown, and its

specific gravity is 1,05.
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To obtain a correct idea of its shape, it must be hardened in situ, and it will

then be seen to present the appearance of a wedge, the base of which is directed

to the right and the thin edge toward the left. Symington describes its shape as

that "of a right-angled triangular prism with the right angles rounded off."

Surfaces.—The liver possesses five surfaces—viz., a superior, inferior, anterior,

posterior, and a right lateral surface. A sharp, well-defined margin divides the

inferior from the anterior and lateral surfaces, but the other surfaces are separated

from one another by thick, rounded borders. The superior and anterior surfaces

are separated from each other by a thick rounded l)order, and are attached to the

Diaphragm and anterior abdominal wall by a triangular or falciform fold of peri-

toneum, the suspensory or falciform ligament, in the free margin of which is a rounded
cord, the ligamentum teres or impervious umbilical vein. The line of attachment
of the falciform ligament divides the liver into two unequal parts, termed the

right and left lobes, the right being much the larger. The inferior and posterior

surfaces are divided into five lobes by five fissures, which are arranged in the form

ffall-bladder.

/right la
-^ LIGAMi

LATERAL
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Fig. 1083.—The liver. Upper surface. (Drawn from His' model.)

of the letter H. The left limb of the H marks on these surfaces the division of

the liver into right and left lobes; it is known as the longitudinal fissure, and con-

sists of two parts—viz., the umbilical fissure in front and the fissure for the ductus

venosus behind. The right limb of the H is formed in front by the fissure or

fossa for the gall-bladder, and behind by the fissure for the inferior vena cava ; these

two fissures are separated from one another by a band of liver substance, termed
the caudate lobe. The bar connecting the two limbs of the H is the transverse

or portal fissure; in front of it is the quadrate lobe, behind it is the Spigelian lobe.

The superior surface (fades superior) (Fig. 1083) comprises a part of both
lobes, and, as a whole, is convex, and fits under the vault of the Diaphragm; its

central part, however, presents a shallow depression, the cardiac depression (m-
pressio cardiaca), which corresponds with the position of the heart on the upper
surfaces of the Diaphragm. It is separated from the anterior, posterior, and lateral

surfaces by thick, rounded borders. Its left extremity is continued into the under
surface by a prominent sharp margin. Except along the lines of attachment
of the falciform ligament this surface is completely covered by peritoneum.
The anterior surface is large, triangular in shape, and comprises also a part of

both right and left lobes. It is directed forward, and the greater part of it is in
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contact with the Diaphragm, which separates it on the right from the sixth to

the tenth ribs and their cartilages, and on the left from the seventh and eighth

costal cartilages. In the middle line it lies behind the ensiform cartilage, and in

the angle between the diverging rib cartilages of opposite sides the anterior sur-

face is in contact with the abdominal wall. It is separated from the inferior

surface by a sharp margin, and from the superior and lateral surfaces by thick

rounded borders. It is completely covered by peritoneum except along the line

of attachment of the falciform ligament.

The lateral or right surface (Figs. 1083 and 1084) is convex from before back-

ward and slightly so from above downward. It is directed toward the right side,

forming the base of the wedge, and lies against the lateral portion of the Dia-

phragm, which separates it from the lower part of the right pleura and lung, outside

which are the right costal arches from the seventh to the eleventh inclusive.

The inferior or visceral surface (fades inferior) (Figs. 1084 and 1085) is uneven,

concave, directed downward, backward, and to the left, and is in relation with the

stomach and duodenum, the hepatic flexure of the colon, and the right kidney

and suprarenal glands. The surface is divided by a longitudinal fissure into a right

and a left lobe, and is almost completely invested by peritoneum; the only parts

where this covering is absent are where the gall-bladder is attached to the liver

and at the transverse fissure, where the two layers of the lesser omentum are sepa-

rated from each other by the bloodvessels and duct of the viscus. The under

surface of the left lobe presents to the right and near the centre a rounded emi-

nence, the omental tuberosity (tiiber omentale) (Fig. 1084), which is in contact with

the lesser omentum. It is surrounded by a broad depression, the gastric surface

or impression (impressio gastrica), with which the stomach is in contact. Between
the gall-l)ladder and the left lobe is the quadrate lobe. The quadrate lobe is

boimded to the left by the umbilical fissure or the fissure for the umbilical vein (fossa

venae umbilicalis), which is the anterior portion of the longitudinal fissure and
lodges the round ligament. The under surface of the right lobe is divided into two
unequal portions by a fossa, which lodges the gall-bladder and is called the fossa

vesicalis (fossa vesicae felleae). The portion to the left, the smaller of the two,

is the quadrate lobe, and is in relation with the pyloric end of the stomach (impressio

pylorica) and the first portion of the duodenum. The portion of the under sur-

face of the right lobe to the right of the fossa vesicalis presents two shallow concave
impressions, one situated behind the other, the two being separated by a ridge.

The anterior of these two impressions, the colic impression (impressio colica),

is produced by the hepatic flexure of the colon; the posterior, the renal impression

(impressio renalis), is occupied by the upper end of the right kidney and lower part

of the suprarenal gland (Fig. 1084). To the inner side of the renal impression is a

third and slightly marked impression, lying between it and the neck of the gall-

bladder. This is caused by the second portion of the duodenum, and is known
as the duodenal impression (impressio diiodenalis) . Just in front of the inferior

vena cava is a narrow strip of liver tissife, the caudate lobe, which connects the

right inferior angle of the Spigelian lobe to the under surface of the right lobe.

It forms the upper boundary of the foramen of Winslow.

The posterior surface (fades posterior) (Fig. 1085) is rounded and broad behind

the right lobe, but narrow on the left. Over a large part of its extent it is not

covered by peritoneum; this uncovered area (Fig. 1084) is about three inches (7.5

cm.) broad, and is in direct contact with the Diaphragm, being united to it by
areolar tissue. It is marked off from the upper surface by the line of reflection of

the upper or anterior layer of the coronary ligament and from the under surface

of the liver by the line of reflection of the lower layer of the coronary ligament

(Fig. 1086). The central part of the posterior surface presents a deep conca\ity

which is moulded on the vertebral column and crura of the Diaphragm. To the
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right of this the inferior vena cava is lodged in an indentation in the liver substance,

Iving between the uncovered area and the Spigelian lobe. Close to the right of

this indentation and immediately above the renal impression is a small triangular

depressed area, the suprarenal impression (wipressio suprarenalis) (Fig. 1084),

the greater part of which is devoid of peritoneum; it lodges the right suprarenal

gland, which is inserted between the liver and Diaphragm. To the left of the

fossa for the inferior vena cava is the Spigelian lobe, which lies between the fissure

for the inferior vena cava and the fissure for the ductus venosus. Below and in

front it projects and forms part of the posterior boundary of the transverse fissure.

Here, to the right, it is connected with the under surface of the right lobe of the

liver by the caudate lobe, and to the left it presents a tubercle, the tuberculum

papillate (Fig. 1084). It is opposite the tenth and eleventh thoracic vertebrae,

and rests upon the aorta and crura of the Diaphragm, being covered by the peri-

toneum of the lesser sac. On the posterior surface to the left of the Spigelian

lobe is a groove, the oesophageal groove {impressio oesophagea) , indicating the

position of the abdominal portion of the oesophagus (Fig. 1084).

Tuberculum
papillare

Suprarenal

i tnpression

oii-peritoneal).

iiprarenal

imprefinion

{peritoneal).

Tuberculum
candntvm.

Umbilical fissure. Transverse fissure.

I'm. 1084.—The liver. Posterior and inferior surfaces. (Drawn from His' model.)

The inferior border or margin (margo inferioris) is thin and sharp, and marked
opposite the attachment of the falciform ligament by a deep notch, the umbilical

notch (incisura umbilicalis), and opposite the cartilage of the ninth rib by a second

notch for the fundus of the gall-bladder '(incisura vesicae felleae). In adult males

this border generally corresponds with the lower margin of the thorax in the right

midclavicular line; but in women and children it usually projects below the ribs.

The left extremity of the inferior martpn of the liver is thin and flattened from

above downward.
Fissures.—Five fissures are seen upon the under and posterior surfaces of the

liver, which serve to divide it into its five lobes. They are: the umbilical fissure,

the fissure for the ductus venosus (forming together the longitudinal fissure), the

transverse fissure, the fissure for the gall-bladder, and the fissure for the inferior

vena cava.

The longitudinal fissure (fossa longitudinalis sinistra) is a deep groove, which
extends from the notch on the anterior margin of the liver to the upper border of

the posterior surface of the organ. It separates the right and left lobes, the

transverse fissure (Fig. 1084) joins it, at right angles, and divides it into two parts.

The anterior part, or umbilical fissure (fossa venae umbilicalis), lodges the umbilical
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vein in the fetus, and its remains (ligamentum teres) in the adult; it lits between

the quadrate lobe and the left lobe of the liver, and is often partially bridged

over by a prolongation of the hepatic substance, the pons hepatis. The posterior

part or fissure for the ductus venosus (fossa ductus venosi) lies between the left

lobe and the Spigelian lobe; it lodges in the fetus the ductus venosus, and in the

adult a slender fibrous cord {lig. venosum) the impervious remains of that vessel.

The transverse or portal fissure {porta hepatis) (Fig. 1084) is a short but deep

fissure, about two inches (5 cm.) in length, extending transversely across the under

surface of the left portion of the right lobe, nearer to its posterior surface than

its anterior border. It joins, nearly at right angles, with the longitudinal fissure,

and separates the quadrate lobe in front from the caudate and Spigelian lobes

behind. By the older anatomists this fissure was considered the gateway (porta)

of the liver; hence the large vein which enters at this fissure was called the portal

vein (Fig. 1085). Besides this vein, the fissure transmits the hepatic artery and

nerves, and the hepatic duct and lymphatics. At their entrance into the fissure,

the hepatic duct lies in front and to the right, the hepatic artery to the left, and

the portal vein behind and between the duct and artery.

(ExorthacieaJ groove. Portal vein. Suprarenal impression.
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Fig. 1085.

Hepatic artery.

Common bile duct.

-Posterior and under surfaces of the liver. (Drawn from His' model.)

The fossa or fissure for the gall-bladder (fossa vesicae felleae) 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 notched
for its reception, to the right extremity of the transverse fissure.

The fissure for the inferior vena cava (fossa venae cavae) (Fig. 1084) is a short,

deep fissure, in some cases a complete canal, in consequence of the substance
of the liver occasionally surrounding this vessel. It extends obliquely upward
from the lobus caudatus, which separates it from the transverse fissure on the

posterior surface of the liver, and is situated between the Spigelian lobe and the

bare area of the liver. On slitting open the inferior vena cava the orifices of
the hepatic veins will be seen opening into this vessel at its upper part, after

perforating the floor of this fissure.

Lobes.—^The lobes of the liver, like the ligaments and fissures, are five in

number—the right lobe, the left lobe, the lobus quadratus, the lobus Spigelii, and
the lobus caudatus, the last three iieing merely parts of the right lobe.
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The right lobe {lohus hepatis dexter) (Figs. 1083 and 1084) is much larger thai

the left, the proportion between them being as six to one. It occupies the righl

hypochondrium, and is separated from the left lobe, on its upper and anterior sur-i

faces, by the falciform ligament; on its under and posterior surfaces by the longi^

tudinal fissure; and in front by the umbilical notch. It is of a somewhat quadrii

lateral form, its under and posterior surfaces being marked by three fissures—the

transverse fissure, the fissure for the gall-bladder, and the fissure for the inferioi

vena cava, which separate its left part into three smaller lobes^the lobus Spigeliij

lobus quadratus, and lobus caudatus. On it are seen four shallow impressions—one

in front, for the hepatic flexure of the colon; a second behind, for the right kidney

j

a third internal, between the last-named and the gall-bladder, for the second pai

of the duodenum; and a fourth on its posterior surface, for the suprarenal gland.'

The lobus quadratus (Figs. 1084 and 1085) is situated on the under surface of

the right lobe, is bounded in front by the inferior margin of the liver; behind,

by the transverse fissure; on the right, by the fissure of the gall-bladder; on the

left, by the umbilical fissure. It is oblong in shape, its antero-posterior diameter

being greater than its transverse.

The lobus Spigelii (lobus caudatus [Spigelii]) (Figs. 1084 and 1085) is situated

upon the posterior surface of the right lobe of the liver. It looks directly back-

ward, and is nearly vertical in direction. It is bounded below by the transverse

fissure, on the right by the fissure for the inferior vena cava, and on the left by
the fissure for the ductus venosus. It is longer from above downw^ard, and is

somewhat concave in the transverse direction. Its lower end usually projects in

the form of a rounded process, the tuber papillare (processus pajnllaris).

The lobus caudatus (processus caudatus) (Fig. 1084), or tailed lobe, is a small

elevation of the hepatic substance extending obliquely outward, from the lower

extremity of the Spigelian lobe to the under surface of the right lobe. It is situ-

ated behind the transverse fissure, and separates the fissure for the gall-bladder

from the commencement of the fissure for the inferior vena cava.

The left lobe (lobus hepatis sinister) (Figs. 1083 and 1084) is smaller and more
flattened than the right. It is situated in the epigastric and left hypochondriac
regions. Its upper surface is slightly convex; its under surface is concave,

and presents a shallow depression for the stomach, the gastric impression. This
is situated in front of the groove for the oesophagus, and is separated from the lon-

gitudinal fissure by the omental tuberosity, which lies against the small omentum
and lesser curvature of the stomach. The posterior end of the left lobe frequently

exhibits a flat projection, composed of connective tissue, and called the appendix
fibrosus hepatis. In the adult, portions only of bile ducts are present in it. In
the newborn it is a definite portion of secreting liver substance, which later under-
goes connective-tissue transformation.

Ligaments.—The liver is connected to the under surface of the Diaphragm
and the anterior walls of the abdomen by five ligaments, four of which are peri-

toneal folds; the fifth is round, fibrous cord, resulting from the occlusion of the
umbilical vein. These ligaments are the falciform, two lateral, coronary, and
round. It is also attached to the lesser curvature of the stomach by the gastro-

hepatic or small omentum (p. 1260).

The falciform ligament (ligamentum falciforme hepatis) (Figs. 1086 and 1087)
is a broad and thin antero-posterior peritoneal fold, falciform in shape, its base
being directed downward and backward, its apex upward and backward. 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 r^

by its hepatic margin it extends from the notch on the anterior margin of the liver,

as far back as its posterior surface. It is composed of two layers of peritoneum
closely united. Its free edge contains the round ligament of the liver.
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The coronary ligament (ligameyitiim coronariiun hepatis) (Figs. 1083 and 1086)

connects the posterior surface of the liver to the Diaphragm. It consists of two

layers. The upper layer is formed by the reflection of the peritoneum from

the upper margin of the bare area of the liver to the under surface of the Diaphragm,

and is continuous with the right layer of the falciform ligament. The lower

layer is reflected from the lower margin of the bare area on to the right kidney

and suprarenal gland.

CORONARY
LIGAMENT

RIGHT
LATERAL

.

LIGAMENT

LEFT
LATERAL
LIGAMENT

LCIFORM
LIGAMENT

Fig. 1086.—The peritoneal ligaments of the liver. (Schematic.) (Poirier and Charpy.)

The lateral ligaments (Figs. 1083 and 1086) are two in number, and are called

the right and left lateral ligaments.

The right lateral ligament {Ugamentvm triangulare dextrum) (Figs. 1083 and
1086) is in reality the right extremity of the coronary ligament. This ligament

is triangular in form, runs from the liver to the Diaphragm, and is formed by
the apposition of the upper and lower layers of the coronary ligament.

The left lateral ligament {ligamen-

iiim triangulare sinistrum) (Figs.

1083 and 1086) is a fold of some
considerable size, which connects

the posterior part of the upper sur-

face of the left lobe to the Dia-

phragm; its anterior layer is con-

tinuous with the left layer of the

falciform ligament.

The round ligament (ligamentum

teres hepatis) (Figs. 1085 and 1087)

is a fibrous cord resulting from the

occlusion of the fetal umbilical vein.

It ascends from the umbilicus, in

the free margin of the falciform

ligament, to the notch in the ante-

rior border of the liver, from which
it may be traced along the umbilical

fissure on the inferior surface of the

liver; on the posterior surface it is continued upward as the imper\'ious ductus

venosus (lig. venosinn) as far as the inferior vena cava.

Support and Movability of the Liver.—The liver is movable within certain

narrow limits. It moves with respiration. On inspiration it moves down with

the Diaphragm to distinctly below the costal arch in the right midclavicular line.

Its fixation to the under surface of the Diaphragm by means of Qonnective tissue

gives it its strongest support.

The surface relations of the liver are given on page 1334.

Fig. 1087.—Diagram to show the relations of the falciform
or suspensory,- and round ligaments to the liver and the ab-
dominal wall. (Gerrish.)



1326 THE ORGANS OF DIGESTION

Abnormalities of the Liver.—The liver may be divided into many lobules, and such lobu-

lation is most evident on the parietal surface of the right lobe. Lobulation is probably a patho-

logical change. Occasionally the right lobe is small and the left large.

Accessory Livers are fragments of hepatic tissue or vestiges, which are entirely separated from

the liver. They are seldom met with. When they do exist their most common situation is in

the suspensory ligament, but they have been found in the great omentum, in the peritoneum,

wall of the gall-bladder, and in other situations. They may be congenital or may be due to

atrophy of the pedicle of an accessory lobe or of a pedunculated lobe. Tight lacing alters the

shape and position of the liver (Fig. 1088) It may flatten the dome and increase the length of

the anterior surface, this change being especially obvious in the right lobe, and a costal groove

may be formed by the pressure of a rib. " When the elongated right lobe passes over the right

kidney, there is atrophy of the hepatic substance and thickening of the capsule, which is opaque
and forms a hinge-like ligament between the main part of the right lobe above the constricted

lower portion. This lobe is variously termed partial hepatoptosis, constriction lobe, or the

sustentacular formation of the right lobe (Hertz). The constriction furrow is produced by

the pressure of the corset in front and the resistance of the kidney behind. The constriction lobe

tapers to a point, so that the shape of the liver, as seen from the front, is that of a right-angled

triangle, with the apex downward."' Such a constriction lobe is known as Riedel's lobe. The
left lobe may also project down, but not so markedly. Tight lacing may cause the entire organ

DIAPHRAGMATIC
GROOVE

Fig. 1088.—Deformed female liver. (Poirier and Charpy.)

to occupy a level higher than normal. Such a liver is thick and excessively convex above and thin

below, and reaches to or laps over the spleen. In severe cases the superior surface is thrown into

antero-posterior creases or folds. Riedel's lobe (Fig. 1088) may be congenital, may be due to
tight lacing, or may arise in cholelithiasis or cholecystitis from the traction of adhesions. Such
a lobe comes off from the right lobe. It may be a tapering mass of liver tissue, it may have a thin
pedicle of liver tissue, or its pedicle may be merely a double fold of peritoneum. The gall-

bladder may lie upon its under surface, or may be placed to the left of it.

Vessels.—The bloodvessels connected with the liver are the hepatic artery, the portal vein,

and the hepatic veins.

The hepatic artery and portal vein (Figs. 467, 468, 557, and 1089), accompanied by numerous
lymphatics and nerves, ascend to the transverse fissure between the layers of the gastrohepatic
omentum, and in front of the foramen of Winslow. The hepatic duct, lying in company with
them, descends from the transverse fissure between the layers of the same omentum. The rela-

tive position of the three structures in the lesser omentum (Fig. 1000) is as follows: The hepatic

• Rolleston, on Diseases of the Liver.
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duct lies to the right, the hepatic arterv to the left, and the portal vein behind and between the

other two. They enter the transverse fissure in the above-described order, but in that fissure

undergo rearrangement, the duct being in front, the artery in the middle, and the vein behind.

The artery, the vein, and the duct divide into a right and left branch and several smaller branches,

and within the organ the vessels from the three sources accompany each other and divide at the

Fig. 1089.—Schematic section of the liver. The fibrous tunic is shown in black and the capsule of Glisson in re4

same points; so each branch of the portal vein is accompanied by a branch of the hepatic artery

and of the duct. They are enveloped in a loose areolar tissue, the capsule of Glisson (Fig.

1089), which accompanies the vessels in their course through the pcnicd eanaU in the interior of

the organ.

The hepatic veins (Fig. 471) convey the blood from the liver. They commence in the sub-
stance of the liver, in the capillary terminations of the portal vein and hepatic artery; these
tributaries, gradually uniting, usually form three veins, which converge toward the posterior

surface of the liver and open into the portion of the inferior vena cava situated in the groove at

the back part of this organ. Of these three veins, one from the right and another from the left

lobe open obliquely into the inferior vena cava, that from the middle of the organ and lobus
Spigelii having a straight course.

COMMON DUCT-

FORAMEN OF
WINSLOW

DUODENUM

Fig. 1090.—The relations of the vessels as they pass into the transverse fissure of the liver. (Poirier and Charpj-.)

The hepatic veins have very little cellular investment; what there is binds their parietes
closely to the walls of the canals through which they run; so that, on section of the organ,
these veins remain widely open and solitary (Fig. 1092), and may be easily distinguished from
the branches of the portal vein (Fig. 1093), which are more or less collapsed, and always ac-
companied by an artery and duct; the hepatic veins are destitute of valves.
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Structure. —The substance of the Hver is composed of lobules held together by 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 serous and fibrous coat.

The serous coat {tunica serosa) is derived from the peritoneum, and invests the greater part
j

of the surface of the organ. It is intimately adherent to the fibrous coat.

The areolar or fibrous coat (capsuta fibrosa [Glissoni]) lies beneath the serous investment and'

covers the entire surface of the organ; it is called the capsule of Glisson; the latter term has also

been retained for the heavy fibrous tissue, at the portal fissure, that envelops and accompanies

the vessels into the liver. It is difficult of demonstration, excepting where the serous coat is

deficient. The areolar tissue which surrounds and binds together the liver lobules is continuous

with the areolar coat.

The Lobules* (lobuli hepatis) (Fig. 1096).—^The lobules 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. They are small granular bodies about the size of a millet seed, measuring from one-

twentieth to one-tenth of an inch in diameter. In the human subject their outline is very irreg-

ular, but in some of the lower animals (for example, the pig) they are well defined, and when
divided transversely have a polygonal outline. If divided longitudinally they are more or less

foliated or oblong. The bases of the lobules are clustered around the smallest radicles of the

hepatic veins {sublobular veins), to which each is connected by means of a small branch which
issues from the centre of the lobule (intralobular vein). The remaining part of the surface of

each lobule is imperfectly isolated from the surrounding lobules by a thin stratum of areolar tissue

in which are ducts and a plexus of vessels, the interlobular plexus (Figs. 1094 and 1095). In

some animals, as the pig, the lobules are completely isolated from one another by this interlobular

areolar tissue.

If one of the sublobular veins be laid open, the bases of the lobules may be seen through the

thin wall of the vein on which they rest, arranged in the form of a tesselated pavement, the

centre of each polygonal space presenting a minute aperture, the mouth of an intralobular vein

(Fig. 1092).

Fig. 1091.—The hepatic cells at different stages of digestion. (Heidenhain.)

Microscopic Appearance.—Each lobule is composed of irregular, anastomosing chains of cells,

hepatic cells (Fig. 1091), surrounded by a dense capillary plexus, composed of vessels which
penetrate from the circumference to the centre of the lobule, and terminate in a single straight

central vein, which runs through its centre, to open at its base into one of the radicles of the
hepatic vein. These structures are supported by a delicate meshwork of retiform connective
tissue. Within the chains of the cells are the minute commencements of the bile ducts. There-
fore, in the lobule we have all the essentials of a secreting gland; that is to say, (1) cells, by
which the secretion is formed; (2) bloodvessels, in close relation with the cells, containing the
blood from which the secretion is derived; and (3) ducts, by which the secretion, when formed,
is carried away. Each of these structures will have to be further considered.

1. The hepatic cells are epithelial in nature and of more or less cuboidal or polygonal form.
They vary in size from the ^^-^ to the ^^yVg^ of an inch in diameter; they consist of a granular
protoplasm without any cell wall, and contain one or sometimes two distinct nuclei. In the nu-
cleus is a highly refracting nucleolus with granules. Embedded in the protoplasm are numerous
brownish particles, the coloring matter of the bile, oil globules, and glycogen granules in varying
quantities. Secretory capillaries are to be found in the cells. The cells adhere together by
their surfaces so as to form rows, which radiate from the centre to the circumference of the
lobules. As stated above, they are the chief agents in the secretion of the bile.

2. The Bloodvessels.—The blood in the capillary plexus around the liver cells is brought
to the liver principally by the portal vein, but also to a certain extent by the hepatic artery. For
the sake of clearness the distribution of the blood derived from the hepatic artery may be con-
sidered first.

The hepatic artery, entering the liver at the transverse fissure with the portal vein and hepatic
duct, ramifies with these vessels through the portal canals. It gives off vaginal branches which

' AccordinK to Mall (Jour, of Anat., vol. v, No. 3), the lobule a.s here described is not his structural unit, vfhich
refers to all the tissue surrounding each terminal branch of the portal vein.
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ramify in the interlobular tissue, and appear to be destined chiefly for the nutrition of the coats
of the large vessels, the ducts, and the investing membrane of the liver. It also gives off capsular
branches which reach the surface of the organ, terminating in the fibrous coat in stellate jilexuses.

Finally, it gives off interlobular branches {rami arteriotii interlobulares) which form a plexus of
capillaries (interlobular capillaries,-) on the outer side of each lobule, to supply its wall and the
accompanying bile ducts. From this plexus some lobular branches enter the lobule and end in
the canillarv network between the cells.

Hepatic
artery.

Portal vein.

0)-ifices of intralobular veins.

Fi3. 1092.—Longitudinal section of an hepatic
vein. (After Kiernan.)

rtion of
canal from
which vein

has Iteen

removed

Fig. 1093.—Longitudinal section of a small portal vein
and canal, (.\fter Kiernan.)

The portal vein also enters at the transverse fissure and runs through the portal canals, dividing
into branches in its course, which finally break up into a plexus, the interlobular plexus, in

the interlobular connective tissue. In their course these branches receive the vaginal and
capsular veins, corresponding to the vaginal and capsular branches of the hepatic artery (Fig.

1094). Thus it will be seen that all the blood carried to the liver by the portal vein and hepatic

Intralobular vein.

Trunk of intralobular

vein.

Pig. 1094.—Horizontal section of injected liver (dog).

artery, except perhaps that derived from the interlobular branches of the hepatic artery, directly

or indirectly finds its way into the interlobular plexus. From this plexus the blood is carried

into the lobule by fine branches which pierce its wall and then converge from the circumference

to the centre of the lobule, forming a number of converging vessels, intralobular capillaries, which
are coimected by transverse branches (Figs. 1095 and 1096). In the interstices of the network

84
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of vessels thus formed are situated, as before said, the liver cells; and here it is that the blood is

brought into intimate connection with the liver cells and the bile is secreted. The endothelium of

i

Fig. 1095.—Magnified section of a human liver, placed in preservative a few minutes after death (electro-
cution). The sinusoidal endothelium is seen closely appUed to the hepatic epithelial cells. The cell elements
of the blood in the sinusoids have been omitted, but in this as in other similarly obtained preparations
numerous bell-shaped forms of red blood cells were seen.
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Fig. 1096.—A lobule of human liver. (After Rauber-Kopsch.)

the capillaries and the epithelial cells are closely adherent to each other, forming sinusoids.
Arrived at the centre of a lobule, all these minute vessels empty themselves into one vein, of
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considerable size, which runs down the centre of the lobule from apex to base and is called the

intralobular or central vein {vena intralobular is) (Fig. 1096). At the base of the lobule this vein

opens directly into the sublobular vein, with which the lobule is connected, and which, as before

mentioned, is a radicle of the hepatic vein. The sublobular veins, uniting into larger and larger

trunks, end at last in the hepatic veins, which do not receive any intralobular veins directly.

Finally, the hepatic veins, as mentioned on page 751, converge to form three large trunks which
open into the inferior vena cava, while that vessel is situated in the fissure appropriated to it at

the back of the liver. The portal vein is the nutrient vessel of the parenchyma of the liver,

while the hepatic artery nourishes the vessels, ducts, and interlobular connective tissue.

3. The Ducts.—Having shown how the blood is brought into intimate relation with the

hepatic cells in order that the bile may be secreted, it remains now only to consider the way in

which the secretion, having been formed, is carried away. Several views have prevailed as to

the mode of origin of the hepatic ducts; it seems, however, to be clear that they commence by
little passages, which are formed between the cells and which have been termed intercellular

biliary passages, bile capillaries, or bile canaliculi {ductus hiliferi). These passages are merely

little channels or spaces left between the contiguous surfaces of two cells or in the angle where
three or more liver cells meet, and it seems doubtful whether there is any delicate membrane
forming the wall of the channel. Heidenhain, however, thinks they have coats. The channels

thus formed radiate to the circumference of the lobule, and empty into small interlobular ducts

between the lobules. These are lined by low epithelial cells supported by a basement mem-
brane and a little fibrous tissue. The interlobular ducts pass into the portal canals, become
enclosed in Glisson's capsule, and, accompanying the portal vein and hepatic artery (Fig. 1096),

join with other ducts to form two main trunks, the right and left branches of the hepatic duct,

which leave the liver at the transverse or portal fissure, and by their- union form the hepatic

duct. The larger interlobular ducts possess some circularly arranged smooth muscle tissue,

while the main ducts possess three coats—mucous, muscular, and fibrous. The mucous coat

consists of tall columnar epithelial cells, basement membrane, and tunica propria. The mus-
cular coat consists of smooth muscle tissue circularly arranged. The fibrous coat consists of

loose white fibrous tissue supporting the other coats.

The Ijrmphatics, in the substance of the liver (Fig. 569), commence in lymphatic spaces

around the capillaries of the lobules; they accompany the vessels of the interlobular plexus, often

enclosing and surrounding them. These unite and form larger vessels, which run in the portal

canals, enclosed in Glisson's capsule, and emerge at the portal fissure to be distributed in the

manner described. Other superficial lymphatics arise from the superficial lobules, pass under
the peritoneum, and form a close plexus, where this membrane covers the liver. The first-

named group of lymphatics gives origin to the deep collecting trunks, the second to the superficial

collecting trunks. One group of deep collecting trunks accompanies the portal vein, there being

fifteen to eighteen of them emerging from the transverse fissure. They empty into the lymph
nodes of the hilum. Another group accompanies the hepatic veins. There are five or six

trunks which pass through the Diaphragm and terminate in the lymph nodes about the inferior

vena cava {itUrathoracic nodes). The superficial trunks of the superior surface are divided

into posterior, anterior, and superior trunks. Some of the posterior trunks terminate in the

nodes about the coeliac axis, others in the nodes about the lower portion of the inferior vena cava

in the thorax ; others in the nodes about the abdominal portion of the cesophagus. The anterior

trunks which are limited to the right lobe pass to the nodes of the hilum. The superior trunks

ascend in the suspensory ligament. Some pass to the nodes about the inferior vena cava, just

above the Diaphragm; others to the hepatic nodes. The balance unite to form a very large

trunk, which passes through the Diaphragm and divides into branches which enter the nodes

back of the base of the ensiform cartilage.

The nerves of the liver are derived from the left vagus and sjmipathetic. The branches of the

left vagus ascend from in front of the stomach within the lesser omentum. The sympathetic nerves

pass along the hepatic artery, enter the liver at the transverse fissure, and accompany the vessels

and ducts to the interlobular spaces. Here, according to Korolkow, the myelinic fibres are dis-

tributed almost exclusively to the coats of the bloodvessels, while the amyelinic fibres enter the

lobules and ramify between the cells.

The Excretory Apparatus of the Liver.

The excretory apparatus of the liver consists of (1) the hepatic duct, formed, as

we have seen, by the junction of the two main ducts, which pass out of the liver

at the transverse fissure; (2) the gall-bladder, which serves as a reservoir for the

bile; (3) the cystic duct, or the duct of the gall-bladder; and (4) the common
bile duct, formed by the junction of the hepatic and cystic ducts.
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The Hepatic Duct {ductus hepaticm) (Figs. 1097 and 1098).—Two main trunks

of nearly equal size issue from the liver at the transverse fissure, one from the

right, the other from the left lobe; these unite to form the hepatic duct, which

then passes downward and to the right for about an inch and a half or two

inches (3.75 to 5 cm.), between the layers of the lesser omentum, where it is

joined at an acute angle by the cystic duct, and so forms the common bile duct

{ductus communis choledochus) . The hepatic duct is accompanied by the hepatic

artery and portal vein (Fig. 1090).

The Gall-bladder {vesica felled) (Figs.

1084 and 1097).—The gall-bladder is the

reservoir for the bile; it is a conical or pear-

shaped musculomembranous sac, lodged in a

fossa on the under surface of the right lobe of

the liver, and fixed in it by connective tissue,

and extending from near the right extremity

of the transverse fissure to the anterior border

of the organ. It is from three to four inches

(7.5 to 10 cm.) in length, one inch (2.5 cm.)

in breadth at its widest part, and holds from

eight to ten drams (30 to 40 c.c). It is

divided into a fundus, body, and neck. The
fundus {fundus vesicae felleae), or broad ex-

tremity, is directed downward, forward, and

to the right, and projects beyond the anterior

border of the liver; the body {corpus vesicae

felleae) and neck {collum vesicae felleae) are

directed upward and backward to the left.

The neck of the gall-bladder is on a slightly

higher level than the lowest point of the gall-

bladder; thus the weight of the bile is away
from rather than toward the outlet. The
upper surface of the gall-bladder is attached

to the liver by connective tissue and vessels.

The under surface is covered by peritoneum,

which is reflected on to it from the surface of the

liver. Occasionally the whole of the organ is

invested bv the serous membrane, and is then
Fia. io97.-The^ gall-bladder^ an^^^ ducts,

connected to the Hvcr by a kind of mesentery.

Relations.—The body of the gall-bladder is in relation, by its upper surface, with the Hver,

to which it is connected by areolar tissue and vessels; by its under surface, with the commence-

ment of the transverse colon; and farther back, with the upper end of the descending jjortion

of the duodenum or sometimes with the pyloric end of the stomach or the first portion of the

duodenum. The fundus is completely invested by peritoneum; it is in relation, in front, with

the abdominal parietes, immediately below the ninth costal cartilage; behind, with the trans-

verse arch of the colon. The neck is narrow, and curves upon itself like the letter S; at its point

of connection with the cystic duct it presents a well-marked constriction.

When the gall-bladder is distended with bile or filled with calculi, the fundus may be felt

through the abdominal parietes, especially in an emaciated subject; the relations of this sac will

also serve to explain the occasional occurrence of abdominal biliary fistulse, through which biliary

calculi may pass out, and of the passage of calculi from the gall-bladder into the stomach, duo-

denum, or colon, which occasionally happens.
Structure.—The gall-bladder consists of three coats—serofibrous, muscular, and mucous.

The external or serofibrous coat {tunica serosa vesicae felleae) consists of white fibrous tissue

that surrounds the muscle coat; the fundus is completely covered by peritoneum, while the body

and neck are covered on their under surfaces only.

The muscular coat {tunica muscularis vesicae felleae) is a thin but strong lawyer which forms
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the framework of the sac, consisting of dense fibrous tissue which interlaces in all directions and
is mixetl with plain muscle fibres which are disposed chiefly in a longitudinal direction, a few

running transversely.

The internal or mucous coat {tunica mucosa vesicae felleae) is loosely connected with the

fibrous portion of the preceding coat. It is generally tinged with a yellowish-brown color, and
is everywhere elevated into minute rugse, 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 inward in the form of oblique ridges or folds, forming

a spiral valve (Fig. 1097).

The mucous membrane is covered with columnar epithelium, and secretes an abundance of

thick viscid mucus; it is continuous through the hepatic duct with the mucous membrane lining

the ducts of the liver, and through the ductus communis choledochus with the mucous membrane
of the duodenum. ^lucous glands may be found in this coat, as well as diffuse lymphoid tissue

and solitary follicles.

The Cystic Duct (ductus cysticus).—The cystic duct, the smallest of the three

biliary ducts, is about an inch and a half (3.75 cm.) in length. It passes obliquely

downward and to the left from the neck of the gall-bladder, and joins the hepatic

duct to form the common bile duct. It lies in the gastrohepatic omentum in

front of the portal vein, the hepatic artery lying to its left side. The mucous
membrane lining its interior is thrown into a series of crescentic folds, from five

to twelve in number, similar to those found in the neck of the gall-bladder. They
project into the duct in regular succession, and are directed obliquely around the

tul^e, presenting much the appearance of a continuous spiral valve (valinda

spiralis [Heisteri]) (Fig. 1097). Wlien the

duct is distended, the spaces between the

folds are dilated, so as to give.to its exte-

rior a twisted appearance.

The common bile duct (ductus chole-

dochus) (Figs. 1097 and 1098), the largest

of the three, is the common excretory- duct

of the liver and gall-bladder. It is about

three inches in length, is of the diameter

of a goose-quill, and is formed by the

junction of the cystic and hepatic ducts.

It descends along the right border of the

lesser omentum behind the first portion of

the duodenum, in front of the portal vein,

and to the right of the hepatic artery

(Fig. 1000); it then passes between the

head of the pancreas and descending
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tia. 1098.—The biliary' ducts. (Schematic.)
(Poirier and Charpy.)

Fig. 1099.—The sphincter of the common bile duct.
(Poirier and Charpy.)

portion of the duodenum, and, running for a short distance along the right side

of the terminal part of the pancreatic duct, passes with it obliquely through the

wall of the descending portion of the duodenum between the mucous and muscular
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coats in the submucous tissue for one-half to three-quarters of an inch (1.25 to

2 cm.). The two ducts usually unite just before opening into the duodenum

(Figs. 1098 and 1099), but may remain independent throughout (in about 10 per

cent, of individuals). The ampulla of Vater (Fig. 1098) is the conical cavity

formed by the fusion of the two ducts, and is much larger 'than the opening on

the bile papilla. It averages 9.3 mm. in length. The average diameter of the

orifice is 2.5 mm. (Opie). The two ducts open by a common orifice if there is

an ampulla, or by two separate orifices if there is no ampulla, upon the summit

of a papilla, situated at the inner side of the descending portion of the duodenum,

a little below its middle and about three or four inches (7.5 to 10 cm.) below

the pylorus. Circular muscle fibres, continuous with the longitudinal fibres of

the ducts, surround the termination of the two ducts in the ampulla. These

fibres constitute the so-called sphincter of Oddi (Fig. 1099).

Structure.—The coats of the large biliary ducts are an extemai or fibrous, a middle or mus-
cular, and an internal or mucous. The fibrous coat is composed of strong fibroareolar tissue.

The muscular coat consists chiefly of circularly arranged smooth muscle tissue. The mucous
coat is continuous with the lining membrane of the hepatic ducts and gall-bladder, and also with

that of the duodenum; and, like the mucous membrane of these structures, its epithelium is of

the simple columnar variety. Jt is provided with numerous mucous glands, which are lobu-

lated and open by minute orifices scattered irregularly in the larger ducts. It is questionable

if the smallest biliary ducts, which lie in the interlobular spaces, have any coats. Heidenhain

thinks they have a connective-tissue coat, in which are muscle cells arranged both circularly and
longitudinally, and an epithelial layer, consisting of short columnar cells.

Dimensions of the Bile Ducts.—The hepatic duct is about two inches (5 cm.) in length, and
its lumen is one-sixth of an inch (4 mm.) in diameter. The cystic duct is about one and one-

half inches (3.75 cm.) in length, and its lumen is one-twelfth of an inch (2 mm.) in diameter.

The common duct is about three inches (7.5 cm.) in length, and its lumen is one-quarter of an
inch (6 mm.) in diameter. The duodenal opening is smaller than the common duct. The
ducts are capable of considerable distention, but the duodenal opening cannot be dilated (Hyrtl).

Bloodvessels, Lymphatics, and Nerves of the Gall-bladder and Bile Ducts.—The cystic

artery (Fig. 467), a branch from the right division of the hepatic, supplies the gall-bladder and
cystic duct with blood. It passes along the cystic duct, and on reaching the gall-bladder divides

into an upper branch and a lower branch. The upper branch lies between the gall-bladder and
the liver and sends branches to each. The lower branch is between the peritoneum and the wall

of the gall-bladder. The cystic veing empty into the portal vein. The common duct receives

branches from the superior pancreaticoduodenal artery. There is a submucous Ijmaphatic

network and a muscular Ijrmphatic network. The lymphatics are much less numerous at the

fundus of the gall-bladder than at the neck or in the extrahepatic ducts. The collecting trunks
end in lymph nodes along the cystic and common ducts, and these glands are in communication
with the duodenal lymphatics and the lymphatics from the head of the pancreas. The nerves
of the gall-bladder and bile ducts come from the coeliac plexus of the sympathetic.

The Bile {fel).—The bile is a reddish-brown or greenish fluid. It contains pigments (bili-

rubin and biliverdin), fats and soaps, cholesterin, sodium salts of glycocholic and taurocholic

acid, lecithin, and nucleoalbumin furnished by the mucous membrane. There are also present
CO2; chlorides, carbonates, phosphates, and sulphates of the alkalies and of calcium, and iron.

The amount normally secreted is from one pint to one and one-half pints in the twenty-four hours.

Surface Relations.—The liver is situated in the right hypochondriac and the epigastric

regions, and is moulded to the arch of the Diaphragm. In the greater part of its extent it lies

under cover of the lower ribs and their cartilages, but in the epigastric region it comes in con
tact with the abdominal wall, in the subcostal angle. The upper limit of the right lobe of the

liver may be defined in the middle line by the junction of the mesosternum with the ensiform
cartilage; on the right side the line must be carried upward as far as the fifth rib cartilage in the
midclavicular line and then downward to reach the seventh rib at the side of the thorax. The
upper limit of the left lobe may be defined by continuing this line to the left with an inclination

downward to a point about 7 cm. to the left of the mesal plane on a level with the sixth left costal

cartilage. The lower limit of the liver may be indicated by a line drawn half an inch below the
lower border of the thorax on the right side as far as the ninth right costal cartilage, and thence
obliquely upward across the subcostal angle to the eighth left costal cartilage. A slight curved
line with its convexity to the left from this point

—

i. e., the eighth left costal cartilage—to the
termination of the line indicating the upper limit will denote the left margin of the liver. The
fundus of the gall-bladder approaches the surface behind the anterior extremity of the ninth
costal cartilage, close to the outer margin of the right Rectus muscle.
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It must be remembered that the liver is subject to considerable alterations in position, and

the student should make himself acquainted with the different circumstances under which this

occurs, as they are of importance in determining the existence of enlargement or other diseases

of the organ.

Its position varies according to the posture of the body. In the erect position in the adult male

the edge of the liver projects about half an inch below the lower edge of the right costal car-

tilages, and its anterior border can be often felt in this situation if the abdominal wall is thin.

In the supine position the liver gravitates backward and recedes above the lower margin of the

ribs, and cannot then be detected by the finger. In the prone position it falls forward, and can

then generally be felt in a patient with loose and lax abdominal walls. Its position varies also

with the ascent or descent of the Diaphragm. In a deep inspiration the liver descends below

the ribs; in expiration it is raised behind them. Again, in emphysema, where the lungs are

distended and the Diaphragm descends very low, the liver is pushed down; in some other dis-

eases, 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 thorax, displaces the liver

considerably, its anterior edge often extending as low as the crest of the ilium; and its convex

surface is often at the same time deeply indented from the pressure of the ribs. Again, its posi-

tion varies greatly according to the greater or less distention of the stomach and intestines.

When the intestines are empty the liver descends in the abdomen, but when they are distended

it is pushed upward. Its relations to surrounding organs may also be changed by the growth of

tumors or by collections of fluid in the thoracic or abdominal cavities.

Applied Anatomy.—Movable liver or hepaiopiosis is a rare condition, in which the liver

moves or can be moved from its normal position. It is due to lessened tone of the abdominal
muscles and relaxation of the liver supports. In movable liver the organ may be rotated on its

vertical axis or on its transverse axis. Tongue-like lobes have been referred to. On account of its

large size, its fixed position, and its friabilitj-, the liver is more frequently ruptured than any other

of the abdominal viscera. The rupture may vary considerably in extent, from a slight scratch

to an extensive laceration completely through its substance, dividing it into two parts. Some-
times an internal rupture without laceration of the peritoneal covering takes place, and such

injuries are most susceptible of repair; but small tears of the surface may also heal; when, how-
ever, the laceration is extensive, death usually takes place from hemorrhage, on account of the

fact that the hepatic veins are contained in rigid canals in the liver substance and are unable

to contract, and are, moreover, unprovided with valves. The liver may also be torn by the end
of a broken rib perforating the Diaphragm. The liver may be injured by stabs or other punc-

tured ivounds, and when these are inflicted through the chest wall both pleural and peritoneal

cavities may be opened up and both lung and liver be wounded. In cases of wound of the liver

from the front, protrusion of a part of this viscus may take place, but can generally easily be
replaced. In cases of laceration of the liver, when there is evidence that bleeding is going on,

the abdomen must be opened, the laceration sought for, and the bleeding arrested. This may
be done temporarily by introducing the forefinger into the foramen of Winslow and placing the

thumb on the gastrohepatic omentum and compressing the hepatic artery and portal vein between
the two. Any bleeding points can then be seen. Bleeding is, if possible, arrested by suture

ligatures. The edges of a small laceration are simply brought together and sutured by means
of a blunt, curved, round needle passed from one side of the wound to the other. All sutures

must be passed before any are tied, and this must be done with the greatest gentleness, as the liver

substance is very friable. If suture fails the actual cautery may succeed. When the laceration is

extensive, the liver is sutured to the abdominal wall to hold it firm when pressure is applied, and
then the laceration is packed with a piece of iodoform gauze, the end of which is allowed to hang
out of the external wound. Abscess of the liver is of not infrequent occurrence, and may open in

many different ways on account of the relations of this viscus to other organs. Thus, it may burst

into the lung, the pus being coughed up, or into the stomach, the pus perhaps being vomited; it

may burst into the colon or into the duodenum, or, by perforating the Diaphragm, it may empty
itself into the pleural cavity. Frequently it makes its way forward, and points on the anterior

abdominal wall, and finally it may burst into the peritoneal or pericardiac cavity. Abscesses
of the liver require opening, and this must be done by an incision in the abdominal wall, in the

thoracic wall, or in the lumbar r^ion, according to the direction in which the abscess is tracking.

The incision through the abdominal wall is to be preferred when possible. The abdominal wall

is incised over the swelling, and unless the peritoneum is adherent, gauze is packed all around
the exposed liver surface and the abscess opened, if deeply seated, preferably by the thermo-
cautery. Hydatid cysts are more often found in the liver than in any other of the viscera. The
reason of this is not far to seek. The embryo of the ^g of the tenia echinococcus being liberated

in the stomach by the disintegration of its shell, bores its way through the gastric walls and
usually enters a bloodvessel, and is carried by the blood stream to the hepatic capillaries, where
its onward course is arrested, and where it undergoes development into the fully formed hydatid.
Tumors of the liver have recently been subjected to surgical treatment by removal of a portion
of the organ. The abdomen is opened and the diseased portion of liver exposed; the circula-
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tion is controlled by compressing the portal vein and the hepatic artery in the gastrohepatic

omentum and a wedge-shaped portion of liver containing the tumor removed; the divided

vessels are ligated, and the cut surfaces brought together and sutured in the manner du-ected

on page 1333.

When the gall-bladder or one of its main ducts is niphired, which may occur independently

of laceration of the liver, death usually occurs from peritonitis. If the symptoms have led to

the performance of a laparotomy and a small rent is found, it should be sutured; if an extensive

opening is found the gall-bladder should be removed. If the cystic duct is torn, its distal

end must be closed and the gall-bladder removed. In rupture of either of the other ducts,

simply provide for free drainage.

The gall-bladder may become distended with bile in cases of obstruction of its duct or of the

common bile duct, or it may become distended from a collection of gallstones within its interior,

thus forming a large tumor. The swelling due to distention with bile is pear-shaped, and pro-

jects downward and forward to the umbilicus. It moves with respiration, since it is attached to

the liver. To relieve a patient of gallstones, the gall-bladder must be opened and the gallstones

removed. The operation is performed lay an incision two or three inches long in the right semi-

lunar line, commencing at the costal margin. The peritoneal cavity is opened, and, the tumor

having been found, gauze pads are packed around it to protect the peritoneal cavity, and it is

aspirated. When the contained fluid has been evacuated the flaccid bladder is drawn out of

the abdominal wound and its wall incised to the extent of an inch; any gallstones in the bladder

are now removed and the interior of the sac sponged dry. If the case is one of obstruction of

the duct, an attempt must be made to dislodge the stone by manipulation through the wall of

the duct; or it may be crushed from without by the fingers or carefully padded forceps. If this

does not succeed, the safest plan is to incise the duct, extract the stone, close the incision in the

duct by fine sutures in two layers, and employ drainage. After all obstruction has been removed,

four courses are open to the surgeon: (1) The wound in the gall-bladder may be at once sewed
up, the organ returned into the abdominal cavity, and the external incision closed. (2) The
edges of the incision in the gall-bladder may be sutured to the fascia of the external wound,
and a fistulous communication established between the gall-bladder and the exterior; this

fistulous opening usually closes in the course of a few weeks. (3) The gall-bladder may be
connected with the intestinal canal, preferably the duodenum, by means of a lateral anastomosis;

this is known as cholecystenterostomy. (4) The gall-bladder may be completely removed
(cholecystectomy)

.

If a stone blocks the ampulla of Vater and if the common bile duct and the pancreatic

duct empty into the diverticulum, it is evident that both ducts will be blocked. It has been

demonstrated that in such a case the pressure urging the bile onward is sufficient to overcome

the pressure in the pancreatic duct and drive bile into the ducts of the pancreas, the result,

perhaps, being disastrous inflammation of the pancreas.

Septic trouble arises more rapidly when a stone is blocked in the duct than when stones merely

block the gall-bladder, because the first-named part is richer in lymphatics (Murphy).

THE PANCREAS (Figs. 1100, 1102).

Dissection.—The pancreas may be exposed for dissection in three different ways: (1) By
raising the liver, drawing down the stomach, and tearing through the gastrohepatic omentum
and the ascending layer of the transverse mesocolon. (2) By raising the stomach, the arch of

the colon, and greater omentum, and then dividing the inferior layer of the transverse mesocolon
and raising its ascending layer. (3) By dividing the two layers of peritoneum, which descend

from the greater curvature of the stomach to form the greater omentum ; turning the stomach
upward, and then cutting through the ascending layer of the transverse mesocolon (see Fig. 996).

The pancreas is a compound racemose gland, analogous in its structure to the

salivary glands, though softer and less compactly arranged than those organs.

It is long and irregularly prismatic in shape, and of a reddish-white color. Its

right extremity, being broad, is called the head, and is connected to the main
portion of the organ, the body, by a slight constriction, the neck; while its left

extremity gradually tapers to form the tail. It is situated transversely across the

posterior wall of the abdomen, at the back of the epigastric and left hypochondriac
regions. Its. length varies from five to six inches (12.5 to 15 cm.), its breadth
is an inch and a half (3.75 cm.), and its thickness from half an inch to an inch

(1.25 to 2,5 cm.), being greater at its right extremity and along its upper border.

Its weight varies from two to three and one-half ounces (60 to 100 grams).
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The head (caput pancreatis) (Fig, 1100) is flattened from before backward, and
is lodged within the curve of the duodenum. The upper border is in contact

with the first part of the duodenum, and its lower overlaps the third part; its right
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Fig. 1100.—Position and relations of pancreas.
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Fio. 1101.—The pancreas and duodenum from behind. (Drawn from His' model.)

and left borders overlap in front, and insinuate themselves behind, the second
and fourth parts of the duodenum respectively. The angle of junbtion of the lower
and left lateral borders forms a prolongation, termed the processus uncinatus.
In the groove between the duodenum and the right lateral and lower borders in
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front are the anastomosing superior and inferior pancreaticoduodenal arteries;

the common bile duct descends behind, along the right border, to its termination

in the second part of the duodenum.

The greater part of the right half of the anterior surface is in contact with the

transverse colon, only areolar tissue intervening. From its upper part the neck

originates, its right limit being marked by a groove for the gastroduodenal artery.

The lower part of the right half, below the transverse colon, is covered by peri-

toneum continuous with the inferior layer of the transverse mesocolon, and is

in contact with the coils of the small in-

testine. The superior mesenteric artery

passes down in front of the left half

across the uncinate process; the superior

mesenteric vein runs upward along the

right side of the artery, and, behind the

neck of the pancreas, joins with the

splenic vein to form the portal vein.

The posterior surface is in relation with

the inferior vena cava, the renal veins,

the right crus of the Diaphragm, and
the aorta.

The neck springs from the right upper

Fig. 1102.-^Duodenal orifice of the pancreatic duct and portlOn OI the irOUt of the head. It IS

of the duct of santorini. about an iuch (2.5 cm.) long, and is

directed, at first, upward and forward,

and then upward and to the left to join the body; it is somewhat flattened from

above downward and backward. Its antero-superior surface supports the

pylorus; its postero-inferior surface is in relation with the commencement of the

portal vein; on the right it is grooved by the gastroduodenal artery.

The body {corpus pancreatis) is somewhat prismatic in shape, and has three

surfaces

—

anterior, posterior, and inferior.

The anterior surface (facies anterior) is somewhat concave, and is directed for-

ward and upward; it is covered by the postero-inferior surface of the stomach
which rests upon it, the two organs being separated by the lesser sac of the peri-

toneum. Where it joins the neck extremity there is a well-marked prominence,

called the omental tuberosity (tuber omentale), which abuts against the posterior

surface of the small omentum.
The posterior surface {fades posterior) (Fig. 1101) is devoid of peritoneum, and

is in contact with the aorta, the splenic vein, the left kidney and its vessels, the

left suprarenal gland, the crura of the Diaphragm, and the origin of the superior

mesenteric artery.

The inferior surface {fades inferior) (Fig. 1101) is narrow on the right, but
broader on the left, and is covered by peritoneum; it lies upon the duodenojejunal
flexure and on some coils of the jejunum; its left extremity rests on the splenic

flexure of the colon.

The superior border {margo superior) of the body is blunt and flat to the right;

narrow and sharp to the left, near the tail. It commences to the right in the

omental tuberosity, and is in relation with the coeliac axis, from which the hepatic

artery courses to the right just above the gland, while the splenic branch runs

toward the left in a groove along this border.

The anterior border {margo anterior) separates the anterior from the inferior

surface, and along this border the two layers of the transverse mesocolon diverge
from each other; one passing upward over the anterior surface, the other back-
ward over the inferior surface.

The inferior border {margo inferior) separates the posterior from the inferior

surface; the superior mesenteric vessels emerge under its right extremity.
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The tail (cavda pancreatis) is narrow; it extends to the left as far as the lower

part of the gastric surface of the spleen, and it is in contact with the splenic flexure

of the colon.

Birmingham describes the body of the pancreas as projecting forward as a

prominent ridge into the abdominal cavity and forming a sort of shelf on which

the stomach lies. He says: "The portion of the pancreas to the left of the middle

line has a very considerable antero-posterior thickness; as a result the anterior

surface is of considerable extent, it looks strongly upward, and forms a large

and important part of the shelf. As the pancreas extends to the left toward the

spleen it crosses the upper part of the kidney, and is so moulded on to it that the

top of the kidney forms an extension inward and backward of the upper surface

of the pancreas and extends the bed in this direction. On the other hand, the

extremity of the pancreas comes in contact with the spleen in such a way that the

plane of its upper surface runs with little interruption upward and backward into

the concave gastric surface of the spleen, which completes the bed behind and to

RECTUS MUSCLE. Sth Costal CartiUwe.
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Fig. 1103. -Transverse section through the middle of the first lumbar vertebra, showing the relations of the
pancreas. (Braune.)

the left, and, running upward, forms a partial cap for the wide end of the

stomach.

The principal excretory duct of the pancreas, called the pancreatic duct or canal

of Wirsung (ductus pancreaticus [Wirsungi]) (Figs. 1100 and 1102), extends trans-

versely from left to right through the substance of the pancreas. In order to expose

it, the superficial portion of the gland must be removed. It commences by the

junction of the small ducts of the lobules situated in the tail of the pancreas, and,

running from left to right through the body, it constantly receives the ducts of

the various lobules composing the gland. Considerably augmented in size, it

reaches the neck, and, turning obliquely downward, backward, and to the right,

it comes into relation with the common bile duct, lying to its left side; lea\'ing the

head of the gland, it passes very obliquely through the mucous and muscular coats

of the duodenum, and usually terminates by an orifice common to it and the
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common bile duct upon the summit of an elevated papilla, situated at the inner

side of the descending portion of the duodenum, three or four inches (7.5 to 10

cm.) below the pylorus (Figs. 1098 and 1099).

Sometimes the pancreatic duct and common bile duct open separately into the

duodenum (Fig. 1029). Frequently there is an accessory duct, which is given off

from the canal of Wirsung in the neck of the pancreas and passes horizontally

to the right to open into the duodenum about an inch above the orifice of the

main duct. This is known as the duct of Santorini {ductus pancreaticus accessorius

[Santorini]) (Fig. 1102).

The pancreatic duct, near the duodenum, is about the size of an ordinary quill;

its walls are thin, consisting of three coats, an external fibrous, a middle muscular,

and an internal mucous; the latter is smooth, and furnished near its termination

with a few scattered follicles.

Structure.—In structure, the pancreas resembles the salivary glands. It differs from them,

however, in certain particulars, and is looser and softer in its texture. It is not enclosed in a

distinct capsule, but is surrounded by areolar tissue, which dips into its interior, and connects

the various lobules of which it is composed. Each lobule, like the lobules of the salivary

glands, consists of one of the ultimate ramifications of the main duct, terminating in a number
of cecal pouches or alveoli, which are mainly grape-like. The minute ducts connected with the

alveoli are narrow and lined with flattened cells. The alveoli are almost completely filled with

secreting cells, so that scarcely any lumen is visible. In the centre of the end-tubules flat cells

are frequently found. They are continuations into the tubules of the duct epithelium. These
cells are known as the cen^o-acinar cells of Langerhans. The true secreting cells which line

the wall of the alveolus are very characteristic. They are pyramidal or rounded in shape and
present two zones—an outer one clear and finely striated next the basement membrane, and an
inner granular one next the lumen. The highly refracting granules are known as zymogen
granules. During digestion the granules gradually disappear and the cells become clear. Dur-
ing fasting the granular zone occupies more than one-half of the cell (Szymonowicz). In some
secreting cells of the pancreas is a spherical mass, staining more easily than the rest of the cells;

Interlobular duct.

Fig. 1104.—Section of human pancreas, showing pancreatic islands. (Radasch.)

this is termed the paranucleus, and it is believed to be an extension from the nucleus. The con-
nective tissue among the gland tubules and alveoli presents in certain parts collections of cells,
which are termed interalveolar cell islets, or islands of Langerhans. Opie points out that they
are most common in the splenic end of the pancreas. The cells of the islands are smaller and
paler than the secreting cells of the alveoli, and are arranged in layers with intervening spaces.
The islands are sharply demarcated from the alveoli, are much larger than the latter, and are

J
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very vascular. There are no ducts in the islands of Langerhans. Their function is to furnish

the internal secretion of the pancreas.

Bloodvessels, Ljrmphatics, and Nerves.—The arteries of the pancreas come from the

superior pancreaticoduodenal branch of the gastroduodenal; the inferior pancreaticoduodenal

branch of the superior mesenteric; the inferior pancreatic branch of the superior mesenteric;

pancreatic branches of the hepatic and pancreatic branches of the splenic. In a few cases a
large arterv, the pancreatica magna, accompanies the pancreatic duct. In most cases there is

no such vessel. The veins are the anterior pancreaticoduodenal branch of the superior mes-
enteric; the posterior pancreaticoduodenal branch and other pancreatic branches of the

portal; and pancreatic branches of the splenic. The Ijnnphatics arise in a network about the

lobules. Numerous cdllecting trunks pass to the surface of the pancreas, anastomose with each

other, and enter into nodes about the pancreas. The splenic nodes receive most of the trunks.

Others are received by nodes along the aorta (Sappey), nodes at the origin of the superior

mesenteric arterv, and nodes along the jjancreaticoduodenal vessels. The nerves come from
the coehac, superior mesenteric, and splenic plexuses.

The Pancreatic Juice.—The pancreatic juice is a clear, somewhat viscid alkaline liquid.

Its specific gravity is about 1 .030. The solid matter consists chiefly of proteids, and amounts
to about 10 per cent, of a sample of the juice. The juice contains a ferment which bi-eaks up
fat, a ferment which converts starch into sugar, and a ferment which digests proteid material.

Surface Fonn.—The pancreas lies in front of the second lumbar vertebra, and can some-
times be felt, in emaciated subjects, when the stomach and colon are empty, by making deep
pressure in the middle line about three inches above the umbilicus.

Applied Anatomy.—Of late years our knowledge of the structure, functions, and diseases

of the pancreas has been notably increased, and surgeons have begun to operate for certain pan-

creatic diseases. It is occasionally the seat of cancer, which usually affects the head or duodenal
end, and therefore often speedily involves the common bile duct, leading to persistent jaundice.

Cancer of the pancreas may be primary or secondary. Primary sarcoma is very unusual; sec-

ondary sarcoma is more common, but cancer is far commoner than either form of sarcoma.

Adenoma may also occur. Cases are on record of the successful removal of tumors of the pan-
creas, but the operations are very dangerous, are extremely difficult, and are seldom attempted.

The pancreas may be the seat of syphilitic or tuberculous disease. As a result of pancreatic

injury, there may be effusion into the lesser peritoneal cavity. The lesser cavity becomes distended,

and the fluid of this pseudocyst may contain pancreatic juice (.Jordan Lloyd). True cysts of

the pancreas are occasionally found. Pancreatic cysts may result from blocking of the duct,

from epithelial proliferation, from traumatism and hemorrhage, or from hydatid disease. Con-

genital cysts may occur, and cystic carcinoma is sometimes encountered. Cysts of the pancreas

may present in the epigastric region above and to the right of the umbilicus. The fluid in these

cysts contains some of the pancreatic secretion. A pancreatic cyst is best treated by opening

the abdomen, suturing the cyst to the skin, opening the cyst, and providing for drainage. Com-
plete extirpation of the cyst is invariably difficult and is usually impossible. It has been said

that the pancreas is the only abdominal viscus which has never been found in a hernial protru-

sion; but even this organ has been found, in company with other viscera, in rare cases of dia-

phragmatic hernia. The pancreas has been known to become invaginated into the intestines

and portions of the organ have sloughed off. In cases of excision of the pylorus great care must

be exercised to avoid wounding the pancreas, as the escape of the pancreatic fluid may be attended

with serious and even with fatal results, peritonitis and fat necrosis, and gangrene being caused.

Rupture of the pancreas as a solitary result of traumatism is very unusual, but is more common
in violent injuries which rupture the liver and spleen as well. An injury which lacerates the

pancreas and permits blood and pancreatic juice to flow into the lesser peritoneal cavity is usually

rapidly fatal, but may not be. The foramen of Winslow may be occluded by inflammation, and
a pseudocyst may form. In severe laceration of the pancreas alone it would be proper to open

the abdomen, ligate bleeding vessels, suture the pancreas, and drain the lesser peritoneal cavity

posteriorly. A gunshot tcound of the pancreas requires posterior drainage. Every effort must
be made in a pancreatic wound to rapidly get rid of pancreatic fluid by drainage from the wound
area, as this fluid is extremely irritant and may cause gangrene.

Inffammation of the pancreas is due to infection. Occasionally it seems to follow the entrance

of bile into the pancreatic duct, because of plugging of the ampulla with a calculus (Halsted,

Opie). Hemorrhage into the pancreas is frequent in acute pancreatitis, and fat necrosis is com-
mon in the fat of the mesentery, subperitoneal tissue, omentum, and other parts. Acute pan-

creatitis may be recovered from if the abdomen is opened, the pancreas incised, and drainage

employed.
In chronic interstitial pancreatitis of the head of the pancreas the bile duct is apt to become

blocked, and the disease is frequently mistaken for cancer. Cure may follow opening and
drainage of the gall-bladder.

Extensive fibrosis of the islands of Langerhans is one of the commonest lesions found post

mortem in cases of diabetes mellitus.





I THE UEINOGENITAL OEGANS."

^VT^HE urinogenital organs {apparatus urogenitalis) consist of (a) the urinary

^H-L organs for the excretion of the urine, and (6) the genital organs which are

I^Koncerned with the process of reproduction.

r THE URINARY ORGANS.

The urinary organs comprise the kidneys, which secrete the urine; the ureters

or ducts which convey it to the bladder, where it is for a time retained; and the

urethra, through which it is discharged from the body.

THE KIDNEYS (^RENES; (Figs. 1105, 1107).

The kidneys are situated in the posterior part of the abdomen, one on each side

of the vertebral column, behind the peritoneum, and are surrounded by a mass
of fat and loose areolar tissue. Their upper extremities are on a level with the

upper border of the twelfth thoracic vertebra, the lower extremity on a level

with the third lumbar vertebra. The right kidney is usually on a slightly lower

level than the left, probably on account of the vicinity of the liver. In the female

the kidneys are a little lower than in the male. The long axis of each kidney

is directed from above downward and outward, the transverse axis from within

backward and outward.

Each kidney is about four and one-half inches (11.5 cm.) in length, two to two and
one-half inches (5.5 cm.) in breadth, and about one and one-half inches (3.7 cm.) in

thickness. The left is somewhat longer and narrower than the right. The weight

of the kidney in the adult male varies from four and one-half ounces to six ounces

(130 to 170 grams); in the adult female, from four ounces to five and one-half

ounces (115 to 155 grams). The specific gra\'ity is about 1.052. The kidney has a

characteristic form, resembling that of a lima bean, and presents for examination

two surfaces, two borders, and an upper and a lower extremity. The combined
weight of the two kidneys in proportion to the body is about 1 to 240.

Relations.—The anterior surface {fades anterior) of each kidney is convex, and looks for-

ward and outward. Its relations to adjacent Wscera differ so completely on the two sides that

separate descriptions are necessary.

(a) Anterior Surface of Right Kidney.—A narrow portion at the upper extremity

is in relation with the suprarenal gland. Immediately below this a large area,

involving about three-fourths of the surface, lies in the renal impression on the

inferior surface of the liver, and a narrow but somewhat variable area near the

inner border is in contact with the second part of the duodenum. The lower

part of the anterior surface is in contact externally with the hepatic flexure of the

• Usage has sanctioned the emploj-ment of urogenital as the equivalent of urinogenital, although the latter
form only is philologically correct.

(1343)
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colon, and internally with the small intestine. The areas in relation with the

liver and intestine are covered by peritoneum; the suprarenal, duodenal, and colic

areas are devoid of peritoneum.

Great splanchnic

nerve pieicing

Receptacultim

chyli.
Gieat splnnchnic

nei le piercing

crus.

Semilunar
gangl

Fig. 1105.—The relations of the viscera and large vessels of the abdomen. (Seen from behind, the last thoracic

vertebra being well raised.)

(6) Anterior Surface of Left Kidney.—^A small area along the upper part of the

inner border is in relation with the suprarenal gland, and close to the outer border

is a narrow strip in contact Vith the renal impression on the spleen. A broad,
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somewhat quadrilateral field, about the middle of the anterior surface, marks

the site of contact with the body of the pancreas, on the deep surface of which are

the splenic vessels. Above this is a small triangular portion, between the suprarenal

and splenic areas, in contact with the postero-inferior surface of the stomach.

Below the pancreatic area the outer part is in relation with the splenic flexure of

the colon, the inner with the small intestine. The area in contact with the stomach

is covered by the peritoneum of the lesser sac, while that in relation to the small

intestine is covered by the peritoneum of the greater sac; behind the latter are some
branches of the left colic vessels.

INFCRtOR PHRENIC
ARTERIES

SUPERIOR
MESENTERIC

ARTERY

INFERIOR
MESENTERIC

ARTERY

COMMON
ILIAC ARTERY

AND VEIN

C(ZLIAC
ARTERY

INTERNAL
SPERMATIC
ARTERY
AND VEIN
INTERNAL
ILIAC ARTERY
AND URETER

Fig. 1106.—Posterior abdominal wall, after removal of the peritoneum, showing kidneys, suprarenal capsules.
and great vessels. (Corning.)

The Posterior Surface (facies posterior) (Fig. 1108).
—

^The posterior surface of the

kidney is flatter than the anterior and is directed backward and inward. It

is entirely devoid of peritoneal covering, being embedded in areolar and fatty

tissues. It lies upon the Diaphragm, the anterior layer of the lumbar aponeuro-
sis, the external and internal arcuate ligaments, the Psoas and Transversal is muscles,

one or two of the upper lumbar arteries, the last thoracic, iliohypogastric, and
ilioinguinal nerves. The lumbocostal ligaments overlie the posterior surface of

the kidney (Fig. 993). The right kidney rests upon the twelfth rib (Fig. 993),

the left usually on the eleventh and twelfth ribs. The Diaphragm separates the

85
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kidney from the pleura as the pleura dips down to form the phrenicocostal sinus

(Fig. 910), but frequently the muscle fibres of the Diaphragm are defective or

Fig. 1107.—Right kidney. Anterior view. Fig. 1108.—Left kidney. Po-sterior view.

absent over a triangular area immediately above the external arcuate ligament,

and when this is the case the perirenal areolar tissue is in immediate apposition

SUPRARENAL ARe«

SUPRARENAL AREA

Fio. 1100.—The anterior surfaces of the kidneys, showing areas of contact of neighboring viscera.

with the diaphragmatic pleura. In the lower part of the posterior surface of the
kidney is an impression produced by the Quadratus lumborum muscle and called
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the impressio muscularis. A little internal to this a flattening, caused by the Psoas
muscle, is often recognizable.

ELEVENTH RIB

TWELFTH RIB TRANSVERSE PROCESSES
OF FIRST LUMBAR VERTEBRA

TWELFTH RIB

TRANSVERSE PROCESS
OF SECOND LUMBAR
VERTEBRA

Fig. 1110.—The posterior surfaces of the kidneys, showing areas of relation to the parietes.

CLEVENTH
RIB

POSTERIOR
LAMELLA OF
PERIRENAL

FASCIA

VENTRAL LAYE
OF PERIRENAL
FASCIA

PARARENAL
FAT BEHIND
PERIRENAL

FASCIA

PERITONEUM

VESSELS OF
HILUM OF
KIDNEY

iLSECTION
OF COLON

Fig. 1111—Longitudinal section, showing
the arrangement of the renal fascia. (After
Gerota.)

ANTERIOR
LAMELLA or
PERIRENAL
FASCIA

ITONEUM
E
IRENAL

SACROLUMBALIS BORUM MUSCLE
GROUP

Fig. 1112.—Transverse section, showing the relations
of the renal fascia and the two layers of fat. (After
Gerota.)

Borders.

—

The external border (margo lateralis) (Figs. 1107 and 1108) is convex,

and is directed outward and backward, toward the postero-lateral wall of the
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abdomen. On the left side it is in contact, at its upper part, with the spleen

(Fig. 1106).

The internal border (margo medialis) (Figs. 1107 and 1108) is concave, and is

directed forward, inward, and a little downward. It presents a deep longitudinal

fissure, bounded by a prominent overhanging anterior and posterior lip. This

fissure is named the hilum {hilm renalis) (Fig. 1108), and allows of the passage

of the vessels, nerves, and ureter into and out of the kidney.

At the hilum of the kidney the relative position of the main structures passing

into and out of the kidney is as follows : The vein is in front, the artery in the

middle, and the duct or ureter behind and toward the lower part (Fig. 1107).

By a knowledge of these relations the student may distinguish between the right

and left kidney. The kidney is to be laid on the table before the student on its

posterior surface, with its lower extremity toward the observer—that is to say,

with the ureter behind and below the other vessels ; the hilum will then be directed

to the side to which the kidney belongs. Frequently, however, the branches of

both artery and vein are placed behind the ureter.

Extremities.—The superior extremity {extremitas superior) (Figs. 1107 and
1108) is directed slightly inward as well as upward, being situated about 4 cm.

from the mesal plane. It is thick, broad, bulky, and rounded, and is surmounted
by the suprarenal gland (Fig. 1113), which
covers also a small portion of the anterior

surface.

The inferior extremity {extremitas inferior)

(Figs. 1107 and 1108), directed a little out-

ward as well as downward, is smaller and
thinner and usually more pointed than the

superior. It is situated about 6 cm. from the

mesal plane, and extends to within two inches

(5 cm.) of the crest of the ilium.

Fixation of the Kidney (Figs. 1111 and
1112).—The kidney and its vessels are em-
bedded in a mass of fatty tissue termed the

perirenal fat {capsnla adiyosa), which is thickest

at the margins of the kidney and is prolonged

through the hilum into the renal sinus. The
kidney and the capsula adiposa are enclosed in

a sheath of fibrous tissue continuous with the

subperitoneal fascia, and named the fascia

renalis. At the outer border of the kidney the

fascia renalis splits into an anterior and a pos-

terior layer. The anterior layer is carried in-

ward in front of the kidney and its vessels, and
is continuous over the aorta with the corre-

sponding layer of the opposite side. The pos-

terior layer extends inward behind the kidney
and blends with the fascia on the Quadratus lumborum and Psoas muscles and
through this fascia is attached to the vertebral column. At the upper margin of

the suprarenal gland the two layers of the fascia renalis fuse, and unite with the fas-

cia of the Diaphragm; below they remain separate, and are gradually lost in the
subperitoneal fascia of the iliac fossa (Fig. 1111). The fascia renalis is connected to
the fibrous capsule of the kidney by numerous trabeculse, which traverse the adipose
capsule and are strongest near the lower end of the organ . The perirenal fat does not
look like the fat in other regions, but is soft, delicate, and of a canary-yellow color.

Behind the fascia renalis is a considerable quantity of fat which constitutes the

Fig. 1113.—Vertical section of kidney.



THE KIDNEYS

AREA CRIBROSA

WALL OF RENAL CALIX

Fig. 1114.—Area cribrosa of renal papilla. (Toldt.)

SUPERIOR
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pararenal or Transversalis fat. The kidney is held in position through the at-

tachments of the fascia renahs and by the apposition of the neighboring viscera.

General Structure of the Kidney.—
The kiilncv is invested bv a capsule of

interlacing bundles of fibrous connective

tissue {tunica fibrosa), which forms a firm,

smooth covering for the organ. The cap-

sule can be easily stripped off, but in doing

so, numerous fine processes of connective

tissue and small bloodvessels are torn

through. Beneath this coat, a thin wide-

meshed network of unstriped muscle fibres

forms an incomplete covering. When the

capsule is removed, the surface of the

kidney is found to be smooth and even,

and of a very deep red color. In infants,

fissures extending for some depth may be

seen on the surface of the organ, a remnant
of the lobular construction of the gland

(Fig. 1105). The kidney is dense in

texture, but is easily lacerable by mechan-
ical force. If a vertical section of the

kidney be made from its ' convex to its

concave border, and the loose tissue and
fat removed from around the vessels and
the excretory duct, it will be seen that the organ consists of a central cavity surrounded, except

at the hilum, by the proper kidnev substance (Fig. 1113). This central cavity is called the

renal sinus (sinus renalis) and is

lined by a prolongation of the cap-

sule, which is continued around
the lips of the hilum. Through
the hilum the bloodvessels of the

kidney and its excretory duct pass,

and therefore these structures, upon
entering the kidney, are contained

within the sinus.

The excretory duct or ureter

begins as a funnel-shaped sac, the

pelvis of the ureter (pelvis ureter-

icus s. renalis). The pelvis begins

at the renal papillae in the form of

a number of truncated cup-shaped

infundibular divisions, the calicos

minores, into each of which usually

one papilla projects. These minor
calices vary from ten to twenty in

number. Several minor calices

unite to form larger divisions, the

calices majores (Fig. 1115), which
are usually \y>o in number, though

more may be present. These
major calices unite to form the

main compartment of the pelvis,

which becomes narrowed below at

the level of the second lumbar ver-

tebra to be continued as the ureter

proper (Fig. 1115).

The kidney substance or paren-

chyma consists of very irregular

tubules, the uriniferous tubules,

which are supported by a frame-

work of retiform connective tissue

and surrounded by blood- and lymph vessels and nerves. It is readily divisible into an outer

third, the cortex, about one-third to one-half of an inch (8 to 12 mm.) in thickness, and an inner

two-thirds, the medulla, two-thirds to three-quarters of an inch (16 to 20 mm.) in thickness.

MINOR
ALICES

CUT SURFACE
OF KIDNEY

INFERIOR
EXTREMITY

Fig. 1115.—The right kidney with the pelvis of the ureter exposed,
and show-ing dorsal branch of the renal arterj-, viewed from behind.
iSpalteholz.j
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The cortex is reddish brown in color and soft and granular in consistence. It lies imme-
diately beneath the capsule, arches over the bases of the pyramids, and dips in between adjacent
pyramids toward the renal sinus in the form of renal columns {columnae renales [Bertini]). If

a section of the cortex be examined with a lens, it will be seen to consist of a series of lighter

colored, ray-like prolongations of straight tubules from the medulla, called the medullary rays
{pars radiata). The darker colored intervening substance composing the remainder of the

cortex, from the complexity of its structure, is called the labyrinth (pars convoluta), and contains

the convoluted portions of the uriniferous tubules and the Malpighian corpuscles. The medul-
lary rays gradually taper toward the circumference of the kidney, but do not reach the capsule.

The medulla consists of reddish, striated, conical masses, the medullary pyramids (pyramides
renales [Malpicjhii\), the number of which, varying from ten to twenty, corresponds to the number
of lobes of which the organ is composed in the fetal state. The pyramids are composed of

straight tubes which pass from the base to the apex. The sides of the pyramids are contiguous
with the renal columns, while the apices, known as the renal papillae, project into the minor
calices of the ureteral pelvis, each calix receiving one, two, or three papillae. Each papilla shows

Afferent
and
efferent

Conro-

< luted

( tubules

Bowman's
capsule,

outer layer

Beqinnmg of
urinary
tubule

Fig. 1116.—A section through the cortex of an ape's kidney. A Malpighian corpuscle, together with the
beginning of the tubule, is shown. X 350. (Szynionowicz.)

upon its apex a number (16 to 20) of minute orifices of the excretory ducts of the pyramid; this

perforated area of the apex is called the area cribrosa (Fig. 1114).
The renal columns (of Bertin) separate the pyramids from one another and consist of cortical

masSes extending toward the renal sinus. At the sinus ends they contain a considerable amount
of white fibrous and adipose tissue. They serve as a passageway for the main bloodvessels,

lymphatics, and nerves to and from the parenchyma of the organ.

minute Anatomy.

—

The uriniferous tubules {tubuli renales) are in part very convoluted
and in part straight and regular. They arise in the cortex, pass into the medulla, return to the

cortex, and end at the area cribrosa of the renal papilla. Each tubule starts at the glomerulus
or renal corpuscle {Malpighian body), a small, round, reddish mass, which measures 120 to

200 //. Each of these little bodies is composed of two parts, a central glomerulus of vessels,

called a Malpighian tuft and a membranous envelope, the Maljnghian capsule, or capsule of
Bowman, which is the small pouch-like commencement of a uriniferous tubule.

The Malpighian tuft, or vascular glomerulus, is a network of convoluted capillary bloodvessels,
held together by scanty connective tissue. This capillary network is derived from a small arterial

twig, the afferent vessel, which pierces the wall of the capsule, generally at a point opposite to

that at which the latter is connected with the tube; and the resulting vein, the efferent vessel.
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that at which the latter is connected with the tube; and the resulting arteriole, the efferent vessel,

emerges from the capsule at the same point. The afferent vessel is usually the larger of the two
(Fig. 1116). The Malpighian or Bowman's capsule, which siurounds the glomerulus, is formed
of a hyaline membrane, supported by a small amount of connective tissue, which is continuous

with the connective tissue of the tube. It is lined on its inner surface by a single layer of squam-
ous epithelial cells, which are reflected from the lining membrane to the glomerulus, at the point

of entrance or exit of the afferent and efferent vessels. The whole surface of the glomerulus is

co\ered with a continuous layer of the same cells, which rests on a delicate supporting membrane
(Fig. 1116). Thus, between the glomerulus and the capsule a space is left, forming a cavity lined

by a continuous layer of squamous cells; this cavity varies in size according to the state of

.secretion and the amount of fluid present in it. In the fetus and young subject the ceUs are

pohhedral or even coliminar.

At the junction of a tubule with the Malpighian capsule there is a somewhat constricted por-

tion which is termed the neck (Fig. 1118). Beyond this the tubule becomes convoluted, and
pursues a considerable coiu-se in the cortical structure, constituting the proziinal or first convo-
luted tubule (Figs. lllS and 1121). After a time the convolutions disappear, and the tubule
approaches the medullary portion of the kidney in a more or less spiral manner. This section

of the tubule has been called the spiral tube of Schachowa. Throughout this portion of

their course the tubuli uriniferi are contained entirely in the cortical structure, and present a
fairly uniform calibre. They now enter the medullary portion, suddenly become much smaller.

C*PSULE-

LABVRINTH
OF CORTEX

MCDULLARV
RAVS

tNTRALOBULA
vei

CONVOLUTED
rUBULCS

MALPIGHIAN
CORPUSCLES

INTRALOBULAR
ARTERY

Fig. 1117.—Part of a section through the cortex of the kidney in the direction of the straight tubules. (Toldt.)

quite straight in direction, and dip down for a variable depth into the pj-ramids, constituting the

descending limb of Henle's loop. Bending on themselves, they form what is termed the loop of

Henle, and re-ascending, they become suddenly enlarged and again spiral in direction, forming
the ascending limb of Henle's loop, and reenter the cortical structure. In the cortex the tubule
again 'becomes slightly convoluted, and is called the distal or second convoluted tubule (Fig.

1116). This terminates in a narrow arched collecting or junctional tubule, which enters the
straight collecting tubule.

Each straight collecting tubule (tubulus renalis recta) passes from the cortex into the medulla,
receiving at various intervals in the cortical part of its course several arched collecting tubules.

In the medullary pyramid, several straight collecting tubules unite to form from sixteen to

twenty papillary or excretory ducts, which empty at the area cribrosa of the renal papilla. As
they approach the papilla, their diameter gradually increases.

It will be seen from the above description that there is a continous series of tubes from their

commencement in the Malpighian bodies to their termination at the orifices on the apices of

the p\Tamids of Malpighi, and that the urine, the excretion of which commences in Bowman's
capsule, finds its way through these tubes into the calices of the ureter.

Strncture of the Uriniferous Tubule.—The uriniferous tubule consists throughout of
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a single layer of epithelial cells resting upon a basement membrane which is supported by a

delicate meshwork of retiform connective tissue. The tissue contains the vessels, nerves, and

lymphatics. The diameter of the tubule and the size of the cells vary in the different portions.

The capsule of Bowman is lined with simple sqimmom cells, and the renal corpuscle has a diameter

of 120 to 200 microns; the neck is lined by simple squamous cells, and has a diameter of about

15 microns; the proximal convoluted and spiral tubules are lined with irregular columnar cells;

the lumen of the tubule is irregular and the

diameter averages about 40 microns; the descend-

ing limb of Henle's loop is lined with simple squa-

mous cells, and the diameter is from 10 to 13

microns; the loop and ascending limb are lined

with regular cuboidal cells, and the diameter

averages from 23 to 28 microns; the distal con-

voluted tubule is lined with irregular columnar

cells, the lumen is irregular, and the diameter

about 45 microns; the arched connecting tubule

is lined with simple cuboidal cells, and the

diameter is about 45 microns; the straight col-

lecting tubule is lined by columnar cells, and the

diameter increases from 45 to 75 microns; the

papillary ducts are lined with tall columnar cells,

and the diameter reaches 200 to 300 microns.

The protoplasm of these cells is granular at the

basal end, while the luminal end is striated.

The parts of the kidney in which the various

portions of the uriniferous tubules lie are as

follows

:

Cortex.—In the labjrrinth are found the renal

corpuscles, the neck, and the proximal and distal

convoluted tubules.

In the medullary rays are found the upper

ends of the descending and ascending limbs of

Henle's loop, the arched collecting tubules, and
the upper ends of the straight collecting tubules.

Medulla.—Here are found the lower ends of

the descending and ascending limbs of Henle's

loop, the loop, the straight collecting tubules, and
the papillary ducts.

Tne Renal Bloodvessels.—The kidney is

plentifully supplied with blood by the renal artery

Fio.. 1118.—Diagram of three uriniferous tubules
and their relation to a collecting tubule. A. Of a
tubule, the Malpighian corpuscle of which is situated
in the lowermost portion of the cortex. B. About
the middle of the cortex. C. In the outer portion
of the cortex, m. Malpighian corpuscle, v. Vessel
porta, n. Neck. pc. Proximal convoluted portion.
e«. End segment, dl. Descending limb. al. As-
cending limb of the loop of Henle. dc. Distal
convoluted portion. j. Junctional tubule. c.

Collecting tubule. (Huber.)

Fig. 1119. — Longitu-
dinal section of Henle's
descending limb. a.

Membrana propria. 6.

Epithelium.

Fig. 1120.— Longitudinal
section of straight tube. a.

Cylindrical or cubical epi-

thelium, b, Membrana pro-
pria.

(Figs. 1107 and 1115); a large branch of the abdominal aorta given off at the level of the articular

disk between the first and second lumbar vertebrae. The importance of the kidney as an excre-
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rory organ is evidenced by the fact that the artery is three times as large as is necessarj' for the

nutrition of an organ of the size of the kidney. Previously to entering the kidney, each artery

divides into four or five branches, which are distributed to its substance. At the hilum these

Ijranches He between the renal vein and ureter, the vein being in front, the ureter behind. Each
vessel gives off a small branch to the suprarenal glands, the ureter, and the surrounding tissue and
muscles. It lias been pointed out by Hyrtl (p. 665) that the renal artery gives off a branch which
ilivides and supplies the dorsal portion of the kidney and a larger branch which divides and sup-

plies the ventral portion of the kidney. Between these two vascular systems is a nonvascular

Cortex

Medullary
ray

.1 Intralobular

) artery and vein

A rtery

Vein

Medulla

) Interlobular
' artery and vein

Fig. 1121.—Diagrammatic representation of the course of the uriniferous tubules (left) and the kidney vessels
(right). The arteries are red, the veins blue; capsules of Bowman, convoluted tubules I order and loops of
Henle are black; convoluted tubules II order and collecting tubules gray. I. II, III, IV. Four kidney lobules.
a. Vas afferens. e. Vas efferens. 1. Bowman's cap>sule. 2. Convoluted tubule I order. 3. Descending limb
of loop of Henle. 4. .\scending limb of loop of Henle. 5. Convoluted tubule II order. 6, 7. Collecting
tubules. 8. Papillary duct. (Szymonowicz.)

zone, called by Robinson the exsang^unated renal zone of Hyrtl. It "is one-half inch
dorsal to the external border of the kidney." Frequently there is a second renal artery,

which is given off from the abdominal aorta at a lower level, and supplies the lower portion of the
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kidney. It is termed the accessory renal artery. Within the sinus the renal artery divides

into four or five branches, about three-fourths of the blood going to the anterior pyramids and
the remainder to the posterior pyramids. Each extremity of the kidney is supplied by a branch
which divides into anterior, middle, and posterior branches, which do not anastomose with each
other. The branches of the renal arteries pass to the kidney substance between the pyramids
and are known as interlobar arteries {arteriae interlobares renis) (Fig. 1117). At the jimction

of the cortical and medullary portions (the boundary zone) these vessels turn and for a short

distance pursue a course parallel to the kidney surface. There are thus formed a series of

incomplete vascular arches across the bases of the pyramids, the arcuate arteries {arteriae arci-

formes) (Figs. 1113 and 1121). From these arches two sets of vessels come. The vessels of one
set go to the periphery and enter the cortex, the intralobular, or cortical arteries, those of the other

set pass toward the sinus and enter the medulla. These last vessels are the arteriolae recti

(Figs. 1117 and 1121). As the intralobular arteries pass toward the capsule they give off

branches to each renal corpuscle, the vasa afierentia or afferent arterioles. As the arteriole

enters the corpuscle it divides into several branches, each of which forms a capillary plexus.

The blood from each plexus is collected by a small branch which joins with its fellows to form
the vas eSerens or efferent arteriole. These various plexuses constitute a glomerulus or Mal-
pighian Tuft (Fig. 1116). On leaving the glomerulus the arteriole forms a capillary network
around the adjacent portions of the lu-iniferous tubule. The blood is collected by various
channels and emptied into the intralobular vein, which starts in the venae stellatae, beneath
the capsule, and empties its blood into the arcuate vein.

The arteriolae rectae supply the medulla and are smaller in diameter than the intralobular

arteries, and soon form a rich capillary plexus around the tubules of the medulla. The blood is

collected by the venae rectae, which empty into the arcuate vein {vena arciforviis) at the boun-
dary zone. The blood is carried to the columns of Bertin, where it continues toward the sinus
in the interlobular veins. In the sinus these veins unite to form the renal vein {vena renalis)

(Fig. 1107).

The nerves of the kidney, although small, are about fifteen in number. They have small
ganglia developed upon them, and are derived from the renal plexus, which is formed by branches

from the solar plexus, the lower and outer part of the semilunar

ganglion and aortic plexus, and from the lesser and smallest

splanchnic nerves. They communicate with the spermatic
plexus, a circumstance which may explain the occurrence of pain

in the testicle in affections of the kidney. So far as they have
been traced, they seem to accompany the renal artery and its

branches, and they have been traced to the epithelium, but their

exact mode of termination is not known.
The L3nnphatics are descrilied on page 796.

Variations and Abnormalities.—Congenital absence of the

kidney has been observed. Not unusually one kidney is con-

siderably larger than the other; occasionally one is very large

and the other is very small, from atrophy, the large organ having
become large in response to a functional need, which causes it to

compensate for the insufficiency of the small kidney. If a kidney
is*removed surgically, the other kidney enlarges. As previously

stated, the kidneys of the fetus and of the young child show
distinct fissures which make each organ lobulated (Fig. 1122).

Fig. 1122.—Fetal kidney, showing ^^^ ^^'"^*^ kidneys frequently exhibit remains of these fissures,

lobulation. (Testut.) A horseshoe kidney is a condition in which the lower extremi-

ties of the two kidneys are united by kidney structure, the bond
of union crossing the middle line. The strip of kidney tissue which effects the junction may be
slight, considerable, or extensive in amount. Sometimes the two kidneys are completely fused
together into one large organ with two ureters.

Surface Form.—The kidneys, being situated at the back part of the abdominal cavity and
deeply situated, cannot be felt unless enlarged or misplaced. They are situated on the confines
of the epigastric and umbilical regions internally, with the hypochondriac and lumbar regions
externally. The left is somewhat higher than the right. According to Morris, the position of
the kidney may be thus defined: Anteriorly: "(1) A horizontal line through the umbilicus is

below the lower edge of each kidney. (2) A vertical line carried upward to the costal arch from
the middle of Poupart's ligament has one-third of the kidney to its outer side and two-thirds to

Its inner side

—

i. e., between this line and the median line of the body." In adopting these lines

it must be borne in mind that the axes of the kidneys are not vertical, but oblique, and if con-
tinued upward would meei about the ninth thoracic vertebra. Posteriorly: The upper end of the
left kidney would be defined by a line drawn horizontally outward from the spinous process of the
eleventh thoracic vertebra, and its lower end by a point two inches (5 cm.) above the iliac crest.
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The right kidney would be half to three-quarters of an inch lower. Morris lays down the fol-

lowing rules for indicating the position of the kidney on the posterior surface of the body: ''(I)

A line parallel with, and one inch from, the vertebral column, between the lower edge of the tip

of the spinous process of the eleventh thoracic vertebra and the lower edge of the spinous

process of the third lumbar vertebra. (2) A line from the top of this first line outward at right

angles to it for two and three-quarter inches. (3) A line from the lower end of the first trans-

versely outward for two and three-quarter inches. (4) A line parallel to the first and connecting

the outer extremities of the second and third lines just described."

The hilum of the right kidney is two inches from the mesal plane; the hilum of the left one

and one-half inches from the raesal plane. A line joining the two hili crosses the vertebral

column opposite the disk between the first and second lumbar vertebrae.

Applied Anatomy.—Cases of congenital absence of a kidney, of atrophy of a kidney, and
a horseshoe kidney are of great importance, and must be duly taken into account when neph-

rectomy is contemplated. A more common malformation is where the two kidneys are fused

together. They may be only joined together at their lower ends by means of a thick mass of

renal tissue, so as to form a horseshoe-shaped body, or they may be completely united, forming

a disk-like kidney, from which two ureters descend into the bladder. These fused kidneys are

generally situated in the middle line of the abdomen, but may be misplaced as well.

One or both kidneys may be misplaced as a congenital condition, and remain fixed in this

abnormal position. They are then very often misshapen. They may be situated higher or lower

than normal or removed farther from the spine than usual or they may be displaced into the

iliac fossa, over the sacroiliac joint, on to the pfomontorj' of the sacrum, or into the pelvis be-

tween the rectum and bladder or by the side of the uterus. In these latter cases they may give

rise to very serious trouble. The kidney may also be misplaced as a congenital condition, but

may not be fixed. It is then known as a floating kidney. It is believed to be due to the fact

that the kidney is completely enveloped by peritoneum, which then passes backward to the

vertebral column as a double layer, forming a vnesonephron, which permits of movements taking

place. The kidney may also be misplaced as an acquired condition; in these cases the kidney is

mobile in the tissues by which it is surrounded, either moving in or moving with its fatty capsule.

This condition is known as movable kidney (nephroptosis), and is more common in the female

than in the male, and on the right than the left side. If a displaced kidney becomes fixed in an
abnormal position, it is said to be dislocated. Movable kidney cannot be distinguished from
floating kidney until the kidney is exposed by incision. Other malformations are the persist-

ence of the fetal lobulation; the presence of two pelves or two ureters to the one kidney. In
some rare instances a third kidney may be present.

The kidney is embedded in a large quantity of loose fatty tissue, and is but partially covered

by peritoneum; hence rupture of this organ is not nearly so serious an accident as rupture of

the liver or spleen, since the extravasation of blood and urine which follows is, in the majority

of cases, outside the peritoneal cavity. Occasionally the kidney may be bruised by blows in the

loin or by being compressed between the lower ribs and the ilium when the body is violently

bent forw'ard. This is followed by a little transient hematuria, which, however, speedily passes

off. Occasionally, when rupture involves the pelvis of the ureter or the commencement of the

ureter, this duct may become blocked, and hydronephrosis follows.

TTie loose cellular tissue around the kidney may be the seat of suppuration, constituting

perinephritic abscess. This may be due to injury, to disease of the kidney itself, or to extension

of inflammation from neighboring parts. The abscess may burst into the pleura, causing
empyema; into the colon or bladder; or may point externally in the groin or loin. Tumors of the
kidney, of which, perhaps, sarcoma in children is the most common, may be recognized by their

position and fixity; by the resonant colon hnng in front of it; by their not moving with respira-

tion; and by their rounded outline, not presenting a notched anterior margin like the spleen, with
which they are most likely to be confounded. The examination of the kidney should be bimanual;
that is to say, one hand should be placed in the flank and firm pressure made forward, while
the other hand is buried in the abdominal wall, over the situation of the organ. Manipulation
of the kidney frequently produces a peculiar sickening sensation and some faintness.

The kidney is frequently attacked surgically. It may be exposed and opened for exploration
or the evacuation of pus (nephrotomy); it may be incised for the removal of stone (nephro-
lithotomy); it may be sutured when wounded (nephrorrhaphy); it may be fixed in place by
sutures (nephropexy) or gauze pads when movable or floating; or it may be removed (nephron
tomy).

The kidney may be exposed either by a lumbar or abdomirud incision. The operation is

best performed by a lumbar incision, except in a case of very large tumor or of wandering kid-

ney with a loose meson-rphron, on account of the advantages which it possesses of not opening

the peritoneum and of affording admirable drainage. It may be performed either by an oblique,

a vertical, or a transverse incision. A common incision for exposing the kidney begins an inch

below the twelfth rib, at the margin of the Erector spinae muscle, and passes obliquely down-
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ward and forward, exposing the anterior border of the Latissimus dorsi and the posterior border

of the Internal oblique. The surgeon divides the posterior leaflet of the lumbar fascia, draws

aside or incises the Quadratus lumborum, and cuts the anterior leaflet of the lumbar fascia and

also the transversalis fascia. He opens the fatty capsule down to the kidney and strips it from

the true capsule, bringing the kidney outside of the body for inspection. The vertical incision

at the edge of the Erector spinae muscle is frequently used. A gridiron or muscle-splitting

operation is used by some in order to avoid the division of nerves, vessels, and muscle fibres.

The abdominal operation is best performed by an incision in the linea semilunaris on the

side of the kidney to be removed, as recommended by Langenbuch; the kidney is then reached

from the outer side of the colon, ascending or descending, as the case may be, and the vessels

of the colon are not interfered with. If the incision were made in the linea alba, the kidney

would be reached from the inner side of the colon, and the vessels running to supply the colon

would necessarily be interfered with. The incision is made of varying length according to the

size of the kidney, and commences just below the costal arch. The abdominal cavity is opened.

The intestines are held aside, and the outer layer of the mesocolon incised, so that the fingers

can be introduced behind the peritoneum and the renal vessels are sought for. These vessels

are then to be ligated; if tied separately, care must be taken to ligate the artery first. The
kidney must now be enucleated, and the vessels and the ureter divided, and the latter disinfected

and tied, and, if it is thought necessary, stitched to the edge of the wound.

THE URETERS (Figs. 1106, 1115).

The ureters are the two tubes which convey the urine from the kidneys into

the bladder. Each ureter commences within the sinus of the corresponding

kidney by a number of short cup-shaped branches, the minor calices or infun-

dibula, which unite either directly or indirectly to form a dilated pouch, the

pelvis (Fig. 1115), from which the ureter, after passing through the hilum

of the kidney, descends to the bladder. The minor calices encircle the apices

of the renal papillae; but inasmuch as one calix may include two or even more
papillae, their number is generally less than the pyramids themselves. The
minor calices vary in number from ten to twenty or more. These calices con-

verge into two or three tubular divisions, the major calices, which by their

junction form the pelvis or dilated portion of the ureter, which is situated be-

hind the renal vessels and which lies partly within and partly outside the renal

sinus. It is usually placed on a level with the spinous process of the first lumbar
vertebra.

The ureter proper is a cylindrical membranous tube, about ten to twelve

inches (25 to 30 cm.) in length and about one-sixth inch (4 mm.) in diameter,

directly continuous near the lower end of the kidney with the tapering extrem-

ity of the pelvis. Its walls are from 1 to 2 mm. thick, and its calibre va-

ries. It exhibits four main constrictions—(1) at its junction with its pelvis;

(2) as it passes over the brim of the pelvis; (3) as it enters the bladder; (4) at

its termination. Its course is obliquely downward and inward through the

lumbar region {yars ahdominalis) (Fig. 1106), into the cavity of the pelvis {yars

'pelvina) (Fig. 1124), where it passes downward, forward, and inward across

that cavity to the base of the bladder, into which it then opens by a constricted

orifice {orificium ureteris) (Fig. 1134), after having passed obliquely for nearly

an inch between the vesical muscular and mucous coats (Fig. 1123). The
lower part of the abdominal portion of the ureter exhibits a spindle-shaped

dilatation.

Relations (Fig. 1124).—The abdominal pari lies behind the peritoneiun on the inner part of

the Psoas muscle, and is crossed obliquely by the spermatic or ovarian vessels. It enters the

pelvic cavity by crossing either the termination of the common, or the commencement of the

external, iliac vessels.

At its origin the right ureter is usually covered by the second part of the duodenum, and in its
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course downward lies to the right of the inferior vena cava and is crossed by the right colic artery,

while near the pelvic brim it passes behind the lower part of the mesentery and the terminal

part of the ileum. The left ureter is crossed by the left colic

artery, and near the brim of the pelvis passes behind the sig-

moid colon and its mesentery.
The pelvic part runs at first downward on the lateral wall

of the pelvic cavity under cover of the peritoneum, lying in

front of the internal iliac vessels and on the inner side of the

impervious part of the hypogastric artery and the obturator

nerve and vessels. Opposite the lower part of the great

sacrosciaiic foramen it inclines inward behind the vas def-

erens (which crosses to its inner side) and reaches the base

of the bladder, where in the male it is situated in front of the

upper end of the seminal vesicle "and at a distance of about

two inches from the opposite ureter. Finally, the ureters run
obliquely for about three-quarters of an inch through the

wall of the bladder and open by slit-like apertures into the

ca\-ity of that viscus at the lateral angles of the trigone.

^^'hen the bladder is distended the openings of the meters are

about two inches apart, but when it is empty and contracted

the distance between them is diminished by one-half. Owing to their oblique course through
the coats of the bladder, their upper and lower walls become closely applied to each other when
the viscus is distended, and, acting as a valve, prevent regurgitation of urine from the bladder.

In the female, the ureter forms, as it lies in relation to the wall of the pelvis, the posterior boun-
dary of a shallow depression named the ovarian fossa, in which the ovary is situated. It then
runs inward and forward on the lateral aspect of the cervix of the uterus and of the upper part
of the vagina to reach the base of the bladder. In this part of its course it is accompanied for

Fig. 1123. — Diagram showing
method of entrance of the ureter into
the bladder. (F. H. Gerrish.)

RIGHT URCTER PSOAS MUSCLE
LEFT URETER

i

ASCENDING
COLON

APPENDIX '(1ra\TO

up under)
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ARTERY
ARTERY TO
SIGMOID
FLEXURE

Fig. 1124 —The relations of the pelvic mesoco; ,,. «.
arteries, and the ureter.

. ihe wall, the iliac, sigmoid, and superior hemorrhoidal
(.Poirier and Charpy.)

about an inch by the uterine artery, which then crosses in front of the ureter and ascends between
the two layers of the broad ligament. The ureter is distant about three-quarters of an inch
from the lateral aspect of the neck of the uterus.

The ureter is sometimes double, and the two tubes may remain distinct as far as the base of
the bladder. On rare occasions they open separately into the bladder cavity.
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Structure.—The ureter is composed of three coats—fibrous, muscular, and mucous.

The fibrous coat (tunica adventitia) is the same throughout the entire length of the duct, being

continuous at one end with the fibrous capsule of the kidney at the floor of the sinus, while at the

other it is lost in the fibrous structure of the bladder.

In the pelvis of the ureter the musciilax coat {tunica muscularis) consists of two layers, an

internal longitudinal and an external circular; the longitudinal fibres become lost upon the

sides of the papilhe at the extremities of the calices; while the circular fibres become more prom-

inent and resemble a small sphincter. In the ureter proper the muscle layers are very distinct,

and are three in number—an external longitudinal {stratum externum), a middle circular

(stratum medium), and an internal longitudinal layer (stratum internum). The external longi-

tudinal layer is found more prominent in the lower half or lower third of the ureter.

The mucous coat {tunica mucosa) is smooth, and presents a few longitudinal folds which be-

come effaced by distention. It is continuous with the mucous membrane of the bladder below,

while above it is prolonged over the papillae of the kidney. Its epithelium is of a peculiar char-

acter, and resembles that found in the bladder. It is known by the name of transitional epi-

thelium. It consists of several layers of cells, of which the innermost—that is to say, the cells in

contact with the urine—are quadrilateral in shape, with concave margins on their outer surface,

into which fit the rounded ends of the cells of the second layer. These, the intermediate cells,

more or less resemble columnar epithelium, and are pear-shaped, with a rounded internal ex-

tremity, which fits into the concavity of the cells of the first layer, and a narrow external extremity

which is wedged in between the cells of the third layer. The external or third layer consists of

conical or oval cells varying in number in different parts, and presenting processes which extend

down into the basement membrane. A few racemose glands are at times seen in the mucous
coat.

Vessels and Nerves.—The arteries supplying the ureter are branches from the renal, sper-

matic, internal iliac, and inferior vesical.

The nerves are derived from the inferior mesenteric, spermatic, and pelvic plexuses.

Applied Anatomy.—Subcutaneous rupture of the ureter is not a common accident, but occa-

sionally occurs from a sharp direct blow on the abdomen, as from the kick of a horse. The ureter

may be either torn completely across, or only partially divided, and, as a rule, the peritoneum
escapes injury. If torn completely across, the urine collects in the retroperitoneal tissues; if it

is not completely divided, the lumen of the tube may become obstructed and hydronephrosis or

pyonephrosis results. The ureter may be accidentally wounded in some abdominal operations;

if this should happen, the divided ends must be sutured together, or, failing to accomplish this,

the upper end must be implanted into the bladder or the intestine.

Stones (calculi) not uncommonly become impacted in the ureter. This may occur at anj
part, but most commonly either at the point where the tube is crossing the pelvic brim or at the
termination, where it is passing obliquely through the muscular wall of the bladder. In the

former case, an incision with its centre opposite and one inch internal to the anterior superior
spine of the ilium dividing all the structures down to the peritoneum, enables the operator to

reach the ureter by pushing the unopened peritoneum inward; the stone can then be felt in the
ureter, the wall of which is incised, and the stone extracted, free drainage being provided for the
escaping urine. When the stone is impacted at the vesical end of the tube a preliminary incision

into the bladder is required, and by scratching through the mucous membrane overlying it the
calculus can then be removed.

The diagnosis of ureteral calculus is sometimes made by an a?-ray examination. In identifying

any shadows in the picture thus secured, caution must be exercised not to mistake similar shadows
thrown by periureteral phleboliths in the pelvic veins as ureteral calculi.'

THE URINARY BLADDER (VESICA URINARIA) (Figs. 1127, 1128).

The urinary bladder is a musculomembranous sac situated in the pelvis, behind
the pubes, and in front of the rectum in the male, the cervix uteri and vagina
intervening between it and that intestine in the female. The shape, position,

and relations of the bladder are greatly influenced by age, sex, and the degree of

distention of the organ. During infancy it is conical in shape, and projects

above the symphysis pubis into the hypogastric region. In the adult cadaver,

when quite empty and collapsed (Figs. 1125 and 1126), it is cup-shaped, and on
vertical median section its cavity, with the adjacent portion of the urethra, presents

a Y-shaped cleft, the stem of the Y corresponding to the urethra. It is placed

1 Consult article by George O. Clark in Annals of Surgery, 1909. p. 9ia.
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deeply in the pelvis, flattened from before backward, and reaches as high as

the upper border of the symphysis pubis. \Vhen empty and contracted, and as

seen immediately after death (as after electrocution), the bladder is nearly spher-

ical in shape. When slightly distended, it has a rounded form, and is still con-

tained within the pelvic cavity (Fig. 1126), and when greatly distended (Figs. 1126

and 1182), it is ovoid in shape, rising into the abdominal' cavity, and often extend-

FiG. 1125.—The empty bladder. (Poirier and Charpy.) Fig. 1126.—Modifications of form of the
bladder during distention. (.Poirier and
Charpy.)

ing 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 downward and
backward, in a line directed from some point between the SNTnphysis pubis and
umbilicus (according to its distention) to the end of the cocc^-x. The bladder,

when distended, is slightly curved forward toward the anterior wall of the abdo-

men, so as to be more convex behind than in front. \Mien moderately distended,

it measures about five and one-half

inches (14 cm.) in the vertical di-

ameter, four and one-half inches

(12 cm.) across, and three inches

(10 cm.) antero-posteriorly. 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. The ordinary

amount which it can contain with-

out serious discomfort is about a

pint.

The bladder is divided for pur-

poses of description into a superior,

an antero-inlerior, and two lateral

surfaces, a base or fundus, and a

simmiit or apex.

Surfaces.—The superior or ab-

dominal surface (Figs. 994 and 1106) is entirely free, and is invested throughout

by peritoneum. It looks almost directly upward into the abdominal cavity,

and extends in an antero-posterior direction from the apex to the base of the

bladder. It is in relation with the small intestine and sometimes with the sig-

moid flexure, and, in the female, with the uterus. On each side, in the male,

a portion of the vas deferens is in contact with the hinder part of this surface,

lying beneath the peritoneum. In the relaxed and empty condition of the blad-

der a transverse fold of peritoneum {plica vesicalis transversa) is formed on this

surface.

PROSTATE AND
SEMINAL VESICLES

Fig. 1127.- -Mesal section through pelvis of newborn male.
(Coming.

)
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The antero-inferior or pubic surface (Figs. 337 and 1128) looks downward and

forward. In the undistended condition it is uncovered by peritoneum, and is

in relation with the Obturator internus muscle on each side, with the rectovesical

fascia, and anterior true ligaments of the bladder. It is separated from the body

of the pubis by a triangular interval, occupied by fatty tissue, the pubovesical

space of Retzius. As the bladder ascends into the abdominal cavity during dis-

tention the distance between its apex and the umbilicus is necessarily diminished,

and the urachus (Figs. 994 and 1128) is thus relaxed; so that, instead of passing

directly upward to the umbilicus, it descends first on the upper part of the anterior

surface of the bladder, and then curving upward, ascends on the back of the

abdominal wall. The peritoneum, which follows the urachus, thus comes to

form a pouch of varying depth between the anterior surface of the viscus and the

Prostatic portion

of urethra.
Ejaeuln/ory duct.

SPHINCTER ANJ

Prostatic plexus

of veins.

Fossa
navicularia.

Prepuce.

Fig. 1128.—Vertical section of bladder, penis, and urethra.

abdominal wall (Fig. 337). The pouch passes to the neighborhood of the internal

abdominal rings. Thus, when the bladder is distended, the upper part of its

anterior surface is in relation with the urachus and is covered by peritoneum.
The lower part of its anterior surface, for a distance of about two inches above
the symphysis pubis, is devoid of peritoneum, and is in contact with the

abdominal wall.

The lateral surfaces are invested behind and above by peritoneum, which extends
as low as the level of the impervious hypogastric artery; below and in front of this,

these surfaces are uncovered by peritoneum, and are separated from the I^vatores
ani muscles and the walls of the pelvis by a quantity of loose areolar tissue contain-
ing fat. In front this surface is connected to the rectovesical fascia by a broad
expansion on either side, the lateral true ligaments. The vas deferens crosses the
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hinder part of the lateral surface obliquely, and passes between the ureter and the

bladder. When the bladder is empty the peritoneum descends on the pelvic

wall as low as the lateral border of the bladder and enters a groove known as the

paravesical fossa. The lateral surfaces, the pubic surface, and the abdominal

surface together constitute the body of the bladder (corpus vesicae).

The fundus or base {fundus vesicae) (Figs. 1128 and 1152) is directed downward
and backward, and is partly covered by peritoneum. In the male the upper por-

tion, to within about an inch and a half of the prostate, is covered by the recto-

vesical pouch of peritoneum (Fig. 998). The lower part is in direct contact with

the anterior wall of the second part of the rectum, the seminal vesicles, and the

vasa deferentia (Figs. 1 128 and 1 135) . The ureters enter the bladder at the upper
part of its base, about an inch and a half above the base of the prostate gland

(Fig. 1128).^

The portion of the bladder in relation with the rectum corresponds to a tri-

angular space, bounded below, by the prostate gland; above, by the rectovesical

fold of the peritoneum; and on each side, by the seminal vesicles and the vas de-

ferens. It is separated from direct contact with the rectum by the rectovesical

fascia. \Yhen 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 distance

is much diminished when the bladder is empty and contracted. In the female,

the base of the bladder is connected to the anterior aspect of the cervix uteri

by areolar tissue, and is adherent to the anterior wall of the vagina (Fig. 996).

Its upper surface is separated from the anterior surface of the body of the uterus

by the uterovesical pouch of the peritoneum (Fig. 996).

The so-called neck or cervix of the bladder (collum vesicae), the fixed portion of

this viscus, is the point of commencement of the urethra; there is, however, no
tapering part, which would constitute a true neck, but the bladder suddenly
contracts to the opening of the urethra (Fig. 337). In the viale it is surrounded
by the prostate gland and its direction is oblique when the indi\ddual is in the erect

posture (Figs. 337 and 1128). In the feviale its direction is obliquely downward
and forward. The so-called neck is the most fixed portion of the bladder, and is

located one inch (2.5 cm.) behind the junction of the inferior and middle thirds

of the symphysis pubis; or two inches (5 cm.) behind and below the superior border
of the symphysis.

The summit or apex (vertex vesicae) is the portion of the bladder which when
that organ is empty or nearly empty is nearest to the upper border of the symphysis.
It is directed upward and forward. In a distended bladder the apex is well above
the pubes in the abdominal cavity.

The urachus or middle mnbilical ligament (ligamentum umbilicale medium)
(Fig. 994) is the impervious remains of the tubular canal of the allantois, which
existed in the embryo, and a portion of which expanded to form the bladder.

It passes upward, from the apex of the bladder, between the transversalis fascia

and peritoneum, to the umbilicus, becoming thinner as it ascends. It is composed
of fibrous tissue, mixed with plain muscle fibres.

The urachus causes the formation of a peritoneal fold, the plica umbilicalis media fFig. 994).
On each side of it is placed a fibrous cord, the impervious portion of the hypogastric artery,
which, passing upward from the side of the bladder, approaches the urachus above its summit.
Over each cord is the fold known as the plica umbilicalis lateralis (Fig. 994). In the infant, at
birth, the urachus is occasionally found pervious, so that the urine escapes at the umbilicus, and
calculi have been found in its canal.

Ligaments.—The bladder is retained in its place by ligaments, which are divided
into true and false. The true ligaments are five in number—two anterior, two
lateral, and the urachus. The false ligaments, also Jive in number, consist of

folds of the peritoneum.
86
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The two anterior true ligaments or puboprostatic ligaments (ligamenta 'puho-

prostatica) extend from the back of the ossa pubis, one on each side of the sym-

physis, to the front of the neck of the bladder, over the anterior surface of the

prostate gland.

The two lateral true ligaments, formed by expansions from the fascia lining the

lateral wall of the pelvis, are broader and thinner than the preceding. They

are attached to the lateral parts of the prostate gland and to the sides of the base

of the bladder.

The urachus or middle umbilical ligament is the fibromuscular cord already men-

tioned, extending between the summit of the bladder and the umbilicus.

The two posterior false ligaments pass forward, in the male, from the sides of

the rectum (plicae rectovesicales); in the female, from the sides of the uterus {plicae

vesicouterinae), to the posterior and lateral aspect of the bladder; they form in

the male the lateral boundaries of the rectovesical pouch {excavatio rectovesicalis

(Figs. 337 and 1067) ; in the female the peritoneum is reflected from the rectum

to tlie upper part of the posterior vaginal wall, forming the rectovaginal pouch

Fig. 1129. —Fibres of the external Fig. 1130.—Fibres of the middle Fig. 1131.—Fibres of the inter-

longitudinal layer. (Poirier and or circular layer. (Poirier and nal longitudinal Vayer. (Poirier

Charpy.) Charpy.) and Charpy.)

or pouch of Douglas (Fig. 1068). It is continued over the posterior surface and

fundus of the uterus on to its anterior surface and then to the bladder, forming

here a second but shallower pouch, the uterovesical pouch, bounded on either

side by the uterovesical or posterior false ligaments of the bladder. The poste-

rior false ligaments contain the impervious hypogastric arteries and the ureters,

together with vessels and nerves. In the base of each fold is smooth muscle

fibre, the Rectovesical muscle (m. rectovesicalis).

The two lateral false ligaments are reflections of the peritoneum, from the

iliac fossae and lateral walls of the pelvis to the sides of the bladder. Each lateral

false ligament Qigamentum umhilicale laierale) passes in front into the plica

umbilicalis lateralis over the corresponding hypogastric artery. The two lateral

reflections of peritoneum are continuous in front of the apex of the bladder, at

which point the peritoneum passes upon the urachus.

The superior or anterior false ligament {plica umbilicus media; suspensory liga-

ment) is the prominent fold of peritoneum extending from the summit of the

bladder to the umbilicus. It is carried off from the bladder by the urachus. The
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peritoneal fold over each impervious h^-pogastric artery is called the plica umbili-

calis lateralis (Fig. 994), and is the prolongation fonvard of the ligamentum umbil-

icale laterale. Besides the true and false ligaments, the bladder receives support

from the fibrous tissue and unstriated muscle about the seminal vesicles, and ter-

minations of the ureters and vasa deferentia. In the female the connection with

the anterior vaginal wall supports the base of the bladder. In both sexes the most
solidly fixed part of the bladder is about the internal orifice of the urethra.

Structure.—The bladder is composed of three coats—fibrous, muscular, and mucous.
The fibrous coat {tunica fibrosa) consists of white fibrous tissue, which supports the other

coats. It is partially invested by peritoneum.

The muscular coat {tunica muscularis) (Figs. 1129, 1130, and 1131) consists of three incom-

pletely differentiated layers of unstriped muscular fibre—an external layer, composed of fibres

having for the most part a longitudinal arrangement; a middle layer, in which the fibres are

arranged, more or less, in a circular manner; and an internal layer, in which the fibres have a
general longitudinal arrangement.

The fibres of the external longitudinal layer (stratum externum) arise from the posterior sur-

face of the body of the os pubis in both sexes {m. puhovesicalis), and in the male arise also from
the adjacent part of the prostate gland and its capsule. They pass, in a more or less longitudinal

manner, up the anterior surface of the bladder, over its apex, and then descend along its pos-

terior surface to its base, where they become attached to the prostate in the male and to the front

of the vagina in the female. At the sides of the bladder the fibres are arranged obliquely and
intersect one another. The external longitudinal layer has been named the Detrusor luinse

muscle.

The middle circular layers {stratum medium) are very thinly and irregularly scattered on the

body of the organ, and, though to some extent placed transversely to the long axis of the

bladder, are for the most part arranged obliquely. Toward the lower part of the bladder,

around the neck and the commencement of the lu-ethra, they are disposed in a thick circular

layer, forming the sphincter vesicae, which is continuous with the muscle fibres of the prostate

gland.

The internal longitudinal layer {stratum internum) is thin, and its fasciculi have a reticular

arrangement, but with a tendency to assume for the most part a longitudinal direction. Two
bands of oblique fibres, originating behind the orifices of the ureters, converge to the back part

of the prostate gland, and are inserted, by means of a fibrous process, into the so-called middle
lobe of that organ. They are the muscles of the lueters, 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.

Fig. 1132.—Superficial layer of the epithelium of Fig. 1133.—Deep layers of epithelium of bladder,
the bladder. Composed of pwlyhedral cells of van- showing large club-shaped cells above, and smaller,
ous sizes, each with one, two, or three nuciei. (Klein more spindle-shaped cells below, each with an oval
and Noble Smith.) nucleus. (Klein and Noble Smith.)

The mucous coat {tunica mucosa) is thin, smooth, and of a pale rose color. It is continuous
above through the ureters with the lining membrane of the uriniferous tubes, and below with
that of the urethra. Except at the trigone, it is connected very loosely to the muscular coat by a
layer of areolar tissue, and is therefore thrown into folds or rugae when the bladder is ^mpty (Fig.

1135). The epithelium covering it is of the transitional variety, consisting of a superficial layer
of polyhedral flattened ceUs, each with one, two, or three nuclei (Fig. 1132); beneath these is a
stratum of large club-shaped cells \\-ith the narrow extremity of each cell directed downward and
wedged in between smaller spindle-shaped cells, each with an oval nucleus (Fig. 1133). There
are no true glands in the mucous membrane of the bladder, though certain mucous foUicles
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which exist, especially near the neck of the bladder, have been regarded as such. The epithelial

cells rest upon a basement membrane, beneath which is the fibroelastic tunica propria, which

contains diffuse lymphoid tissue, and in which solitary nodules have been found.

RIDGE FORMED BV
'-INTERURETERAL
MUSCLE

UVULA VESIOC

VERUMONTANUM

Fig. 113-1.—The interior of the bladder, showing the vesical trigone. (Poirier and Charpj'.)

The Interior of the Bladder.—Upon the inner surface of the bladder are seen

the mucous membrane, orifices of the ureters, the trigone, and the commencement

of the urethra.

LONGITUDINAL
FIBRES

CIRCULAR
FIBRES

ORIFICE OF
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TRIGONE
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LONGITUOINAl
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TRIGONE

. Fig. 1135.—The internal surface of the bladder. (Poirier and Charpy.)

The mucous membrane of the empty bladder is thrown into folds or rugae, except

over the trigone, where it is firmly adherent to the muscular coat and is smooth

(Figs. 1134 and 1135). The folds disappear when the bladder is distended.
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The vesical trigone or the trigonum vesicae (Fig. 1135) is a smooth, triangular

surface, with the apex directed forward, situated at the base of the bladder, imme-
diately behind the urethral orifice. It represents an equilateral triangle, the sides

measuring about one inch in the empty bladder and increasing to about one and
one-half inches in the distended bladder. It is paler in color than the rest of the

interior, and never presents any rugae, even in the contracted condition of the organ,

owing to the intimate adhesion of its mucous membrane to the subjacent tissue.

It is bounded at each basal angle by the orifice of a ureter, and at its apex by the

orifice of the urethra. Projecting from the lower and anterior part of the bladder,

and reaching to the orifice of the urethra, is a slight elevation of mucous membrane^
particularly prominent in old persons, called the uvula vesicae.

Stretching from one ureteral opening to the other is a smooth, slightly curved

ridge (torus interuretericus), the convexity of which is toward the urethra. It is

produced by transverse muscle fibres beneath the mucous membrane. The outer

prolongations of this ridge beyond the ureteral orifices are called the ureteral folds

{plicae uretericae). They are formed by the ureters as they traverse the bladder

wall. About the urethral orifice are slight radial folds of mucous membrane,
which are continuous with the longitudinal folds of the prostatic urethra.

The internal urethral orifice (orificium urethrae internum) is sickle-shaped and
is surrounded by a circular prominence (annulus urethralis), which is most dis-

tinct in the male.

Vessels and Nerves.—The arteries (Fig. 472) supplying the bladder are the superior,

middle, and inferior vesical in the male, with additional branches from the uterine and vaginal

in the female. They are all derived from the anterior trunk of the internal iliac. The obturator

and sciatic arteries also supply small visceral branches to the bladder. The veins form a com-
plicated plexus around the neck, sides, and base of the bladder (Fig. 524). The veins communi-
cate below with the plexus about the prostate and terminate in the internal iliac vein.

The Ijmiphatics are few in number; they form two plexuses, one in the muscular and another

in the deep tissue of the mucous coat, and accompany the bloodvessels. The subepithelial portion

of the mucous membrane of the bladder contains no lymphatics whatever (Sappey). The mus-
cular tissue contains a few lymphatics. The subperitoneal tissues contain the usual number.
The collecting trunks from the anterior surface terminate in the external iliac nodes. The
trunks from the posterior surface terminate in the internal iliac nodes, the hypogastric nodes,

and the nodes in front of the sacral promontory.

The nerves are derived from the pelvic plexus of the sympathetic and from the third and
fourth sacral nerves; the former supplying the upper part of the organ, the latter its base and
neck. According to F. Darwin, the sympathetic fibres have ganglia connected with them, which
send branches to the vessels and to the muscular coat.

Surface Form.—The surface form of the bladder varies with its degree of distention and
under other circumstances. In the young child it is represented by a conical figure, the apex
of which, even when the viscus is empty, is situated in the hypogastric region, about an inch

above the level of the symphysis pubis. In the adult, when the bladder is empty, its apex does

not reach above the level of the upper border of the symphysis pubis, and the whole organ is

situated in the pelvis; the neck, in the mule, corresponding to a line drawn horizontally backward
through the symphysis a little below its middle. As the bladder becomes distended, it gradually

rises out of the pelvis into the abdomen, and forms a swelling in the hypogastric region, which is

perceptible to the hand as well as to percussion. In extreme distention it reaches into the umbili-

cal r^ion. Under these circumstances the lower part of its anterior surface, for a distance of

about two inches above the symphysis pubis, is closely applied to the abdominal wall, without

the intervention of peritoneum, so that it can be tapped by an opening in the middle line just

above the symphysis pubis, without any fear of wounding the peritoneum. When the rectum
is distended, the prostatic portion of the urethra is elongated and the bladder lifted out of

the pelvis and the peritoneum pushed upward. Advantage is taken of this by some sur-

geons in performing the operation of suprapubic cystotomy. The rectum is distended by a

rubber bag, which is introduced into this cavity empty, and is then filled with ten or twelve

ounces of water. If, now, the bladder is injected with about half a pint of some antiseptic fluid

it will appear above the pubes plainly perceptible to the sight and touch. The peritoneuip will

be pushed out of the way, and an incision three inches long may be made in the linea alba,

from the symphysis pubis upward, without any great risk of wounding the peritoneum. Other

L
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surgeons object to the employment of this bag, as its use is not unattended with risk, since it causes

pressure on the prostatic veins and hence produces congestion of the vessels over the bladder

and a good deal of venous hemorrhage.

When distended, the bladder can be felt in the male, from the rectum, behind the prostate,

and fluctuation can be perceived by a bimanual examination, one finger being introduced into the

rectum and the distended bladder being tapped on the front of the abdomen with the finger of

the other hand. This portion of the bladder—that is, the portion felt in the rectum by the

finder—is uncovered by peritoneum.

Applied Anatomy.—A certain defect of development in which the bladder is implicated is

known under the name of extroversion of the bladder. In this condition the lower part of the

abdominal wall and the anterior wall of the bladder are wanting, so that the posterior surface

of the bladder presents on the abdominal surface, and is pushed forward by the pressure of the

viscera within the abdomen, forming a red, vascular protrusion, on which the openings of the

ureters are visible. The penis, except the glans, i^ rudimentary, and is cleft on its dorsal sur-

face, exposing the floor of the urethra—^a condition known as epispadias. The pelvic bones

are also arrested in development (see p. 220).

The bladder may be ruptured by violence applied to the abdominal wall when the viscus is

distended without injury to the bony pelvis, or it may be torn in case of fracture of the pelvis.

The rupture may be either intraperitoneal or extraperitoneal, that is—may implicate the superior

surface of the bladder in the former case, or one of the other surfaces in the latter. Rupture

of the antero-inferior surface alone is, however, very rare. Until recently intraperitoneal rupture

was uniformly fatal, but now abdominal section and suturing the rent with Lembert sutures

often saves the patient. The sutures are inserted only through the peritoneal and muscular

coats in such a way as to bring the serous surfaces at the margin of the wound into apposition,

and one is also inserted just beyond each end of the wound. The bladder should be tested as to

whether it is water-tight before closing the external incision.

The muscular coat of the bladder undergoes hypertrophy in cases in which there is any per-

sistent obstruction to the flow of urine. Under these circumstances the bundles of which the

muscular coat consists become much increased in size, and, interlacing in all directions, give rise

to what is known as ihe fasciculated bladder. Between these bundles of muscle fibres the mucous

membrane may bulge out, forming sacculi, constituting the sacculated bladder, and in these little

pouches phosphatic concretions may collect, forming encysted calculi. The mucous membrane is

very loose and lax, except over the trigone, to allow of the distention of the viscus.

Various forms of tumors have been found springing from the wall of the bladder. The inrtx)-

cent tumors are the papilloma and the mucous polypus, arising from the mucous membrane; the

fibrous tumor, from the deep mucous tissue; and the myoma, originating in the muscl-e tissue;

and, very rarely, dermoid tumors, the exact origin of which it is difficult to explain. Of the

mah'gnard tumors, epitheliomata are the most common, but sarcomata are occasionally found in

the bladders of children.

Puncture of the bladder is performed above the pubes without wounding the peritoneum.

Suprapubic cystotomy is considered above under the heading of Surface Form. This operation

may be employed to permit of the removal of a calculus, and is then called suprapubic liihofomy.

THE MALE URETHRA (URETHRA VIRILIS) (Figs. 1136, 1137).

The urethra in the male extends from the neck of the bladder at the internal

orifice of the urethra {orificium urethrae internum) to the meatus luinarius, the

external orifice of the urethra (orificium urethrae externum), at the end of the penis.

The internal orifice has been described (p. 1363). The urethra presents a double

curve in the flaccid state of the penis (Fig. 1128), but in the erect state of this

organ it forms only a single curve, the concavity of which is directed upward.

It presents three important constrictions—(1) at the beginning, (2) in the mem-
branous portion, -(3) at the end. Its length varies from seven to eight inches

(17 to 20 cm.); and it is divided into three portions, the prostatic, membranous,

and spongy, the structure and relations of which are essentially different. Except

during the passage of the urine or semen, the urethra is a mere transverse, T-
shaped, or crescentic cleft or slit (Fig. 1137), with its upper and under surfaces in

contact. At the meatus urinarius the slit is vertical, and in the prostatic portion

somewhat arched (Fig. 1137).

The prostatic portion (pars prostatica) (Figs. 1136 and 1171), the widest

part of the canal, is about an inch in length. It is between the internal orifice



THE MALE URETHRA 1367

of the urethra and the deep layer of the triangular ligament and lies within

the pelvic cavity. It passes almost vertically through the prostate gland from
its base to its apex, lying nearer its anterior than its posterior surface. The
gland seems to completely surround this portion of the urethra (Fig. 1166), but
the glandular substance proper does not (Fig. 1169). The gland is like a clasp

open in front, and the open part of the clasp is closed by the prostatic muscle.

The form of the canal is spindle-shaped, being wider in the middle than at either

extremity, and narrowest below, where it joins the membranous portion. Except
during the passage of fluid, the canal is in a collapsed state and is horseshoe-shaped

on trans-section, the anterior wall resting

upon the posterior wall (Fig. 1137), and
the mucous membrane exhibiting longi-

tudinal folds. When distended, the largest

portion of the prostatic urethra in the ca-

daver has a diameter of about one-half inch

(12 mm.).
Upon the posterior wall or floor of the

canal is a narrow longitudinal ridge, the

verumontanum or caput gallinaginis (Figs.

1136 and 1171) (crista urethralis), formed

by an elevation of the mucous membrane
and its subjacent tissue (Fig. 1170). It is

about 16 mm. in length and about 3 mm.
in height, and contains, according to Kobelt,

muscle and erectile tissues. On either

side of the verumontanum is a slightly

depressed fossa, the prostatic sinus, the floor

of which is perforated by numerous aper-

tures, the orifices of the prostatic ducts

(Figs. 1136 and 1171), from the lateral lobes

of the glands; the ducts of the middle lobe

open behind the verumontanum. At the

forepart of the verumontanum, in the

middle line, is a depression, the sinus

pocularis (utriculus prostatieus) (Figs. 337

and 1171), upon the margins of which are

the slit-like openings of the ejaculatory ducts

(Fig. 1171). The sinus pocularis forms a

cul-de-sac about a quarter of an inch in

length, which runs upward and backward
in the substance of the prostate into the

so-called middle lobe; its prominent ante-

rior wall partly forms the verumontanum.
Its walls are composed of fibrous tissue,

muscle fibres, and mucous membrane, and numerous small glands open on its

inner surface. It has been called the uterus masculinus, because it is developed

from the united lower ends of the atrophied ]\Iullerian ducts, and therefore is

homologous with the uterus and vagina in the female.

The membranous portion {pars memhranacea) (Figs. 1128 and 1136) lies

between the two layers of the triangular ligament, and extends downward and for-

ward between the apex of the prostate and the bulb of the corpus spongiosum.

It is the narrowest part of the canal (excepting the meati) , has a calibre of about
one-third of an inch (8 mm.), and measures about half an inch (10 to 12 mm.)
in length. Its anterior concave surface is placed about an inch below and behind

Junction of
uvula vesicae

and
Verumon-

tanum.
Verumon-,
tanum.

Prostate.

Ouwper's gland

Bulb.

Crtu.

Corpus
cavemosum.
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Glans.-^B'lM~-M^KKl-'^"^^'*
navic.

Meatus.

Fig. 1136.—The male urethra, laid open on its

anterior ( upper surface ) . (Testut.)
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the pubic arch, from which it is separated by the dorsal vessels and nerve of the

penis, and some muscle fibres. Its posterior convex surface is separated from

the rectum by a triangular mass of tissue which constitutes the perineal body.

As it pierces the superficial layer of the triangular ligament the fibres around the

opening are prolonged over the tube and fix the two structures firmly to each other.

The membranous urethra is surrounded by cavernous tissue and by the Compres-
sor urethrae muscle {m. sphincter urethrae memhranaceae) (Fig. 338). On the floor

of the membranous urethra is the anterior extremity of the verumontanum.
Behind this part of the urethra, on each side of the middle
line, are Cowper's glands (Figs. 334 and 1128). When the

urethra is empty the mucous membrane of this part is

„„ thrown into longitudinal folds, which are obliterated by dis-

tention.

The penile or spongy portion {yars cavernosa) (Figs.

1136 and 1138) is the longest part of the urethra, and is

contained in the corpus spongiosum. It is about six inches

(15 cm.) in length, and extends from the termination of the

i MM. membranous portion to the meatus urinarius. Its proximal
end is fixed in position and unchangeable in direction. Its

distal end is movable and changeable in direction. Com-
mencing just below the triangular ligament it is first directed

forward through the bulb; it then passes downward and for-

MM ward, the turn beginning at the point of attachment of the

suspensory ligament of the penis (Fig. 1128). The direction

of the spongy portion of the urethra is changed by altera-

tions in the position of the penis. When the canal is closed

the anterior and posterior walls are in contact (roof and
*""• floor), except in the glans penis, where the lateral walls

Fio. 1137. — Cross-sec-
tion of tlie male urethra
at various distances from
its free end, showing
marked alterations ol
form. (Testut.)
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Fig. 1138.—The distai port-on of the male urethra, laid open on its

posterior (under) surface, showing the lacuniE, (Testut.)

come together. The calibre of the spongy urethra varies in different por-
tions of the tube. It is narrow and of uniform size in the body of the penis,

measuring about one-third of an inch (9 mm.) in diameter; it is dilated behind,
within the bulb (13 to 14 mm.), and again anteriorly within the glans penis (12
to 14 mm.), where it forms the fossa navicularis (fossa navicularis urethrae). In
the roof of the fossa navicularis there is a transverse fold of mucous membrane.
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the valve of Guerin (valmtlae fossae navicularis) , guarding a recess, the lacuna

magna. The urethra opens anteriorly by the meatus urinarius.

The bulbous portion is a name sometimes given to the posterior part of the spongy
portion contained within the bulb.

The meatus urinarius or external orifice of the urethra (orificmm urethrae externum)

(Figs. 1136 and 1138) is the most contracted part of the urethra. Its caHbre

averages about 7 mm. It is a vertical slit (Fig. 1137), bounded on each side by
a small lip or labium.

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 (Fig. 1138)

situated in the subepithelial tissue, and named the glands of Littre (glandulae

urethrales). Besides these there are a number of little recesses or follicles, of

varying sizes, called lacunae {lacunae urethrales). Their orifices are directed for-

ward, so that they may easily intercept the point of a catheter in its passage along

the canal. One of these lacunae, larger than the rest, is situated in the upper sur-

face of the fossa navicularis, about half an inch from the orifice; it is called the

lacuna magna (Fig. 1138). Into the bulbous portion are found opening the ducts

of Cowper's glands.

Structure.—The male urethra is composed of three coats

—

mucous, muscular, and fibrous.

The mucous coat forms part of the urinogenital 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 and the prostate gland—into the vasa deferentia and the seminal

vesicles through the ejaculatory ducts. The mucous membrane is arranged in longitudinal

folds when the tube is empty. Small papillae are found upon it near the orifice, and its epithelial

lining varies in the different divisions. The prostatic portion is Uned by transitional cells, con-

tinued from the bladder, the membranous portion by stratified columnar cells, and the penile

portion by simple columnar epithelium, except in the /o**o navicularis, where stratified squamous
cells are found. The cells rest upon a basement membrane supported by the tunica propria,

composed of fibroelastic tissue. In the latter are foimd diffuse lymphoid tissue and racemose
glands, the urethral glands (glands of Littre).

The muscular layer is continuous with the muscle of the prostate and bladder, and lies external

to the mucous coat. It is composed of nonstriated muscle arranged in an outer layer of circular

fibres (stratum circulare) and an inner layer of longitudinal fibres (stratum longitudinale). These
layers are prominent in the prostatic urethra, less so in the membranous portion, and ultimately

disappear in the spong\' part. The longitudinal fibres, when contracted, shorten the urethra

and increase its diameter. The circular fibres are in a state of tonic contraction and close the

urethra, constituting, apparently, a real sphincter (Zeissl, Zuckerkandl). The so-called sphincter

of the urethra, the Accelerator urinae, is a voluntary muscle and is not the real sphincter. Out-
side of the muscle layer of the urethra is the tissue of the corpus spongiosum.
The fibrous coat (tunica fibrosa) consists chiefly of white fibrous tissue supporting the pre-

ceding coats.

Applied Anatomy.—The urethra may be ruptured by the patient falling astride of any hard
substance and striking his perineum, so that the urethra is crushed against the pubic arch.

Bleeding will at once take place from the lu-ethra, and this, together with the bruising in the

perineum and the history of the accident, will at once point to the nature of the injury.

Rupture of the urethra leads to extravasation of urine. In rupture back of the sujjerior layer

of the triangular ligament the urine usually follows the rectum and reaches the margin of the
anus. Rupture of the membranous part Uberates urine between the two layers of the triangular

ligament, where it remains until a path of exit is made by suppuration or the surgeon's knife.

In rupture superficial to the anterior layer of the ligament the urine passes into the scrotum and
may mount up to the abdomen between the symphysis and the pubic spine, between which
points the deep layer of the superficial fascia is not attached. It cannot pass to the thigh nor
cross the midline, because the fascia is attached to the fascia lata and at the midline.

The applied anatomy of the urethra is of considerable importance in connection with the
passage of instruments into the bladder. Otis was the first to point out that the urethra is

capable of great dilatation, so that, excepting through the external meatus, an instrument corre-

sponding to 20 to 28 French gauge can usually be passed without damage. The orifice of

the urethra is not so dilatable, and therefore may require slitting, although the introduction

of the Oberlander dilator, which is expanded after introduction, renders slitting of the meatus
seldom necessary in cases of chronic gonorrhoea. A recognition of this dilatability caused Bige-
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low to very considerably modify the operation of lithotrity and introduce that of litholapaxy.

In passing a fine catheter, the point of the instrument after it has passed the lacuna magna should

be kept as far as possible along the upper wall of the canal, as the point is otherwise very liable

to enter one of the lacunse. Stricture of the urethra is a disease of very common occurrence, and
is generally situated in the spongy portion of the urethra, most commonly in the bulbous portion

just in front of the membranous urethra, but in a very considerable number of cases in the penile

part of the canal. Even in a normal urethra, and very markedly in an inflamed urethra, a
bougie encounters resistance behind the bulb. This is usually supposed to be due to spasm of

the Compressor urethrse muscle.

In irrigation of the urethra by gravity fluid tends to block at the same point, especially if it is

thrown in suddenly or forcibly. If a reservoir is raised seven and one-half feet from the floor,

and if a patient sits on a chair or Hes upon a bed, fluid can be readily made to pass by hydraulic

pressure from the meatus to the bladder. Spasm may temporarily prevent the inflow, but the

weight of the column of fluid soon tires out the muscle and causes it to relax. Relaxation is

favored by having the patient take slow, deep breaths, and make efforts at urination (Valentine).

Chronic gonorrhea is frequently kept up by persistent inflammation of the ducts and follicles

in the mucous membrane. This condition is known as chronic glandular urethritis or para-

urethritis. In these crypts and glands gonococci may remain when gonorrhea appears to have
passed away, and from time to time reinfection of the urethra may arise from such a source.

Median urethrotomy or perineal section is opening of the membranous urethra. Through such

an opening the bladder can be drained and explored, and the operation is sometimes called

median cystotomy.

In lateral lithotomy the knife enters the membranous urethra and strikes the groove of the

staff. Its edge is then turned toward the left ischial tuberosity and is carried along the groove
into the bladder, dividing the membranous urethra, the prostatic urethra, the posterior layer of

the triangular ligament, the Compressor urethrfe muscle, anterior fibres of the Levator ani

muscle and the left lobe of the prostate gland.

THE FEMALE URETHRA (URETHRA MULIEBRIS).

The female urethra is a narrow membranous canal, about an inch and a half in

length, extending from the internal urethral orifice at the neck of the bladder to

the meatus urinarius. It is placed behind the symphysis pubis, embedded in the

anterior wall of the vagina, and its direction is obliquely downward and forward;

its course is slightly curved and the concavity directed forward and upward.
Ordinarily the wall is collapsed so that the lumen is of stellate outline; the urethra

may be dilated to about a quarter of an inch (6 to 8 mm.); toward the bladder
the calibre increases slightly. The urethra perforates both layers of the tri-

angular ligament, and its external orifice is situated directly in front of the vaginal

opening and about an inch behind the glans clitoridis.

Structure.—The female urethra consists of three coats

—

mucous, muscular, and fibrous.

The mucous coat (tunica mucosa) 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 floor of the canal, extends from the vesical trigone almost to the external orifice of the
urethra. It is called the crest (crista urethralis). The outline of the urethra is stellate when
collapsed, because of the formation of numerous longitudinal folds. It is lined by lammated
epithelium, which becomes transitional near the bladder. Many mucous glands open into the
urethra, and there are numerous lacunae. On either side of the terminal portion of the urethra
lie a group of mucous glands (glandulae paraurethrales) , each lateral group opening into the vesti-

bule by a common duct (ductus paraurethralis) at the side of the urinary meatus. These glands
are regarded as being homologous with the prostate in the male.
The mucous coat is lined by stratified squamous cells resting upon a basement membrane and

by papillated tunica propria; the latter consists of fibroelastic tissue containing the smaller
vessels, some lymphoid tissue, and a few racemose glands. In the deeper portion of the tunica
propria the structure is very vascular, is of a spongy nature, and constitutes the erectile tissue.

The muscular coat (tunica muscularis) is continuous with that of the bladder; it extends the
whole length of the tube, and consists of an internal layer of nonstriated longitudinal fibres
(stratum longitudinale) and an external layer of nonstriated circular fibres (stratum circulars).

In addition to these, between the two layers of the triangular ligament, the female urethra is sur-
rounded by the Compressor urethrae muscle, as in the male.
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The fibrous coat consists of white fibrous tissue which supports the other coats.

The urethra, because it is not siu-rounded by dense resisting structures, as in the male, admits

of great dilatation, which enables the surgeon to remove with considerable facility calculi or

other foreign bodies from the cavity of the bladder.

INTERNAL
ORIFICE OF
URETHRA

RECTO-
UTERINE
POUCH
POSTERIOR
FORNIX OF
VAGINA
RECTO-
VAGINAL
SEPTUM

EXTERNAL
ORIFICE OF
URETHRA

Fig. 1139.—Mesal section through the pehis of a woman, aged twenty-one years.
(Corning.)

Peritoneum in blue.

THE MALE REPRODUCTIVE ORGANS.

The male reproductive organs (organa genitalia virilia) include the testes, the

7asa deferentia, the seminal vesicles, the ejaculatory ducts, and the penis, together

with the following accessory structures—viz., the prostate and Cowper's glands.

THE TESTICLES (TESTES) AND THEIR COVERINGS (Figs. 1140, 1141).

The testes are two glandular organs, which secrete the spermatozoa; they are

situated in the scrotum, being suspended by the spermatic cords. At an early

period of fetal 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 coverings derived



1372 THE VRINOGENITAL ORGANS

from the serous, muscular, and fibrous layers of the abdominal parietes as well

as by the scrotum proper.

The coverings of the testis are the following:

Skin ) ,,

rx X c bcrotum.Dartos )

Intercoluranar or External spermatic fascia.

Cremasteric fascia.

Infundibuliform or Internal spermatic fascia.

Tunica vaginalis.

RIGHT INGUINAL CANAL
(OPENEDJ

CREMASTERIC MUSCLE-
AND FASCIA
INTERCOLUMNAR

FASCIA

PERSISTENT SEROUS
CAVITY AROUND

CORD—EXCEPTIONAL

TUNICA VAQINALIS
PARIETAL LAYER

INFUNDIBULIFORM
FASCIA

SESSILE
HYDATID

RIGHT HALF OF SCROTUM SKIN LEFT HALF OF SCROTUM
Fig. 1140.—The scrotum. On the left side the cavity of the tunica vaginalis has been opened; on the

nght s:de only the layers superficial to the Cremaster have been removed. (Testut.)

The scrotum^ (Figs. 1140 and 1141) is a cutaneous pouch which contains
the testes and part of the spermatic cords. It is divided on its surface into two
lateral portions by a median line or raph^ {raphe scrofi), which is continued
forward to the under surface of the penis and backward along the middle line

of the perineum to the anus. Of these two lateral portions, the left is usually
longer than the right, to correspond with the usual greater length of the left sper-
matic cord. Its external aspect varies under different circumstances; thus, under
the influence of warmth and in old and debilitated persons it becomes elongated
and flaccid but under the influence of cold or sexual excitement and in the young

' Originally scortum, a bag of leather or skin; through a blunder two of the letters in the word have become
transposed.
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and robust it is short, corrugated, and closely applied to the testes. The wrinkles

in the scrotum are called rugs.

The scrotum consists of two layers, the integument and the dartos.

The integument is very thin, of a brownish color, and generally thrown into folds

or rugae. It is provided with sebaceous follicles, the secretion of which has a
peculiar odor, and is beset with thinly scattered, crisp hairs, the roots of which
may be seen through the skin.

EXTERNAL
ABDOMINAL

RING

ACCESSORY
SLIP OF

ORIGIN OF
CREMASTER

MUSCLE

SPERMATIC
CORD

t/A8

DEFERENS

SPERMATIC
ARTERY

NERVE FILAMENTS
OF SPERMATIC
PLEXUS

CREMASTER
MUSCLE

SEPTUM OF
SCROTUM

DEFERENTIAL
ARTERY

INFUNOIBULIFORM
FASCIA

SPERMATIC
PLEXUS

EPIDIDYMIS
PARIETAL
LAYER OF
TUNICA
VAGINALIS

Fig. ll^l^The scrotum. The penis has been turned upward, and the anterior wall of the scrotiim has been
removed. On the right side, the spermatic cord, the infundibuliform fascia, and the Cremaster muscle are dis-
played; on the left side, the infundibuhform fascia has been divided by a lonpritudinal incision passing along the
iront ot tne cord and the testicle, and a portion of the parietal layer of the tunica vaginalis has been removed to
display tne testicle and a portion of the head of the epididymis, which are covered by the visceral layer of the
tunica vaginalis. (Toldt.)

The dartos {tunica dartos) (Figs. 1140 and 1142) is a thin layer of loose vascular

tissue, containing smooth muscle tissue, but no fat ; it forms the proper tunic of

the scrotum, is continuous around the base of the scrotum, \Ndth the two layers of

the superficial fascia of the groin and perineum, and sends inward a distinct

mesal septum, the septum of the scrotum {septum scroti) (Fig. 1140), which divides

it into two cavities for the two testes, the septum extending between the raph^

and the under surface of the penis as far as its root.
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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

facility.

The intercolumnar or external spermatic fascia (Fig. 1140) is a thin membrane
derived from the margin of the pillars of the external abdominal ring, during

the descent of the testis in the fetus, which is prolonged downward 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 inti-

mately connected with the succeeding layers.

The cremasteric fascia (fascia cremasterica) (Figs. 1140 and 1141) consists

of scattered bundles of muscle fibres, the Cremaster muscle (m. cremaster) (Figs.

1140 and 1141) derived from the lower border of the Internal oblique and collected

within a continuous covering by intermediate areolar tissue.

SMn.

Dartos.

Intercolumnar fascia.

Cremasteric fascia.

Infimdibulifonn fascia.

Parietal tunica vaginalis.

Visceral tunica vaginalis..

Tunica albuginea

Tunica vasculosa

A lobule of the testicle..

A septum. _ \W

Mediastinum testis.

Digital fossa..

Spermatic vein..

Epididymis.

Vas deferens.

Artery to vas.

Spermatic artery.

Internal muscle

tunic of Kolliker.

Fig. 1142.—Transverse section through the left side of the scrotum and the left testis. The sac of the tunica vagi-
nalis is represented in a distended condition. (DeMpine.)

The infundibiiliform fascia (tunica vaginalis communis [testis et funiculi sper-

matici]) (Figs. 1140 and 1141) is a thin membranous layer, which loosely invests

the surface of the cord. It is a continuation downward of the fascia transversalis.

Beneath it is a quantity of loose connective tissue which connects this layer of

fascia with the spermatic cord and posterior parts of the testicle. This connective

tissue is continuous above with the subserous areolar tissue of the abdomen.
These two layers, the infundibuliform fascia and the tissue beneath it, are known
collectively as the fascia propria. The infundibuliform fascia completely encloses

the testicle and epididymis and is fused with the parietal lamina of the tunica

vaginalis propria testis.

The tunica vaginalis (tunica vaginalis propria testis) is described with the

testis (p. 1379).

Vessels and Nerves.—The arteries supplying the coverings of the testis are the superficial
and deep external pudic, from the femoral; the superficial perineal branch of the internal pudic;
and the cremasteric branch from the deep epigastric. The veins follow the course of the corre-
sponding arteries. The Ijonphatics terminate in the inguinal nodes. The nerves are the
ilioinguinal and genital branch of the genitofemoral nerve and of the lumbar plexus, the two
superficial perineal branches of the internal pudic nerve, and the inferior pudendal branch of the
small sciatic nerve.



THE TESTICLES AND THEIR COVERINGS 1375

SPERMATIC
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The mifuinal or spermatic canal {canalis mguinalis) (Figs. 330 and 1124)

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 downward and in-

ward and placed parallel

with, and a little above,

Poupart's ligament. It com-
mences above at the internal

or deep abdominal ring, which

is the point where the cord

enters the inguinal canal, and
terminates below at the ex-

ternal or superficial ring. It

is bounded, in front, by the

integument and superficial

fascia, by the aponeurosis of

the External oblique through-

out its whole length, and by
the Internal oblique for its

outer third; behind, by the

triangular fascia, the conjoined

tendon of the Internal oblique

and Transversalis, transver-

salis fascia, and the subperi-

toneal fat and peritoneum;

above, by the arched fibres of the Internal oblique and Transversalis; below,

by the union of the transversalis fascia with Poupart's ligament.

ANASTOMOSIS
OF VEINS

Fio. 1143.^The arteries of the testis and the cord.
Charpy.)

(Poirier and

TRANSVERSALIS
FASCIA

DEEP
EPIGASTRIC

ARTERY

LIGAMENT
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SPERMATIC
ARTERY

PAMPINIFORM
PLEXUS

SPERMATIC
CORD

Fig. 1144.—The spermatic cord and the ligament of Cloquet. (Poirier and Charpy.)

The spermatic cord {funiculus spermaticus) (Figs. 1140 and 1144) extends

from the internal abdominal ring, where the structures of which it is composed
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converge, to the back part of the testicle. In the abdominal wall the cord passes

obliquely along the inguinal canal, lying at first beneath the Internal oblique muscle

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 usually rather longer than the

right, consequently the left testis generally hangs somewhat lower than its fellow.

VA8
DEFERENS

SPERMATIC
CORD

INTERNAL
SAPHENOUS
VEIN

Fig. 1145.'—The spermatic cord in the inguinal canal. (Poirier and Charpy.)

Structure.—The spermatic cord contains the spermatic duct or vas deferens, the deferential

artery and veins, the spermatic artery, the pampiniform plexus of veins, the spermatic plexus,

and the deferential plexus of the sympathetic nerve, lymphatics, and the cord-like remnant of the

funicular process of peritoneum called the ligament of Cloquet (Fig. 1144). All the above
structures are held together by connective tissue. These structures are ensheathed by the
infundibuliform process of the transversalis fascia (Fig. 1144 and p. 1374). This fascia is thin

above and thicker below, and encloses the testicle and epididymis, as well as the cord, being

firmly adherent to the parietal layer of the vaginal tunic of the testicle and with the posterior por-

tion of the testicle and epididymis. Upon this fascia are the fibres of the Cremaster muscle,

which spring from the Internal oblique, and in this fascia are the cremasteric artery, the genital

branch of the genitofemoral nerve, and external spermatic veins. This fascia is surrounded by
the intercolumnar or spermatic fascia, which is distinct above, but not below.

Vessels and Nerves of the Spermatic Cord.

—

The arteries (Figs. 1141 and 1143) of the cord

are the spermatic, from the aorta; the artery of the vas deferens, from the superior vesical; the

cremasteric, from the deep epigastric.

The spermatic artery (a. spermatica interna) arises from the abdominal aorta below the renal

artery, descends by the Psoas muscle, crosses the ureter and external iliac vessels, meets the vas
deferens at the internal abdominal ring, escapes from the abdomen at the internal or deep ab-
dominal ring, and lying in front of the vas deferens accompanies the other constituents of the
spermatic cord along the inguinal canal and through the external abdominal ring into the scrotum.
It then descends to the testis, and, becoming tortuous, divides into several branches, two or three
of which, the epididsonal branches, accompany the vas deferens and supply the epididymis,
anastomosing with the artery of the vas deferens and the cremasteric artery; others, the glandular
branches, pierce the back of the tunica albuginea and supply the substance of the testis.

The artery of the vas deferens (a. deferenfialis) , a branch of the superior vesical, is a long
slender vessel which accompanies the vas deferens, ramifying upon the coats of that duct, and
anastomosing with the spermatic artery and the cremasteric artery near the testis.
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The cremasteric artery (a. spermatica externa) is a branch of the deep epigastric artery. It

accompanies the spermatic cord and suppHes the Cremaster muscle and other coverings of the

cord, anastomosing with the spermatic and deferential arteries.

The spermatic veins (Figs. 523 and 1146) emerge from the back of the testis and receive

tributaries from the epididymis; they unite and form a convoluted plexus, the pampiniform
pleziis (plcTus pampiniformis), which forms the chief mass of the cord; the vessels composing
this plexus are very numerous, and ascend along the cord in front of the vas deferens; below the

external or superficial abdominal ring they unite to form three or four veins, which pass along the

inguinal canal, and, entering the abdomen through the internal or deep abdominal ring, coalesce

to form two veins. These again unite to form a single vein, which opens on the right side into

the inferior vena cava at an acute angle, and on the left side into the left renal vein at a right angle.

The l3miphatic vessels of the scrotum terminate in the superficial inguinal nodes. The lym-
phatics of the testicle join the lymphatics of the epididymis and of the visceral layer of the vaginal

tunic of the testicle, and ascend in the spermatic cord. They reach the lumbar region along the

spermatic bloodvessels and terminate in the lateral aortic nodes, and sometimes in the nodes in

front of the aorta. The lymphatics of the seminal duct pass to the external iliac nodes.

The nerves are the spermatic plexus from the sympathetic, joined by filaments from the

pelvic plexus which accompany the artery of the vas deferens

Fig. 1146.—Spermatic veins. (Testut.)

The testes (Figs. 1141 and 1146) are suspended in the scrotum by the spermatic
cords, the left testis hanging somewhat lower than its fellow. The average dimen-
sions of this gland are from one and a half to two inches (4 cm.) in length, one
inch (2.5 cm.) in breadth, and an inch and a quarter (3 cm.) in the antero-posterior

diameter, and the weight varies from six to eight drams (25 to 30 grams). It is

of a grayish-white color, and of resilient consistency. Each gland is of an oval
87
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form, compressed laterally, and having an oblique position in the scrotum, the

upper extremity (extremitus superior) being directed forward and a little outward,

the lower extremity (extremitus inferior), backward and a little inward; the an-

terior convex border looks forward and downward; the posterior or straight border

{margo posterior), to which the cord is attached, backward and upward.

The anterior border (margo anterior) and lateral surfaces (fades lateralis et fades

medialis), as well as both extremities of the organ, are convex, free, smooth, and

invested by the visceral layer of the tunica vaginalis. The posterior border,

to which the cord is attached, receives only a partial investment from that mem-
brane. To the inferior part of the posterior border is attached the gubemaculum

testis (see p. 1424), which anchors the testis firmly to the scrotum. Lying upon

the outer edge of this posterior border is a long, narrow , flattened body, named,

from its relation to the testis, the epididymis (Figs. 1147 and 1148), which curves

outwajd and backward.

Spermatic cord.

ill
Artery of

cord.

Tunica vaginalis,

parietal layer.

Non-peduncnlated
hydatid.

fosaa.

MEDIASTINUM
TESTIS

ALBUGINCA

Fig. 1147.—The left testis in situ, the tunica vagi-
nalis having been laid open.

Fig. 1148.—Frontal section of the testis and epi-
didymis. (Poirier and Charpy.)

The epididymis consists of a central portion or body (corpus epididymidis); an
upper enlarged extremity, the head or globus major (caput epididymidis); and a
lower pointed extremity, the tail or globus minor (cauda epididymidis). The
globus major is directed inward and 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
globus minor bends suddenly and passes into the seminal duct, the direction of
which is upward and backward. The outer surface and upper and lower ends of
the epididymis are free and covered by serous membrane; the body is also com-
pletely invested by it, excepting along its inner border, and between the body and
the posterior part of the outer surface of the testis is a pouch or cul-de-sac, named
the digital fossa (sinus epididymidis). Above this fossa is a fold of the tunica
vaginalis, which is called the ligamentum epididymidis superior, and below it is

another fold, the ligamentum epididymidis inferior. The epididymis is con-
nected to the back of the testis by a fold of the serous membrane. Attached to
the upper end of the testis, close to the globus major, is a small body; it is oblong
in shape and has a broad base, and is called the sessile hydatid (apjwndix testis

[Morgagni]) (Figs. 1140 and 1147). Attached to the globus major of the epi-



THE TESTICLES AND THEIR COVERINGS 1379

Tunica Vaginaiia.

Tunica AUmginea.

Its Septa

didymis is another small, pear-shaped body—the pedunciilated hydatid (appendix

epididymidis). These bodies are the remains of embryonic structures. When
the testis is removed from the body, the position of the vas deferens, on the pos-

terior surface of the testis and inner side of the epididymis, marks the side to which

the gland has belonged.

Structure of the Epididymis.—The epididymis is surrounded by a capsule of white fibrous

tissue. The globus major consists of from ten to fifteen tubules, which are convoluted and lined

by stratified ciliated epithelial cells. The body and globus minor are composed of the convolu-

tions of a single tubule, which if straightened would measure upward of twenty feet. These
parts are lined by stratified cihated cells and continue as the vas deferens.

The Tunics of the Testicle.—^The testis is invested by two tunics—the tunica

vaginalis and the tunica albuginea

The tiinica vaginalis (tunica vaginalis propria testis) (Figs. 1147 and 1150)

is the serous covering of the testis and epididymis. It is a pouch of serous mem-
brane, derived from the peritoneum (processus vaginalis peritonaei) during the

descent of the testis in the

fetus from the abdomen into

the scrotum. After its descent

that portion of the pouch
which extends from the internal

ring to near the upper part of

the gland, thefunicular process,

becomes obliterated, the lower

portion remaining as a shut

sac, which invests the outer

surface of the testis, and is re-

flected to the internal surface

of the scrotum; hence it may
be described as consisting of a

visceral and parietal portion.

The visceral portion (lamina

visceralis) of the tunica vagi-

nalis propria covers the outer

surface of the testis, as well as

the epididymis, connecting the

latter to the testis by means
of a distinct fold. From the

posterior border of the gland

it is reflected to the internal

surface of the infundibuliform process of the transversalis fascia, and between the

tunic and the fascia is a layer of unstriated muscle fibres, the Internal cremaster

muscle (Fig. 1142).

The parietal portion (lamina parietalis) of the tunica vaginalis propria is the

reflected portion. It is far more extensive than the visceral portion, extending

upward 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 layer of endothelial cells. The interval between the visceral and
parietal layers of this membrane constitutes the cavity of the tunica vaginalis and
contains a small amount of serous fluid.

The obliterated portion of the pouch may generally be seen as a fibrocellular

thread, the ligament of Cloquet (rudimentum processus vaginalis) (Fig, 1144),
lying in the loose areolar tissue around the spermatic cord; sometimes this may be
traced as a distinct band from the upper end of the inguinal canal, where it is

TuJmli
seminiferi

contorti.

Duciuii
efferentes.

Tuhuli

seminiferi

recti.

Fig. 1149.- -Vertical section of the testis, to show the arrange-
ment of the ducts.
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connected with the peritoneum, down to the tunica vaginalis; sometimes it gradu-

ally becomes lost on the spermatic cord. Occasionally no trace of it can be de-

tected. In some cases it happens that the pouch of peritoneum does not become

obliterated, but the peritoneal cavity communicates with the tunica vaginalis.

This may give rise to one of the varieties of oblique inguinal hernia or hydrocele;

or in other cases the pouch may contract, but not become entirely obliterated;

it then forms a minute canal leading from the peritoneum to the tunica vaginalis.

The tunica albuginea (Figs. 1148 and 1149) is the fibrous covering of the testis.

It is a dense fibrous membrane, of a bluish-white color, composed of bundles

of white fibrous tissue, which interlace in every direction. Its outer surface is

covered by the tunica vaginalis, except at the points of attachment of the epididy-

mis to the testis, and along its posterior border, where the spermatic vessels enter

the gland. It consists of two portions, the tunica fibrosa and the tunica vasculosa;

the former is the thicker of the two and contains few vessels, while the latter con-

tains many small vessels. The tunica vasculosa sends septa into the organ

which divide it into compartments. These septa converge and end at the

mediastinum. This membrane surrounds the glandular structure of the testis,

and at its posterior border forms a projection, triangular in shape and cellular

in structure, which is reflected into the interior of the gland, forming an incomplete

vertical septum, called the mediastinum testis.

The mediastinum testis (corpus Highmori) (Figs. 1148 and 1149) extends

from the upper, nearly to the lower, extremity of the gland, and is wider above

than below. From the front and sides of this septum numerous slender fibrous

cords and imperfect septa

—

septula testis (Fig. 1149)—are given off, which radiate

toward the surface of the organ, and are attached to the inner surface of the tunica

albuginea. This scaffolding of connective tissue divides the parenchyma (paren-

chyma testis) of the organ into a number of incomplete spaces, which are somewhat
cone-shaped, being broad at their bases at the surface of the gland, and becoming

narrower as they converge to the mediastinum. The mediastinum supports

the bloodvessels, lymphatics, and ducts of the testis in their passage to and from

the substance of the gland, and contains numerous fine canals, into which open

the very small tubules of the proper substance of the testis.

Structure of the Testis (Fig. 1149).—The glandular structure of the testis consists of

numerous lobllles (lobuli testis). Their number, in a single testis, is estimated to be about 200.

They differ in size according to their position, those in the middle of the gland being larger and
longer. The lobules are pyramidal in shape, the base of each being directed toward the circum-

ference of the organ, the apex toward the mediastinum. Each lobule is contained in one of the

intervals between the fibrous cords and vascular processes which extend between the medias-

tinum testis and the tunica albuginea, and consists of from one to three or more minute convo-

luted tubes 2i feet in length and 140 to 200 /j. in diameter, the tubuli seminiferi contorti, which
usually end blindly beneath the tunica albuginea. The contorted tubes unite at the apex of

the lobules and form several straight tubes (tubuli recti), which pass into the mediastinum testis

and form the network known as the rete testis (Fig. 1149). The efferent ducts (dnctuli effer-

entes testis) (Fig. 1149), about twelve to fifteen in number, arise from the rete and continue into

the globus major as the coni vasculosi. The total number of tubes is considered by Lauth to

be about 840. The tubuH recti and rete testes are lined by simple squamous or cuboidal cells,

while the vasa efferentia are Hned by simple columnar cells which are either ciliated or non-

ciliated. The convoluted tubules are pale in color in early life, but in old age they acquire a
deep yellow tinge from containing much fatty matter. Each tube consists of a basement layer,

formed of epithelial cells united edge to edge, outside of which are other layers of flattened cells

arranged in interrupted laminae, which give to the tube an appearance of striation in cross-

section. The cells of the outer layers gradually pass into the interstitial tissue. Within the base-

ment membrane are epithelial cells arranged in several irregular layers, which are not always

clearly separated, but which may be arranged in different groups that do not form clearly defined

layers. The various groups cannot be seen in a single cross-section, but may be discerned in

successive sections. Among these cells may be seen the spermia in different stages of develop-

ment. (1) Lining the basement membrane and forming the outer zone is a layer of cubical

cells, spermatogonia, containing small nuclei and pyramidal cells, the columns of Sertoli. The
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nucleus of the former may be seen to be in the process of indirect division (karyokinesis), and in

consequence of this daughter cells are formed, which constitute the second zone. (2) Within this

first layer is to be seen a number of larger cells with clear nuclei, arranged in two or three strata

;

these are the spennatoc3rtes of the first order, or mother cells. Most of the cells are in a con-

dition of karvokinetic division, and the cells which result from this division form those of the next

layer, the spermatocjrtes of the second order, or daughter cells. (3) The latter by division

give rise to the spermids, which change into the spennia or spermatozoa. In addition to these

three layers of cells, others are seen, which are termed the supporting cells, or cells of Sertoli.

They are elongated and columnar, and project inward from the basement membrane toward
the lumen of the tube. They give off numerous lateral branches, which form a reticulum for the

support of the three groups of cells just described. As development of the spermia proceeds, the

latter group themselves around the inner extremities of the supporting cells. The nuclear part of

the spermid, which is partly embedded in the supporting cell, is differentiated to form the head
of the spermium, while the cell protoplasm becomes lengthened out to form the middle piece

and tail, the latter projecting into the lumen of the tube. Ultimately the heads are separated
from the column of Sertoli and the spermia are set free.

The process of spermatogenesis bears a close relation to that of maturation of the owma.
The spermatocyte is equivalent to the immature o\'um. It undergoes subdivision, and ulti-

mately gives origin to four spermia, each of which contains, therefore, only one-fourth of the
chromatin elements of the nucleus of the spermatocyte (see Oviun, p. 1400).

TUNICA
VAGINALIS

^^-^ DART08

STOMOSIS
EINS

Fig. 1150. -Vaginal tunics of the right testicle,

ier and Charpy.

)

(Poir- Fio. 1151.—Ligament of the scrotum or guber-
naculum testis. (Poirier and Charpy.)

, The tubules are enclosed in a delicate plexus of capillary vessels, and are held together by an
mtertubular connective tissue, which presents large interstitial spaces lined by endothelium,

which are believed to be the rootlets of lymphatic vessels of the testis. In this interstitial tissue

are groups of large granular cells, the interstitial cells. These contain pigment, fat, and crystal-

loids, and are more numerous before and after sexual activity.

The aberrant ducts of the epididsrmis (ductuli aherrantes) are tortuous and end in blind ex-

tremities. The superior aberrant duct (ductus aberratis superior) is in the globus major and
joins the rete testis. The inferior aberrant duct (ductus aherrans inferior) (Fig. 1149). is in the

tail of the epididymis, and takes origin from the duct of the epididymis or the seminal duct. It

is a persistent canal of the Wolffian body. It extends up the cord for two or three inches and
terminates by a blind extremity, which is occasionally bifurcated. It may be as much as fourteen

inches in length when unravelled. Its structure is similar to that of the vas deferens.

The descent of the testis will be described on page 1424.

The Semen.—The semen is the viscid, whitish, or opalescent fluid, of alkah'ne

reaction and characteristic odor, which is secreted by the testes, prostate, seminal

vesicles, and Cowper's glands. It contains water and about 18 per cent, of solid

matter, chiefly consisting of proteids, salts, and nitrogenous substances. The
semen serves to convey and maintain the vitality of the spermia in their course

along the seminal passages.

The Spermatozoa, or Spermia, are present in enormous numbers in the seminal

fluid. Each consists of a head, neck, body, and tail.
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The head is oval, but flattened so that when viewed in profile it is pear-shaped.

Its anterior part is covered by a layer of modified tissue called the head-cap or

yerforator.

The neck and body together form a cylindric or rod-like segment, the neck

containing the two centrosomes. From the posterior centrosome proceeds the

axial filament, which in the body of the spermium is encircled by a spiral thread.

The tail is about four times the combined length of the head and body, and

consists of the axial filament surrounded by a delicate sheath of protoplasm.

The terminal portion of the tail is named the end piece, and consists of the axial

filament only.

By virtue of their tails, which act as propellers, the spermia, in the fresh con-

dition, are capable of free movement, and if placed in favorable surroundings

{e. g., in the female passages) may retain their vitality for several days.

.Head

Middle
piece

Main piece
'

Head'

Middle
_

piece

of
the

tail

Applied Anatomy.—The scrotum forms an admirable
covering for the protection of the testicle. This body, lying

suspended and loose in the cavity of the scrotum, and sur-

rounded by a serous membrane, is capable of great mobility,

and can therefore easily slip about within the scrotum, and
thus avoid injuries from blows or squeezes. The skin of the

scrotum is very elastic and capable of great distention, and
on account of the looseness and amount of subcutaneous
tissue, the scrotum becomes greatly enlarged in cases of

edema, to which this part is especially liable on account of

its dependent position. The scrotum is frequently the seat

of epithelioma; this is no doubt due to the rugte on its surface,

which favor the lodgement of dirt, and this, causing irritation,

is the exciting cause of the disease. Cancer was especially

common in chimney-sweeps from the lodgement of soot.

The scrotum is also the part most frequently affected by
elephantiasis.

On account of the looseness of the subcutaneous tissue

considerable extravasations of blood may take place from very
slight injuries. It is therefore generally recommended never

to apply leeches to the scrotum, since they may lead to

considerable ecchymosis, but rather to puncture one or more
of the superficial veins of the scrotum in cases where local

bloodletting from this part is judged to be desirable. The
muscle tissue in the dartos causes contraction and consider-

able diminution in the size of a wound of the scrotum, as

after the operation of castration, and is of assistance in keep-

ing the edges together and covering the exposed parts.

Abnormalities in the formation and in the descent of the testes may occur. The testis may
fail to be developed, or it may be fully developed and the vas deferens may be undeveloped in

whole or in part; or, again, both testes and vas deferens may be fully developed, but the duct may
not become connected to the gland. The testis may fail in its descent (cryptorchismus) or it may
descend into some abnormal position (ectopia testis). Thus, it may be retained in the position
where it was primarily developed, below the kidney; or it may descend to the internal abdominal
ring, but fail to pa^s through this opening; it may be retained in the inguinal canal, which is,

perhaps, the most common position; or it may pass through the external abdominal ring and
remain just outside it, failing to pass to the bottom of the scrotum. On the other hand, it may
get mto some abnormal position; it may pass the scrotum and reach the perineum, or it may
fail to enter the inguinal canal, and may find its way through the femoral ring into the crural

canal, and present itself on the thigh at the sapheneus opening. Ectopia testis is due to the
absence, overdevelopment, or malposition of some portion of the gubernaculum. There is still

a third class of cases of abnormality in the position of the testis, where the organ has descended in

due course into the scrotum, but is malplaced. The most common form of this is where the testis

is inverted; that is to say, the organ is rotated, so that the epididymis is connected to the front of

the scrotum, and the body, surrounded by the tunica vaginalis, is directed backward. In these
cases the vas deferens is to be felt in the front of the cord. The condition is of importance in

connection with hydrocele and hematocele, and the position of the testis should always be care-
fully ascertained before performing any operation for these affections. Again, more rarely, the
testis may be reversed. This is a condition in which the top of the testis, indicated by the globus

-^nd piece

Fig. 1152.—Spermium of man. At
the left a surface view is shown;
at the right a lateral view. X 1200.
(Szymonowicz, after Retzius.)
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major of the epididymis, is at the bottom of the scrotum, and the vas deferens comes off from the

summit of the organ.

The testis may require removal for malignant disease, tuberculous disease, cystic disease, in

cases of large hernia testis, and in some instances of incompletely descended or misplaced testes.

The operation of castration is a comparatively simple one. An incision is made into the cavity

of the tunica vaginalis from the external ring to the bottom of the scrotum. The coverings are

shelled off the organ, and the mesorchium, stretching between the back of the testis and the

scrotum, divided. The cord is then isolated, and an aneurism needle, armed with a double

ligature, passed under it, as high as is thought necessary, and the cord tied in two places, and

divided between the ligatures. Sometimes, in cases of malignant disease, it is desirable to

open the inguinal canal and tie the cord as near the internal abdominal ring as possible.

A collection of serous fluid in the sac of the vaginal tunic of the testicle is known as an ordinary

or testicular hydrocele. In congenital hydrocele a communication remains between the tunica

vaginalis testis and the peritoneal cavity. This communication should have closed during

development. In infantile hydrocele the tunica vaginalis and part of the funicular process are

distended with fluid, but the funicular process is closed above and the cavity of the hydrocele

does not communicate with the peritoneal cavity. In eticysted hydrocele of the cord the funicular

process is closed above and below, but between these points is not obliterated. In funicular

hydrocele the funicular process is closed below and open above. Congenital hydrocele can

usually be cured by the application of a truss. This obliterates the upper end of the funicular

process, and the obliteration once begun may proceed to completion. If it does not, the condi-

tion has become an infantile hydrocele. An inJFantile hydrocele can usually be cured by multiple

puncture or tapping. The same is true of encysted hydrocele of the cord. In hydrocele of the

funicular process a truss should be worn for a time and the fluid then evacuated by tapping.

In ordinary testicular hydrocele incise and pack, or incise and suture the cut edge of the parietal

layer of the tunic to the skin, or extirpate the parietal layer of the timic. A successful method
is that of L#onguet. He makes an incision, pulls out the testis, and allows all the coats except the

skin to fall behind and make a sheath for the cord. These coats are held behind by one catgut

suture. A bed is made for the testis beneath the skin toward the septum of the scrotum. The
testicle is rotated on its long axis, and placed in the bed, and the skin is sutiu-ed above it. This
operation is known a^ extraserous transposition. If a portion of bowel enters an open vaginal

process the condition is congenital hernia.

In infantile hernia the funicular process is closed above but not below, and the hernia desceiids

in a special sac back of the vaginal tunic. If the hernia pushes down on the vaginal process and
causes it to double on itseli the condition is encysted infantile hernia.

THE VAS DEFERENS (DUCTUS DEFERENS) (Figs. 1145, 1153).

Tlie vas deferens, or seminal duct, the excretory duct of the testis, is the con-

tinuation of the epididymis. Commencing at the lower part of the globus minor,

it ascends along the posterior border of the testis and inner side of the epididymis,

and along the back part of the spermatic cord, through the inguinal canal to

the internal or deep abdominal ring. From the ring it curves around the outer

side of the deep epigastric artery^ and ascends for about an inch in front of the

external iliac artery. It is next directed backward and slightly downward, and,

crossing the external iliac vessels obliquely, enters the pelvic cavity, where it lies

between the peritoneal membrane and the lateral wall of the pelvis, and passes

on the inner side of the impervious h^'pogastric artery and the obturator nerve

and vessels. It then crosses in front of the ureter, and, reaching the inner side

of this tube, bends at an acute angle, and runs inward and slightly forward

between the base of the bladder and the upper end of the seminal vesicle. Reach-
ing the inner side of the seminal vesicle, it is directed downward and inward
in contact with this structure and gradually approaches the vas of the opposite

side. Here the vas deferens lies between the base of the bladder and the rectum,

where it is enclosed, together with the seminal vesicle, in a sheath derived from the

rectovesical fascia.

At the base of the bladder it becomes enlarged and sacculated, forming the

ampulla {ampulla ductus deferentis) (Fig. 1153), and then, becoming narrowed
jat the base of the prostate, it is joined by the duct of the seminal vesicle to form
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the ejaculatory duct (Fig. 1154). The vas deferens offers a hard and cord-like

sensation to the fingers; it is about two feet in length if unravelled, of cylindrical

form, and about 3 mm. in diameter. Its walls are dense, measuring 0.7 mm.,
and its canal is extremely small, measuring about 0.5 mm.

Structure.—^The vas deferens consists of three coats: (1) An external or areolar coat {tunica

adventitia). (2) A muscular coat {tunica muscvlaris) , which in the greater part of the tube
consists of three layers of unstriped muscle tissue, an inTier layer of thin longitudinal fibres

{stratum internum), a thick middle layer of circular fibres {stratum medium), and a thick external

layer of longitudinal fibres {stratum externum). (3) An internal or mucous coat {tunica mucosa),
which is pale, and arranged in longitudinal folds; its epithelial cells are chiefly of the stratified

columnar variety of which the superficial layer is ciliated.

Organ of Girald^s (paradidymis).—This term is applied to a small body of

rounded shape in the lower end of the spermatic cord, in front of the bloodvessels.

It consists of a small collection of minute vesicles and a small collection of con-

voluted tubules. These tubes are lined with columnar ciliated epithelium, and
probably represent the remains of a part of thfe Wolffian body.

MUSCULAR
TUNIC

VAS
DEFERENS

THE SEMINAL VESICLES (VESICULAE SEMINALES) (Figs. 1152, 1153).

The seminal vesicles are two convoluted membranous pouches placed between
the base of the bladder and the rectum, serving as reservoirs for the spermia, and
secreting a fluid to be added to the secretion of the testes. Each sac is some-

what pyramidal in form, the

broad end being directed

backward and the narrow
end forward toward the

prostate. It measures about
two and a half inches

(6.25 cm.) in length, about
10 mm. in breadth, and 4 to

6 mm. in thickness. They
vary, however, in size, not

only in different individ-

uals, but also in the same
individual on the two sides.

The anterior 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. The
posterior surface rests upon
the rectum, from which it

is separated by the recto-

vesical fascia. Their upper
extremities diverge from
each other. Their lower

extremities are pointed, and
converge toward 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 vesicle runs the
ampulla of the vas deferens. The inner border of the vesicle and the correspond-

COWPCR-S
GLAND

EXCRETORY
DUCT

Fig. 1153.—The urinary bladder, distended, with surrounding
structures, viewed from behind. (Spalteholz.)
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ing vas deferens form the lateral boundaries of a triangular space, limited behind

by the rectovesical peritoneal fold; the portion of the bladder included in this space

rests on the rectum.

Each vesicle consists of a single tube, coiled upon itself and giving off several

irregular cecal diverticula (Fig. 1154), the separate coils, as well as the diverticula,

being connected by fibrous tissue, ^^^len uncoiled this tube is about the diameter

of a quill, and varies in length from four to sLx inches (10 to 15 cm,); it terminates

above in a cul-de-sac; its lower extremity becomes constricted into a narrow

straight duct, the excretory duct (ductus excretorius) (Fig. 1154), which joins with

the corresponding vas deferens to form the ejaculatory duct.

AMPULLA OF
VAS

VERUMONTANUM

XCRETORY
DUCT
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Fig. 1154.—The ej^ulatory ducts -snewed from in front and above. (Spaltehola.)

Structure.—The seminal vesicles are composed of three coats—an external or fibrous

(tunica adveniitia) ; a middle or muscular coat (tunica museularis), which is thinner than in the

seminal duct, and is arranged in two layers, an outer, longitudinal, and an inner, circular; an
internal or mucous coat (tunica mucosa), which is usually thrown into waves or folds, and which

is pale, of a whitish-brown color, and of a delicate reticular structure, like that seen in the gall-

bladder. The epithelium is of the columnar variety, and, in the diverticula, goblet cells are

present, the secretion of which increases the bulk of the seminal fluid.

Vessels and Nerves.—-The arteries supplying the seminal vesicles are derived from the

middle and inferior vesical and middle hemorrhoidal. The veins and lymphatics accompany
the arteries. The lymphatics anastomose on the surface of the vesicle. The trunks from this

network anastomose with the lymphatics of the bladder and prostate, and pass to the external

and internal ihac nodes. The nerves are derived from the pelvic plexus.

Applied Anatomy.—The seminal vesicles are often the seat of an extension of the disease

in cases of tuberculosis of the testis, and should always be examined through the rectum before

coming to a decision with regard to castration in this affection. The vesicles have been deliber-

ately extirpated for local tuberculosis. In gonorrhea the seminal vesicles may become acutely

inflamed (aaite seminal vesiculitis). Chronic seminal vesiculitis may follow the acute form or

may arise insidously during gonorrhea.

THE EJACULATORY DUCTS (DUCTUS EJACULATORII) (Fig. 1154).

The ejaculatory ducts are two in number, one on each side. Each duct is formed

by the junction of the duct of the seminal vesicle with the vas deferens. Each duct

is about three-quarters of an inch (2 cm.) in length; it commences at the base of

the prostate, and runs forward and downward between the middle and lateral
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lobes of that gland, and along the side of the sinus pocularis, to terminate by a

separate slit-like orifice close to the margins of the sinus. The ducts diminish

in size and also converge toward their terminations.

Structure.—The coats of the ejaculatory ducts are extremely thin. They are an outer

fibrous layer, which is almost entirely lost after the entrance of the duct into the prostate;

a layer of muscle fibres, consisting of an outer thin circular and an inner longitudinal layer; and

the mucous membrane, lined by simple columnar epithelial cells.

THE PENIS (Figs. 1155, 1156).

The penis is a pendulous organ suspended from the front and sides of the pubic

arch and containing the greater part of the urethra. In the flaccid condition

it is cylindrical in shape, but when erect assumes the form of a triangular prism

with rounded sides, one side of the prism forming the dorsum. It is composed of

three cylindrical masses of erectile tissue bound together by fibrous tissue and

covered with skin. Two of the masses are lateral, and are known as the corpora

cavernosa; the third is median, and is termed the corpus spongiosum (Figs. 1155

and 1163).

The two corpora cavernosa {corpora cavernosa penis) (Figs. 1155 and 1156)

form the greater part of the body of the penis. They consist of two fibrous

cylindrical tubes, placed side by side, and intimately connected along the median
line for their anterior three-fourths, while at their back part they separate from

each other to form the crura penis, which are two strong tapering fibrous processes

or roots firmly connected to the rami of the os pubis and ischium (Figs. 1155 and
1156). Each cms commences by a blunt-pointed process in front of the tuberosity

of the ischium, and before its junction with its fellow to form the body of the penis

it presents a slight enlargement, named by Kobelt the bulb of the corpus cavemosum.
Just beyond this point they become constricted, and retain an equal diameter

to their anterior extremity, where they form a single rounded end {digital pro-

cess) which is received into a fossa in the base of the glans penis (Fig. 1155).

A median groove on the upper surface lodges the dorsal arteries, nerves, and veins

of the penis (Figs. 1161 and 1163), and the groove on the under surface receives

the corpus spongiosum (Fig. 1155).

The corpora cavernosa are surrounded by a strong fibrous envelope (tunica

albuginea) consisting of superficial and deep fibres. The superficial fibres are

longitudinal in direction, being common to the two corpora cavernosa, and in-

vesting them in a common covering; the other, deep, circular in direction, and
being proper to each corpus cavernosum. The internal circular fibres of the two
corpora cavernosa form, by their junction in the mesal plane, an incomplete
partition or septum (septum penis) between the two bodies. This is thick and
complete behind, but in front it is incomplete, and consists of a number of vertical

bands, which are arranged like the teeth of a comb. It is therefore named the

septum pectiniforme. These bands extend between the dorsal and the urethral

surface of the corpora cavernosa. The fibrous investment of the corpora cavernosa
is extremely dense, of considerable thickness, and consists of bundles of shining
white fibres, with an admixture of well-developed elastic fibres, so that it is

possessed of great elasticity.

The corpus spongiosum (corpus cavernosum urethrae) (Figs. 1155 and 1156)
contains the urethra, and is situated in the groove on the under surface of the

corpora cavernosa penis. Behind, it is expanded to form the urethral bulb (bulbus

urethrae) and lies in apposition with the superficial layer of the triangular ligament,
from which it receives a fibrous investment. The urethra enters the bulb nearer
to the upper than to the lower surface. On the latter there is a depressed



THE PENIS 1387

EXTERNAL OHIFICE
OF URETHRA

median raphe {sulcus hulhi), from which a thin fibrous septum projects into the

substance of tlie bulb and divides it imperfectly into two lateral lobes or hemi-

spheres (hemisphaeria hvlhi urethrae).

The portion of the corpus spongiosum

in front of the bulb lies in a groove on

the under surface of the conjoined corpora

cavernosa. It is cylindrical in form and

tapers slightly from behind forward. Its

anterior extremity is expanded in " the

form of an obtuse cone, flattened from

above downward. This expansion, termed

CORONA
GLANDIS
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Fig. 1155.—The penis, with the pubic bones, seen
from before and below. (Toldt.)

WAS
DEFERENS

Fig. 1156.—The penis, with the urethra, Cowper'a
glands, the prostate gland, and the seminal vesicles
seen from below and behind. (Toldt.)

the glans penis, is moulded on the rounded ends of the corpora cavernosa, extending

farther on their upper than on their lower surfaces. At the summit of the glans



1388 THE UBINOGENITAL ORGANS

is the vertical, slit-like urethral orifice or meatus. The circumference of the base

of the glans forms a rounded projecting border, the corona glandis, overhanging

a deep sulcus (sulcus retroglandularis), behind which is the neck of the penis

(collum penis).

For descriptive purposes it is convenient to divide the penis into three parts

—

the root, the body, and the extremity.

The root (radix penis) of the penis is triradiate in form, consisting of the di-

verging crura, one on either side, and the mesal bulb of the corpus spongiosum.

Each crus is covered by the Erector penis muscle, while the bulb is surrounded
by the Accelerator urinse muscle. The root of the penis lies in the perineum
between the superficial layer of the triangular ligament and the fascia of Colles.

In addition to being attached to the pubic rami and to the triangular ligament,

the root is bound to the front of the symphysis pubis by the suspensory ligament

(lig. suspensorium penis). The upper fibres of this ligament pass downward from
the lower end of the linea alba, and the lower fibres from the symphysis pubis;

together they form a strong, fibrous band which extends to the upper surface of

the root, where it splits into two fasciculi and blends with the fascial sheath of

the orffan.

COIAN GROOVE

PREPUCE
RETRACTED

Fig. 1157.—The penis, proximal portion, seen
from below. (Testut.)

Fig. 1158.—Glans penis, under surface. (Testut.)

The body of the penis (corpus penis) extends from the root to the ends of the

corpora cavernosa between the root and extremity. In the flaccid condition
of the organ it is cylindrical, but when erect it has a triangular prismatic form
with rounded angles, the broadest side being turned upward, and called the dorsum
penis. The lower surface of the body of the penis is called the urethral surface

(fades urethralis). The body is covered by integument, and contains in its

interior a large portion of the urethra.

The extremity is formed by the glans penis, the expanded anterior (distal) end
of the corpus spongiosum. It is separated from the body by the constricted neck,
which is surmounted by the corona glandis.

The integument covering the penis is remarkable for its thinness, its dark color,

its looseness of connection with the deeper parts of the organ, and for the absence
of adipose tissue. At the root of the penis the integument is continuous with
that upon the pubes, scrotum, and perineum. At the neck of the glans it leaves
the surface and becomes folded upon itself to form the prepuce (praeputium)
(Fig. 1161). The internal layer of the prepuce is directly continuous, along the
line of the neck, with the integument over the glans. Immediately behind the
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urinary meatus it forms a small, secondary reduplication, attached along the

bottom of a depressed median raphe, which extends from the meatus to the neck;

this fold is termed the frenulum {frenulum praeputii). The integument covering

the glans is continuous with the urethral mucous membrane at the meatus; it is

devoid of hairs, but projecting from its free surface are a number of small.

Fig. 1159.

—

a. Capillao' network. Fig. 1160.—Connection of the arterial twigs (a) with
b. Cavernous spaces. the cavernous spaces.

Figs. 1159 and 1160.—From the peripheral portion of the corpus cavemosum penis under a low magnifj-ing power.
(Copied from Langer.)
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highly sensitive papillae. In the retroglandular sulcus numerous small glands, the

glwdulae Tysonii odorlferae {glandulae praeputii) have been described. They
secrete a sebaceous material of very peculiar odor, called smegma praeputii, which

probably contains casein, and readily undergoes decomposition.

The prepuce covers a variable amount of the glans and is separated from it

by a potential sac—the preputial sac—which presents two shallow recesses {fossae

jrenuli), one on either side of the frenulum.

Structure.— From the internal meatus

surface of the fibrous envelope of

the corpora cavernosa, as well as

from the sides of the septum, are

given off a number of bands or

cords which cross the interior of

each crus in all directions, subdi-

viding it into a number of separate

compartments, and giving the entire

structure a spongy appearance.

These bands and cords are called

trabeculae corporum cavemosum,
and consist of white fibrous tissue,

elastic fibres, and smooth muscle
tissue. In them are continued

numerous arteries and nerves.

The component fibres of which
the trabeculae are composed are

larger and stronger around the

circumference than at the centre of

the corpora cavernosa; they are

also thicker behind than in front.

The interspaces, on the contrary,

are larger at the centre than at the

circumference their long diameter

being directed transversely; they

are largest anteriorly. They are

called cavernous spaces and are occupied by blood during erection, and are lined by a layer of

flattened endothelial cells (Fig. 1159).

The arteries bringing the blood to these spaces are the arteries of the corpora cavernosa

and branches from the dorsal artery of the penis, which perforate the fibrous capsule, along

the upper surface, especially near the fore part of the organ.

PREPUCE.
RETRACTED

CORPUS
CAVERNOSUM CORPUS

SPONGIOSUM

Fig. 1161.—The penis, distal end, in sagittal section 2 mm. at left

of middle line. (Testut.)
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On entering the cavernous structure the arteries divide into branches which are supported and
enclosed by the trabeculae. Some of these terminate in a capillary network, the branches of

which open directly into the cavernous spaces (Fig. 1160); others assume a tendril-like apj^ear-

ance, and form convoluted and somewhat dilated vessels, which were named by Miiller helicine

arteries {arteriae helidnae). They project into the spaces, and from them are given off small

capillary branches to supply the trabecular structure. They are bound down in the spaces by

fine fibrous processes, and are more abundant in the back part of the corpora cavernosa.

CAVERNOUS
BRANCH

DORSAL ARTERY CORPUS CAVERNOSUM

ULBOUS
BRANCH

INTERNAL PUDIC >' ^*f
ARTERY <

Fig. 1162.—Diagram of the arteries of the penis. (Testut.)
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The blood from the cavernous spaces is returned 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 deep 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 around the sides of the penis to ter-

minate in the dorsal vein; but the greater number pass out at the root of the penis and join the

prostatic plexus.

The fibrous envelope of the corpus spongiosum is thinner, whiter in color, and more elastic

than that of the corpora cavernosa. The trabeculse are more delicate, more nearly uniform in

size, and the meshes between them smaller than in the corpora cavernosa, their long diameter,

for the most part, corresponding with that of the penis. The external envelope or outer coat of

the corpus spongiosum is formed partly

of unstriped muscle tissue, and a layer

of the same tissue immediately surrounds

the canal of the urethra. The corpus

spongiosum receives its blood through the

bulbourethral branch of the internal pudic

artery.

The lymphatics of the skin of the penis

terminate in the inguinal nodes. The
lymphatics of the penile portion of the

urethra accompany those of the glans

penis and terminate with them in the deep

inguinal and external iliac nodes. Those
of the membranous and prostatic portions

pass to the internal iliac nodes.

The nerves are derived from the in-

ternal pudic nerve and the pelvic plexus.

On the glans and bulb some filaments of
the cutaneous nerves have Pacinian bodies connected with them, and, according to Krause,
many of them terminate in peculiar end-bulbs (see p. 817).
Applied Anatomy.—It is occasionally necessary to reinove a penis for malignant disease.

Usually, removal of the antescrotal portion is all that is necessary, but sometimes it is requisite
to remove the whole organ from its attachment to the rami of the ossa pubis and ischia. The
former operation is performed either by cutting off the whole of the anterior part of the penis
with one sweep of the knife, or, what is better, cutting through the corpora cavernosa from the
dorsum, and then separating the corpus spongiosum from them, dividing it at a level nearer the
glans penis. The mucous membrane of the urethra is then slit up, and the edges of the flap

attached to the external skin, in order to prevent contraction of the orifice, which would other-

CAVERNOUS.
ARTERY

aULBOCAVERNOUS
—ANTERIOR BRANCH

DEEP
FASCIA

URETHRA
CORPUS

SPONGIOSUM
Fig. 1163.—The penis in transverse section, showing the

bloodvessels. (Testut.)
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wise take place. The vessels which require ligation are the two dorsal arteries of the penis, the

arteries of the corpora cavernosa, and the artery of the septum. When the entire organ requires

removal the patient is placed in the lithotomy position, and an incision is made through the

skin and subcutaneous tissue around the root of the penis, and carried down the median line of

the scrotum as far as the perineum. The two halves of the scrotum are then separated from

each other, and a catheter having been introduced into the bladder as a guide, the spongy* por-

tion of the urethra below the triangular ligament is separated from the corpora cavernosa and

divided, the catheter having been with-

drawn just behind the bulb. The sus-

pensory ligament is now severed, and the

crura separated from the bone with a

periosteum scraper, and the whole penis

removed. The membranous portion of

the urethra, which has not been removed,

is now to be attached to the skin at the

posterior extremity of the incision in the

perineum. The remainder of the wound
is to be brought together, free drainage

being provided for.

THE PROSTATE GLAND (PROS-
TATA) (Figs. 1153, 1156,

1166).

The prostate gland is a structure

accessory to the true generative

organs and secretes a viscid, opal-

escent secretion in which sperraia

will live and which furnishes a

medium *in which they maintain

the motile activity necessary to

carry them to their destination.

It is a pale, firm, partly glandular

and pardy muscular body, which is

placed immediately below the neck
of the bladder and about the com-
mencement of the urethra.

It is situated in the pelvic cavity below the lower part of the symphysis pubis,

above the deep layer of the triangular ligament, and in front of the rectum, through
which it may be distinctly felt, especially when enlarged. It is about the size

of a horse chestnut and somewhat conical in shape, and presents for examination
a base, an apex, an anterior, a posterior, and two lateral surfaces.

The base (basis prostatae) is directed upward, and is applied to the under
surface of the bladder. The greater part of this surface is directly continuous
with the bladder wall; the urethra penetrates it nearer to its anterior than to its

posterior border.

The apex (apex prostatae) is directed downward and rests upon the deep layer

of the triangular ligament The apex is fixed, except for the slight mobility of

the triangular ligament; the rest of the gland is somewhat movable.
Surfaces.—^The posterior surface (fades posterior) is flattened from side to side

and convex from above downward; it rests on the rectum, and is distant about
an inch and a half from the anus. Near its upper border there is a depression
through which the two common ejaculatory ducts enter the prostate. This de-
pression serves to divide the posterior surface into a lower larger and upper smaller
part. The upper smaller part constitutes the so-called "middle lobe" of the pros-

tate and intervenes between the ejaculatory ducts and the urethra; it varies greatly

SUPERFICIAL DORSAL VEIN

XTERNAL PUDIC VEIN

.—OBTURATOR VEIN

Fig. 1164.—Veins of the penis. (Testut.)
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in size and in some subjects is destitute of glandular tissue. The lower larger

portion sometimes presents a shallow median furrow which imperfectly separates

it into a right and a left lateral lobe ; these form the main mass of the gland and are

COWPER'S'
GLAND

BULBO-
CAVERNOSUS
MUSCLE

Fig. 1165.—Male pelvic organs seen from right side. Bladder and rectum distended; relations of peritoneum
to the bladder and rectum shown in blue. The arrow points to the rectovesical pouch. (Corning.)

VAS
DEFERENS

PROSTATE

Fig, 1166.—Prostate with seminal vesicles and seminal ducts, viewed from in front and above. (Spalteholz.)
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directly continuous with each other behind the urethra. In front of the urethra

they are connected by a band which is named the anterior commissure; this consists

of the same tissues as the capsule and is devoid of glandular substance.

The anterior surface {fades anterior) measures about one inch (2.5 cm.) from

above downward, but is narrow and convex from side to side. It is placed

about three-fourths of an inch behind the pubic symphysis, from which it is sepa-

rated by a plexus of veins and a quantity of loose fat. It is connected to the pubic

bone on either side by the puboprostatic ligaments. The urethra emerges from this

surface a little above and in front of the apex of the gland.

The lateral surfaces are prominent, and are covered by the anterior portions of

the I^vatores ani muscles, which are, however, separated from the gland by a
plexus of veins.

AMPULLA
OF VAS

DEFERENS

VAS
DEFERENS

tJACUlATORV
DUCT

PROSTAT
UTR
PR

PERITONEUM

CORPUS
SPONGIOSUM

CORPUS
CAVERNOSUM

HYDATID OF
MORGAGNI

Fig. 1167.—Diagrammatic repreaentation of the male organs of reproduction and their reistiona to the bladder and
the urethra. Lateral view. (Toldt.)

The prostate measures about an inch and a half (3.75 cm.) transversely at the

base, three-quarters of an inch (1.8 cm.) in its antero-posterior diameter, and an
inch and a quarter (3 cm.) in its vertical diameter. Its weight is about four and
a half drams (18 grams). It is held in position by the anterior ligaments of the

bladder (ligamenta puhoprostatica); by the deep layer of the triangular ligament,

which invests the commencement of the membranous portion of the urethra and
prostate gland ; and by the anterior portions of the Levatores ani muscles, which
^|s backward from the os pubis and embrace the sides of the prostate. These
portions of the Levatores ani, from the support they afford to the prostate,- are

named the Levatores prostatae.

The prostate gland is perforated by the urethra and the ejaculatorv ducts.

The urethra usually lies along the junction of its anterior with its middle third.

The ejaculatorv ducts pass obliquely downward and forward through the posterior

part of the prostate, and open into the prostatic portion of the urethra.

Structure.—The prostate is immediately enveloped by a thin but firm musculofibrous capsule,

distinct from the prostatic fascia derived from the rectovesical fascia, and separated from it by
a plexus of veins. The capsule is firmly adherent to the prostate and is structurally continuous

with the stroma of the gland, being composed of the same tLssues—viz., smooth muscle and
fibrous tissue. The prostatic fascia, distinct and dense, does not cover the apex and at the

-88
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attachment of the base to the under surface of the bladder. The substance of the prostate is of

a pale, reddish-gray color, of great density, and not easily torn. It consists of glandular sub-

stance and muscle tissue.

The muscle tissue, according to Kolliker, constitutes the proper stroma of the prostate, the

connective tissue being very scanty, and simply forming thin trabeculse between the muscle fibres,

in which the vessels and nerves of the gland ramify. The muscle tissue is arranged as follows:

Immediately beneath the fibrous capsule is a dense layer, which forms an investing sheath for

the gland; secondly, around the urethra, as it lies in the prostate, is another dense layer of cir-

cular fibres, continuous abcrve with the internal layer of the muscle coat of the bladder, and below

blending with the fibres surrounding the membranous portion of the urethra. Between these

LEFT COMMON
ILIAC VEIN

Fig. 1168.—Sagittal section of the lower part of a male trunk, the right segment. (Testut.)

two layers strong bands of muscle tissue, which decussate freely, form meshes in which the

glandular structure of the organ is embedded. In that part of the gland which is situated in

front of the urethra the muscle tissue is especially dense, and there is here little or no gland tissue;

while in that part which is behind the urethra the muscle tissue presents a wide-meshed structure,

which is densest at the base of the gland—that is, near the bladder—and becomes looser and
more sponge-like toward the apex of the organ.
The glandular substance is composed of lobules containing numerous branched tubular

glands opening into elongated canals, which join to form from twelve to twenty small excretory
ducts. The glands are held together by areolar tissue, supported by prolongations from the
fibrous capsule and muscle stroma, and enclosed in a delicate capillary plexus. The epithelium
which lines the canals and the terminal tubules is of the columnar variety. The prostatic ducts
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open into the floor of the prostatic portion of the urethra, and are hned bv two layers of epithe-

Hum, the inner layer consisting of columnar and the outer of small cubical cells.

Vessels and Nerves.—The arteries supplying the prostate are derived from the internal

pudic, inferior vesical, and middle hemorrhoidal. Branches of the vessels enter the gland in

the septa between the lobules and send off

minute branches to the lobules (Walker). The
veins form a plexus around the sides and base

of the gland between the layers of the fascial

sheath ; they receive in front the dorsal vein of

the penis, and terminate in the internal iliac

vein. The Isrmphatics of the prostate are de-

scribetl on |)age 796. The nerves are derived

from the pelvic jilexus.

Applied Anatomy. — The relation of the

'prostate to the rectum should be noted; by means
of the finger introduced into the rectum the

siu-geon detects enlargement or other disease of

the prostate; he can feel the apex of the gland,

which is the guide to Cock's operation for stric-

ture; he is enabled also by the same means to

direct the point of a catheter when its introduc-

tion is attended with difl5culty either from injiu-y or disease of the membranous or prostatic portions

of the iu"ethra. ^Mien the finger is introduced into the bowel the surgeon may, in some cases, espe-

cially in boys, learn the position, as well as the size and weight, of a calculus in the bladder. In

the operation for the removal of a calculus, if, as is not infrequently the case, the stone should be
lodged behind an enlarged prostate, it may be displaced from its position by pressing upward the

base of the bladder from the rectum. The prostate gland is occasionally the seat of guppuration.

UTRICLC
Fir. 1169.—Section of the prostate.
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(Jarjavay.)

Fig. UiO—Traii:i\erse seciiwu oj nv^.-uial prostate through the miduie of the verumontanum, from a subjectaged nineteen years: a. Longitudinal section of ducts leading from the lobules of the prostatic glands 6Verumontanum c. Sinus pocularis. d. Urethra, e. Ejaculatorj- ducts, f. Arteries, veins, and venousamuses in sheath of prostate, g. Nerve trunks in sheath, h. Point of origin of fibromuscular bands encircling,.«i..„to^. .„i» ™ „ : -,— (Drawn with Edinger projection app^urethra, t. Zone of striated voluntary muscle on superior surface
ratus.) (Taylor.)

either due to injury, gonorrhea, or tuberculous disease. The giaud is enveloped in a dense un-
^^elding capsule, which determines the course of an abscess, and also explains the great pain which
is present in acute inflammation. The abscess most frequently bursts into the urethra, the direc-
tion in which there is least resistance, but may occasionally burst into the rectum, or more rarely
in the perineum. In advanced life the prostate often becomes considerably enlarged, and may
project into the bladder so as to impede the passage of the urine. According to Dr. Messer's
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researches, conductwl at Greenwich Hospital, it would seem that such obstruction exists in 20

per cent, of all men over sixty years of age. The prostate may be enlarged by the growth of

innocent tumors, adenomata, fibromata, myomata, and myofibromata. The entire gland may
be hypertrophied. A tumor may be encapsulated, but often is surrounded by an area of hyper-

plasia of prostatic tissues, and usually the area of hyperplasia is much more extensive than the

tumor. A tumor may be beneath the mucous membrane, deep in the gland, or beneath the

sheath. The growth called the third lobe is submucous. In some cases the enlargement afl"ects

principally the lateral lobes, which may undergo considerable enlargement without causing much
inconvenience. In other cases it would seem that the nodule forms the so-called middle lobe,

and even a small enlargement of this character may act injuriously, by forming a sort of valve

over the urethral orifice, preventing the passage of the urine, and the more the patient strains,

the more completely will it block the opening into the urethra. In consequence of the enlarge-

ment of the prostate a pouch is formed at the base of the bladder behind the projection, in which
urine collects and cannot be entirely expelled. The urine becomes decomposed and ammoniacal,
and leads to cystitis. If the prostate enlarges the urethra is lengthened, often dilated, altered in

shape, or distorted.

The relation of the enlarged prostate to the neck of the bladder is greatly altered from the

relation of the normal prostate. Normally, it is extravesical ; when enlarged it may encapsule
"the neck of the bladder in a cuflF-like manner, extending several inches upward on its wall,"

and often it protrudes "into the vesical cavity, carrying on its surface the mucosa vesicae." In
many cases of prostatic enlargement the gland should be removed {'prostatectomy). One method
is enucleation through a suprapubic incision; another method is enucleation through a perineal

incision; another method is carried out by both incisions (the combined method).

In elderly individuals the gland tubules may form round, indurated, and sometimes calcified

masses, about 1 mm. in diameter, and called prostatic stones.

MOUTH OF ejACU
LATORY DUCT

VERUMONTANUM PROSTATE—CUT SURFACE
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PROSTATIC DUCTS

MEMBRANOUS URETHRA

DUCT OF COWPER'S
GLAND—LAID BARE

A RIDGE OF
MUCOSA

BULBOUS
URETHRA

CORPUS SPON-
GIOSUM—CUT SURFACE

Fig. 1171.—Proximal portion of the urethra, laid open by a median, anterior cut. (Testut.)

COWPER'S GLANDS (GLANDULAE BULBOURETHRALES) (Fig. 1171).

Cowper's glands are two small, rounded, and somewhat lobulated bodies of
a yellow color, about the size of peas, placed behind the fore part of the mem-
branous portion of the urethra, between the two layers of the triangular ligament.
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They lie close above the bulb, and are enclosed by the transverse fibres of the

Compressor urethrae muscle. Their existence is said to be constant; they gradu-

ally diminish in size as age advances.

The excretory duct of each gland, nearly an inch in length, passes obliquely

forward l)eneath the mucous membrane, and opens by a minute orifice on the

floor of the bulbous portion of the urethra.

Structure.—Each gland consists of several lobules held together by a fibrous investment.

Each lobule consists of a niunber of acini lined by columnar epithelial cells, opening into one
duct, which, joining with the ducts of other lobules outside the gland, form the single excretory

duct.

THE FEMALE REPRODUCTIVE ORGANS.

The female reproductive organs (organa genitalia midiehria) consist of an internal

and an external group. The internal organs are situated within the pelvis, and
consist of the ovaries, the Fallopian tubes or oviducts, the uterus, and the vagina.

The external organs are placed superficial to the triangular ligament of the urethra

and below and in front of the pubic arch. They comprise the mons veneris,

the labia raajora et minora, the clitoris, the bulbi vestibuli, and the glands of

Bartholin.

THE OVARIES (^OVARIA) (Figs. 1172, 1177).

The ovaries are homologous with the testes in the male. They are two nodular,

oval-shaped bodies of an elongated form, situated one on either side of the uterus,

in the posterior layer of the broad ligament behind and below the Fallopian tube.

Saerogenital fold

Pararectal

ijoia. I

fossa.'
\ Tall

igament of ornry.
^Fallopian tube.

Round ligament

of uteru.<t.

Fig. 1172.—Female pehns and its contents, seen from above and in front.

The ovaries are of a grayish-pink color, and present either a smooth or a puckered,
uneven surface. They are each about an inch and a half (3.75 cm.) in length
three-quarters of an inch (2 cm.) in width, and about a third of an inch (8 mm.)
thick, and weigh from one to two drams (4 to 8 grams).
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Each ovary (ovarium) presents an outer and an inner surface, an upper and

a lower extremity, and an anterior and a posterior border. It lies in a shallow

depression, named the fossa ovarii, on the lateral wall of the pelvis; this fossa is

bounded above by the external iliac vessels, in front by the impervious hypogastric

artery, and behind by the ureter. The exact position of the ovary has been the

subject of considerable difference of opinion, and the description here given

applies to the nulliparous woman. The ovary becomes displaced during the

first pregnancy and probably never again returns to its original position.

In the erect posture the long axis of the ovary is nearly vertical. The upper

or tubal extremity is near the external iliac vein; to it is attached the ovarian

fimbria of the Fallopian tube and a fold of peritoneum, the suspensory ligament

of the ovary, which is directed upward over the iliac vessels and contains the

ovarian vessels. The lower or uterine end is directed toward the pelvic floor; it

SUSPENSORY
LIGAMENT OF OVARY

ff, BROAD LIGAMENT
AOF UTERUS

Fig. 1173.—Female pelvic organs in situ, seen from above. (Bardeleben.)

is usually narrower than the upper end and is attached to the lateral angle of the
uterus, immediately behind the Fallopian tube, by a rounded cord termed the
ligament of the ovary, which lies within the broad ligament and contains some non-
striated muscle fibres. The outer surface is in contact with the parietal peritoneum
which lines the fossa ovarii, the inner surface is to a large extent covered by the
fimbriated extremity of the Fallopian tube. The anterior or straight border is

directed toward the impervious hypogastric artery, and is attached to the back
of the broad ligament by a short fold named the mesovarium. Between the two
layers of this fold the bloodvessels and nerves pass to enter the hilum of the
ovary. The posterior or convex border is free and is directed toward the ureter.
The Fallopian tube arches over the ovary, running upward in relation to its anterior
border, then curving over its upper or tubal pole, and finally passing downward
on its posterior border and inner surface.
The Descent of the Ovary is described on page 1425.
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The Ovary at Different Ages.—The ovarv of childhood is smooth and even. The scars

of manv ruptured Graafian follicles cause this surface of the ovary to become pitted, puckered,

fibrous," and uneven in old age. The surface of the ovary is grayish red in color. The corpus

luteum of a nonpregnant woman slowly degenerates and disappears. The corpus luteum of

an impr^nated woman enlarges during pregnancy.

FALLOPIAN TUBE
PAROOPHORON UTERINE ORIFICE

F FALLOPIAN TUBE

INFUNDIBULUM OF
FALLOPIAN TUBE

PAVILION OF
FALLOPIAN TUBE

ORGAN OF
ROSCNMULLER

RITONEUM

VESTIBULE OF VAGINA

Fig. 1174.—Diagrammatic representation of the female reproductive organs and their relations to the bladder and
urethra, lateral \-iew. (Toldt.)

Structure (Figs. 1175, 1176, and 1184).—The ovar\- consists of the cortex and medulla,

in the former of which are foimd the Graafian foUicles and their remains and the hilum of the

ovary. The cortex consists of stroma and
Graafian follicles. Peripherally, the stroma

is condensed to form a capsule, the tunica

albuginea, which is covered by a layer of

cuboidal epithelial cells called the germinal

epithelium, and is often referred to as the

serous covering of the* organ. These cells

are sharply marked off by a whitish line,

at the hilum of the ovary, from the endo-

thelium of the peritoneum. The stroma
consists of a delicate white fibrous tissue

meshwork, containing many small blood-

vessels and groups of large polygonal epi-

thelial cells called interstitial cells.

In the stroma are found the Graafian

follicles (Fig. 1175) and their remains.

The follicles are of different sizes; the

smallest are beneath the tunica albuginea,

the medium-sized follicles are found toward

the medulla, while the largest extend from
the iimermost part of the cortex and beyond
its ordinary limit, thus causing the nodular

appearance of the surface of the ovary. A
large follicle consists of a sheath of stroma called the theca folliculi, the inner portion of which
is quite vascular. Lining the theca are several layers of granular cells, the zona granulosa.

The greater part of the follicle is devoid of cells, but contains a liquid, the liquor folliculi, and the

Fig. 1175.—Section of the ovary: 1. Outer covering.
1'. Attached border. 2. Central stroma. 3. Peripheral
stroma. 4. Bloodvessels. 5. Graafian follicles in their
earliest stage. 6. 7, 8. More advanced follicles. 9. An
almost mature follicle. 9'. Follicle from which the o\'uin
has escaped. 10. Corpus luteum. (After Schron.)
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space occupied by this is termed the antrum. At one point the zona granulosa forms a mass

which projects into the antrum; this mass, the discus proligerus, contains the ovum and its

membrane. Beneath the granular cells of the discus is a layer of radially placed tall columnar

cells, the corona radiata, within which lies a broad clear membrane, the zona pellucida, or zona

radiata. Between the zona pellucida and the ovum, which lies within it, is said to exist a narrow

space, the perivitelline space. •

The ovum consists of an outer membrane, the vitelline membrane, internal to which is the

protoplasm or viiellus. Embedded in the latter is a large, pale-staining, eccentrically placed

nucleus, the germinal vesicle, which contains a large, deeply staining nucleolus, or germinal

spot. Although the ovum is usually described as a typic cell, the matured ovum, since it does

not contain a centrosome, cannot be so designated.

When a follicle enlarges it ruptures and the ovum usually escapes into the oviduct. This

process constitutes ovulation. When the ovum escapes, the vessels of the follicle rupture and fill

the antrum with blood and form thus the corpus hemorrhagicum. As this becomes organized, the

hemoglobin is absorbed and this body becomes yellowish, due to the presence of a great numlier

of large yellow ekments, the lutein cells, and thus the corpus lutemn is formed. If pregnancy
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Fig. 1176.—Section through a Graafian follicle from an ape's ovary. X 90. (Szymonowicz.)

supervenes, this body persists almost the entire period of gestation; if the ovum is not
im|)regnated, the corpus luteum soon becomes contracted and whitish, and forms the corpus
albicans.

The medulla consists of a loose network of coarse bundles of white fibrous tissue, which sup-
ports many large bloodvessels; here are also seen smooth muscle tissue and interstitial cells.

The hilum is a scar-like depression at which the medulla comes to the surface; here the vessels,

nerves, and lymphatics enter and emerge.
Each ovum, before it can be fertilized, must undergo maturation. In this process the oocyte

undergoes two divisions, resulting in four cells, each of which contains one-fourth the amount
of chromatin in the form of one-half the number of chromosomes. Three of these, the polar
bodies, are small and unimportant and disappear. The fourth is the large matured ovum.
The development and maturation of the Graafian vesicles and ova continue uninterruptedly

from puberty to the end of the fruitful period of woman's life, while their formation commences
before birth. Before puberty the ovaries are small, the Graafian vesicles contained in them are
disposed in a comparatively thick layer in the cortical substance; here they present the appear-
ance of a large number of minute closed vesicles, constituting the early condition of the Graafian
vesicles; many, however, never attain full development, but shrink and disappear. At puberty
the ovaries enlarge and become more vascular, the Graafian vesicles are developed in greater
abundance, and their ova are capable of fecundation.
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Vessels and Nerves.

—

The arteries of the ovaries (Figs. 1185 and 1187) are the ovarian

from the aorta, corresponding to the spermatic arteries in the male. The ovarian arterj- on each

side enters the pehns in the fold of broad ligament known as the suspensorj- hgament of the ovary

and enters the attached border, or hihim, of the ovary. The ovarian vessels anastomose about

the hilum with branches of the uterine artery. The veins follow the course of the arteries;

they form a plexus near the ovary, the pampiniform plexus, corresponding to a like structiu^

near the testis of the male. The lymphatics (Fig. 1186) terminate in the nodes to the corre-

sponding side of the aorta, and they anastomose in their course with tnmks from the uterine

fimflus and oxiduct. The nerves come from the ovarian plexus, which is a continuation of the

renal plexus along the ovarian artery, and from the aortic plexus.

The epobphoron, parovarium or organ of Bosenmiiller (Figs. 1177, 1180, and 1181) is placed

in the mesosalpinx, between the ovary and tube. It consists of a number of epitheUal-lined

closed tubes. This structure can be readily seen if the mesosalpinx is stretched and held in

front of the light. One of these tubes runs parallel to the Fallopian tube, and is called Gartner's

duct (ductus epoophori longitudinaIi.s). A number of tubes {duetuli transversi) ascend from near

the ovarv and each empties into Gartner's duct at a right angle. Gartner's duct is a portion of

the WoliBan duct, which has persisted and is represented in the male by the canal of the epi-

didymis. The tubules which join the duct are persistent mesonephric tubules and are the

homologues of the vasa efferentia and coni vasculosi of the testis, and probably also the aberrant

ducts of the canal of the epididymis.

The paroophoron is within the mesosalpinx, but is nearer to the uterus than is the epoophoron.

It consists of several small tubules, which can be seen in an adult only by the aid of a pocket

lens. They are visible to the naked eye in a child at birth. It represents the organ of Giraldes

in the male and is derived from the m'esonephros.

Applied Anatomy.—An ovary may fail to descend and remain well above the pelvic

brim; it may prolapse into Douglas' pouch; it may enter the sac of a hernia; it may inflame; a

tumor or cyst may arise from it. A solid tumor of the ovary may be a fibroma, a sarcoma, or a

carcinoma. " Cysts may originate in any part of the tuboovarian structure; as the cortical,

medullary, or parenchymatous portions of the ovary; in the structure between the tube and

ovarv known as the Rosenmiiller organ or parovarian structures; and in the hydatid of

Morgagni." Cvsts may be simple, proliferating, or dermoid; unilocular or multilocular.

Glandular proliferous cysts, papillary proliferous cysts, dermoid cysts, and parovarian cysts

mav attain a large or even an enormous size. The operation for the removal of an ovarian

cyst is one of the most successful of the major procedures of surgery.

THE FALLOPIAN TUBE, OR OVIDUCT (TUBA UTERINA [FALLOPII])

(Figs. 1177, 1178).

The Fallopian tubes or oviducts convey the ova from the ovaries to the caA^ity

of the uterus. They are two in number, one on each side, situated in the upper
margin of the broad Hgament. extending from each superior angle of the uterus to

the side of the pelvis. Each tube is about four inches (10 cm.) in length, and
is described as consisting of three portions— (1) the isthmus {isthmus tubae uterinae)

(Fig. 1177), or inner constricted third; (2) the ampulla {ampulla tubae uterinae)

(Fig. 1177), or outer dilated portion, which curves over the ov^arj; and (3) the

infundibulum {infundibulum tubae uterinae), the funnel-like expansion of the tube,

at the bottom of which is the abdominal orifice or pavilion {ostium abdominals
tubae uterinae) (Fig. 1177). The abdominal orifice has a small diameter (2 mm.
when relaxed to its fuU extent). The margin of the infimdibulum is rendered
irregular by the presence of niunerous small processes, the fimbriae {fimbriae

tubae). This end of the tube is called the fimbriated extremity (Fig. 1177), because
of these processes. The surfaces of the fimbriae looking into the ca\'ity of the

infundibulum are covered with mucous membrane continuous Tsith the tubal

mucous membrane. The outer surfaces are covered with peritoneum. One of

the fimbriae is attached to the ovary and is called the ovarian fimbria {fimbria
orarica) (Fig. 1177). The uterine opening {ostium uterinum tubae) i"s even smaller

than the abdominal opening, and will admit only a small bristle. In connection
with the fimbriae of the Fallopian tube or with the broad ligament close to them
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there are frefjiieiitly one or more small pedunculated vesicles. These are termed

the hydatids of Morgagni (appendices vesicidosi).

The course pursued by the F'allopian tube has been given in its relations to the

ovary on page 1398.

Structure.—The Fallopian tube consists of three coats

—

serous, muscular, and mucous.
The external or serous coat (tunica serosa) is peritoneal. Beneath this lies tlie tvmica

adventitia, composed of lax connective tissue.

T'he middle or muscular coat (tunica muscularis) consists of an external longitudinal layer

(stratum longitudinale), and an internal circular layer {stratum circulare) of smooth muscle fibres

continuous with those of the uterus; near the uterine end of the tube an iimer longitudinallayer

is found.

The internal or muocus coat {tunica mucosa) is continuous with the mucous lining of the

uterus and, at the free extremity of the tube, with the peritoneum. It is thrown into branched

longitudinal folds or villi {plicae tubariae), which in the outer, larger part of the tube or ampulla
{plicae ampuUares) are much more extensive than in the narrow canal of the isthmus (plicae

isthm,icae). The Hning epithelium is simple ciliated. This form of epithelium is also found on
the inner surface of the fimbriae, while on the outer or serous surfaces of these processes the epi-

thelium gradually merges into the endothelium of the peritoneum.

Fimbriated
extremity.

I
-

Fimbria ovarica.

Fig. 1177.—Dissection of uterine app>endages, seen from behind. (.Henle.)

Vessels and Nerves.—^The chief artery of the tube is the tubal branch of the uterine artery
{ramus tubarius) (Fig. 1185). It also receives branches from the ovarian (Fig. 1185). Some
of the tubal veins empty into the uterine veins, some into the ovarian veins. The lymphatics
(Fig. 1186) coming from the tube unite with the trunks coming from the uterus and ovary and
terminate in the lateral aortic nodes. The nerves come from the same plexuses that send
branches to the uterus and ovary.

Applied Anatomy.—Extrauterine pregnancy most commonly occurs in the ampulla of the
tube. The product of the conception may escape tlirough the ostium abdominale or the walls
of the tube may rupture, a violent hemorrhage resulting. Pelvic peritonitis is a not uncommon
sequence of tubal disease. Salpingitis is inflammation of the mucous coat of the tube

—

inter-

stitial salpingitis of the middle coat; perisalpingitis of the peritoneal coat. If inflammation
closes the uterine and the abdominal ends of the tube, mucus gathers and distends the tube
{hydrosalpinx). If purulent matter gathers, the condition is known as pyosalpinx.

THE UTERUS, OR WOMB (Figs. 1178, 1181).

The uterus is the organ of gestation, receiving the fecundated ovum in its cavity,
retaining and supporting it during the development of the fetus, and becoming
the principal agent in its expulsion at the time of parturition. It is a hollow
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muscular organ. The nonpregnant uterus is contained in the cavity of the pehis

between the bladder and the rectum (Figs. 1183 .and 1188). It is rarely placed

exactly in the midline, but inclines to one side or the other, more often to the

left than to the right. The walls of the organ are extremely thick. The uterus

is movable as a whole, and the body of the uterus is movable upon the neck.

Its position varies with the condition of adjacent parts, especially of the bladder

and rectum. The cervix is more firmly fixed than the body and fundus, and hence

the latter vary more in position than the former. Normally, in an erect indi-

vidual, with the bladder and rectum empty, the external os is at the level of the

upper surface of the pubic symphysis (Fig. 1174) and in a frontal plane passing

through the ischiatic spines. The long axis of the uterus is directed forward and
upward (Fig. 1174) and is angled where the body and cervLx join. Hence, nor-

mally, with the bladder empty, the uterus is anteverted and anteflexed. When
the bladder fills, the anteversion and anteflexion are almost abolished. If the

bladder is overdistended and the rectum is empty, the uterus is pushed strongly

backward; so that its long axis corresponds to the long axis of the vagina; in

other words, it is retroverted.
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Fig. 1178.—The uterus, the left Fallopian tube, and the left ovarj' in their connection with the broad ligament of
the uterus, which has been fully unfolded. Seen from behind. From a virgin, aged nineteen years. (Toldt.)

In the virgin state it is p)ear-shaped, flattened from before backward, and is

retained in its position by the round and broad ligaments on each side, and
projects into the upper end of the vagina below (Figs. 1178 and 1179). Its upper
end, or base, is directed upward and forward; its lower end, or apex, downward
and backward, in the line of the axis of the inlet of the pelvis. It therefore forms
an angle of about 110 degrees with the vagina, since the direction of the vagina
corresponds to the axis of the cavity and outlet of the pelvis. The nonpregnant
adult uterus measures about three inches (7.5 cm.) in length, two inches (5 cm.)
in breadth at its upper part, and nearly an inch (2.5 cm.) in thickness, and it

weighs from an ounce to an ounce and a half (30 to 45 grams).
It consists of two parts (Tig. 1178): (1) An upper and larger portion, consist,

ing of the body and fundus.- This portion is flattened from before backward.
(2) A lower, smaller, and cylindrical portion, the cervix.

On the surface, about midway between the base and apex, a slight constriction,

known as the isthmus uteri, and a corresponding narrowing of the uterine cavity,

the internal os, serve to demarcate the two portions.
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The fundus (fundus uteri) (Fig. 1178) is the upper broad extremity of the uterus.

If a Hne is drawn from the uterine opening of one Fallopian tube to the other,

the portion above the line is the fundus. The fundus is directly continuous with

the body.

The body of the uterus {corpus uteri) (Fig. 1178) gradually narrows from the

fundus to the isthmus. In oudine, when seen from in front or behind, it resembles

a triangle, the base being above and the apex being absent. The anterior surface

'(fades vesicales) is so slightly rounded as to appear flattened. It is covered by
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Fig. 1179.—The external genital organ of a virgin attached to the vagina, which has been isolated and opened, and
a portion of the cervix uteri. (Toldt.)

peritoneum (Fig. 1178), which becomes reflected from it at its isthmus to form the

uterovesical pouch, which lies between the uterus and bladder (Fig. 1182). Its

posterior surface is more rounded than the anterior, being convex transversely.

It is covered by peritoneum throughout except along the attachments of the

layers of the broad ligament (Fig. 1183), and is separated from the rectum by
some convolutions of the small intestine (Fig. 1182). The peritoneum which
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covers the posterior surface forms most of the anterior wall of Douglas' cul-de-sac

(Figs. 1181 and 1182, and p. 14()7). Its lateral margins (Figs. 1178 and 1181)

are slightly convex. At the upper angle the Fallopian tube joins the body of

the uterus; immediately below this the round ligament is attached, and be-

hind the latter is the attachment of the ligament of the ovary; behind both of

GARTNER'S
OUCT

Fig. 1180.—The parovarium. The mesosalpinx i- par;.> reiuoved. (Poirier and Charpy.)

these structures, and from the side of the womb the broad ligament passes. The
di\ision between the body and the cer\'ix is indicated externally by the isthmus

and by the reflection of the peritoneiim from the anterior surface of the uterus

on to the bladder, and internally by a narrowing of the canal called the internal

OS (Fig. 1181). / ^

The neck or cervix uteri (Figs. 1178 and 1181) is the lower constricted segment
of the uterus; around its circumference is attached the upper end of the vagina

(Figs. 1178 and 1182), which extends upward a greater distance behind than in

front. The neck is spindle-shaped in the nuUiparous and cylindrical in parous

women.
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Fig. 1181.—The uterus and the right Fallopian tube opened from behind. (Toldt.)

The supravaginal portion (poHio supraraginalis [cenicis]) (Figs. 1178 and 1182)
is not covered by peritoneum in front; a pad of cellular tissue is interposed between
it and the bladder. Behind, the peritoneum is extended over it.

The vaginal portion (]X)rtio vaginalis [cenici^]) (Figs. 1178 and 1182) is the lower
end projecting into the vagina. It is curular or elliptical, the long axis of the
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ellipse being transversely placed. On its surface is a small aperture, the ex-

ternal OS or OS uteri {orificium externum uteri) (Figs. 1178 and 1181), gener-

ally linear in shape, but sometimes oval
RECTAL

"^'"^"'J,^"^^
or almost circular. If a woman has

borne children, the opening is trans-

verse and the margins are irregular.

The margin of the opening is, in the

absence of parturition or disease,

quite smooth. This aperture divides

the vaginal portion of the cervix into

two lips, an upper or posterior lip

(labium posieriiis) and an anterior lip

{labium anterius). On each side of

the cervix and upper portion of the

vagina there is a space containing

bloodvessels and filled with loose

cellular tissue. This loose tissue

passes upward between the layers of

the broad ligament, and is called parametrium. On each side of the cervix and
three-quarters of an inch away is the terminal portion of the corresponding ureter.
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Fio. 1182.^The cervix uteri and upper end of the
vagina, showing their relations to the peritoneum. Dia-
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Fig. 1183._Douglas' pouch. (From a preparation in the Museum of the Royal College of Surgeons of England.

Folds and Ligaments.—The ligaments of the uterus are eight in number,
borne are simple folds of peritoneum; others contain connective tissue and muscle.
Ihe ligaments are as follows: one anterior, one posterior, two lateral or broad,
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two sacrouterine—all these being formed of peritoneum—and, lastly, two round

ligaments.

The anterior ligament or the uterovesical fold is reflected on to the bladder from

the front of the uterus, at the junction of the cer^^x and body. It forms the utero-

vesical pouch (excaratio vesicouierina) (Figs. 1182 and 1183),

The posterior ligament or the rectovaginal fold passes from the posterior wall

of the uterus over the upper fourth of the vagina, and thence on to the rectum and
sacrum. It thus forms a pouch, called the rectovaginal pouch or Douglas' pouch

(Figs. 1182 and 1183), the boundaries of which are, in front, the posterior wall

of the uterus, the supravaginal portion of the cervix, and the upper fourth of the

vagina; behind, the rectum and sacrum; above, the small intestine; and laterally,

the folds of Douglas or rectouterine folds, which contain the sacrouterine ligaments.

The broad ligament (ligamentum latum uteri) (Figs, 1183 and 1184) is a peri-

toneal fold which passes from each side of the uterus to the lateral wall of the

peh'is as high as the external iliac vein. From this region comes the p>eritoneal

fold called the suspensory ligament of the ovary (Fig. 1173), The two broad
ligaments form a septum across the pelvis, which divides that cavity into two por-

tions. In the anterior part are contained the bladder, urethra, and vagina;

in the posterior part, the rectum. With the uterus normally placed the anterior

surface of the broad ligament faces forward and downward, and the posterior

surface faces upward and backward. The ligament is more nearly vertical

at its pelvic attachment. The two layers of

the broad ligament are mostly near to each

other, to the side and below they separate

and pass into the peritoneum of the lateral

pelvic wall, the bladder, and the rectum.

Between the two lavers of each broad liga-

ment are contained (1) the Fallopian tube

superiorly; (2) the round ligament; (3) the

ovary and its ligament; (4) the parovarium
or organ of Rosenraiiller, and the paroopho-
ron; (5) loose connective tissue, which is

called parametrium; (6) unstriped muscle
tissue; and (7) bloodvessels and nerves. The
Fallopian tube is in the free edge of the

broad ligament, and is contained in a special

fold, which is attached to the part of the

ligament near the ovary, and is known by the

name of the mesosalpinx (Figs. 1181 and 1184). If the mesosalpinx is spread
out, it is seen to be roughly triangular; the base of the triangle is outward, the
apex at the upper and outer angle of the uterus; the upper boundary is the Fallo-

pian tube, and the lower boundary is the ovary and its ligament. Between the
two layers of the mesosalpinx are the parovarium and the paroophoron. Between
the fimbriated extremity of the tube and the lower attachment of the broad
ligament is a concave rounded margin, called the infundibulopelvic ligament
(Fig. 1177),

The mesovarium passes upward from the posterior surface of the broad liga-

ment (Fig. 11S4). Beneath the mesovarium is a larger and thicker portion of

the broad ligament, called the mesometrimn (Fig. 1184).

The sacrouterine or rectouterine ligaments (plicae rectouterirme) are contained
in the peritoneal folds of Douglas. They pass from the second and third segments
of the sacrum, downward and forward on the lateral aspects of the rectum, to be
attached one on each side of the uterus at the junction of the supravaginal cervix
and the body, this point corresponding internally to the position of the os internum.

MESOVARIUM

GRAAFIAN
FOLUCLES

aiESOMCTRIUM

Fig. 11S4.—The broad ligament of the
uterus, witli the mesovarium, the mesosal-
pinx, the ovary, and the Fallopian tube in
transvetse sectioa. (Toldt.)
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They contain fibrous tissue and unstriated muscle fibre. Muscle fibres from the

uterine wall to the rectal wall constitute the Rectouterinus muscle {musculus recto-

uterinns). This muscle is part of the sacrouterine ligaments.

A round ligament {ligamentum teres uteri) (Figs. 1178 and 1183) is attached on

each side of the uterus. The two ligaments are rounded cords between four and

five inches in length, each situated between the layers of the broad ligament

in front of and below the Fallopian tube. Commencing at the superior angle

of the uterus, this ligament passes forward, upward, and outward through the

internal abdom.inal ring, along the inguinal canal, to the labium majus, in which

it becomes lost. The round ligament consists principally of muscle tissue pro-

longed from the uterus; also of some fibrous and areolar tissue, besides bloodvessels

and nerves, enclosed in a duplicature of peritoneum, which in the fetus is pro-

longed in the form of a tubular process for a short distance into the inguinal

canal. This process is called the canal of Nuck. It is generally obliterated in

the adult, but sometimes remains pervious even in advanced life. It is analogous

to the peritoneal pouch which precedes the descent of the testis.

The cavity of the uterus (cavum uteri) (Fig. 1181) is small in comparison with

the size of the organ, because of the great thickness of the wall. That portion

of the cavity which corresponds to the body is triangular, flattened from before

backward, so that its anterior and posterior walls are closely approximated,

and having its base directed upward toward the fundus. At each superior

angle is the minute orifice of the Fallopian tube. At the inferior angle of the

uterine cavity is a small constricted opening, smaller and more nearly circular

than the external os uteri, the internal os uteri (orificium internum uteri) (Fig.

1181), which leads into the cavity of the cervix.

The cavity of the cervix {canalis cervicis uteri) (Fig. 1181) extends from the

internal os uteri to the external os uteri. It is somewhat fusiform, flattened from

before backward, broader at the middle than at either extremity, and communicates

below with the vagina. The wall of the canal presents, anteriorly and posteriorly,

a longitudinal column, from which proceed a number of small oblique columns,

giving the appearance of branches from the stem of a tree; and hence the name
uterine arbor vitae (plicae palmatae) applied to it. The longitudinal ridges are not

exactly apposed, but fit against each other so as to close the cervical canal. These
folds usually become very indistinct after the first labor.

The total length of the uterine cavity from the external os to the fundus is about

two and a half inches.

The Uterus at Different Ages.—The uterus of the fetus is in the abdominal cavity pro-

i'ecting above the brim of the pelvis. The cervix is considerably larger than the body. At
>irth the cervix is larger relatively than in the adult; there is no distinct internal os distinguishing

the cavity of the body of the uterus from the cavity of the cervix. The arbor vitse is distinct and
extends to the upper part of the cavity of the organ. The growth of the uterus is slow until

puberty is almost reached, when for a time the growth is rapid. The growth of the uterine body
causes the mucous membrane of this part to lose its folds, hence the arbor vitse disap])ears from
the body. In a woman who has had children the uterine cavity is larger than in a woman who
has never borne a child. In advanced years the uterine wall becomes jialer and hard and rigid

from atrophic fibrous changes. A more distinct constriction separates the body and cervix.

The internal os frequently and the external os occasionally are obliterated in old age.

Abnormalities.—Very rarely the uterine cavity is divided into two by a septum. Occasionally
the condition known as bicomate uterus exists. In this condition each lateral angle is pro-
longed into a horn or cornu. The uterus is formed by the union of the two ducts of Miiller, and
failure of fusion of these ducts makes a double uterus or a bicornate uterus.
Changes at a Menstrual Period.—For several days before the menstrual flow begins the

mucous membrane increases in thickness and vascularity and its surface is cast into folds. After
these preparatory changes the superficial portions of the mucous membrane break down and are
cast off, and bleeding begins. At the termination of menstruation the mucous membrane
rapidly regenerates. At each menstrual period from four to five fluidounces of blood are dis-

charged. The meaning of menstruation is uncertain. Ffluger believes the wall of the uterus
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is made raw, so that if an impregnated ovum arrives it will adhere. Reichert believes that

menstruation means that no impregnated ovum has arrived in the womb, and hence no bed is

needed for one
Changes Induced by Pregnancy.—The muscle fibres hypertrophy enormously and be-

come vastly longer and broader. There is a great increase in connective tissue, and new
connective-tissue fibres jmss between bundles of muscle. The peritoneal coat undergoes hj-per-

plasia. It remains closely adherent to the uterus, except over the lower segment, from which

region it can be easily stripped. The bloodvessels become large and tortuous. The ner\-es are

increased in length and new filaments form. The lymphatics undergo hypenrophy and hyper-

plasia. The uterus becomes spherical, and after the fourth month ovoidal. Early in pregnancy

the increase in weight causes the uterus to descend in the pelvis. After the third month it rises

progressively, and dining the ninth month the fundus reaches the epigastrium. "Before term

(four weeks in primiparie, ten days or one week in multiparse) the fundus sinks again, as the

presenting part and lower uterine s^:ment become engaged in the pelvic cavity. This phenome-
non is explained by contraction of the overstretched abdominal walls. "^ The womb is acutely

anteflexed during the first three months of pregnancy. After this period, as the womb rises,

the anteflexion is diminished, but some degree remains, because the abdominal walls are too lax

to hold the organ straight. The uterus passes somewhat to the right side and undergoes a rota-

tion on its longitudinal axis, so that the anterior surface looks front and to the right. These
changes in position are caused by fecal distention of the sigmoid. The intestines are above and
back of the uterus. During the first four months the cervix softens and enlarges somewhat.

The length of the cervical canal is not altered during pregnancy, and the canal does not dilate

until labor begins. During pr^nancy the cervical glands secrete thick mucus, which coagulates

and occludes the cervical canal; the round ligaments become stronger, and the layers of the

broad ligaments are separated toward their inner portions by the enlarging womb.
After parturition the uterus nearly regains its former size, usually weighing something over

one and a half ounces; but its cavity is larger than in the virgin state, the external orifice is more
marked, its edges present a fissiu-ed siu^ace, its vessels are verA- tortuous, and its muscle layers

are more defined.

Structure.—The uterus is composed of three coats—an external or serous coat, a middle
or muscular coat, and an internal or mucous coat.

The serous coat or perimetrium (tunica serosa) is derived from the peritoneum; it invests

the fundus and the whole of the posterior surface of the uterus; but covers the anterior surface

only as far as the junction of the body and cervix. In the lower fourth of the posterior surface

the peritoneum, though covering the uterus, is not closely connected with it, being separated

from it by a layer of loose cellular tissue and some large veins. At the lateral margins of the

uterus the serous coat passes on to the broad ligaments. The serous coat adheres closely to the

uterus, and it is very difficult to separate it from the muscle.

The muscular coat {tunica muscularis) (Fig. 1181) forms the chief bulk of the substance of the

uterus. In the unimpregnated state it is dense, firm, of a gra\Tsh color, 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 muscle tissue, disposed in layers, intermixed

with areolar tissue, bloodvessels, lymphatic vessels, and nerves. Tlie muscle tissue 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, con-

verging ^t each superior angle of the uterus, are continued on the Fallopian tube, the round
ligament, the ligament of the ovary; some passing at each side of the broad ligament, and others

running backward from the cervix into the sacrouterine ligaments. The fibres of the external

|x>rtion of the outer layer (stratum subserosum) are longitudinal. The fibres of the inner portion

of the outer layer (stratum suprava-sculare) are partly circular and partly longitudinal.

The middle layer of fibres (stratum vasculare), which is thickest, presents bundles of circular

fibres closely connected with bloodvessels. In this layer are most of the large bloodvessels.

The circular fibres about the internal os form a distinct sphincter. Those which surround the

orifices of the Fallopian tubes are 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.

The internal or deep layer (stratum, muco»ttm,) consists of longitudinal fibres. Some consider
the deeper portion of the muscle tissue of the uterus to be the muscularis mucosae. But the deep
portion of the muscle substance is continuous with the more superficial portion, and there is no
submucous coat between the muscle and the mucous membrane. The deeper layer of muscle
fibres of the uterus contains connective tissue and elastic fibres. The muscle tissue of the

ervix contains more connective and elastic tissue than does the body of the uterus; hence, the

ervix is harder and stiffer than the body.

> A Text-book of Obstetrics. By Prof. Barton Cooke Hirat.
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The mucous membrane (tunica mucosa) (Fig. 1181) is thin, smooth, and closely adherent to the

subjacent muscle tissue. It is continuous, through the fimbriated extremity of the Fallopian

tubes, with the peritoneum, and through the os uteri with the lining of the vagina.

In the body of the uterus it is smooth, soft, of a pale red color, lined with simple ciliated epi-

thelium, and presents, when viewed with a lens, the orifices of numerous tubular glands arranged

perpendicularly to the surface. It is not provided with any submucosa, but is intimately con-

nected with the innermost layer of the muscular coat. In structure its tunica propria differs

from ordinary mucous membrane, consisting of an embryonic nucleated and highly cellular

form of connective tissue, in which run numerous large lymphatics. In it are the tube-like

uterine glands (glandulae uterinae), which are of small size in the unimpregnated uterus,

but shortly after impregnation become enlarged and elongated, presenting a contorted or waved
appearance toward their closed extremities, which reach into the muscularis, and may be single

or bifid. The uterine glands consist of a delicate membrane, lined with epithelium, which
becomes ciliated toward the orifices.

In the cervix the mucous membrane is sharply differentiated from that of the uterine cavity.

It is thrown into numerous oblique ridges, which diverge from an anterior and posterior longi-

tudinal raph^ presenting an appearance which has received the name of arbor vitae [plicae

Branches to tube.

Brunches to fundus

Vaginal arteries.

Fio. 1185.—The arteries of the internal reproductive organs of the female, seen from behind. (After Hyrtl.)

palmatae). In the upper two-thirds of the canal the mucous membrane is provided with numer-
ous deep glands (glandulae cervicales uteri), which secrete a clear viscid alkaline mucus; and
in addition, extending through the whole length of the canal, are a variable number of little cysts,

presumably glands, which have become occluded and distended with retained secretion. They
are called the ovules of Naboth. The mucous membrane covering the lower half of the cervical

canal presents numerous papillae. The epithelium of the upper two-thirds is ciliated, but below
this it loses its cilia, and close to the external os gradually changes to squamous epithelium.
Vessels and Nerves (Fig. 1185).—The arteries of the uterus are the uterine, from the inter-

nal iliac, and the ovarian, from the aorta. They are remarkable for their tortuous course in the
substance of the organ and for their frequent anastomoses. The uterine artery reaches the lower
part of the uterus at the side and is prolonged as a large artery to the body and fundus, which
ascends between the layers of the broad ligament. The uterine artery gives off a smaller branch,
the cervical, which descends to supply the cervix and sends cervicovaginal branches to the
vagina. The azygos arteries of the vagina come from the cervicovaginal reenforced by branches
of the vaginal arteries (Fig. 1187). A median longitudinal vessel is formed in front and behind,
which descends in the vaginal wall. The termination of the ovarian artery meets the termination
of the uterine artery, and forms an anastomotic trunk from which branches are given off to
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supply the uterus. Dr. Robinson, instead of describing the uterine and ovarian arteries as two
vessels, describes them as parts of one vessel, the arteria uterina ovarica (p. 673). The veins
are of large size, and correspond with the arteries. In the impregnated uterus these vessels form
the uterine sinuses, consisting of the lining membrane of the veins adhering to the walls of the
canals channelled through the substance of the uterus. They terminate in the uterine plexuses,
which empty into the internal iliac veins. The lymphatics (Fig. 1 186) are described on page
797. The nerves come chiefly from the uterova^nal plexus, which continues into the hypo-
gastric plexus and receives filaments from the third and fourth sacral nerves. The uterus
also receives direct fibres from the hypogastric plexus and from the vesical plexus.

LATCRAL AORTIC
NODES

VESSELS FROM
BODV OF UTERUS

VESSELS FROM
NECK OF UTERUS

TO LATERAL-
SACRAL NODE

VESSELS FROM
NECK OF UTERUS

VESSELS OF
ROUND LIGAMENT

VESSEL OF
FALLOPIAN TUBC

Fig. 1186. —The lymphatics of the internal ..; le lemale. (Poirier and Charpj-.)

Applied Anatomy, ^Pelvic cellulitis (parametritis) is inflammation of the pelvic cellular
tissue. It is due to sepsis, and its usual antecedent is uterine sepsis. A laceration of the cervix
may admit bacteria. An abscess may form. If it points in the vagina it should be incised through
the vaginal wall. The uterus may require removal {hysterectomy) in cases of malignant disease
or for tibroid tumors. Carcinoma is the most common form of malignant disease of the uterus,
though cases of sarcoma do occur. Carcinoma may show itself either as a columnar carcinoma
or as a squamous carcinoma, the former commencing either in the cervix or body of the uterus,
the latter always commencing in the epithelial cells of the mucous membrane covering of the
vaginal siu-face of the cervix. The columnar form may be treated in the early stage, before fixation
has taken place, by removal of the uterus, either through the vagina or by means of abdominal
section. The former operation is attended by the smaller death rate. "Vaginal hysterectomy
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may be performed in any case in which the uterus or the uterus and tumor are not too large to be

withdrawn through the vagina. It is difficuU in this operation to deal with adhesions and other

complications in the upper part of the pelvis, and for this reason many surgeons prefer the abdom-

Fimbriated extremity

of t^'h^

Artery and
vein.

Fugina, auieriur wall.

Fig. 1187.—The uterus and its appendages. Posterior view. The parts have been somewhat displaced from
their proper position in the preparation of the specimen; thus, the right ovary has been raised above the Fal-

lopian tube, and the fimbriated extremities of the tube have been turned upward and outward, (From a prepa-
ration in the Museum of the Royal College of Surgeons of England.)

inal operation. Vaginal hysterectomy is performed by placing the patient in the lithotomy posi-

tion and introducing a large duckbill speculum into the vagina. The cervi.x is then seized with a

volsellum and pulled down as far as possible and the mucous membrane of the vagina incised

around the cervix as near to it as the disease will allow, especially in front, where the ureters are

in danger of being wounded. A pair of dressing forceps are then pushed through into Douglas'

pouch and opened sufficiently to allow of the

introduction of the two forefingers, by means
of which the opening is dilated laterally as

far as the sacrouterine ligaments. A some-

what similar proceeding is adopted in front,

but here the bladder has to be separated

from the anterior wall of the uterus for about

an inch before the vesicouterine fold of

peritoneum can be reached. This is done
by carefully burrowing upward with a director

and stripping the tissues from the anterior

uterine wall. When the vesicouterine pouch
has been opened and the opening dilated

laterally, the uterus remains attached only

by the broad ligaments, in which are con-

tained the vessels that supply the uterus.

Before division of the ligaments these vessels

have to be dealt with. The forefinger of the

left hand is introduced into Douglas' pouch

and an aneurism needle, armed with a long

silk ligature, is inserted into the vesicouterine

pouch, and is pushed through the broad liga-

ment of one side about an inch above its lower

level and at some distance from the uterus.

One end of the ligature is now pulled through

the anterior opening, and in this way we
have the lowest inch of the broad ligament,

in which is contained the uterine artery,

enclosed in a ligature. This is tied tightly, and the operation is repeated on the other side. • The
broad ligament is then divided on either side, between the ligature and the uterus, to the extent

to which it has been constricted. By traction on the volsellum which grasps the cervix, the uterus

Fig. 1188.—Relations between uterus, ureter, and
uterine artery. (Schematic.)
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can be pulled considerably farther down in the vagina, and a second inch of the broad ligament

is treated in a similar way. This second ligature will embrace the pampiniform plexus of veins,

and, when the broad ligament has been divided on either side, it will be found that a third liga-

ture can be made to pass over the Fallopian tube and top of the broad ligament, after the uterus

has been drag^^ed down as far as f>ossible. After the third Ugature has been tied and the struc-

iiue between it and the uterus divided, this organ will be freed from all its connections and can

be removed from the vagina. This canal is then spmnged out and lightly dressed with gauze,

no sutures being used. The gauze may be removed at the end of the second day. In squamous
epithelioma, amputation of the cervLx is done by some in those cases where the disease is recog-

nized l)efore it has invaded the walls of the vagina or the neighboring broad ligaments. The
operation consists in remoxnng a wedge-shaped piece of the uterus, including the cervix, through

the vagina and attaching the cut surface of the stump to the anterior and posterior vaginal walls,

so as to prevent retraction. In N-iew, however, of the continuity of the lymphatic network of the

cervix with the lymphatics of the body, the operation is insufficient and should be condemned.
Complete abdominal hysterectomy is rarely necessary, except for malignant disease. In this opera-

tion the entire uterus is removed. The preliminary introduction of bougies into the ureters as

practised by Kelly and Clark enables the surgeon to readily recognize the situations of these tubes.

After the abdomen has been opened the uterine vessels are secured and the broad ligaments

divided in a similar manner to that employed in vaginal hysterectomy, except that the proceeding

is commenced from above. \Mien the first two ligatures have been tied and the broad ligament

divided, it will be found that the uterus can be raised out of the pelvis. A transverse incision

is now made through the peritoneum, where it is reflected from the anterior siu^ace of the uterus

on to the back of the bladder and the serous membrane peeled from the surface of the uterus

until the vagina is reached. The anterior wall of this canal is cut across. The uterus is now
turned forward and the f>eritoneum at the bottom of Douglas' pouch incised transversely, and
the posterior wall of the vagina cut across imtil it meets the incision on the anterior wall. The
uterus is now almost free, and is held only by the lower part of the broad ligament on either

side, containing the uterine artery. A third ligature is made to encircle this, and, after having

been tied, the structures are divided between the ligature and the uterus. The organ can now
be removed. The vagina is plugged with gauze, and the external wound closed in the usual

way. The vagina acts as a drain, and therefore the opening into it is usually left imsutured. In
some cases of uterine fibroid the abdomen is opened and the tumor is removed, but the uterus is

not taken away. This operation is called myomectomy. This operation is suited only to solitary

subperitoneal or interstitial tumors (Penrose).

The common operation for uterine fibroids is supravaginal amputation. The uterus is cut

away and the cerncal flaps are sutured. Before the technique of hysterectomy was perfected

and before myomectomy was devised the favorite operation for uterine fibroids was salpingo-

oophorectomy, and by it a large majority of cases operated upon were ciu-ed. ^^'hen it succeeds,

a premature menopause is induced and the tumor shrinks. The operation is useless if a woman
is past the menopause, and is likely to fail if the tumor is very soft or very large.

THE VAGINA (Figs. 1174, 1192).

The vagina {vulvouterine canal) is a musculomembranous passage, which
extends 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 upward and
backward, at first in the line of the pelvic outlet, and afterward in that of the axis
of the ca\'ity of the pel\-is. Its walls are ordinarily in contact, and its usual shape
on transverse section is that of an H, the transverse limb being slightly curved
forward or backward, while the lateral limbs are somewhat convex toward the
median line. Its length is about two and a half inches (6.25 cm.) along its anterior
wall (paries anterior), and three and a half inches (8.75 cm.) along its posterior
wall (paries posterior), and its wall is about 2 mm. thick. It is constricted at
its commencement, and becomes dilated medially, and narrowed near its uterine
extremity; it surrounds the vaginal portion of the cervix uteri, a short distance
from the os, its attachment extending higher up on the posterior than on the
anterior wall of the uterus (Fig. 1182). To the recess behind the cervix the term
posterior fornix is applied, while the smaller recess in front is termed the anterior

fornix.
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Relations (Figs. 1174 and 1192).—The upper part of the anterior wall of the vagina is in

relation with the base of the bladder, being separated from that visciis by lax connective tissue.

Lower down the middle line of the anterior wall and closely joined to it is the urethra. The upper
part of the posterior wall, near the middle line, is covered for a quarter of an inch or more with
peritoneum, which forms the anterior wall of the depths of the rectovaginal pouch of peritoneum
or pouch of Douglas {excamtio rectmderina [Douglasi]) (Fig. 1182), between the uterus and
vagina and the rectum. The portion of the posterior wall below the level of the pouch of

Douglas is placed close to the rectum, a layer of pelvic fascia intervening. As the vaginal orifice

is approached, the rectum and vagina separate, and interposed between them is a mass of fibro-

fatty tissue called the perineum or perineal body. Its sides are enclosed between the Levatores
ani muscles. The ureter toward its termination (Fig. 1183) lies near the lateral wall of the
vagina, passing at this point in a direction downward, inward, and slightly forward to reach the
bladder. The vagina near its termination passes through the triangular ligament, and upon its

sides are the bulbs of the vestibule, the glands of Bartholin, and the Bulbocavernous muscle.
Structure.—The vagina consists of an internal mucous lining, a muscular coat, and a

fibrous coat; between the first two is found a layer of erectile tissue.

INTERNAL
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Fig. 1189.—The lymphatics of the vagina. Schematic. (Poirier and Charpy.)

The mucous membrane {tunica mucosa) (Fig. 1179) is continuous above with that lining the
uterus. Its mner surface presents, along the anterior and posterior walls, a longitudinal ridge
OT raph^, called the rugous columns of the vagina (columna rugarmn anterior et posterior).
I he anterior column extends downward as far as the external orifice of the urethra, forming the
carina urethralis vaginae. Numerous transverse ridges or rugae (rugae vaginales) extend out-
ward trom the raphe on either side. These rugae are separated by furrows of variable depth,
givmg to the mucous membrane the appearance of being studded over with conical projections
or papillae; they are most numerous near the orifice of the vagina, especially in women before
parturition^ The epithelium covering the mucous membrane is of the stratified squamous
v'ariety. Ihe subepithelial tissue is very loose and contains numerous large veins, which by
their anastonioses form a plexus, together with smooth muscle fibres from the muscular coat; it is
regarded by Gussenbauer as an erectile tissue. It contains a number of mucous crvpts, but no
true glands.

" '

_
The muscular coat (tunica muscularis) consists of two layers, an external longitudinal, which

IS tar the stronger, and an internal circular layer. The longitudinal fibres are continuous with
the superficial muscle fibres of the uterus. The strongest fasciculi are those attached to the recto-
vesical fascia on each side. The two layers are not distinctly separable from each other, but
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are connected by oblique decussating fasciculi which pass from the one layer to the other. Above
the triangular ligament the fibres are nonstriated; in the r^ion of the ligament they show stria-

tions. In addition to this, the vagina at its lower end is surrounded by a band of striped muscle

tissue, the Sphincter vaginae (p. 445).

The fibrous coat is composed of dense white fibrous connective tissue, which connects the

vagina to the surrounding organs. It contains a large plexus of bloodvessels.

The erectile tissue consists of a layer of loose connective tissue situated between the mucous
membrane and the muscular coat; embedded in it is a plexus of large veins, and numerous

bundles of unstriped muscular fibres derived from the circular muscular layer. The arrange-

ment of the veins is similar to that found in other erectile tissues.

Bloodvessels, Nerves, and Lymphatics.—The arteries of the vagina are branches of the

vesicovaginal artery, the vaginal branch of the uterine artery (p. 672) and branches of the

internal pudic and middle hemorrhoidal. The veins form an abundant plexus around the wall

of the vagina and pass to the internal iUac veins. The lymphatics (Fig. 1189) arise from two

commimicating networks, one of which is beneath the mucous membrane, the other in the muscu-

lar wall. There is a third network around the vaginal wall, from which the collectors arise. The
trunks from the upper third of the vagina pass to the external iliac nodes; those from the middle

third pass to the internal iliac nodes; those from the lower third terminate in the nodes at the

promontory of the sacrum or in the lateral sacral nodes. The nerves come from the third and

fourth sacral nerves and from the uterovaginal and vesical plexuses of the sjmipathetic.

THE EXTERNAL ORGANS (PARTES 6ENITALES EXTERNAE MULIEBRES).

The external reproductive organs in the female are the mons Veneris, the labia

majora and minora, the vestibule, the clitoris, the vaginal bulb, and the glands of

Bartholin. The term vulva (pudendum muliebre), as generally applied, includes

all of these parts. In examining the structures entering into the formation of

the vulva we find the homologues of most of the structures which make up the

male genitals.

Labia majora = Scrotum.

Clitoris = Corpora cavernosa.

Bulbus vestibuli = Corpus spongiosum.

Vestibular glands = Bulbourethral glands

(of Bartholin). (of Cow^er).

The mons Veneris (commissura labiorum anterior) is the rounded eminence
in front of the pubic symphysis formed by a collection of fatty tissue beneath the

integument. It becomes covered with hair at the time of puberty.

The labia majora (labia majora jnidendi) (Figs. 1190 and 1191) are two promi-

nent longitudinal cutaneous folds, narrow behind, but fuller and larger toward the

mons Veneris, and bounding the pudendal slit (rima pndendi) or common urinogeni-

tal opening. Each labiiun majus has two surfaces, an outer, which is covered by
pigmented skin with numerous sebaceous glands and strong, crisp hairs, and an in-

ner, which is smooth and moist and is continuous with the genitourinary mucous
tract. In the subcutaneous areolofatty tissue of each labium majus the round
ligament of the uterus ends. The labia are joined with each other anteriorly

by the mons Veneris or anterior commissure. Posteriorly they appear to become
lost in the neighboring integument, although sometimes connected by a slight

transverse fold in front of the anus, the posterior commissure (coinmissura labiorum

posterior), or posterior boundary of the vulvar orifice. The interval between
the posterior commissure and the anus, about an inch in length, constitutes the

obstetric perineum.

Bloodvessels, Nerves, and Lymphatics.—The arteries of the labia majora are derived from
the superficial external pudic arteries and from perineal branches of the intiemal pudic arteries.

Homologous with the scrotum, the nerve supply is derived from branches of the ilioinguinal,

internal pudic, and perineal branches of t^e small sciatic. The lymphatics drain into the

superficial inguinal and internal iliac lymph nodes.
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The labia minora, or n3rmphaB {labia minora jmdendi) (Figs. 1191, 1192), are

two smaller, narrower longitudinal folds, with a delicate covering of modified

skin, and usually hidden from view unless the labia majora are separated. They
end posteriorly by gradually joining the labia majora, although in the young

there is usually a transverse fold, the fourchette or frenulum (Jrenulum lahiorum

fudendi). Traced forward each labium minus divides into an outer and an inner

portion or limb. The outer parts of the two labia unite over the glans clitoridis

to form the prepuce of the clitoris (praeptdium clitoridis) (Fig. 1191). The internal

limbs unite at an acute angle beneath the glans clitoris and are attached to the

under surface of the glans to form the frenulum clitoridis. The two labia minora
are in contact, flanked by the labia majora, and are covered by modified skin.
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1190.—The female pudendum or vulva with the labia majora. (Toldt.)

with numerous, sebaceous glands {glandulae vestibulares minores), resembling
the smooth, moist, pink-colored integument of the inner surface of the labia majora.
The cleft between the labia minora is called the vestibule, the structures of which
are seen only on separating the labia.

The vestibule {vestihnlum vaginae) (Figs. 1174 and 1191) is the cleft between
the labia minora, between the glans clitoridis in front and the fourchette behind.
On separating the labia minora the following structures in the vestibule are seen:

(1) The external urethral orifice and the minute openings, one on each side, of
the paraurethral ducts; (2) the vaginal orifice; and (3) the openings of the ducts
of the vestibular glands (of Bartholin). The recess between the fourchette and
the vaginal orifice is called the fossa navicularis.
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The external orifice of the urethra, or urinary meatus (orificivm vrethrae erternvvi)

(Figs. 1191 and 1194), is situated immediately in front of the vaginal orifice and
about an inch behind the glans clitoridis. The orifice usually presents the

appearance of a vertical slit, and is surrounded by a prominent elevation of the

mucous membrane. On each side of the urinary meatus there may sometimes

be seen the minute orifice of the duct of the paraurethral glands, supposed to be

the homologues of the prostate.

^OMS VENERIS
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1191.—The vulva. External female organs of generation.

The vaginal opening is situated behind the urethral orifice, and its appearance
varies with the condition of the hymen, a membranous fold which more or less

closes the aperture in the virgin.

The hymen varies much in shape. Its commonest form is that of a ring, gener-

ally broadest posteriorly; sometimes it is represented by a semilunar or crescentie

fold, with its concave margin turned toward the pubes. A complete septum
stretched across the lower part of the vaginal orifice is called an imperforate hymen.

Occasionally the hymen is cribriform, or its free margin forms a membranous

fringe, or it may be entirely absent. It may persist after copulation, so that it

cannot be considered as a test of virginity. After rupture of the hymen the small
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rounded nodular elevations known as the carunculae myrtiformes (caruncnlae

hymenales) are found as the remains of the structure.

The clitoris (Figs. 1191, 1192) is an erectile structure which is the morpho-

logic homologue of the penis; unlike the penis, however, it is not traversed by the

urethra. It is situated beneath the anterior commissure (or mons Veneris) and

is partly hidden between the anterior extremities of the labia minora. It is com-

posed of a body and two crura; the extremity of the body is surmounted by a small

glans.
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FORNIX
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Fig. 1192.—Sagittal section of the lower part of a female trunk, right segment.
(Testut.)

SM. INT. Small intestine.

The body of the clitoris, composed of erectile tissue, is about an inch and a
quarter in length (3 cm.), and is bent upon itself so that the angle opens downward.
It tapers toward the glans, is enclosed by a dense fibrous coat, and is divided by
an incomplete septum corponim cavemosorum into two semicylindrical corpora

cavernosa clitoridis, homologous with the corpora cavernosa of the male. A sus-

pensory ligament passes from the pubic symphysis to the fibrous coat of the

body of the clitoris. Each corpus cavernosum diverges from its fellow to form
the cms clitoridis. Each crus is attached to the pubic arch (pubis and ischium)
and is covered by the Ischiocavernosus muscle {m. erector clitoridis).
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The glans clitoridis is a minute mass of erectile tissue, surmounting the tapering

apex of the body of the clitoris. It is covered by a very sensitive epithelium, and
its erectile tissue, like that of the glans penis, is continuous with the erectile tissue

CRCSCENTIC FRINGED BILABIAL

Fig. 1193.—Varieties of hj-nien.
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Fig. 1194.—The female external organs of generation dissected. (^>aItebolx.)
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of the bulbus vestibuli, the homologiie of the corpus spongiosum of the male.

The praeputium clitoridis and the frenulum clitoridis have already been described

(p. 1416) as divisions of the labia minora.

Arteries and Nerves of the Clitoris.—The body and the crura of the clitoris derive their

blood .supply from the deep artery of the clitoris (arteria profunda clitoridis), a branch of the

internal pudic artery. Another branch of this artery, the dorsal artery of the clitoris (arteria

dormiis clitoridis) sup[)lies the glans. The nerve supply is derived from the dorsal nerve of the

clitoris, from the internal pudic, and from the hjrpogastric S3nnpathetic plexus.

The vaginal bulb (bulbus vestibuli) (Fig. 1194) may be regarded as the homo-

iogue of the bulb portions of the corpus spongiosum of the male. The principal

morphological difference lies in the fact that the two halves are fused in the male,

but remain separated in the female. The bulbus vestibuli consists of a mass of

minute convoluted bloodvessels, of such plexiform arrangement as to be often

called erectile tissue, arranged in two halves, one on either side of the vaginal and

urethral orifices. Each half is thicker or more massive posteriorly, while anteriorly

it is attenuated and joins its fellow of the opposite side to form the pars intermedia,

continuous with the erectile tissue of the glans clitoridis. P^ach half of the bulbus

vestibuli rests against the lateral wall of the vagina and lies superficial to the

triangular ligament. Externally and inferiorly it is covered by the Bulbocaver-

nosus muscle.

Arteries and Nerves of the Bulbus Vestibuli.—The blood is supplied by the artery to the

bulb (arteria bidbi vestibuli), a branch of the internal pudic artery. The nerve supply is by

branches of the hjrpogastric sympathetic plexus.

The Glands of Ba,Ttho]iD.(glaudula vestibularis major [Bartholini]) (Fig. 1194).—

On each side of the posterior part of the commencement of the vagina is a round

or oblong body, of a reddish-yellow color, and of the size of a horse-bean, analo-

gous to Cowper's gland in the male. It is called the gland of Bartholin, the gland

of Duvemey, the vulvovaginal gland, or the suburethral gland. Bartholin's gland

lies pardy in the inferior or anterior leaf of the triangular ligament. The pos-

terior portion of the bulbus vestibuli and the Bulbocavernous muscle partly cover

it. Each gland opens by means of a long single duct immediately external to

the hymen, in the angle or groove between it and the nympha (Fig. 1193).

DEVELOPMENT OF THE URINARY AND GENERATIVE ORGANS.

The permanent organs of the adult are preceded by a set of purely embryonic structures which,
with the exception of their ducts, almost entirely disappear before birth. These embryonic
structures, all developed from the intermediate cell mass of mesodermal tissue, are on either

side; the pronephros, the mesonephros, the Wolffian (mesonephric) duct, and the Miillerian

duct (oviduct). The pronephros disappears very early; the structural elements of the meso-
nephros mostly atrophy, but in their place is developed the genital gland, in association with
which the mesonephric duct remains as the duct of the male genital gland, the oviduct as that of

the female.

The pronephros is an early embryonic structure in all vertebrates. It develops at about the
level of the heart by a proliferation of the mesodermal cells of the intermediate cell mass. In it

appear (a) a longitudinal cord of cells, which later acquires a lumen to form the pronephric
duct; (b) two transverse pronephric tubules develop as invaginations of the coelomic meso-
thelium. Of these, the cephalic one acquires a lumen and opens into the coelomic cavity; the
other remains a solid,cord of cells. Neither tubule becomes connected with the pronephric duct.
The pronephric duct remains to become the Wolffian duct of the next stage, while the tubules
are represented, in the adult, by the hydatids at the fimbriated end of the Fallopian tube in the
female, and by the stalked hydatid at the upper end of the testis in the male.
The Mesonephros, Miillerian Duct, and Genital Gland.—On the inner side of the Wolffian

duct a series of tubules, the Wolffian tnbules, are developed. Each tubule opens laterally into
the duct, while its middle part is invaginated by a tuft of capillary bloodvessels to form a glom-
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erulus. These tubules increase in number, and collectively constitute the mesonephros or

Wolffian body (Figs. 1195, 1196). At the beginning of the second month this body forms an

elongated spindle-shaped structure, which projects into the ccelomic cavity at the side of the dor-

sal mesentery, and reaches from the septum tt-ansversum cephalad to the fifth lumbar somite

caudad. The Wolffian body persists and forms the permanent kidney in fishes and amphibians.
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Fig. 1195.—Section of the urinogenital area of a chick embrjo of the fourth day. (Waldeyer.)

but in reptiles, birds, and mammals it is superseded by the metanephros, which forms the perma-

nent kidney in these animals. The cephalic tubules of the Wolffian body become attached to the

sexual eminence or geniial ridge, from which the ovar\' in the female and the testicle in the male

are developed. During the development of the permanent kidneys the WolflBan bodies atrophy,

and this process proceeds to a much greater extent in the female than in the male.

Mulleiian diicts.

Fig. 1196.—Enlarged view from the front of the left

Wolffian body before the establishment of the distinc-

tion of sex. a, b, c, d. Tubular structure of the Wolf-
fian body. e. Wolffian duct /. It.« upper extremity.
g. Its termination in x, the urinogenital sinus, h. The
duct of Miiller. i'. Its upper, funnel-shap>ed extremity.

k. Its lower end, terminating in the urinogenital sinus.

/. The mass of blastema for the reproductive organ,
ovary, or testicle. (From Farre, after Kobelt.)

Fig. 1197.—Urinogenital sinus of female
human embryo of eight and a half to nine
weeks old.

In the male, the Wolffian duct persists, and forms the tube of the epididjTnis, the vas deferens,

and common ejaculatorj* duct, while the seminal vesicle arises as a lateral diverticulum from its

caudal end. The cephalic Wolffian tubules form the rete testis, va.sa efferentia, and coni vas-

culosi of the testis; while the caudal tubules atrophy or are represented by the occasional vasa

aberrantia of the globus minor and by the paradidjTnis.

In the female, the Wolffian bodies and ducts atrophy. The remains of the Wolffian tubules

are represented by the epobphoron and the paroophoron (p. 1407), while the cephalic portion of

the Wolffian duct sometimes persists as the functionless duct of Gartner (Fig. 1181).
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Fig. 1198.—Diagram of the primitivo
urmogenital organs in the embrj'o pre-
vious to sexual distinction. 3. Ureter.
4. Urinary bladder. 5. Urachus. d.
Cloaca, cp. Elevation whicli becomes
clitoris or penis, i. Lower part of in-
testine. Is. Fold of integument from
which the labia majora or scrotum are
formed, m, m. Right and left Miillerian
ducts uniting and running with the
Wolffian ducts in gc, the genital cord.
ot. The genital ridge from which either
the ovary or testicle is formed, ug.
Sinas urogenital. W. Left Wolffian
body. u\ w. Right and left Wolffian
ducts.

Fig. 1199.—Diagram of the female
type of sexual organs. c. Gland of
Bartholin, and immediately alaove it

the urethra. cc. Corpus cavernosum
clitoridis. dG. Remains of the left
Wolffian duct, such as give rise to the
duct of Gartner, represented by dotted
lines; that of the right side is marked
w. f. The abdominal opening of the
left Fallopian tube. g. Round liga-
ment corresponding to gubernaculum.
h. Situation of the hymen, i. Lower
part of the intestine. I. Labium, n.
Nympha. o. The left ovary. po.
Parovarium (epoophoron of Waldeyer).
«c. Vascular bulb or corpus spongiosum,
u. Uterus. The Fallopian tube of the
right side is marked m. v. Vulva, va.
Vagina. W. Scattered remains of
Wolffian tubes near it (paroophoron
of Waldeyer).

Fig. 1200.—Diagram of the male
type of sexual organs. C. Cowper's
gland of one side. cp. Corpora cav-
ernosa penis cut short, e. Caput epi-
didymis, g. The gubernaculum. i.

Lower part of the intestine, m. Miil-
lerian duct, the upper part of which
remains as the hydatid of Morgagni;
the lower part, represented by a dotted
line descending to the prostatic vesicle,
constitutes the occasionally existing
cornu s^nd tube of the uterus mascu-
linus. pr. The prostate gland. «.

Scrotum. sp. Corpus spongiosum
urethrae. t. Testicle in the place of
its original formation. t' . Together
with the dotted lines above, indicates
the direction in which the testicle and
epididymis descend from the abdomen
into the scrotum. vd. Vas deferens.
vh. Vas aberrans. vs. The vesicula
seminalis. W. Scattered remains of
the Wolffian body, constituting the
organ of Giraldfe, or the paradidymis
of Waldeyer.

Figs. 1198 to 1200.—Diagrams to show the development of the male and female generative organs from an indiffer-

ent type. (Allen Thomson.)
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The Milllerian Ducts.—Shortly after the formation of the Wolffian ducts a second pair of

ducts is develoix>d. These are named the Milllerian ducts. Each arises on the outer asp)ect of

the corresponding Wolffian body as a tubular invagination of the cells lining the coelom (Fig.

1194). The orifice of the invagination remains patent, and undergoes enlargement and modi-
fication to form the abdominal ostium of the Fallopian tube. The ducts pass caudad on the
outer aspects of the Wolffian bodies, but toward the ix)sterior end of the embrj'o they cross to the
inner side of the Wolffian ducts, and thus come to lie side by side between and behind the latter

—the foiu" ducts forming what is termed the genital cord (Fig. 1197).

Ultimately, the Miillerian ducts op)en into the ventral part of the cloaca between the orifices of

the Wolffian ducts, and terminate on an elevation named the Miillerian eminence (Fig. 1197).

In the male the Miillerian ducts atrophy, but traces of their cephalic ends are represented by
the sessile hydatifls of the epididvTnis, while their terminal fused portions form the uterus mascu-
linus or sinus pocularis in the floor of the prostatic portion of the urethra (Fig. 1200).

In the female, the MiiHerian ducts persist and undergo further development. The portions
which lie in the genital cord fuse to form the uterus and vagina; the parts cephalad of this cord re-

main separate, and each forms the correspond-

ing Fallopian tube—the abdominal ostium of

which is developed from the anterior extremity

of the original tubular invagination from the

coelom (Fig. 1199), The fusion of the Miiller-

ian ducts begins in the third month, and the

septum formed by their fused mesal walls

disappears from below upward, and thus the

cavities of the vagina and uterus are produced.

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 development of the

vagina in the manner just described would
necessitate the growth of a septum between it

and the urethra; but Wood-Jones maintains

that no such septum exists, and that "the
vagina is, for a great part of fetal life, a solid

rod, and not an open canal at all." He says:

"Early in the history of the embryo the

Miillerian ducts open into the urogenital

sinus at its upper part; late in its history

they open at the hind-end of the vagina, and
for a considerable interval they have no o{>en-

ing at all—the old one being lost and the new
one not yet formed. Xo septal division is

employed in this change; but as the hindgut,

when its cloacal opening is lost, reestablishes communication with the exterior by a new
downgrowth, so the Miillerian ducts, when their cloacal opening becomes obUterated, tunnel

a new passage to the hind end."

Genital Gland.—The first appearance of the genital gland is essentially the same in the two
sexes, and consists in a thickening of the epithelial layer which lines the f)eritoneal or body cavity

on the inner side of the Wolffian ridge. Beneath the thickened epithelium an increase in the

mesotlerm takes place, forming a distinct projection. This is termed the genital ridge (Fig. 1135),

and from it the testis in the male and the ovary in the female are developed. At first the Wolf-

fian body and genital ridge are suspended by a common mesentery', but as the embryo grows the

genital ridge gradually becomes pinched off from the Wolffian body, with which it is at first con-

tinuous, though it still remains connected to the remnant of this body by a fold of peritoneum,

the mesorchiiua or mesovariiun (Fig. 1201). About the seventh week the distinction of sex in

the genital ridge begins to be perceptible.

The ovary, thus formed from the genital ridge, consists of a central j>art of connective tissue

covered by a layer of epithelium, the germinal ejnihelium. Between the cells of the germinal

epithelium a number of larger cells, the primitive ova, are found, and these are carried into the

subjacent stroma by bud-like ingrowths of the germinal epitheUum, the cells of which surround the

primitive ova; in this manner the primitive Graafian follicles are formed. The rest of the ger-

minal epithelium on the surface of the ovary forms the permanent epithelial covering of this

organ (Fig. 1202). According to Beard, the primitive ova are early set apart during the segmen-

tation of the o\-um and migrate into the germinal ridge.

Waldeyer taught, and for many years his \-iews have been accepted, that the primitive germ
cells are derived from the "germinal epithelium" covering the genital ridge. Beard,* on the

I Journal of .\natoiny and Physiology, vol. xxxviiL
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Fig. 1201.-—Transverse section of human embrj-o of
eight and a half to nine weeks old. (From model by
Keibel.)



1424 THE UBINOGENITAL ORGANS

other hand, maintains that in the skate they are not derived from this epithelium, but are probably

formed during the later stages of cell cleavage, before there is any trace of an embiyo; and a

similar view was advanced by Nussbaum as to their origin in amphibia. Beard says: "At the

close of segmentation many of the future germ cells lie in the segmentation cavity just beneath

the site of the future embryo, and there is no doubt they subsequently wander into it." The
germ cells, "after they enter the resting phase, are sharply marked off from the ceils of the em-
bryo by entire absence of mitoses among them." They can be further recognized by their

irregular form and amoeboid processes, and by the fact that their cytoplasm has no affinity for

ordinary stains, but assumes a brownish tinge when treated by osmic acid. The path along

which they travel into the embryo is a very definite one—viz., "from the yolk sac upward between

the splanchopleure and gut in the hinder portion of the embryo." This pathway, named by

Beard the germinal path, "leads them directly to the position which they ought finally to take

up in the 'germinal ridge.' " A considerable number apparently never reach their proper desti-

nation, since "vagrant germ cells are found in all sorts of places, but more particularly on the

mesentery." Some of these may possibly find their way into the germinal ridge; some probably

undergo atrophy, while others may persist and become the seat of dermoid tumors.

Ovarian tube of epitheliuin.

—Germinal epithelium.

Blood-vessel.

-

Graafian follicle. -

Fig. 1202.—Section of the ovary of a newborn child. (Waldeyer.)

The testis is developed in a very similar way to the ovary. Like the ovary, in its earliest

stages it consists of a central mass of connective tissue covered by germinal epithelium, among
which larger cells, the primitive sperm cells, are seen. These are carried into the subjacent strorna
by tiibes of germinal epithelium, which form the lining of the seminiferous tubules, while the
primitive sperm cells form the spermatogonia. The seminiferous tubules become connected
with outgrowths from the Wolffian body, which, as before mentioned, form the rete testis and
vasa efferentia.

Descent of the Testes.—The testes, at an early period of fetal life, are placed at the back part
of the abdominal cavity, behind the peritoneum and a little below the kidneys; their anterior
surfaces and sides are invested by peritoneum. About the third month of intrauterine life a
peculiar structure, the gubemactdum testis, makes its appearance. This is at first a slender
band, extending from that part of the skin of the groin which afterward forms the scrotum
through the inguinal canal to the body and epididymis of the testis, and is then continued upward
m front of the kidney toward the Diaphragm. As development advances, the peritoneum cover-
ing the testis encloses it and forms a mesentery, the mesorcliium, which encloses also the guber-
naculum and forms two folds, one above the testis and the other below it. The one above the
testis IS the plica vascularis, and contains ultimately the spermatic vessels; the one below, the
plica gubematrix, contains the lower part of the gubernaculum, which has now grown into a
thick cord; it terminates below at the internal ring in a tube of peritoneum, the processus vagi-
nalis, which protrudes itself down the inguinal canal. The lower part of the gubernaculum hy
the fifth month has become a thick cord, while the upper part has disappeared. The lower part
can now be seen to consist of a central core of unstriped muscle. fibre, and outside this of a firm
layer of striped elements, connected, behind the peritoneum, with the abdominal wall. As the
scrotum develops, the main portion of the lower end of the gubernaculum is carried with the
skin to which it is attached to the bottom of this pouch; other bands are carried to the inner side
of the thigh and to the perineum. The fold of peritoneum, constituting the processus vaginalis,

projects itself downward into the inguinal canal, and emerges at the external abdominal ring.
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pushing before it a part of the Internal obHque and the aponeurosis of the External oblique,

which form, respectively, the Cremaster muscle and the external spermatic fascia. It forms a

gradually elongating pouch or cul-de-sac, which eventually reaches the bottom of the scrotum,

and behind this the testis is drawn by the growth of the body of the fetus, for the gubernaculum

does not grow commensurately with the growth of other parts, and therefore the testis, being

attached by the gubernacidum to the bottom of the scrotum, is prevented from rising as the body

grows, and is drawn first into the inguinal canal and eventually into the scrotum. It seems cer-

tain also that the gubernacular cord becomes shortened as development proceeds, and this assists

in causing the testis to reach the bottom of the scrotum. By the eighth month the testis has

reached the scrotiun, preceded by the lengthened pouch of peritoneum, the processus vaginalis,

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 down-

ward to within a short distance of the testis. The process of peritoneum surrounding the testis

is now entirely cut off from the general peritoneal cavity and constitutes the tunica vaginalis.^

In the female there is also a gubernaculum, which effects a considerable change in the position

of the ovary, though not so extensive a change as in that of the testis in the male. The guber-

naculum in the female, as it lies on either side in contact with the fundus of the uterus, contracts

adhesions to this organ, and thus the ovary is prevented from descending below this level. The

Allautoh
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Fig. 1203.—Tail end of human embryo of twenty-
five to twenty-nine days old. (.From model by
Keibel.)

Fig. ViOi.—Tail end of human embryo of thirty-

two to tiiirty-three days old. (From model by
Keibel.)

upper part of the gubernaculum, i. e., the part between the ovary and the uterus, becomes ulti-

mately the rounded ligament of the ovary, while the lower part, i. e., the part between the attach-

ment of the cord to the uterus and its termination in the labiiun majus, ultimately forms the round

ligament of the uterus. A pouch of peritoneum accompanies it along the inguinal canal, analogous

to the processus vaginalis in the male; it is called the canal of Nuck. In rare cases the guber-

naculum may fail to contract adhesions to the uterus, and then the ovar\- descends through the

inguinal canal into the labium majus, extending down the canal of Nuck, and imder these

circumstances its position resembles that of the testis in the male.

The Metanephros or Permanent Kidney.—The rudiments of the permanent kidneys make
their appearance about the end of the first or beginning of the second month. Each arises as a

diverticuliun from the hind end of the Wolffian duct, close to where the latter opens into the

cloaca (Figs. 1203. 1204). This diverticulum grows cephalad into the posterior part of the

intermediate cell mass, where its blind or cephalic extremity becomes dilated and subsequently

di\-ides into several buds, which form the rudiments of the pehns and calices of the lu^ter.

By further sulxii\'isions it gives rise to the collecting tubules of the kidney The secretorj'

tubides are developed from condensations of the nephrogenic tissue. At first these are spher-

ical masses of cells which become hollowed, forming the renal resides. These become elon-

gated and S-shaped; one end of the S-shaped tube becomes continuous with the lumen of a

renal diverticular branch, the other end becomes cup-shaped and then spherical, being invagu
nated by a tuft of capillaries derived from the renal artery to form a glomerulus. The inter-

vening portions of the tube become convoluted and looped to form the miniferous tubule. The
mesoderm around the subdivisions of the diverticulum becomes condensed to form the coimec-
tive tissue and vessels of the kidney. The diverticulum is elongated to form the ureter, the

posterior extremity of which opens at first into the hind end of the Wolffian duct ; after the

sixth week it separates from the Wolffian duct, and opens independently into the part of the

1 The obliteration of the process of peritoDeum which accompanies the cord, and is hence called the funicular
process, is often incomplete-

90
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cloaca which ultimately becomes the bladder (Fig. 1205). The manner in which this separation

is brought about is not fully known.'

The secretory tubules of the kidney become arranged into pyramidal masses or lobules, and

the lobulated condition of the kidneys exists for some time after birth, while traces of it may be

found even in the adult. The kidney of the ox and many other animals remains lobulated

throughout life.

The Urethra.—In the female the urethra is formed from the upper part of the lu-inogenital

sinus—viz., that part which lies above the openings of the Wolffian and Miillerian ducts. The
portion of the sinus below these openings becomes gradually shortened, and it is ultimately opened
out to form the vestibule, and in this manner the urethra and vagina come to open separately on
the surface. Wood-Jones regards the female urethra as "the cloacal remnant in its simplest

form," and points out that "it does not remain tubular throughout fetal life, but is for a time

obliterated more or less completely by the proliferation of the vaginal bulbs." Developmentally

considered, the male urethra consists of two parts—(1) the prostatic and membranous portions,

which are derived from the urinogenital sinus, and correspond to the whole of the female urethra;

(2) the penile portion, which is formed by the fusion of the inner genital folds.

The prostate gland originally consists of two separate portions, each of which arises as a
series of diverticular buds from the epithelial lining of the lu-inogenital sinus, between the third

and fourth months; These buds become tubular, and form the glandular substance of the two
lobes, which ultimately meet and fuse behind
the urethra and also extend on to its ventral
aspect. The third or middle lobe is formed
as an extension of the lateral lobes between
the common ejaculatory ducts and the blad-
der. Skene's ducts in the female urethra
are regarded as the homologues of the pros-

tatic glands.

The glands of Cowper in the male, and
of Bartholin in the female, also arise as
diverticula from the epithelial lining of the
urogenital sinus.

The Urinary Bladder.—The trigone of

the bladder is formed from the upper part
of the urinogenital sinus; the remainder of

the viscus fs developed from the part of the
cloaca w-hich lies above the sinus (Fig. 1204).
The bladder is at first tubular in shape, its

canal being continuous with that of the allan-

tois, but after the second month its cavity

expands to form a sac, from the summit of

which the tube of the allantois extends to
the umbilicus; this tube undergoes obliteration to form the fibrous cord of the urachus. In some
cases the allantoic canal remains patent, and urine may escape by it at the umbilicus. If the
urethra be looked upon as the remnant of the cloaca, then the bladder, with the exception of
the trigone, must be regarded as being developed by a dilatation of the proximal part of the
allantois.

The external organs of generation (Fig. 1206), like the internal, pass during development
through an indifferent stage in which there is no distinction of sex. It is therefore necessary to
describe this stage, and then follow the development of the female and male organs,
respectively.

The cloacal membrane, which is composed of ectoderm and entoderm, originally extends
from the umbilicus to the tail. The mesoderm around the cloacal chamber "gradually
extends between the layers of the membrane, stopping short, however, around the margins of the
entodermal cloaca, so that the bilaminar cloacal membrane is limited to this part. About the
fifth week a prominence, the genital tubercle, arises in front of the cloacal membrane, while at the
sides the edges of the mesoderm are elevated to form the lahioscrotal or outer genital folds.
Along the under surface of the genital tubercle the ectoderm is thickened, and at the apex of

the tubercle projects forward as an epithelial horn. In this ectodermal thickening a longitudinal

!i^'f**u^'^i"**'''"
'^^ *^® utenw from the Wolffian duct may be brought about by the absorption of the hinder

end of the latter into the Kcnitourinary chamber, and by the growth of the wall of this chamber between the
openmgs. Robmson (Proceedings of the Anatomical Society of (Ireat Britain and Ireland, May, 1903, p. 63)
states, regarding an embryo of about seven weeks, that "from the posterior or lower opening of the Wolffian
duct a grooved ridge, the Wolffian ledge, runs caudally on the wall of the genitourinary chamber and gradually
disappears at the junction of the Wolffian angle with the body of the chamber. The lateral margins of the
groove are continuous anteriorly with the lateral margins of the Wolffian duct, and apparently fuse together
to form the ventral wall of the lower part of the duct. . . . Obviously, if the lateral margins of the groove
were to fuse from before backward, the aperture of the Wolffian duct would be carried farther backward in the
chamber, and its distance from the opening of the ureter increased."

Glans penis

Vertebral column.

Fio. 1205.—Tail end of human embryo, from eight and a
half to nine weeks old. (From model by Keibel.)
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groove, the genital groove, appears, and into its lips the mesoderm extends to form the inner

genital folds. After the rupture of the cloacal membrane this groove becomes continuous with
the urogenital sinus. With the formation of these parts the indifferent stage of the external

genital organs is reached.

In the female this stage is largely retained ; the lower part of the iu"inogenital sinus f>ersists as

the vestibule, the genital tubercle forms the cUtoris, the labioscrotal folds the labia majora, and
the inner genital folds the labia minora.

Umbilical cord.

Genital lubereU.

f rzJ Hind limb.

Cloaeal orijiee.

TaiL

Genilal tubercle.
Labioscrotal fold.
.Inner genital jold.

Genital groove.

-Giant penis.

Labioscrotal Jold.
Inner genital fold.
Genital groove.
Perineum.

.Anus.

Glans clitoridis.

Labioscrotal jold.
Inner genital fold,
Genital groove.

Perineum.

Anus.

Glans penis.

Genital groove

Anus.

Prepuce.
Glans clitoridis.

Labium majus.
Labium minus.

Vestibule.

VagintH orifice.

-Anus.

Fig. 1206.- -Stages in the develoiHnent of the external sexual organs in the male and female,
the Ecker-Ziegler models.)

(Drawn from

In the male the changes are greater on account of the development of the penile portion of the
urethra. The genital tubercle enlarges to form the corpora cavernosa and glans penis. The
lips of the inner genital folds meet and fuse from behind forward to form the penile lurethra,

the bulb, and the corpus spongiosum. The part of the urethral groove on the glans penis is

closed independently, and the last part of the urethral tube to be completed is that at the junction
of the glans and body of the penis. If the lips of the groove fail to close, the condition known as
hypospadias results.

The labioscrotal folds meet and unite in the middle line to form the scrotum, their line of
union being indicated by the median raphe.
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The prepuce is formed by the growth of a solid plate of ectoderm into the superficial part of

the genital tubercle; on coronal section this plate presents the shape of a horseshoe. By the

breakinc-down of its more centrally situated cells this plate is split into two lamellae and a

cutaneous fold, the prepuce/ is liberated and forms a hood over the glans. "Adherent prepuce

is not an adhesion reallv, but a hindered central desquamation" (Berry Hart, op. ciL).

The homologies of the different parts of the sexual organs may be stated in tabular form as

follows

:

Indifferent Stage. Male. Female.

Genital Ridge. . Testis (secretory portion). Ovary.

Epoophoron or organ of Rosen-
miiller. Paroophoron.

Wolffian body. . Rete testis, vasa efferentia, coni

vasculosi, paradidymis.

Wolffian duct . Canal of epididymis, vas deferens,

common ejaculatory duct. Sem-
inal vesicle.

Hydatid of Morgagni. (Duct of

Gartner.)

Miillerian ducts . Sessile hydatids of epididymis.

Uterus masculinus.

Fallopian tubes, uterus, vagina.

Genital tubercle . Corpora cavernosa and glans penis.

Prostatic and membranous parts of

urethra.

Clitoris.

Urinogenital sinus Urethra, Vestibule.

Inner genital folds Penile urethra, bulb, and corpus

spongiosum.

Scrotum.

Labia minora.

Labioscrotal folds Labia majora.

THE MAMMARY GLAND (MAMMA) (Figs. 1208, 1210).

The breasts, mammary glands or mammae, secrete the milk, and are accessory

glands to the organs of reproduction. They develop fully in the female, but

usually remain rudimentary in the male. There are two of these glands, and
they are situated in the superficial fascia of the anterior portion of the thorax.

Description of a Well-developed Breast.—^Each gland appears as a hemispher-

ical body projecting from the front of the thorax beneath the skin and lying over

a portion of the Pectoralis major muscle and a smaller portion of the Serratus

magnus muscle. The hemispherical projection extends usually from the margin
of the sternum to the axilla and from the level of the second rib to the level of the

sixth rib, or from the third rib to the seventh rib, but this does not represent

the real size of the gland. The gland is much larger than this, being rendered

so by tails or prolongations of breast tissue, which will be described later (p. 1430).

The nipple (papilla mammae) (Figs. 1207 and 1210) projects from a little

below and to the median side of the summit of the hemisphere at or above the

level of the fifth rib, and is covered with thin skin. The right nipple may not

exactly correspond in situation and direction to the left nipple. The nipple

varies considerably in height and shape. In the virgin it is usually cylindrical

and is directed forward and slightly upward and outward. The apex of the

• Spicer (Journal of Anatomy and Physiology, vol. xliii, 1909) describes the prepuce as arising in the form
of an annular hood of rnesoblastic tissue which proceeds forward mthin the substance of the surrounding epilhe-
hum. '_'The main portion of this hood springs from rnesoblastic tissue considerably posterior to the cervix
glandis, is in the form of a creseentic swelling, or collar, and this creeps forward, burrowing always in the epithelial
layers, bridging over the groove of the cervix which is filled with epidermal cells, and finally overlaps the body
of the glans. This hood is the prepuce."

I
The epiderrnis covering the glans thus becomes divided into two layers—an outer, which forms the super-

n^'^» covering of the prepuce, and an inner, which remains as a more or less solid layer between the prepuce and
the glans until after birth. From it is differentiated a basal layer of cubical or cylindrical epithelium to line the
inner aspect of the prepuce, and another to cover the surface of the glans, while central desquamation ensues
later and prepares the way for a movable prepuce."
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nipple is rendered rough by fissures (Fig. 1207), it exhibits a depression in which

are the openings of the milk ducts (Fig. 1209), and its circumference is thrown

into concentric ridges (Fig. 1209). The nipple is surrounded by a darker circular

wrinkled area, the areola (areola mammae) (Figs. 1207 and 1208), which contains

sweat glands and on which are twelve or fifteen small rounded elevations. These
elevations are caused by cutaneous sebaceous glands which in structure represent

a transition between sebaceous and mammary glands. They are probably

rudimentary portions of the mammary gland and are known as the glands of

Montgomery {glandulae areolares) (Fig. 1209). The color of the nipple and areola

varies with the complexion of the individual. In brunettes it is darker than in

blondes. The usual color of the nipple in a young woman is rosy pink, the areola

being of a darker shade. During the early months of pregnancy the nipple

and areola become dark brown in color, the areola becomes larger in circumference,

and the glands of ^lontgomery increase in size (Fig. 1210). The nipple contains

nonstriated muscle, and mechanical irritation or sexual excitement makes it stiff

and erect. The skin covering the breast is clear, soft, and delicate, and sub-

cutaneous veins are often visible. The skin of the nipple and areola is particularly

delicate.

NippU.

Areola.

Lncfiferotia

duct.

Ampuna.

I.ohnle. ^^^^^^^^^^^^^^^^^^^^^ IxtcHli in eonueetive tissue.

Fro. 1207.—Dissection of the lower half of the female breast during the period of lactation. (From Luschka.)

Variations in the Mammae.—Before puberty the glands are small, are of the

infantile t\-pe, grow slowly, and differ but slightly from the male organs. The
nipple is small, flat, and pale. At puberty the increase in the size of the breast

is rapid and considerable, due to growth of gland tissue and of subcutaneous
fat. In the young virgin the breasts are of hemispherical form and of firm con-
sistency. During pregnancy the breasts enlarge greatly and remain very large

throughout lactation. This enlargement is due to new gland tissue and increased

vascularity. Numerous blue veins are visil)le in the skin, the areola darkens,
and the glands of Montgomery enlarge (Fig. 1210). After the termination
of lactation the breasts diminish in size. They do not become as small as the

virgin breast, are apt to lose their hemispherical outlines, and become soft and
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flabby. They droop as flaccid pendulous masses, the subcutaneous fat is largely

gone,*^ and the outlines of the lobular breast tissue can be seen and felt. The
nipple is long and hangs down like a teat. At the menopause the breast usually

shrinks. In some cases, however, it actually increases in size. In such a case,

although the gland atrophies, there is an extensive deposit of fat. In old age the

glands undergo atrophy and largely disappear, the skin is flabby and thrown

into wrinkles, and the breasts contain very little glandular structure, and are hard

from the presence of fibrous tissue. The nipples become pigmented and corru-

gated. Women vary greatly in the development of the breasts. In some women
they are large, firm, and well proportioned; in others they are small, flat, or

atrophy occurs in the course of certain bodily diseases, as in phthisis, and in

certain mental diseases, as melancholia. If the ovaries are ill-developed the

breasts remain flat and small. The outline and direction of the breast and also

of the nipple may be altered by corsets. The left mamma is usually somewhat
larger than the right.

One gland or both glands may be entirely absent, the nipple being also absent. One or both
glands may be absent, one or both nipples being present. When there is only one nipple, it is

apt to be the left. The term polsrmazia {mammae accessoride muliebris) means the presence of

supernumerary breasts, with or without nipples. PolytheUa means the presence of supernu-

merary nipples, the associated glandular structure being rudimentary. There may be one, two,

or several supernumerary breasts, and when more than one exists, are usually asymmetrical.

If one is functionally active, it enlarges during pregnancy and furnishes milk
Supernumerary mammae may secrete milk or may be without function. The most common

situation is on the part of the chest below and to the inner side of the normally placed gland.

They may also exist in the axilla, the abdomen, the groin, the back and the thigh. Many cases

of supposed supernumerary glands have been really instances in which moles, warts, or sebaceous
cysts have been mistaken for nipples, but some cases are undoubted.

Prolongations of Mammary Tissue.—As previously stated, the oudines of the

breast are not regular, but here and there tails, prolongations, or cusps come off

from and are true portions of the gland. Two or even more prolongations pass to

the edge of the sternum; others pass toward the axilla, the clavicle, and the origin

of the External oblique muscle from the ribs. Underneath the mammary gland
prolongations of mammary tissue penetrate the pectoral fascia (Heidenhain). If

one of the glandular cusps is of considerable size it is called an outlying lobule.

Structure of Mammary Gland and Nipple (Figs. 1207 and 1208).—The glands of the
breast (corpus mammae) rest by a smooth posterior surface upon the loose pectoral fascia, which
fastens the breast to the muscle beneath, but so loosely that the breast is movable. The mamma
consists of gland tissue; of fibrous tissue, connecting its lobes, of fatty tissue in the intervals

between the lobes, of retinacula, and of skin. The gland tissue, when freed from fibrous tissue

and fat, is of a pale reddish color, firm in texture, generally globular in form, with prolongations
here and there, flattened from before backward, thicker in the centre than at the circumference,
and presenting several inequalities on its surface, especially in front. On the anterior surface
there are many irregular elevated processes with deep spaces between them. From the summits
of the elevations connective-tissue strands (redinacula cutis) pass to the true skin. The glandular
structure consists of numerous glands divided into lobes (lobi mammae), and these are composed
of lobules {lobuli mammxie), connected by areolar tissue, which contains the bloodvessels and
ducts. The smallest lobules consist of a cluster of rounded alveoli (Fig. 1207), which open into
the smallest branches of the excretory ducts; these ducts, uniting, form larger ducts, which
terminate in single canals. Each canal is called a lactiferous, galactophorous, or mammillary
duct {ductus ladifems) (Fig. 1207). The alveoli are tubular in form and are lined by low
columnar epithelial cells which rest upon a basement membrane.' Each glandular area possesses
one lactiferous duct. This passes to the apex of the lobe and then into the nipple. The lactif-

erous ducts are white and cord-like, and contrast with the yellowish-red tissue of the gland itself.

The number of excretory ducts varies from fifteen to twenty, each representing an individual
gland. They converge toward the areola, beneath which each duct possesses a spindle-shaped

• According to Lacroix and Benda, there is a thin layer of nonstriated muscle between the basement mem-
brane and the secreting cell.
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dilatation, the ampulla {sinus ladiferans) (Fig. 1207). The ampullae ser\'e as resen-oirs for the

milk. At the base of the nipple the ducts become contracted and pursue a straight course to its

summit, perforating it by separate orifices considerably narrower than the ducts themselves.

Each orifice (porus lactiferus) is the orifice of a tube which drains an indi\'idual gland. The
ducts are composed of areolar tissue, with longitudinal and transverse elastic fibres and some
muscle tissue derived from that of the nipple; their mucous lining is continuous, at the point

of the nipple, with the int^ument. The epithelium of the mammary gland differs according

to the state of activity of the organ. In the gland of a woman who is not pregnant or nursing

the alveoli are very small, few in ntunber, solid, and filled with a mass of granular polyhe-

dral cells. During pregnancy the alveoli increase in number and enlarge and the cells undergo

rapid multiplication. At the commencement of lactation the cells in the centre of an alveolus

undergo fattj- degeneration, and are eliminated in the first milk as colostxum corpuscles. The
peripheral cells of the alveolus remain, and form a single layer of granular, short columnar cells

lining the limiting membrana propria. The single nucleus of each cell divides and forms two.
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Fig. 1208.—Right breast in sagittal section, inner surface of outer segment. (Testut.)

In the protoplasm, especially in the end of t^ie cells toward the alveolus, drops of fat appear
and the nucleus toward this end of the cell also becomes fatty.

The end of the cell toward the alveolus breaks down, and the liberated material constitutes
" the albuminous ingredients of the milk, while the drops of fat become the milk globules. The
portion of the c-ell which remains forms new c^-toplasm, and the same process is repeated over and
over again. The cells also secrete water and the salts which are found in the milk."'

After lactation a number of the alveoli atrophy and disappear, while the remainder become
much reduced in size. The gland then consists mainly of adipose and fibrous tissues.

The fibrous tissue (Fig. 1208) invests the entire surface of the breast, and sends down septa
between its lobes, which serve to hold them together.

The fatty tissue (Figs. 1207 and 1208) surroimds the surface of the gland and occupies the
intervals between its lobes. 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.

> Human Pfaysiolog}'. By Joseph Howard Ra>-mond.
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Vessels and Nerves. -The arteries suj)j)hinor the mammary gland are derived from the

perforating branches of the internal mammary, the long thoracic branches of the axillary,

and branches from the intercostals. The veins describe an anastomotic circle around the base

of the nipple, called by Haller the circulus venosus. f'rom this large branches transmit the blood

to the circumference "of the gland and end in the axillary and internal mammary veins. The

lymphatics of the mammary gland (Fig. 562) and mammary region have been i)reviously

described (i)p. 782 and 797). The nerves are derived from the fourth, fifth, and sixth inter-

costal nerves and sympathetic filaments from the thoracic cord pass to the breast along the

branches of the intercostal nerves.

Applied Anatomy.—Occasionally the mammary gland undergoes enormous hypertrophy.

This may occur in any age, even in the virgin. The physiological enlargement of puberty may

become excessive or the physiological enlargement of pregnancy and lactation may continue

and increase after the termination of lactation. The chief elements in the enlargement are fat

and connective tissue, and it is doubtful if there is extensive reproduction of glandular tissue.

Abscess of the breast may occur at any age, but is most common by far in nursing women.

The portals are opened to infection by a crack in the nipple and bacteria are carried inward

by the lymph vessels. In some cases the pus gathers beneath the skin (supramammary abscess),

in others in the breast tissue {intramammary abscess). In rare cases pus gathers beneath the

breast {retromammary abscess). In intramammary abscess the pus burrows through the fibrous

septa or fascia and forms numerous channels, and such a channel is constricted in hour-glass

shape at the point where it passes through fascia or a fibrous septum.

SECONDARY AREOLA

CONCENTRIC
RIDGES

SKIN OF
BREAST' ^

Fig. 1209.—Nipple and areola of a virgin. (Testut.) Fig. 1210.—Nipple and areolsp of a preg-
nant woman. (Testut.)

In every patient suffering from abscess the nipple should be examined for a sore or crack, and
the area when found should be treated antiseptically. A supramammary abscess should be
opened by an incision radiating from the nipple.

In intramammary abscess follow the advice of Sheild: Open the abscess by an incision radi-

ating from the nipple, insert the index finger, and when possible pass it to the bottom of the

abscess and carry the tip from the depths of the abscess to as near the surface as possible. At this

point make a counter opening. The finger breaks down septa which cause constriction and thus

converts the tracking sinuses into one large cavity.* Drain by tubes.

A retromammary abscess is opened by an incision, following the outline of the breast at the

thoracomammary junction, the finger being pushed through the incision and up under the gland.

Tuberculosis of the breast may occur, and if it' does, cold abscess is apt to form. The best

treatment is removal of the gland and the associated lymph nodes.
Chronic mastitis is a condition of mammary fibrosis, most common in neurotic single women,

and apt to be associated with ovarian or uterine disease.

Malignant dermatitis or Paget's disease of the nipple is a chronic condition consisting of epi-

thelial proliferation, induration, desquamation, and ulceration, and it is apt to be followed by
epithelioma.

Chancre of the nipple is occasionally met with.
Secondary and tertiary syphilitic lesions are seen upon the skin of the breast, the nipple, and

the areola.

Cysts and >/Mmor« are common in the breast. There may be cystic degeneration of the gland
in women near the menopause {involution cysts) ; a lacteal cyst; a hydatid cyst; an adenoma

> Diseases of the Breast. By A. Marmaduke Sheild.
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mav become cvstic. The nipple may suffer from epithelioma, myoma, myxoma, angioma, papil-

loma, or fibroma. The innocent tumors of the breast are fibroadenoma, cystic adenoma, myxoma,

and angioma. The skin of the breast may suffer from any form of growth or cyst which could

arise from the skin of another part. Malignant tumors of the glandular structiu*e are ten times

as frequent as innocent tumors. Sarcoma is rare; carcinoma is very common.
Carcinoma of the breast has occupied much of the attention of surgeons during recent years.

The old operation was uniformly followed by recurrence. The modern radical operation has

been evolved from the studies of Moore, the younger Gross, Heidenhain, Stiles, Banks, Halsted,

and others. The modern operation always removes at least the skin and subcutaneous tissue

over the hemispherical portion of the breast, the outlying lobules of the breast, the |>ectoral fascia,

and the sternal portion of the great Pectoral muscle, the lymphatic tracts from the breast, the

lymphatic nodes and cellular tissue from the axilla, and from beneath the Latissimus dorsi

muscle. The pectoral fascia and the sternal portion of the great Pectoral muscle must come away
in every case, because breast tissue may pass through the fascia. The entire breast must be re-

moved, because even in a recent case the entire breast is r^arded as infected. The clancular

portion of the great Pectoral muscle is anatomically distinct from the sternal portion and its

removal is not imperative. Some operators remove the lesser Pectoral muscle. To leave it is

of no value to the arm, and it frequently causes an annoying rigid band anterior to the axilla. To
take it away gives ready access to the axillary vessels at a desirable point above. The sheath of

the axillary vein should be removed with the nodes and cellular tissue of the axilla. The nodes

receiving lymph from the cancerous area must be removed, of course. In view of the fact that in

an undetermined percentage of cases a lymph tract passes direct to the subclavian nodes, it is

evident that these nodes may become infected by this route instead of, as is more usual, secondarily

to axillary infection; hence it seems wiser in every case to remove the cellular tissue and nodes

from the subclavian triangle. All of these structures should be removed as one piece, in order

to avoid cutting across lymph tracts and flooding the wound with carcinoma cells which might

adhere, grow, and reproduce cancer.

Halsted's of>eration is the method adopted by most surgeons. The wound cannot be com-
pletely closed, and the raw spot is covered at once or later with Thiersch's skin grafts. (For

surgical considerations regarding the hnnphatics in mammary carcinoma see page 804).

The male breast {mamma virilis) is a small, flat structure, consisting chiefly

of connective tissue, but containing some branched tubules. Under normal

circumstances it remains permanently of the infantile t\'pe. It possesses a nipple

which is much smaller than that of the female breast, and which usually lies

over the fourth intercostal space, but may lie over the fourth or fifth rib. The
nipples of the two sides are rarely placed quite svmmetrically. Accessory glands

and accessory nipples are as common among males as females. The male
breast may exhibit some evidence of temporary functional activity at birth and
at puberty. Cases have been recorded of actual lactation by the male breast.

Applied Anatomy.—The male breasts may undergo enormous hyf)ertrophy (gynecomazia).

In these cases the penis is often small and the testicles may be atrophied. The breasts may be

absent in the male. Disease of the male breast is not nearly so frequent as disease of the female

breast. The organ may be the seat of syphilis, tuberculosis, acute or chronic mastitis, abscess

or tumor. A number of cases of cancer of the male breast have been recorded.





THE DUCTLESS GLANDS.

THERE are certain organs, in various situations, which are verv similar to

secreting glands, but differ from them in one essential feature—viz., they do

not possess any ducts by which their secretion is discharged. These organs

are known as the ductless glands. They are capable of internal secretion—that

is to say, of forming, from materials brought to them by the blood, substances

which have a certain influence upon the nutritive and other changes going on

in the body. This secretion is carried into the blood stream, either directly by

the veins or indirectly through the medium of the l\Tiiphatics.

These glands include the thyroid and the parath\Toids, the thymus, the spleen,

the suprarenal glands, and the small carotid, coccygeal, and parasympathetic

bodies, which will be described in this section. They also include the l^Tnph

and hemolymph nodes (or glands) which have already been described on pages

768 to 802; and the epiphysis (pineal gland) and h\-pophysis (pituitary-) described

with the brain on pages 906 and 909. Certain isolated cell masses in the pancreas,

the testicle, and ovarj', apparently engaged in internal secretion, are described

with those organs.

THE THYROID GLAND OR BODY (GLANDULA THYREOIDEA)
(Fig. 1211).

The thyroid gland is a highly vascular organ, situated at the front and sides of

the neck, and extending upward upon each side of the larynx; it consists of two
lateral lobes connected across the middle line by a narrow transverse portion,

the isthmus.

The weight of the gland is somewhat variable, but is usually about one ounce.

It is somewhat heavier in the female, in whom it becomes enlarged during men-
struation and pregnancy.

The lateral lobes are conical in shape, the apex of each being directed upward
and outward as far as the junction of the middle with the lower third of the thy-

roid cartilage; the base looks downward, and is on a level with the fifth or sixth

tracheal ring. Each lobe is about two inches (5 cm.) in length, its greatest width
is about one inch and a quarter (3 cm.), and its thickness about three-quarters

(2 cm.) of an inch. The summit of the lateral lobe is not unusually pointed and
reaches to the level of the oblique line upon the ala of the th\Toid cartilage or even
higher. The right lobe is, as a rule, somewhat larger than the left. The lower

portion of the gland, when the head is extended, is about one inch above the

upper margin of the sternum; when the head is flexed, it is at the level of the

upper border of the sternum or even below and behind it.

The external or superficial surface is convex, and covered by the skin, the super-

ficial fascia, the deep fascia, the Sternomastoid, the anterior belly of the Omo-
hyoid, the Sternohyoid, and Sternoth\Toid muscles, and beneath the last-named

muscles by the pretracheal layer of the deep fascia, which forms a capsule for

the gland (Fig. 297).

The deep or internal surface is moulded over the underhing structures—viz.,

the thyroid and cricoid cartilages, the trachea, the Inferior constrictor and pos-
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terior part of the Cricothyroid muscles, the oesophagus (particularly on the left

side of the neck), the superior and inferior thyroid arteries, and the recurrent

laryngeal nerves.

The deep surface of each lobe is fixed by bands of fibrous tissue passing from

the capsule of the isthmus and lateral lobes to the sides of the cricoid cartilage

and the posterior fascia of the trachea. These bands are called the lateral or

suspensory Ligaments. Because of this fixation

to the larynx and trachea by the capsule and
by the lateral ligaments, the thyroid gland

moves with the trachea and ascends during

the act of swallowing. The recurrent laryn-

geal nerve on each side is in contact with

the outer and posterior surface of the sus-

pensory ligament.

The anterior border is thin, and inclines

obliquely from above downward and inward

toward the middle line of the neck, while the

posterior border is thick and overlaps the com-
mon carotid artery.

The isthmus (isthmus glandulae thyroidea)

connects the lower two-thirds of the two lat-

eral 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,

but sometimes also the first and fourth rings.

Its situation and size present, however, many
variations, a point of importance in the oper-

ation of tracheotomy. In the middle line of

the neck it is covered by the skin and fascia,

and close to the middle line, on either side, by
the Sternohyoid muscle. Across its upper

border run branches of the superior thyroid

artery and vein; at its lower border is a

branch of the inferior thyroid veins. Some-
times the isthmus is altogether wanting.

The third, pyramidal or middle lobe frequently

arises from the upper part of the isthmus, or

from the adjacent portion of either lobe, but
most commonly from the left lobe, and ascends in front of the thyroid cartilage

in the direction of the middle of the hyoid bone. It may reach the bone or

may not reach it. If it reaches the bone it is attached to it. If it does not

reach the bone, fibrous tissue, which often contains muscle, is prolonged from the

tip of the pyramid to the back of the bone or to the thyrohyoid membrane. The
pyramid is occasionally quite detached, or divided into two or more parts.

A few muscle bands, derived from the Thyrohyoid muscles, are occasionally

found attached, above, to the body of the hyoid bone, and below to the isthmus
of the gland or its pyramidal process. These form a muscle, which was named
by Soemmerring the Levator glandulae thyreoideae.

Accessory Thyroids (glandulae thyreoideae accessoriae).—^Frequently small

isolated masses of thyroid tissue exist. They are found particularly about the

lateral lobes of the thyroid gland in the sides of the neck or just above the hyoid
bone, and are called accessory thyroids.

Structure of the Thyroid (Fig. 1212).—The thyroid body is invested by a capsule of con-
nective tissue which projects into its substance as a framework and imperfectly divides it into

Fio. 1211.—The thyroid gland. (Spalteholz.)
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masses of irregular form and size, known as lobes and lobules. More slender septa separate

the secretory alveoli from one another, ^^^lile the anterior portion of the capsule is thin and

easily torn/the posterior portion is thick and dense. \Mien the organ is cut into, it is of a

brownish-red color, and is seen to be made up of a number of closed vesicles or alveoli con-

taining a yellow glairy fluid and separated from each other by intermediate connective tissue.

It is a compound tubular gland, each lobule of which consists of a nmnber of short closed

tubules or alveoli, which are surrounded by the interstitial reticidimi.

According to Baber, who has published some important observations on the minute structm^

of the th\Toid, the vesicles of the th_\Toid of the adult animal are generally closed cavities; but in

some voting animals {e. g., yoimg dogs) the vesicles are more or less tubular and branched. This

appearance he supposes to be due to the mode of growth of the gland, and merely indicating that

an increase in the number of vesicles is taking place. Each vesicle is lined by a single layer of

cuboidal epithelial cells which rest upon a delicate basement membrane. Between the tubules

exists a delicate reticulum. The vesicles are of various sizes and shapes, and contain as a normal

product a \'iscid, homt^eneous, semifluid, slightly yellowish material which frequently contains

red corpuscles in various stages of disintegration and decolorization, the yellow tinge being

probably due to the hemoglobin, which is thus set free from the colored corpuscles. This normal

product' is known as colloid material, and it is secreted by the epithelium, ^^^lat part if any the

Veside.

Lymphalic vessel.

Artery.

n'aS of gland-reside.

Fig. 1212.—Minute structure of the thyroid. From a transverse section of the thjToid of a dog. Semi-
diagrammatic. (Baber.)

colloid plays in the formation of the internal secretion of the gland is not known. It is quite

possible that the colloid corresf)onds to the external secretion of glands with ducts and that the

true internal secretion passes directly into the capillaries which form a network about the alveoli

(Szymonowicz), or passes into the lymphatics. In the th\Toid gland of the dog, Baber has

found large roimd cells, parenchsnnatous cells, each provided with a single oval-shaped nucleus,

which migrate into the interior of the gland vesicles. Between the th^Toid vesicles in the human
being are collections of rotmd cells. They are, in reality, miniature immature vesicles, and are

much more numerous in youth than in old age.

The capillary bloodvessels form a dense plexus in the connective tissue aroimd the vesicles,

between the epithelium of the vesicles and the endothelium of the lymph spaces, which latter

surroimd a greater or smaller part of the circumference of the vesicles. Tiiese lymph spaces

empty themselves into h-mphatic vessels which run in the interlobular connective tissue, not

uncommonly surrounding the arteries which they accompany, and communicate with a network

in the capsule of the gland. Small glands may be connected with this network. Baber has

found in the l\Tnphatics of the thyroid a viscid material which is morphologically identical with

the normal constituent of the vesicle.

Vessels and Nerves.—The arteries (Figs. 444 and 499; see also p. .592) supplying the thy-

roid are the superior thyroid from the external carotid, and the inferior thyroid from the thyroid

axis of the first part of the subclavian. Sometimes there is an additional vessel, the thyroidea

media or ima, usually arising from the iimominate arterj', but sometimes from the arch of the

aorta or the common carotid. It ascends upon the front of the trachea. The superior thyroid
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arterv reaches the summit of the upper horn of the gland, and usually at this point gives off a

vessel which courses down the posterior surface of the gland. The main trunk passes down-

ward and inward at the junction of the inner and anterior border of the upper horn, giving

branches to adjacent structures and sending branches over the anterior surface of the thyroid

gland. It reaches the isthmus and crosses the isthmus at its upper border to anastomose with

the arterv from the other side. The inferior thyroid artery, which is usually larger than the supe-

rior, after it has passed posterior to the sheath of the carotid and the sympathetic nerve, reaches

the posterior surface of the gland. At this point branches are given off ; some pass into the hilum

;

the others fo to the posterior surface of the gland. The relation of the artery to the recurrent

larvn^eal nerve is very important to the surgeon. "Usually the main trunk of the artery passes

behind the nerve; sometimes the artery breaks up before reaching the nerve; in this case one or

more of the branches may pass in front of it. Much less commonly the main trunk or all its

branches will be found to lie in front of the nerve."' If the thyroidea ima is present it goes to

the lower part of the gland. The larger branches of the thyroid arteries are beneath the capsule

and upon the surface of the gland; smaller branches pass to the interior of the gland (Berry).

The arteries are remarkable for their large size and frequent anastomoses.

The thyroid veins (Figs. 498 and 499; see also p. 715) form a plexus upon the surface of the

gland and beneath the capsule. Here and there veins pass through the capsule and go to adja-

cent venous trunks. Berry, accepting Kocher's description, notes the following veins: The
superior th3rroid vein runs with the superior thyroid artery and passes to the internal jugular

vein. A transverse vein of the upper border of the isthmus joins the two superior thyroid veins.

A single vein, the middle thjrroid, sometimes emerges from the side of the gland and passes to

the internal jugular. Usually, however, instead of this single vein there are two veins, the supe-

rior and inferior accessory thyroids. The superior accessory thyroid emerges from the outer

side of the upper horn, below the apex, and passes to the internal jugular. The inferior

accessory thsrroid emerges from the posterior and inferior portion of the gland and passes to

the internal jugular. The veins from the lower border of the gland vary greatly. A vein passes

vertically down on each side in front of the trachea from the isthmus and from the inner side of

the inferior horn. It is called by Kocher the thjrroidea ima. The vein of the left side passes to

the left innominate; the vein of the right side passes to the right innominate or left innominate.

As Berry points out, the vein of one side may be small or may be absent, or the two veins may
unite and form one vein which enters the left innominate. An inferior thsnroid vein is often

present. It is of small size, emerges at the inferior and external part of the gland, and passes to

the corresponding innominate vein.^

The l3rmphatics are numerous and of large size. Collecting trunks arise from a network within

the capsule. Some trunks ascend from the upper margin of the isthmus and reach the node in
front of the larynx ; others ascend along the superior thyroid artery and reach the nodes at the
bifurcation of the carotid. Descending trunks from the lower margin of the isthmus reach the

nodes in front of the trachea; trunks from the side of the gland descend to the nodes about the
recurrent laryngeal nerve.'

The nerves of the thyroid are amyelinic and are derived from the middle and inferior ganglia
of the sympathetic. They reach the gland by following the thyroid arteries.''

Applied Anatomy.—The thyroid gland may be congenitally absent, and when it is the indi-

vidual suffers from the worst form of cretinism. One lobe may be congenitally absent, but
this will provoke no trouble unless the other lobe undergoes atrophy.
Complete removal of the thyroid and parathyroids will produce operative myxedema {cachexia

strumipriva), unless accessory thyroids enlarge and perform the functions of the thyroid.

The thyroid gland may be congenitally enlarged. The gland tends to atrophy in old age.
It is atrophied in myxedema and cretinism. Some forms of thyroid enlargement are called

goitre.

When all parts of the gland enlarge the condition is known as parenchymatous goitre.

Adenomatous goitre consists of an adenoma or of adenomata. In cystic goitre there are one
or more cysts due to cystic degeneration of adenomata or to fusion of adjacent tubules.
A pulsating goitre is one which receives impulses from the carotid pulsations. In a fibroid

goitre there is increase of interstitial connective tissue. A goitre which passes back of the sternum
is known as substernal or intrathoracic. A goitre may extend back of the trachea or back of the
oesophagus.

Exophthalmic goitre, Graves' disease or Basedo)V*s disease, is a remarkable disease. Its three
chief symptoms are enlargement of the thyroid, or goitre; prominence of the eyeballs, or exoph-
thalmos (see p. 372) ; and very rapid pulse, or tachycardia. Dyspnea, tremor, and various other
symptoms are usually found. The thyroid gland may be the seat of a carcinoma or sarcoma
(malignant goitre), syphilitic or tuberculous disease, ordinary inflammation, suppuration, or

' Diseases of the Thyroid Gland. By James Berry. ' Ibid.
'The Lymphatics. By Poirier, Cun(?o, and Delamere. Translated and edited by Cecil H. Leaf.
*D. A. Rhinehart: Amer. Jour, of Anat., vol. xiii, May 15, 1912.
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hydatid disease. For the relief of ordinarv goitre various methods have been employed. Tap-
ping, injection of astringents, simple incision, and the seton are obsolete. Ligation of the thy-

roid arteries is rarely performed as a curative measure. The suf>erior and iiiferior th\Toids of

one side have been tied in some cases; all four thyroids in other cases. Jaboulay has performed

«xothyropexy. In this operation the gland is dislocated from its bed, brought out of the woimd,
and left exposed, in hope that it will atrophy.

Division of the isthmus is occasionally practised to relieve dyspnea. The opteration some-

times succeeds, but often fails.

Extirpation of one-half or two-thirds of the gland is a very successful operation. Removal of

the entire gland will be followed by operative m\-xedema. Removal or injury of the parath\Toids

causes tetany.

In extirpating a lobe of the th\Toid by the method imtil recently in v<^e, great care must be
taken to avoid tearing the capsules, as if this happens the gland tissue bleeds profusely. The
th\Toid arteries should be ligated on the diseased side before an attempt is made to remove the

mass, and in ligating the inferior th\Toid the position of the recurrent larj^ngeal nerve must be
borne in mind, so as not to include it in the ligature. In order to preserve the parathyroids from
injiu-y, C. H. Mayo recommends that after the vessels entering and leaving the th\Toid have been
double clamped and divided, the entire lobe should be elevated, the capsule split along the side

of the gland and pushed back with gauze, and the gland lifted and removed without distiu-bing

the posterior portion of the capsule. As pointed out before, the jwsterior portion of the capsule

is so thick and strong that it is easier to leave it in situ than to bring it out of the wound with the

gland.

A cystic or solid tumor of the thvroid may be removed by intraglandular enucleation. If opera-

tion becomes necessary in exophthalmic goitre, partial extirpation is usually preferretl. Bilateral

extirpation of the cervical ganglia of the sympathetic (sympathectomy or Jonnesco's operation)

has been practised by some surgeons for exophthalmic goitre. The value of the procedure is

uncertain.

THE PARATHYROID GLANDS (Fig. 1213).

The parath3rroid glands are small, brownish-red bodies, situated near the thy-

roid gland, but differing from it in structure, being composed of masses of cells

arranged in a more or less reticular fashion with numerous intervening bloodvessels.

They measure on an average about a quarter of

an inch (6 mm.) in length, and from an eighth

to a sixth of an inch (3 to 4 mm.) in breadth,

and usually present the appearance of flat oval

disks. They are classified according to their

position into superior and inferior. The supe-

rior, usually two in number, are the more con-

stant in position, and are situated, one on either

side, at the level of the lower border of the

cricoid cartilage, behind the junction of the

pharynx and oesophagus, and in front of the

prevertebral fascia. The inferior, also usually

t«'o in number, may be applied to the lower
edge of the lateral lobe, or may be placed at

some little distance below the th}Toid body, or

may be found in relation with one of the inferior

thyroid veins.. Although there are usually four

parathyroids, there may be but three, or there

may be sLx or even eight. Parath^Toid tissue

may exist within the tluToid gland even when
the superior parath^Toids are present. Acces-
sory parath\Toids may be found over a wide
area. Rogers and Fergusson found one in the

middle of the posterior portion of the pharynx.
Ogle found a gland in the thorax which was partly fig. i2i3.--The P9sition of the

parath%Toid. Jfeerk^)"
ara>

Viewed from behind.
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Structure.—The structure of the parathyroids is different from that of the thyroid. They
are composed of groups of epithelial cells arranged in a chain-like fashion with numerous inter-

vening capillaries. There is a certain type of cell, but the form varies. These variations result

from changes due to episodes of rest and activity (Verebely). MacCallum's studies seem to

lead to the same conclusion. Thomson^ states that he finds only one type of cell in the infant

gland, and that in the adult there is primarily but one type of cell, the other cells noted being

modifications of the principal cell due to degeneration or hyperfunction. There is much lym-
phoid tissue in the interstitial connective tissue. The capillaries are of the sinusoidal variety.

The nerves of the parathyroids are derived from the sympathetic system. Each parathyroid

gland is supplied by a parathyroid artery. The inferior parathyroid artery is always a branch
of the inferior thyroid artery or of the anastomosing channel between the superior and inferior

thyroid arteries of one side (Geist). The superior parathyroid artery may be a branch of the

superior thyroid (Poole), but it is usually a branch of the inferior thyroid or of the anasto-

mosing channel. Ginsburg' has shown that each of the glands has an accessory blood supply,

by anastomotic channels from the opposite side.

Embryology.—The parathyroids develop chronologically in advance of the thyroid. They
are derived from the third and fourth branchial clefts of each side. An independent accessory

parathyroid may develop from the fifth cleft (Getzowa, Michand). Some have regarded the para-
thyroids as embryonic portions of the thyroid, but, as MacCallum says, " there is no histological

proof that parathyroid tissue can ever become converted into thyroid tissue." Most observers
regard the parathyroids as distinct glands possessed of a special function. Certain it is, as
Gley*and others have shown, removal of the parathyroids from herbivora, leaving the thyroid
intact, is followed by spasms, tetany, etc., just as complete thyroidectomy is followed by'such
symptoms in carnivora.

Applied Anatomy.—Surgeons have become convinced that removal of the parathyroids in

man causes tetany, and that damage to them may produce serious symptoms. Because of this

danger most surgeons now prefer to remove a goitre from within the capsule of the thyroid gland,
after the plan of the Mayos, and thus avoiding the parathyroids.

THE THYMUS GLAND (Fig. 1214).

T^he thymus gland is a temporary organ, attaining its full size at the end of the
second year, when it ceases to grow and remains practically stationary until

puberty, at which period it rapidly degenerates. It does not entirely disappear.

Trachea.

Thyroid veins

Right vagus.

Superior vena cava.

Left common carotid artery.

Left internal jugular vein.

Left subclavian vessels.

Fig. 1214.—The thymus gland of a full-time fetus exposed in situ.

for the shrunken and degenerated mass, even later in life, maintains a likeness to
the original form and retains within its substance small portions of thymus tissue
(Waldeyer). If examined when its growth is most active, it will be found to con-

• Internal Secretions. By William Hanna Thomson. New York Medical Journal, November 19, 1904.
• University of Pennsylvania Medical Bulletin, January, 1908.
• American Journal of the Medical Sciences, 1907, n. s., cxxxiv, p. 562.
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sist of two lateral lobes placed in close contact along the middle line, situated

partly in the superior mediastinum, partly in the neck, and extending from the

level of the fourth costal cartilage upward as high as the lower border of the thy-

roid gland. It is covered by the sternum and by the origins of the Sternohyoid

and Sternothyroid muscles. Below, it rests upon the pericardium, being separated

from the arch of the aorta and great vessels by a layer of fascia. In the neck
it lies on the front and sides of the trachea, behind the Sternohyoid and Stemo-
th\Toid muscles. The two lobes generally differ in size; they are occasionally

united so as to form a single mass, and are sometimes separated by an intermediate

lobe. The thymus is of a pinkish-gray color, is soft, and is lobulated on its sur-

faces. It is about two inches (5 cm.) in length, one and a half inches (3.75 cm.)

in breadth below, and about a quarter of an inch (6 mm.) in thickness. At birth

it weighs about half an ounce.

--•'.'':-
-.^^t—' "*^*-~ F"5- 1216.—Elements

of the thymus, x 300.
Fig. 1215.—A lobule of the thymus of a chOd, as seen under low power. C. a. Lymph corpuscles, b.

Cortex, e. Concentric corpuscles within medulla, b. Bloodvessels, tr. Tra- Concentric corpuscle.
beculae. (Schafer.) (Schafer, after Cadiot.)

Structure (Figs. 1 195 and 1197).—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, and are made up of a number of small nodules which are irregular in shape and
are more or less fused together, especially toward the interior of the gland. Each lobule consists

of a cortical and medullar}.- portion, which differ in many essential particulars from each other.

The cortical portion is mainly composed of dense Ismiphoid tissue, consisting chiefly of lympho-
cytes and hyaline cells supported by a delicate reticulum. In addition to this reticulum, of which
traces only are found in the medullary portion, there is also a network of finely branched cells

which is continuous with a similar network in the medullary portion. This network forms an
adventitia to the bloodvessels. The medullaxy portion consists of diffuse lymphoid tissue

(granular cells) and concentric corpuscles i^corpuscles of Hassal). The granular cells are

rounded or flask-shaped masses attached (often by fibrilLited extremities) to bloodvessels and
to newly formed connective tissue. The concentric corpuscles are composed of a central mass
consisting of one or more granular cells, and of a capsule which is formed of concentrically

arranged epithelioid cells which seem to be continuous with the branched cells forming the net-

work mentioned above.

Each lobule is surrounded by a capillary plexus from which vessels pass into the interior

and radiate from the periphery toward the centre, and form a second zone just within the

margin of the medullary portion. In the centre of the medulla there are very few vessels, and
they are of minute size.

Watney has made the important observation that hemoglobin is found in the thvmus either

in cysts or in cells situated near to or forming part of the concentric corpuscles. This hemo-
globin varies from granules to masses exactly resembling colored blood corpusc-les, oval in the

bird, reptile, and fish; circular in all mammals except in the camel. Dr. Watney has also dis-

covered in the lymph issuing from the thymus similar cells to those found in the gland, and,

Kke them, containing hemt^lobin either in the forin of granules or masses. From these facts

ai
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he arrives at the physiological conclusion that the thymus is one source of the colored blood

corpuscles.

Vessels and Nerves.—The arteries supplying the thymus are derived from the internal

mammary and from the superior antl inferior thyroid. The veins terminate in the two iimom-

inate veins, and in the internal mammary and the thyroid veins. The lymphatics are of large

size, arise in the substance of the gland, and are said to terminate in the internal jugular vein.

The nerves are exceedingly minute; they are derived from the vagus and sjonpathetic.

Branches from the descendens hj^poglossi and phrenic reach the investing capsule, but do not

penetrate into the substance of the gland.

Vein

Artery

Artery

I^o. 1217.—Minute structure of the thymus gland. Lobule of injected thymus from a calf, four days old,
slightly diagrammatic, magnified about 50 diameters. The large vessels are disposed in two rings, one of which
surrounds the lobule, the other lies just within the margin of the medulla. A and B. From thymus of camel, ex-
amined without addition of any reagent. Magnified about 400 diameters. A. Large, colorless cells containing
sniall oval masses of hemoglobin. Similar cells are found in the lymph nodes, spleen, and medulla of bone,
B. Colored blood corpuscles. (Watney.)

Applied Anatomy.—Sudden death—"thymus death"—with heart failure, and with or
without acute respiratory embarrassment, has been recorded in a number of infants and children
in whom the thymus was enlarged, and the lymphatic tissues throughout the body showed
general hypertrophy, but who showed no other' evidence of disease. Such deaths have often
occurred during the administration of anesthetics.

Primary tumors of the thymus are rare forms of mediastinal newgrowth, and are usually
dermoids or lymphosarcomas.

THE SPLEEN (LIEN) (Figs. 1218, 1219).

The spleen is situated principally in the posterior portion of the left hypochon-
driac region, its upper and inner extremity extending into the epigastric region;
It lies between the fundus of the stomach and the Diaphragm. It is obliquely
placed, its long axis following the obliquity of the tenth rib. If the abdomen is
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opened a spleen of ordinary size is not visible from the front, as it is placed
between the left kidney, Diaphragm, and stomach. It moves with the respiratory

CUT EDGE OF LAYERS
OF GASTROSPLENIC
OMENTUM

Fig. 1218.—The spleen. IntemaJ or visceral surface.

Fig. 1219.—^The spleen. Diapuragmatic surface.

movements and with the movements of the stomach. It is the largest of the so-
called ducdess glands, and varies greadv in size. Usually it measm^ some five
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inches in length. It is of an oblong, flattened, tetrahedral form, soft, of very

friable, consistence, highly vascular, and of a dark-purplish color.

Relations. The external or phrenic surface {fades diphragmatica) is convex, smooth, and

is directed upward, backward, and to the left, except at its upper end, where it is directed slightly

inward. It is in relation with the under surface of the Diaphragm, which separates it from

the ninth, tenth, and eleventh ribs of the left side, and the intervening lower border of the left

lung and pleura.

The internal surface is concave, and divided by a ridge into an anterior or gastric, and a

posterior or renal portion.

The gastric surface {fades gastrica), which is directed forward and inward, is broad and

concave, and is in contact with the posterior wall of the fundus of the stomach; and below this

with the tail of the pancreas. It presents^ near its inner border a long fissure, termed the hilum

{hilus lienis), in which are several irregular apertures, for the entrance and exit of vessels and

nerves.

The renal surface {fanes renalis) is directed inward and downward. It is somewhat flattened,

is considerably narrower than the gastric surface, and is in relation with the upper part of the

outer surface of the left kidney and occasionally with the left suprarenal gland.

The upper end of the spleen {extremitas superior) is directed inward, toward the vertebral

column, where it lies on a level with the eleventh thoracic vertebra, within one and one-half to

two inches of the midline. The lower end {extremitas inferior), sometimes termed the basal

surface, is flat, triangular in shape, and rests upon the splenic flexure of the colon and the

phrenocolic ligament, and is generally in contact with the tail of the pancreas. The anterior

border {margo anterior) is free, sharp, and thin, and is often notched, esjiecially below; it sepa-

rates the phrenic surface from the gastric surface. The posterior border {margo posterior),

more rounded and blunter than the anterior, separates the renal from the phrenic surface;

it corresponds to the lower border of the eleventh rib and lies between the Diaphragm and
left kidney. The internal border, or intermediate margin, is the ridge which separates the

renal and gastric portions of the internal surface.

The spleen, with the exception of its hilum, is completely invested with peritoneum, which

is firmly adherent to the capsule of the organ. Two folds of peritoneal tissue—the henorenal
ligament and the gastrosplenic omentum—serve to hold the organ in position. The Henorenal

ligament (Figs. 998 and 1001) is derived from the layers of the peritoneum forming the greater

and lesser sacs where they come into contact between the left kidney and the spleen. Between
these two layers the splenic vessels pass. The gastrosplenic Omentuin {ligamentum gastro-

lienale) is also formed of two layers, derived from the greater and lesser sacs, respectively, where
they meet between the spleen and the fundus of the stomach (Fig. 1001). Between these two
layers run the vasa brevia and the left gastroepiploic branches of the splenic artery and vein.

The spleen is also supported by the phrenocolic hgament (see p. 1263).

The size and weight of the spleen are liable to extreme variations at different periods of life in

different individuals, and in the same individual under different conditions. In the adult, in whom
it attains its greatest size, it is usually about five inches (12 cm.) in length, tlvree inches (7.5 cm.)
in breadth, and an inch or an inch and a quarter (3 cm.) in thickness, and weighs about six and
one-half ounces (195 gm.) At birth its weight, in proportion to the entire body, is almost equal to

what is observed in the adult, being as 1 to 350; while in the adult it varies from 1 to 320 to 1 to

400. In old age the organ not only decreases in weight, but decreases considerably in proportion
to the entire body, being as 1 to 700. The size of the spleen is increased during and after

digestion, and varies considerably according to the state of nutrition of the body, being large

in well-fed, and small in starved animals. In intermittent and other fevers it becomes much
enlarged, weighing occasionally from eighteen to twenty pounds.

Frequently in the neighborhood of the spleen, and especially in the gastrosplenic and great

omenta, small nodules of splenic tissue may be found, either isolated, or connected to the spleen

by thin bands of splenic tissue. Every such nodule is known as a supernumerary or accessory
spleen {lien accessorius). Accessory spleens vary in size from that of a pea to that of a plum.
Support and Mobility of the Spleen.—The spleen is normally movable within certain

narrow limits. It moves with respiration and with the stomach movements. It is supported by
ligaments (p. 1258). An unduly jnobile spleen is called a movable spleen. In order that a
spleen shall become unduly movable, the ligaments must stretch, and this stretching is often

effected when the organ is greatly enlarged, but even an apparently normal spleen may become
movable. Movable spleen is usually associated with movable left kidney.

Structure.—The spleen is invested by a capsule consisting of an external serous and an
internal fibromuscular layer.

The external or serous layer {tunica serosa) is derived from the peritoneum; it is thin, smooth,
and in the human subject is intimately adherent to the fibromuscular layer. It invests the
entire organ, except at the places of its reflection on to the stomach and Diaphragm and at

the hilum.
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The fibromuscular layer {tunica albuyinea) forms the framework of the spleen. It is com-
posed of white fibrous connective tissue containing smooth muscle cells and elastic fibres, and
it invests the organ as a capsule, and at the hilum is refiected inward upon the vessels in the form
of sheaths. From these sheaths, as well as from the inner surface of the fibromuscular laver.

Fig. 1220.—Transverse section of the spleen, showing the trabecular tissue and the splenic vein
and its tributaries.

numerous small fibrous bands, trabeculae (trabeculae lienis) (Figs. 1220 and 1221). are given

off in all directions; these uniting with the bands from the vessel sheaths constitute the frame-

work of the spleen. This framework resembles a sponge-like material, consisting of a number
of small spaces or areolae. The spaces of the areolae contain the lymphoid material known
as splenic pulp (pulpa lienis).

Fig. 1221. -Transverse section of the human spleen, showing the distribution of the splenic artery
and its branches.

Within the capsule is the parenchyma, consisting of the splenic pulp and splenic (Malpighian)
corpuscles. The splenic pulp is dark reddish brown in color and consists of a delicate reticulum,

upon the fibres of which are seen stellate connective-tissue cells. In the meshes of the reticulum

are diffuse Ismiphoid tissue, erythrocytes, ervthroblasts, disintegrating erjlhrocytes, pigment
granules, branched cells, and certain large polynuclear elements, splenic cells. The lymphoid
ti.ssue consists of leukocytes, mainly lymphoc_\'tes, and hyaline cells scattered throughout the

reticulum. The erj-throcytes are on their way to or from the blood current; the erythroblasts
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are newly formed red blood cells that have as yet not lost their nuclei. The disintegrating

red cells are useless cells that by their disintegration contribute the coloring matters to the bile.

The branched cells are large, flattened, stellate elements, the processes of which seem to anas-

tomose to assist in forming the reticular substance, and also seem to connect with the endo-

thelial cells of the capillaries. The splenic cells are large polynuclear elements possessing

the power of ameboid movements. They often contain pigment granules and red cells in their

protoplasm, thus indicating phagocytosis. The trabeculse are continuations of the capsule,

and consist of white fibrous connective tissue and smooth mus9le tissue.

The splenic (Malpighian) corpuscles are dense, spherical or cylindrical collections of lym-

phoid tissue {solitary nodules) surrounding an arteriole. Each corpuscle shows a lighter germinal

centre and a darker peripheral zone where the leukocytes are more numerous and more closely

packed. Each corpuscle usually exhibits an excentrically placed arteriole, as the lymphoid

tissue is collected in the adventitial sheath of the vessel. These bodies are visible to the naked

eye, and appear as whitish dots.

Bloodvessels of the Spleen.'

—

The splenic artery enters the hilum and divides into branches

that follow the trabeculse. Of these, some quickly pass to the pulp, while others follow the

trabeculse to their smallest divisions. The external coats of these arterioles, at first consisting of

ordinary connective tissue, undergo a transformation, becoming much thickened and converted

into lymphoid tissue. The spleen is divided into circulatory lobules about 1 mm. in diameter,

each of which is divided into histological units, one for each terminal vessel, or ampulla. These

terminal vessels are large endothelial channels siurounded by lymphoid tissue, called the ellip-

soidal sheath. These terminal ampullae are porous and continue as veins, that collect the blood

and empty it into the splenic vein at the hilum.

SupportiiKj cell. Vessel tmdergoing lymphoid change.

Vessel continuous
with processes of
supporting cells.

^:^ Supporting cell.

Fig. 1222.—Section of spleen, showing the termination of the small bloodvessels.

The spleen is subject to rhythmical contractions, one per minute; during a contraction the
organ is reduced about 18 per cent, in volume. These contractions are produced by the con-
tractions of the smooth muscle tissue in the capsule and trabeculse of the pulp. When the
cardiac impulse sends the blood into the arterial channels the blood passes through the porous
walls of the ampullae into the pulp. When the rhythmical contractions occur the blood is forced
into the veins through the pores of the ampullae, and at the .same time the arteries are closed.

The lymphatics originate in two ways

—

i. e. from the sheath of the arteries and in the
trabeculse. The former trunks are the deep collecting tnmks, and accompany the blood-
vessels; the latter pass to the superficial lymphatic plexus, which may be seen on the surface
of the organ. Lymphatic channels do not exist in the pulp. The deep trunks at the hilum
number from five to ten, and terminate in the splenic nodes. The superficial trunks also pass
to the hilum and terminate in the splenic nodes.
The nerves are derived from the splenic plexus, which is a part of or connected ^^•ith the

solar plexus. The nerves enter the spleen with the vessels.

Surface Form.—The spleen is situated under cover of the lower ribs of the left side, being
separated from them by the Diaphragm, and above by a small portion of the lower margin of
the left lung and pleura. Its position corresponds to the ninth, tenth, and eleventh ribs. It is

placed very obliquely. " It is oblique in two directions—viz., from above downward and outward,
and also from above downward and forward" (Cunningham). "Its highest and lowest points
are on a level respectively with the ninth thoracic and first lumbar spines; its inner end is dis-

'F. P. Mall, Amer. Jour, of Anat., 1903, vol. ii. No. 3.



THE SUPRAREXAL GLAXDS, OR ADRENAL CAPSULES 1447

tant about an inch and a half from the median plane of the body, and its outer end about reaches

the midaxillan- line" (Quain).

Applied Anatomy.—Injury of the spleen is less common than that of the liver, on account

of its protected situation and connections. It may be ruptured by direct or indirect violence,

torn by a broken rib, or injured by a pimctured or gunshot wound, ^^'hen the organ is enlarged

the chance of rupture is increased. The great risk is hemorrhage, owing to the extreme vascu-

larity of the organ, and the absence of a proper system of capillaries. The injury is not, how-
ever, necessarily fatal, and this would appear to be due in a great measiu"e to the contractile

power of its capsule, which narrows the wound and thus antagonizes the escape of blood. In

cases in which the symptoms suggest such an injuri- and indicate danger to life, laparatomy must
be performed; and if the hemorrhage cannot be arrested by ordinary siu-gical methods the

spleen must be removed. The spleen may become displaced, producing great pain from stretch-

ing of the vessels and nerves, and this dislocation may render necessary removal of the organ.

The spleen may become enormously enlarged in certain diseased conditions, such as ague, leu-

kemia, syphilis, valvular disease of the heart, or without any obtainable history of previous

disease. It may also become enlarged in lymphadenoma as a part of a general blood disease.

In these cases tbe mass may fill the abdomen and extend into die pelvis, and may be mistaken

for ovarian or uterine disease.

The spleen is sometimes the seat of cystic tumors, especially hydatids, and of abscess. These
cases require treatment by incision and drainage; and in abscess great care must be taken

if there are no adhesions between the spleen and abdominal cavity, to prevent the escape of

any of the pus into the peritoneal cavity. If possible, the operation should be performed in

two stages. Sarcoma and carcinoma are occasionally found in the spleen, but very rarely as

a primary disease. In movable spleen, if the organ is normal, follow the advice of Rydygier

and loosen the parietal peritoneum to make a pocket, place the spleen in the pocket, and pass

sutures through the parietal peritoneum and splenic ligaments. A movable diseased spleen

should be removed.

Extirpation of the spleen has been performed for wounds or injuries, floating spleen, simple

hypertrophy, and leukemic enlargement; but in the latter case the operation is now regarded

as unjustifiable, as it is practically certain to terminate fatally. The incision is best made in

the left semilunar line: the spleen is isolated from its surroundings, and the pedicle transfixed

and ligated in two portions, before the tumor is turned out of the abdominal cavity, if this is

possible, so as to avoid any traction on the pedicle, which may cause tearing of the splenic vein

and which inevitably induces grave shock. In applying the ligatures the surgeon must not

include the tail of the pancreas, and in lifting out the organ care must be taken to avoid

rupturing the capsule.

THE SUPRARENAL GLANDS, OR ADRENAL CAPSULES (GLANDULAE
SUPRARENALIS) (Figs. 1223, 1224).

The suprarenal glands are two small flattened bodies, of a yellowish color,

situated at the back part of the abdomen, behind the peritoneum, and immedi-

ately above and in front of the upper extremity of each kidney ; hence their name.

The righi one (Fig. 122.3) is somewhat triangular in shape, bearing a resemblance

to a cocked hat; the left (Fig. 1224) is more semilunar, usually larger and placed

at a higher level than the right. They vary in size in different indi^^duals,

being sometimes so small as to be scarcely detected; their usual size is from

an inch and a quarter to nearly two inches (3 to 5 cm.) in length, rather less in

width, and one-quarter of an inch (6 mm.) in thickness. Their average weight

is from one to one and one-half drams (6 grams) each.

Relations.—The relations of the suprarenal glands differ on the two sides of

the body.

The right suprarenal (Fig. 1223) is situated behind the inferior vena cava and the

right lobe of the liver, and in front of the Diaphragm and the upper end of the

right kidney. It is roughly triangular in shape, and its base, directed downward, is

in contact \s-ith the inner and anterior aspects of the upper end of the right kidney.

It presents two surfaces for examination, an anterior and a posterior. The
anterior surface (fades anterior) presents two areas, separated by a furrow, the

hilum (hilus glandulae suprarenalis) ; one area, occupv'ing about one-third of the
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whole surface, is situated above and internally; it is depressed, uncovered hy

peritoneum, and is in contact in front with the posterior surface of the right lobe

of the liver, and along its inner border with the inferior vena cava; the remain-

ing area is elevated, and is divided into a nonperitoneal portion, in contact with

the hepatic flexure of the duodenum, and a portion covered by peritoneum forming

the hepatorenal fold. The posterior surface {fades posterior) is divided into an

upper and a lower part by a curved ridge; the upper, slightly concave, rests upon

the Diaphragm; the lower, or base (basis glandulae suprarenalis) is concave,

and is in contact with the upper end and the adjacent part of the anterior surface

of the kidney.

The left suprarenal (Fig. 1224), slightly larger than the right, is crescentic in

shape, its concavity being adapted to the inner border of the upper extremity

of the left kidney. It presents an inner border which is convex, and an outer

which is concave; its upper border is narrow^ and its lower rounded. Its anterior

SUPRARENAL
ANTERIOR ^^^ '^TWn^f VEIN
SURFACE^

SUPRARENAL
ARTERY

SUPRARENAL
SUPRARENAL Ipr^B ARTERY

VEIN

NTERIOH
SURFACE

Fig. 1223.—The right suprarenal gland. Fig. 1224.—The left suprarenal gland.
(Spalteholz.) (Spalteholz.)

surface presents two areas—an upper one, covered by the peritoneum forming
the lesser sac, which separates it from the cardiac end of the stomach and to a
small extent from the superior extremity of the spleen; and a lower one, which
is in contact with the pancreas and splenic artery, and is, therefore, not covered
by the peritoneum. A hilum is present, as in the right suprarenal. Its posterior

surface presents a vertical ridge, which divides it into two areas. The ridge lies

in the sulcus between the kidney and crus of the Diaphragm, while the area on
either side of it lies on these parts respectively; the outer area, which is thin, rest-

ing on the kidney, and the inner and smaller area resting on the left crus of the
Diaphragm.

The surface of the suprarenal gland is surrounded by areolar tissue containing

much fat, and closely invested by a thin fibrous coat, which is difficult to remove,
on account of numerous fibrous processes and vessels which enter the organ
through the furrows on its anterior surface and base.

Accessory suprarenal glands {glandulae suprarenales accessoriae) are often

to be found in the connective tissue around the suprarenals. The smaller of

these, on section, show a uniform surface, but in some of the larger a distinct

medulla can be made out.

Structure (Fig. 1225).—On making a perpendicular section, the suprarenal gland is seen
to consist of two substances—surrounded by a capsule—the external or cortical and the
internal or medullary. The former, which constitutes the chief part of the organ, is of a deep-
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yellow color. The medullarv substance is soft, pulpy, and of a dark-brown color. In the

centre is often seen a space, not natural, but formed after death by the disintegration of the

medullarv substance.

The capsule consists of white fibrous connective tissue in which some smooth muscle tissue

is seen. From the capsule and vessel sheaths the framework of the organ is derived.

The cortical portion consists of epithelial cells arranged in three zones. The zona glomer-

nlosa—the outermost—consists of oval or round cell groups surrounded by capillar^' plexuses and

reticulum. The cells are polyhedral in shape with clear nuclei ; the protoplasm is granular and

contains manv fat globules. Thfe zona fasciculata—or middle zone—consists of columns of

epithelial cells (usuallv two cells wide) supported l)y reticulum containing bloodvessels and lym-

phatics. These cells resemble the above, but the nuclei are in the p)eripheral portion of the cells.

The zona reticularis, the innermost of the three, consists of anastomosing columns or chains

of cells. These cells are smaller than the preceding, are distinct in outline, and possess a

granular and pigmented protoplasm.

Capsnle.

Zona glomerulota.

r5/
"^-—^ot'i fasciculata.

Fig. 1225.—Section of human suprarenal ^and. (Radasch.)

Zona reticularis.

jOhromaffiH etHs

of medulla.

'MednHary rein.

The medullary portion (subsfantia meduUaris) (Fig. 1225). is usually separated from the

cortex by a layer of large smooth cells. Beneath this layer the epithelial cells are arranged

in irregular groups and chains, surrounded by reticulum and capillaries. The cells are small

and their outlines are indistinct. They color deeply with chromium salts, and are called

chromaffin cells. Many sympathetic nerve cells are present.

Vessels and Nerves.—The numerous arteries which enter the suprarenal bodies from the

sources mentioned below form plexuses in the capsule and penetrate the cortical part of the

gland, where they break up into capillaries in the fibrous septa, and these converge to the very

numerous thin-walled veins of the medullary portion. These veins usually empty directly
' into the large central veins. The medullarv vessels are derived from the cortical vessels, and
pass to the medulla without branching to form plexuses of capillaries "around the cells. The
veins in this region converge to form from two to four central veins, which unite to become
the suprarenal vein, which in turn emerges as a single vessel from the centre of the gland.

The arteries supplying the suprarenal glands are three in niunber and of large size; they

are derived from the aorta, the phrenic, and the renal; they subdi%nde 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 emerges from the hilum and opens on the right side

into the inferior vena cava, on the left side into the renal vein.

The lymphatics form several collections which are about the be^nning of the suprarenal

vein. They terminate in the nodes at the corresponding side of the aorta.

The nerves are myelinated and amyelinated, are exceedingly numerous, and are derived

from the solar and renal plexuses, and, according to Bei^mann, from the phrenic and vag^us

nerves. They enter the lower and inner part of the gland. A plexus in the gland sends

branches into the cortex, where plexuses are formed around the vessels. Branches are also

sent to the medulla, where rich plexuses are formed aroimd the cells and vessels. ^lany sym-
pathetic ganglia are seen thera
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THE CAROTID GLANDS, OR CAROTID BODIES (GLOMUS
CAROTICUM).

The carotid bodies, two in number, are situated one on either side of the neck,

behind the common carotid artery at its point of bifurcation into the internal and

external carotid trunks. They are reddish brown in color and oval in shape,

the long diameter measuring about one-fifth of an inch (5 mm.) Each is invested

by a fibrous capsule and consists of spherical or irregular masses of cells—the

masses being more or less isolated from each other by septa which extend inward

from the capsule. A network of large capillaries from the carotid artery ramifies

among the cell masses, together with numerous sympathetic nerve fibres. The
cells are polyhedral in shape, and each contains a large nucleus embedded in

finely granular protoplasm which is stained yellow by chromic salts.

Applied Anatomy.— Tumors may arise in this structure. Such a tumor is apt to be above

the level of the upper margin of the thyroid cartilage, and in most cases it moves with each

arterial beat.

THE COCCYGEAL GLAND OR BODY, OR LUSCHKA'S GLAND
(GLOMUS COCCYGEUM).

Lying near the tip of the coccyx in a small tendinous interval formed by the

union of the Levator ani muscles and just above the coccygeal attachment of the

Sphincter ani is a small conglobate body about as large as a millet seed, first

described by Luschka, and named by him the coccygeal gland. Its most obvious

connections are with the middle sacral artery.

Structure.—It consists of a congeries of small arteries with little 'aneurismal dilatations

derived from the middle sacral and freely communicating with each other. The gland is sur-

rounded by a capsule of white fibrous connective tissue which sends in septa to form the frame-
work of the organ and to divide it into spaces which contain groups of polyhedral cells. Each
cell contains a large round or oval nucleus, the protoplasm surrounding which is clear and is

not stained by chromic salts.' Nerves pass into this little body from the sympathetic, but
their mode of termination is unknown. Macalister believes the glomerulus of the vessels "con-
sists of the condensed and convoluted metameric dorsal arteries of the caudal segments em-
bedded in tissue which is possibly a small persisting fragment of the neurenteric canal."

THE PARASYMPATHETIC BODIES (ORGANA PARASYMPATHETICA

;

PARAGANGLIA LUMBALE).

The parasympathetic bodies were discovered in 1901 by Zuckerkandl. They are

from one to four in num.ber, situated retroperitoneally, ventrad of the abdominal
aorta at the level of the third and fourth lumbar vertebrae. Each parasympathetic

body is from 6 to 10 mm. in length and from 2 to 4 mm. in width, and is surrounded
by a capsule of fibrous tissue. In the meshes of the reticulum are found groups
of polyhedral or cuboidal epithelial cells, closely packed and of the chromaffin

type. These bodies are usually supplied by fine arterial twigs from the aorta.

They are best developed in the fetus and in infancy, apparently being absent in

the adult.

>Ck>n8iilt J. W. T. Walker, "Ueber die menschliche Steissdriiae," Arch. f. mikr. Anat. u. Entwickgesch., 1904.



INDEX.

Abdomen, 1240
boundaries of, 1241
fascise of, 424

triangular, 425, 428
IjTnphatic vessels of, 789, 790
Ijinphatics of, 787
muscles of, 423
regions of. 1242
veins of, 739
walls of, apertures in, 1242

Abdominal aorta, 657
applied anatomy of, 658
surface marking of, 657

aortic plexus of nerves, 1076
furrow, 439
ring, 426, 436. 437
viscera, hinphatic vessels of,

792
Abdominothoracic arch, 166
Abducent ner\-e, 993

applied anatomy of, 994
nucleus, 883

AMuction, 267
Abductor hallucis muscle, 538

indicis muscle, 494
minimi digiti muscle, foot, 539

surface form of, 544
hand. 493

pollicis longus muscle, 485
muscle. 489

Aberrant ganglion, 1014
Accelerator urinae muscle, 443
Accessorj- cephalic vein, 731

ganglion, 1014
ligament, 275
hver, 1326
obturator ner^e. 1049
ohvar>- nuclei, 873
posterior palatine canals, 110,

128
pudic arterj-, 675
suprarenal glands. 1448
thjToid gland. 1436

veins, 717
Acerrus cerebri. 906
Acetabulum. 213

fossa of, 213
transverse ligament of, 325

Acid cells. 1276
Acoustic nerve, 1000

appUed anatomy of, 1001
nuclei, 881

Acromial angle, 177
arter\-. 638
bursa, 3a3
nerve, 1022
region, muscles of, 462

Acromiocla\-icular articulation,
297

applied anatomy of, 299
surface form of, 299

ligaments. 297
Acromion. 175

angle. 177
process, 175

Acromiothoracic arterv, 638
Adduction, 267
Adductor bre\"is muscle, 514

canal, 685
longus muscle, 513

Adductor longus muscle, applied
anatomy of, 515

surface form of, 543
magnus muscle, 514

applied anatomy of, 515
surface form of, 543

minimus muscle, 514
obliquus hallucis muscle, 541

pollicis muscle, 492
transversus hallucis muscle,

541
pollicis muscle, 492

siuface form of, 497
tubercle, 225

Aditus laryngis, 1169
Adminiculum linae albae, 428
Adrenal capsule, 1447
AeqiuUor lentis, 1107
Afferent Ij-mphatic vessels, 768

root of spinal cord, 823
Agger nasi, 1082
Agminated follicles, 1292
Air sacs, 1195

sinus, frontal, 79
Ala cinerea, 866

lobuli centralis cerebeUi, 886
nasi, 1079
sacralis, 61

Alae of ethmoid, 96
magna, 92
parvae, 93
of sphenoid, 92
of vomer, 114, 138

Alar cartilage, 1080
thoracic arter>% 639

Alcock's canal, 450, 675
Alimentary canal, 1199

tract, development of, 1245
Alisphenoids, 95
Alveolar artery, 601

index of skull, 147
point of skull, 146
process of maxillae, 104

Alveoli derUales. 104, 117, 1204
of lungs, 1195

Alveus, 929. 942
Ameloblasts, 1214
Amphiarthrosis, 264, 266
Ampulla ductus deferentis, 1383

lacrimalis, 1116
of Fallopian tube, 1401
of lacrimal canal, 1116
of rectum, 1308
tubae uterinae, 1401
of vas deferens, 1383
of Vater, 1334

Ampullae membranaceae, 1142
ossea, 1137

Ampullar ner\-e, 1001
Amygdala, 887, 948
Amygdaline fissure, 924

nucleus, 948
Amygdaloid tubercle, 939, 948
Anal canal. 1309

fascia, 446, 454
orifice, 1309
pockets, 1310
valves, 1310

Anastomosis of arteries, 572
circumpatellar, 696

between portal and systemic
veins, 754

Anastomosis, crucial, 678, 690
of veins, 706

Anastomotic vein of Trolard, 720
Anastomotica magna of brachial,

643
of femoral, 691

Anatomical neck of humerus,
178

Anconeus muscle, 482
surface form of, 496

Andersch, ganglion of, 1002
Angiology, definition of, 34
Angle, acromial, 177

filtration, 1105
of jaw, 118
lateral, inferior, 60
of Ludwig, 157, 166
nasal, 100
of pubis, 212
of ribs, 163
Rolandic, 918
sacrovertebral, 58
subcostal, 156
subscapular, 172^

Angular gjTe, 923
processes, 77, 135
vein, 710

Angulus costae, 163
frontalis, 76
inferior, 176
infrastemalis, 156
iridis, 1105
lateralis, 176
Ludovici, 157, 166
mandHndae, 118
mastoideus, 76
medialis, 176
occipitalis, 76
oris, 1199
sphenoidalis, 76

Ankle bone, 244
Ankle-joint, 342

applied anatomy of, 346
surface form of, 346

Anlage of cerebellum, 855
Annrdi fibrosi, 562
Annulus femoralis, 428, 503, 685

fibrosus, 270, 558
dexter, 55S
sinister, 560

inguinalis abdominis, 437
svbcutaneous, 426
cms inferius, 427

superius, 427
ovalis, 557
tendineus communis, 370
tympanicus, 1123
urethralis, 1365

Anococcygeal body, 1309
nerves, 1062
raph^, 451, 453

Ansa cervicalis, 1024
hypoglossi, 1024
lerUicularis, 905. 951
peduncularis, 905, 951
stibclavii [Vieussenii], 1069

Antecubital fossa, 641
Ij-mph nodes, 781

Antihelix of ear, 1120
Antitragicus muscles, 1121
Antitragus of ear, 1120
Antrum cardiacum, 1237, 1271

( 1451

)



1452 INDEX

Antrum of Highmore, 101, 103
mastoid, 83
opening of, 1126
tympanicum, 1126

Anus, 1309
lymphatic vessels of, 794

Aorta, 575
abdominal, 657
abdoviinalis, 657
arch of, 579

applied anatomy of, 580
development of, 761

ascendens, 576
ascending, 576
descending, 653
dorsal, 762
primitive, 755
surf-line of, 580
thoracalis, 653
rami mediastinales, 654

pericardiaci, 654
thoracic, 653
transverse, 579
ventral, 761

Aortenspindel, 580
Aortic arches, 761

bulb, 757, 759
isthmus, 762
Ijrmph nodes, 788
opening of diaphragm, 419
septum, 759, 760
spindle, 762
stem, primitive, 757, 759
valve, 560

Aorticorenal ganglion, 1073
Apertura externa aquaeductiis

vestibuli, 86
canaliculi cochleae, 86

lateralis [ventriculi quarti], 867,

969
medialis [ventricvii quarti\, 867,

969
pelvis [minoris] inferior, 217

superior, 215
pyriformis, 135, 138, 1081
scalae vestibuli cochleae, 1137
sinus sphenoidalis, 91, 95
superior canaliculi tympanid,

84
thoracis inferior, 156

superior, 155
Apex capituli fibulae, 236

linguae, 1217
I nasi, 1079

OSS. sacri, 61
patellae, 231
prostatae, 1391
pulmonis, 1188
pyramidis, 84

Apical foramen, 1212
glands, 1219

Aponeuroses, 360
epicranial, 363
of external oblique, 425
gluteal, 516
of internal oblique, 428
lumbar, 409
palatal, 397
pharyngeal, 395
of soft palate, 1203
suprahyoid, 389
vertebral, 404, 408

Aponeurosis palmaris, 488
pkmtaris, 537

Aponeurotic fascia, 361
Apophysis of bone, 37
Apparatus digestorius, 1199

lacrimalis, 1115
respiratorius, 1163

Appendices epiploicae, 1265,
1296, 1309

vesiculosi, 1402
Appendicular artery, 664
lymph nodes, 791
planes of body, 34

Appendix, ensiform, 159
epididymidis, 1379
testis [Morgagni], 1378
ventriculi, 1171
vermiform, 1298
xiphoid, 159

Applied anatomy of abdominal
aorta, 658

of abducent nerve, 994
of acoustic nerve, 1001
of acromioclavicular articu-

lation, 299
of adductor longus muscle,

515
magnus muscle, 515

of ankle-joint, 346
of anterior tibial artery, 697
of arch of aorta, 580
of articulations of elbow-

joint, 309
of hip-joint, 329
of phalanges of foot, 256
of shoulder-joint, 304
of tarsus, 351
of vertebral column, 278
of wrist-joint, 315

of ascending pharyngeal
artery, 597

of auditory canal, 1124
of axilla, 634
of axillary artery, 637

veins, 732
of azygos veins, 737
of bladder, 1366
of bone, 46
of bones of foot, 256
of brachial artery, 641

plexus of nerves, 1039
of carotid glands, 1450
of carpal bones, 205
of cavernous sinuses, 724
of cervical fascia, 384

ganglion, 1069
lymph nodes, 780

of choroid, 1110
of clavicle, 172
of colon, 1306
of common carotid artery,

586
iliac arteries, 669

of conjunctiva, 1118
of cornea, 1109
of coronary artery, 578
of costal cartilages, 167
of crystalline lens, 1111
of deep epigastric artery,

681
definition of, 33
of deltoid muscle, 463
of descending palatine ar-

tery, 602
of dorsalis pedis artery, 699
of duodenum, 1287
of emissary veins, 727
of external abdominal ring,

427
carotid artery, 588
iliac artery, 680

of eyelids, 1118
of facial artery, 595

nerve, 999
veins, 711

of femoral artery, 687
of femur, 229
of fibula, 239
of glossopharyngeal nerve,

1003
of hamstring muscles, 525
of heart, 568
of hemorrhoidal plexus of

veins, 745
of humerus, 184
of hyoid bone, 154
of hypoglossal nerve, 1012
of iliotibial band, 508

Applied anatomy of inferior
calcaneoscaphoid liga-

ment, 349
vena cava, 748

of innominate artery, 582
of intercostal arteries, 657
of internal calcaneoscaphoid

ligament, 349
carotid artery, 608
iliac artery, 671, 679
jugular vein, 717

of intestines, 1295, 1314
of iris, 1110
of kidneys, 1355
of knee-joint, 338
of lacrimal gland, 1118

sac, 1119
of lateral sinus, 724
of liver, 1335
of lumbar plexus of ner\'es,

1062
of lymph nodes of lower

extremity, 786
of upper extremity, 784

of lymphatic vessels, 770
of diaphragm, 799
of stomach, 793

of male breast, 1433
urethra, 1369

of mammary gland, 1432
of mediastinum, 1188
of middle meningeal artery,

600
of mouth, 1204
of muscles, 359

of back, 416
of cranial region, 365
of femoral region, 512, 515
of leg, 535
of lower extremity, 544
of orbital region, 371
of palatal region, 399
of radioulnar region, 478,

485
of tongue, 394
of upper extremity, 497
nasal duct, 1119
nose, 1084
oculomotor nerve, 977
oesophagus, 1239
olfactory nerve, 974
optic nerve, 975
ovaries, 1401
palmar fascia, 489
pancreas, 1341
parathyroid glands, 1440
patella, 231
pelvis, 220
penis, 1390
pericardium, 550
peritoneum, 1268
pharynx, 1235
phrenic nerve, 1025
plantar arch, 704
pleurae, 1185
popliteal artery, 693
portal veins, 754
posterior tibial artery, 701
pronator teres muscle,

473
prostate gland, 1395
psoas magnus muscle, 505
pulmonary artery, 575
veins, 708
pyloric artery, 662

quadriceps extensor
muscle, 512
radial artery, 646
radius, 192
rectus femoris muscle, 512
retina, 1111
ribs, 167
salivary glands, 1229
saphenous veins, 741
scapula, 178
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Applied anatomy of sclera, 1 110
of scrotum, 1382
of seminal vesicles, 1385
of serratus magnus muscle,

461
of skull, 149
of spermatic veins, 750
of spinal accessory nerve,

1009
j

arteries, 621
cord, 842 I

pia, 846
of spleen, 1447
of sternocla^'icula^ articula-

tion, 297
of sternomastoid muscle, 386
of stemiun, 167
of stomach, 1280
of subcla^^an artery, 627
of superficial palmar arch,

,

652
of superior mesenteric

l>'mph nodes, 791
radioulnar articulation,

;

311
th>Toid artery, 590

of s5-no\-ial membranes of
wrist, 487

of temporal arterj', 598
of temporomandibular ar-

ticulation, 281
'

of testes, 1383 |

of thoracic aorta, 654 |

duct, 774
I

of thorax, 167 j

of thjfnus gland, 1442 ^

of th\Toid gland, 1438
of tibia, 239
of tongue, 1222
of tonsil, 1233
of trachea. 1180
of tracheobronchial Ij-mph

nodes, 802
of triceps muscles, 471
of trigeminal nerve, 991
of trochlear ner\-e, 978
of tjinpanum, 1135
of ulna, 192
of ulnar arter>% 649
of ureters, 1358
of uterus, 1411
of vaginal artery, 673
of vagus nerve, 1008
of vermiform appendix, 1302
of vertebral arterj', 620 i

column, 68
Aquaedudua cochleae, 86, 131,

,

1140
Fallopii, 85
vestibuli, 86, 128, 1137

Aqueduct of midbrain, 896
Aqueous chamber, 1105

humor, 1105
-\rachnoid of brain, 968

\Tlli of, 970
spinal, 844

Arachnoidea encephali, 968
spinalis, 844

.4r6or vitae cerebelli,_ 886

.\rboriform nerve cells, 808
Arch, abdominothoracic, 166

of aorta, 579
of atlas, 50, 51
axillarj-, 407
crural, 684
femoral, 436
nasal, of veins, 710
palmar, 645. 652
plantar. 704
pubic, 217
supraorbital, 77
tarsal, 612

Arches, aortic, 761
Arcuate fibres, 873

of medulla oblongata, 863

Arcuate ligaments, 419
Arcus aoriae, 579

cartilaginis cricoideae, 1165
denialis inferior, 1207

superior, 1207
glossopalatintis, 1203
lumbocosialis lateralis, 419

medialis, 419

I

palatini, 1203
pharynqopalatinus, 1203

I plantaris, 704
rami perforantes anleriores,

704
posteriores, 704

pubis, 217
superciliares, 77, 79
tarseiis inferior, 612

superior, 612
tendineus, 449, 450
venoai digitales, 728, 729
venosus dorsalis pedis, 739

plantaris, 741
vertdjrae, 48
volaris profundus, 645

superficuUis, 652
.4rea acusHca, 866

cribrosa, 85
media, 85
superior, 85

plumiformis, 873
vestibularis inferior, 1147

posterior, 1147
Areola mammae, 1429

of mammary gland, 1429
Areolar tissue, subcutaneous,

1154
Arm, bones of, 178

fascia of, 461, 467
muscles of, 461, 467

Arnold, bundle of, 957
ner\*e of, 1005
ponticulus of, 863

Arrectores pilorum, 1161
Arteria edveolaris inferior, 601

ramv^ mylohyoideus, 601
superior posterior, 601

angxdaris, 594
anonyma, 582
appendicidaris, 664
arcuata, 699
auditiva interna, 622
aurictdaris posterior, 596

ramv^ attricularis, 596
mastoideus, 596

profunda, 600
axillaris, 635

rami pectorales, 638
ramus acromialis. 638

clavicrdaris, 638
deltoideus, 638

basilaris, 622
rami ad pontem, 622

brachialis, 640
buccinatoria, 601
buBn urethrae, 675

vestibuli, 1420
canalis pterygoidei, 602
carotis communis, 583

dextra, 583
sinistra, 583

externa, 588
interna, 606

ramus caroticotympanicus,
609

centralis retinae, 613, 1090,
1105

cerebelli inferior anterior, 622
posterior, 621

superior, 622
cerdjri anterior, 614

media, 616
posterior, 622

cervicalis ascendens, 629
profunda, 633

chorioidea, 617

Arteria ciliares, 613
circumjlexa femoris lateralis,

690
medialis, 690
ramus acetabuli, 690

profundus, 690
superficialis, 690

humeri anterior, 639
posterior, 639

ilium profunda, 682
superficialis, 689

scaptdae, 639
coeliaca, 659
colica dextra, 664

media, 664
sinistra, 666

coUaieralis ulnaris inferior, 643
superior, 643

comes nervi phrenici, 1024
comitans nervi ischiadici, 677
communicans anterior, 615

posterior, 617
coronoria [cordis] dextra, 578

sinistra, 578
cystica, 661
deferentalis, 1376
dorsalis ditoridis, 676, 1420

haUucis, 700
nasi, 612
pedis, 698
penis, 676

epigastrica inferior, 680
ramus pubicus, 681

superficialis, 689
superior, 633

ethmoidalis anterior, 611
posterior, 611

femoralis, 683
frontalis, 612
gaatrica dextra, 661

sinistra, 660
rami oesophagei, 661

gastroduodenalis, 661
gasiroepiploica dextra, 661

rami epiploici, 661
sinistra, 662

(;enu inferior lateralis, 695
medialis, 695

media, 695
superior lateralis, 695

medialis, 694
auprema, 691
ramus musctdoarticularis,

691
sap/ientis, 691

glutaea inferior, 677
superior, 678
ramus inferior, 678

superior, 678
hemorrhoidalis inferior, 675

m^dia, 672
superior, 667

hepatica, 661
hypogastrica, 669
ileocolica, 664
iliaca externa, 679
iliolumbalis, 678

ramti« iliacus, 678
lumbalis, 678
spinalis, 678

infraorbitalis, 602
interossea communis, 650

dorsales, 650
recurrens, 651
volaris, 650

labialis inferior, 593
superior, 594

lacrimalis, 610
laryngea superior, 590
lienalis, 661

rami pancreatica, 662
ligamenti teretis uteri, 680
lingualis, 590
ramus hyoideus, 591

dorsalis linguae, 591
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Arteria magna, 575
haUucis, 700

malleolaris anterior lateralis,

698
medialis, 698

posterior medialis, 703
mammaria interna, 631

rami intercostales, 632
perforantes, 632
sternales, 632

masseterica, 601
maxillaris externa, 592

ramt glandulares, 593
ramus tonsillaris, 593

interna, 598
mediana, 650
meningea anterior, 609

media, 600
posterior, 597

mentalis, 601
mesenterica inferior, 660

superior, 663
museulophrenica, 632
nutrieia fibulae, 702

humeri, 643
iifeiae, 702
ramus communicans, 703

obturatoria, 673
ramus anterior, 674

iliaeus, 673
posterior, 674
pubicus, 673
vesicalis, 673

occipitalis, 595
rawt musculares, 595

occipitales, 596
ramu^ auricidaris, 596

descendens, 596
meningeus, 596
mastoideus, 596

ophthalmica, 610
ovaricae, 665
palatina ascendens, 593, 1204

descendens, 602, 1204
pancreaticoduodenalis inferior,

663
superior, 661

perforans prima, 691
secunda, 691
<er/ia, 691

pericardiacophrenica, 632
perinei, 675
peronaea, 701
ramus calcaneus lateralis, 702

comi,:unicans, 702
perforans, 702

pharynQea ascendens, 597
rami pharyngei, 597

plantaris lateralis, 703
medialis, 703
ramus superficialis, 703

poplitea, 691
princeps cenicis, 596

hallucis, 700
pollicis, 647

profunda brachii, 641
rami musculares, 644

clitoridis, 676, 1420
femoris, 689

ramus ascendens, 690
descendens, 690

linguae, 591
penis, 676

pudenda externa profunda, 689
superficialis, 689

interna, 674
pulmonalis, 574
ramus dexter, 575

sinister, 575
radialis, 644
rami musculares, 646

perforantes, 648
ramus carpeus dorsalis, 647

volaris, 647
volaris superficialis, 647

Arteria recurrens radialis, 646
tibialis anterior, 698

posterior, 698
recurrentes ulnaris anterior, 650

posterior, 650
sacralis lateralis, 678

rami spinales, 678
sigmoideae, 667
spermatica externa, 680, 1377

interna, 665, 1376
sphenopalatina, 602
spinalis anterior, 621

posterior, 621
sternocleidomastoidea, 595
stylomastoidea, 596
subclavia, 623
sublingualis, 591
submentalis, 593
subscapularis, 639
supraorbitalis, 610
suprarenalis inferior, 665

m.edia, 662
tarsea lateralis, 699
temporalis media, 598

profunda anterior, 601
posterior, 601

superficialis, 597
rami auriculares antcrio-

res, 598
ram,tis frontalis, 598

parietalis, 598
thoracalis lateralis, 638

suprema, 638
thyreoidea ima, 582

inferior, 629
rami oesophagi, 629

tracheales, 629
superior, 589

rami glandulares, 590
ramus anterior, 589

cricothyroideus, 590
hyoideus, 590
posterior, 589
stemocleidomastoideus,

590
tibialis anterior, 696

posterior, 700
transversa colli, 630

ramus ascendens, 630
descendens, 630

faciei, 598
scapulae, 629
ramus acromialis, 630

tympanica anterior, 600
inferior, 597
superior, 600

ulnaris, 648
rami musculares, 651
ramus carpeus dorsalis, 651

volaris, 651
volaris profundus, 651

urethralis, 676
uterina, 672
ramus ovarii, 672

vaginalis, 672
vertebralis, 619
rami spinales, 620
ramus meningeus, 621

vesiculis inferior, 672
medialis, 672
superior, 671

volaris indicis radialis, 647
zygomaticoorbitalis, 598

Arteriae alveolares superiores an-
teriores, 602

arciformes, 1354
bronchioles, 654
ciliares anteriores, 613

posteriores breves, 613
longae, 613

digitales dorsales, 647, 699
plantares, 704
volares communes, 652

propriae, 652
gastricae breves, 662

^rieriae iZeae, 663
iliacae communes, 668
intercostales, 655

rami cutanei laterales, 656
musculares, 656

ramus posterior, 655
interlobares renis, 1354
intestinales, 663
jejunales, 663
lumbales, 662
ramus dorsalis, 663

spinalis, 663
mediastinales anteriores, 632
metaearpeae dorsales, 647

volares, 648
metatarseae dorsales, 699

plantares, 704
oesophageae, 654
palpebrales laterales, 610

mediates, 612
phrenicae inferiores, 658

rami suprarenales supe-
rior, 659

receptaculi, 609
renales, 665
surales, 694
tunica adventitia, 573

intima, 573
media, 573

Arterial sheath, 574
Arteriolae recti, 1354
Arterioles, 547

precapillary, 573
Artery or Arteries, 572

acromial, 638
acromiothoracic, 638
of ala, 574
alveolar, 601
anastomosis of, 572
around elbow-joint, 644
circumpatellar, 696
crucial, 678, 690

anastomotica magna of bra-
chial, 643, 644

of femoral, 691
angular, 592, 5.94

of ankle-joint, 345
antero-lateral ganglionic, 617
antero-median ganglionic, 614
aorta, 575

abdominal, 657
arch of, 579
ascending, 576
descending, 653
thoracic, 653

appendicular, 664
articular, 694, 695
of auditory canal, 1123

internal, 622
auricular, 596

anterior, 598
deep, 600
posterior, 596

axillary, 635
azygos, articular, 695

of vagina, 672
basilar, 622
of bile ducts, 1336
of bladder, 1365
brachial, 6140

brachiocephalic, 582
of brain, 617
bronchial, 582, 654
buccal, 601
of bulb, 675
bulbar, 622
calcaneal, 702, 703
capsular, 662
carotid, common, 583

external, 588
internal, 609

of cecum, 664, 1.300
central ganglionic system of,

618
of retina, 613



IXDEX 1455

Artery or Arteries, cerebellar,

621, 622
cerebral, anterior, 614

hemorrhage, 617
middle, 616
posterior, 622

cer\-ical, 629, 630
cer\-icouterine, 672
cervicovaginal, 672
choroid, 617, 622, 1099
ciliarj-, 613
circle of Willis, 617
circumflex, 639, 690
circumpatellar, anastomosis of

,

696
cla\'icular, 638
of clitoris, 1420
coats of, 573
coccygeal, 677
coeUac, 659
coUc, 664, 666
communicating, anterior, 614,

650
of dorsalis pedis, 700
of peroneal, 702
posterior, 617

of cornea, 1092
coronary, 578, 660
of corpus cavernosum, 676
cortical system of, 619
cranial, from occipital, 596
cremasteric, 680
cricothyroid, 590
cvstic, 661
dental, 601, 602
development of, 761
digital, 652

collateral. 652
plantar, 704
ulnar, 652

dorsal, of penis, 676
dorsalis hallucis, 700

indicis, 647
linguae, 591
nasi, 613
pedis. 698
polLicis, 647
scapulse, 639

of duodenum, 1287
dural. from ascending pharj'n-

geaJ, 597
from occipital, 596

of elbow-joint, 308
epigastric, deep. 680

superficial. 689
superior, 633

ethmoidal, 611
facial, 592

transverse, 598
of Fallopian tube, 1402
femoral, 683, 689
fibular, 698
frontal, 598. 612. 615, 617
of gaU-bladder, a.335
ganglionic, 614, 617, 618
gastric, 660
gastroduodenal, 661
gastroepiploic, 661
glandular, 593
of globe of eye, 1108
gluteal. 678
of head. 583 '

of heart. 565
hemorrhoidal. 672, 675
hepatic. 661
of hip-joint. 327
histologj- of, 573
humeral. 638
hypogastric, 570, 669, 763

impe^^-ious, 671
ileal, 664
ileocecal, 664
ileocolic. 664
iliac, common, 668

deep circumflex, 682

Artery or .\rteries, iliac, external,
'

679
internal, 669
superficial circumflex, 689

iliolumbar, 678
infrahyoid, 590
infraorbital, 602
infrascapular, 639
innominate, 582
inosculation of, 572
intercostal, 632, 655
interosseous, foot, 699, 700

hand, 647, 648
recurrent, 651
ulnar, 650

of iris, 1099
of kidneys, 1352
of knee-joint, 337
of labia majora, 1415
labial coronarj-, 593, 594
lacrimal, 610
of large intestines. 1310
laryngeal, 590, 629, 1174
lateralis nasi, 594
lenticulostriate, 617
lingual, 590, 591, 601

I of Uver, 1326
' of lower extremity, 682

lumbar, 662
lymphatics of, 574
malar, 610
malleolar, 698, 70.3

mammarj-, 631, 638
masseteric, 601
mastoid, from occipital, 596 i

from posterior auricular, 596
maxilla^-, 598
mediastinal, 632, 654
medidural, 600
medullary, 619
of membrana tympani, 1131
meningeal, anterior, 600
from ascending pharyngeal,

597
from occipital, 596
middle. 600
posterior. 597, 621
small, 600

mental, 601
mesenteric, 663, 666
metatarsal, 699
musculophrenic, 632
mylohvoid, 601
nasal, 612, 613
nasopalatine, 602
of neck, 583
nen-es of, 574
of nose, 1081
nutrient, of fibula, 702

of humerus, 643
of tibia, 702

obturator, 673
occipital, .595, 623
oesophageal, 629, 654, 1239
ophthalmic, 610
orbital, 598
ovarian, 665, 1401
palatine, 596, 597, 602, 1204
palpebral, 610, 612
pancreatic, 662, 1341
pancreaticoduodenal, 661, 663
parietal, 617
of parotid gland, 1225
pars-idural, 600
of penis, 1389
perforating, 690

of foot, 704
fourth, 689
of hand, 648

pericardiac, 632, 654
perineal. 675
perirenal, 665
peroneal, 701, 702
petrosal, 600
pharj-ngeal, 597

Arterj- or Arteries, phrenic, 658
of pia of brain, 972

of spinal cord, 846
of pinna of ear, 1121
plantar, 700, 703
of pleursB, 1185
pontile, 622
popliteal, 691
postdural, 597
postero-median ganglionic, 617
prevertebral, 597
princeps hallucis, 700

pollicis, 647
profunda femoris, 689

inferior, 643
superior, 642
of ulnar, 651

of prostate gland, 1395
pterygoid, 601
pterj-gopalatine, 602
pubic, 681
pudic, accessory, 675

external, 689
internal, 674, 676

pulmonarj-, 574
pyloric, 661
radial, 644

carpal, 647
radialis indicis, 647
ranine, 591
recurrent, radial, 646

tibial, 698
ulnar, 650

renal, 665
sacral, 669, 678
of salivary glands, 1227
scapular, 630
sciatic, 677
of seminal vesicles, 1385
of septum, 594, 602
of shoulder-joint, 303
sigmoid, 667
of skin, 1156
of small intestine, 1293
spermatic, 665. 1376
spinal, 620, 621
splenic, 661, 1446, 1449
splenopalatine, 602
sternal, 632
stemomastoid, 590, 595
of stomach, 1278
stylomastoid of posterior au-

ricular, 596
subcla\-ian, 623
sublingual, 591
submaxillary, 593, 1226
submental, 593
subpleural, mediastinal plexus

of, 632
subscapular, 630, 639
superficialis volae, 647
supra-acromial, 630
suprahyoid, 591
supraorbital, 610
suprarenal, 662
suprascapiilar, 629
suprasternal, 629, 630
sural, 694
tarsal, 699
temporal, 600, 617

anterior, 598, 623
deep, 601
middle, 598
posterior, 598. 623
superficial, 597

of temporomandibular articu*
lation, 281

terminal, definition of, 573
thoracic, 638, 639
thymic, 582, 1442
thyroid axis, 628

inferior, 629
superior, 589

thyroidea ima, 582
tibial, 696, 700
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Artery or Arteries, of tongue, 1219
tonsillar, 593, 1231
tracheal, 629, 1179
of trunk, 653
tympanic, 609

anterior, 600
from ascending pharyngeal,

597
superior, 600

ulnar, 648, 651
umbilical, 570
of upper extremity, 623
ureteral, 665, 1358
urethral, 676
uterine, 672, 1410
vaginal, 672, 1415

bulb, 1420
of vas deferens, 671
vasa brevia, 662

intestini tenuis, 663
of vermiform appendix, 1300
vertebral, 619, 628
vesical, 671, 672
Vidian, 602, 609
of voluntary muscles, 356
of wrist-joint, 315

Arthrodia, 264, 265, 266
Articular arteries, 694, 695

cartilage, 260
' disks, 260

triangular, 312
eminence of zygomatic process

of temporal bone, 81
facet of clavicle, 171
fibrocartilage, 260
lamella of bone, 259
meniscus, 280
nerve corpuscles, 817
processes of atlas, 51
surfaces of axis, 52

of sacrum, 60
synovial membrane, 261

Articulatioacromioclavicularis,297
atlantoepistrophica, 273
atlantooccipitalis, 275
calcaneocuboidea, 347
carpometacarpeae poUicis, 317
coxae, 322
ctibiti, 306
cuboideonavicularis, 350
genu, 331
humeri, 301
intercarpea, 315
mandibularis, 279
radiocarpea, 314
radioulnaris, 310

distalis, 312
sacroiliaca, 290
stemoclavicularis, 295
talocalcanea, 347
talocruralis, 342
tarsi transversa [Choparti], 349
tibiofibularis, 340

Articulationes capitulorum, 282
carpometacarpeae, 317, 318
costotransversariae, 284
costovertebrales, 282
digitorum manus, 321

pedis, 354
interchondrales, 288
intermelacarpeae, 319
intermetatarseae, 352
intertarseae, 347
metacarpophalangeae, 320
metatarsophalangeae, 353
ossiculorum auditus, 1133
sternocostales, 286
tarsometatarseae, 351

Articulations, 259
acromioclavicular, 297
of astragaluswith scaphoid, 349
of atlas with axis, 273

with occipital bone, 275
of axis with occipital bone, 277
biaxial, 264, 265

Articulations, calcaneo-astragal-
oid, 347

calcaneocuboid, 347
calcaneoscaphoid, 348
carpometacarpal, 318
of carpus, 315
of cartilages of ribs with each

other, 288
costocentral, 282, 285
costosternal, 286
costotransverse, 284, 285
costovertebral, 282
of cuneiform bones with each

other, 350
of elbow-joint, 306
of external cuneiform bone

with cuboid, 351
of hip-joint, 322
immovable, 263
intercuneiform, 350
interneural, 271
of knee-joint, 331
of lower extremity, 322
mediotarsal, 349
metacarpophalangeal, 320
of metatarsal bones with each

other, 352
metatarsophalangeal, 353
mixed, 264
movable, 264
of ossicles of tympanum, 1133
of pelvis, 290
of phalanges of foot, 354

of hand, 321
polyaxial, 264
of pubic bones, 294
radiocarpal, 314
radioulnar, 310
of ribs with their cartilages,

288
with vertebrae, 282

sacroiliac, 290
of sacrum and coccvx, 292
and ilium, 290

of scaphoid with cuboid, 350
with cuneiform, 349

of scapula, 299
scapuloclavicular, 297
of shoulder-joint, 301
sternoclavicular, 295
of sternum, 288
tarsometatarsal, 351
of tarsus, 347
temporomandibular, 133, 279
tibiofibular, 340
tibio tarsal, 342
transverse tarsal, 349
of trunk, 268
of upper extremity, 295
of vertebral column, 268

with cranium, 275
with peh-is, 289

of wrist-joint, 314
Aryepiglottic muscles, 1173
Arytenoepiglottic fold, 1167,

1170
Arytenoid cartilage, 1166
Arytenoideus muscles, 1172
Ascending aorta, 576

colon, 1303
mesacolon, 1264

Association nerve fibers, 954
Asterion, 133, 146
Astragaloscaphoid ligament, 349
Astragalus, 244

articulation of calcaneus and,
347

of scaphoid with, 349
'Astrocytes, 818
Atlanto-axial ligaments, 274
Atlanto-odontoid joint, 274
Atlas, 50

accessory ligament of, 275
articulation of, with axis, 273

with occipital bone, 275

Atlas, development of, 63
transverse ligament of, 274

Atrium, 1125
dextrum, 554
maxillary, orifice of, 141
meatus medii, 141

nasi, 1082
of nasal meatus, 141
sinistrum, 559

Attic, 1125
Attollens aurem muscle, 366
Attrahens aurem muscle, 366
Auditory artery, internal, 622

canal, 1122
applied anatomy of, 1124
arteries of, 1123
cartilaginous portion of,

1122
lymphatics of, 1123
nerves of, 1123
osseous portion of, 1122
skin of, 1123
veins of, 1123

hair, 1143
meatus, 1122

external, 88, 133, 1122
lymphatic vessels of, 777

internal, 85, 128
nerve, 1000

nuclei, 881
teeth, 1144
vesicles, 142

Auerbach's plexus of nerves, 1279
Aula, 908
Aulix, 908
Auricles of ear, 1119

of heart, fibres of, 562
left, 559
right, 554

primitive, 757
Auricula, 1119

dextra, 554
sinistra, 559

Auricular appendix, 554, 559
artery, 596, 598, 600
canal, 757
fissure, 131
lymph nodes, 774
nerve, anterior, 988
from vagus, 1005
great, 1020
posterior, 997

point of skull, 146
region, muscles of, 365
systole, 565
vein, 712

Auriculotemporal nerves, 988 '^

Auriculoventricular bundle of
His, 564

opening, 557, 559
Auris interna, 1136
Avalanche conduction of Ram6n
y Cajal, 815

Axes of pelvis, 218
Axial planes of bodv, 34
.Ajcilla, 633

applied anatomy of, 634
dissection of, 4,55

hgaments of, 456
Axillary arch, 407

artery, 635
applied anatomj' of, 637

fascia, 456, 633
lymph nodes, 782
sheath, 636
veins, 731

applied anatomy of, 732
Axis, 52

articulation of, with occipital

bone, 277
cceliac, 659
of crystalline lens, 1107
development of, 64
optic, 1088
sagittal, 1088
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Axis, th\Toid, 628
visual, 1088

AxU lentis, 1107
optica, 1088
pehis. 218

Axis-cylinder process, 807, 811
Axones, 810

amyelinic, 812
myelinic, 811
of spinal cord, mvelinization

of, 840
\zygos arteries of vagina, 672
articular arterj'. 695
u\Tilae muscle, 398
veins, 736

applied anatomy of, 737

Back, fascia of. 404
muscles of, 403

applied anatomy of, 416
fifth laver. 413
first layer. 404
fourth layer, 410
second layer, 407
surface form of. 416
third layer, 408

Baillarger. fibre band of. 953
Ball-and-socket joint, 264
Band of Yicq d'AzjT, 932
Barha. 1159
Bartholin, duct of, 1226

glands of. 1420
Basihyal, 15.3

Basilar arterj-. 622
groove, 73

of p)ons. 864
membrane, 1143
process. 71
sinus, 727
suture. 122
vein, 720

Basilic vein. 7.30

Basion, 131. 146
Basis cochleae, 1138

cordis, 551
glandulae guprarenalis, 1448
mandibulae. 117
modioli, 1138
nasi, 1079
ossa metacarpalia, 201

metatarsalia, 250
sacri. 61

patellae. 231
phalangis, 204
prostatac, 1391
pulmonis. 1188

Basisvl\-ian fissure, 917
Basket cells. 892
Basophiles, 40
Bechterew, fibre band of. 953
Bell, respirator^- ner\-e of, exter-

nal. 1029
internal. 1024

Bertin. ligament of, 323
Biaxial articulations, 264
Biceps brachii niuscles, 469

femoris muscle, 522
applied anatomy of, 525
bursa of, 524
surface form of, 543

flexor cubiti muscle, 469
muscle. 469

surface form of. 495
Bichat, fissure of. 940
Bicipital fascia, 469, 730

groove, 180
tuberosity, 191

Bicornate uterus, 1408
Bicuspid teeth, 1207

valve, 561
Bifurcatio tracheae, 1175
Bigelow, ligament of, 324

92

Bile, 1334
duct. 1333

arteries of. 1334
lymphatics of. 796, 1334
nerves of. 1334
veins of, 13.34

papilla, 1287
Bipolar ner\-e cells, 808, 1102
"Bird's nest" of cerebellum, 888
Biventer cer^-icis muscles, 413
Biventral lol)es, 887 ,

muscle, 358 '

Bladder, 1.358
{

applied anatomy of, 1366
arteries of, 1-365

cen-ix of, 1.361

development of, 1426
interior of. 1364
ligaments of, 1361

true, 1362
lymphatics of. 796, 1365
raucous membrane of, 1364
nerves of, 1365
rugse of, 1364
surface form of, 1365
trigone of. 1365
veins of, 1365

Blind spot, 1101
Blood cells. 40

circulation of, 547
islands, 755

Blood-vascular system, 547
development of, 755

Bloodvessels of bone, 40
of nerves, 813

BNA, definition of, 33
Bochdalek, ganglion of, 984
Bodies, carotid, 1450

Nissl. 809
paras>Tnpathetic. 1450
quadrigeminal. 894
tigroid. 809

Body, ciliar>-. 1094
coccygeal, 1450
geniculate, external, 905

internal, 895
lateral, 910

of Luys. 905
pineal. 906
pituitarj-. 909
thjToid. 14.35

\-itreous. 1105
Bone or Bones, acetabulum, 213

ankle. 244
apophysis of, 37
applied anatomy of, 46
of arm, 178
astragalus, 244
atlas, 50
axis, 52
bloodvessels of, 40
breast, 157
calcaneus, 239
calcification of, 44
calf, 236
•cambium layer of, 46
canaliculi of, 39
cancellous, 40
carpus, 195
of cerebral cranium, 70
chemical composition of, 41
of chest, 154
cla^-icle, 169
cocc^-x. 61
collar. 169
compact. 38
covering. 142
of cranium. 70
cuboid. 245
cuneiform, of foot, 247

of hand, 197
dense, 38
dermal, 142
destroyers, 44
diaphysis of, 35

Bone or Bones, of elbow, 185
endosteum of, 39
epactal, 144
epiphyses of. .35

epipteric. 144
etlmioid, 96
extremities of, 35
of face, 99
femur, 221
fibers of, 38
fibula. 236
flat, 36
of foot. 2.39

of forearm, 185
formers, 44
frontal, 76
growth of, 42
of hand, 194

lower row, 198
upper row, 196

heel, 239
hip, 207
humerus. 178
hyoid, 15.3

ilium. 207
interparietal. 74
irregular, 36
ischium, 210
knee-cap, 230
lacrimal, 106

lesser, 107
lacuna of, 39, 259
lamellae of, 39

articular, 259
of leg, 230
lingual, 153
long, 35
of lower extremity, 207

jaw. 115
I>-mphatics of, 41
malar, 107
mandible, 115
marrow of, 40
maxillae, 100
medullarj- canal of, 35
metacarpus, 201
metatarsal, 249
nasal, 99
na\acular, of foot, 246

of hand. 196
ner\-es of. 41
occipital, 70
OS calcis, 239

coxae, 207
innominatum, 207
magnum, 199
pubis, 207, 212
trigonum, 245

osseous tissue of, 38
ossification of, 42
palate, 109
parietal, 74
patella, 230
of pelvis, 215
periosteum of, 38
phalanges of foot, 252

of hand, 204
pisiform. 198
premaxillar\-, 105
proliferation of, 44
pubis, 212
radius, 190
ribs, 161
rider's, 229, 360, 515
sacrum, 58
scaphoid, of foot, 246

of hand, 196
scapula, 172
semilunar, 197
sesamoid, 257
shaft of, 35
shin. 231
short, 36
shoulder blade, 172

girdle, 169
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Bone or Bones, of skull, 69
sphenoid, 89
spine, 4S
sternum, 157
supernumerary, 144
sutural, 144
tarsus, 239
temporal, 80
thigh, 220
of thorax, 154
tibia, 231
trapezium, 198
trapezoid, 199
turbinated, 113, 139
ulna, 185
unciform, 200
of upper extremity, 168

jaw, 100
vascularization of, 45
vertebrae, 48

cervical, 49
coccygeal, 58
lumbar, 56
sacral, 58
thoracic, 53

vomer, 114
wedge, 247
Wormian, 144

Bony semicircular canals, 1137
Born, ostium primum of, 759

secundum of, 759
Bowman, capsule of, 1350, 1351
membrane of, 1091

Brachia conjunctiva, 891
ponds, 890

Brachial artery, 640
applied anatomy of, 641
surface marking of, 641

fascia, 467
plexus of nerves, 1026

applied anatomy of, 1039
veins, 731

Brachialis anticus muscle, 469
surface form of, 496

Brachiocephalic artery, 582
veins, 733

Brachioradialis muscle, 479
surface form of, 496

Brachium quadrigeminum infe-
rius, 895

superius, 895
Brachycephalic cranium, 146
Brain, 846

adult human, 860
arachnoid of, 968

villi of, 970
areas of, 959
arteries of, 617
cerebellum, 884
development of, 850
dimensions of, 849
dura of, 964
fourth ventricle of, 864
hind, 861
isthmus, 860 (note)
laminae of, 855
localization of function of, 959
medulla oblongata, 861
meninges of, 964
nuclei of, 857
Pacchionian bodies of, 970
pia of, 972
pons, 864
structure of, plan of, 858
topography of, 847
tube, development of, 852

flexures of, 855
vesicle, primary, 851
weight of, 849
zones of, 855

Breast bone, 157
female, 1428
male, 1433

Bregma, 76, 123, 146
Bregmatic fontanelle, 143

Brim of pelvis, 215
Broad ligament of lung, 1183

of uterus, 1407
Broca's cap, 917

diagonal band, 928
Bronchi, 1175

left, 1177
right, 1176

Bronchial artery, 582, 654
veins, 737

Bronchioles, respiratory, 1195
Bronchiomediastinal lymph

nodes, 801
Bronchus dexter, 1176

ramus bronchialis ejmrteria-
lis, 1177

hyparterialis, 1177
sinister, 1177

Bruce and Campbell, intermedio-
lateral tract of, 839

Bruch, membrane of, 1093
Bruns, falciform margin of, 508
Bryant's triangle, 329
Buccae, 1200
Buccal artery, 601

cavitv, 1199
glands, 1200
lymph nodes, 776
nerve, 987, 998
region, muscles of, 374

Buccinalior muscle, 375
nerve, 987

Buccopharyngeal fascia, 377,
394

Bulb, aortic, 759
artery of, 675
of corpora cavernosa, 1386
of internal jugular vein, 714
occipital, 939
olfactory, 927
urethral, 1386

Bulbar arteries, 622
Bulboid corpuscles, 817
Bulbous aortae, 576
Bulbus cordis, 757, 759

cornu posterioris, 939
oculi, 1086
olfactorius, 927
pili, 1159
urethrae, 1386
vena jugularis inferior, 714

superior, 714
vestibuli, 1420

Bulla ethmoidalis, 1082
Burdach, column of, 827
Bursa or Bursae, about knee-joint,

336
of biceps femoris muscle, 524
deep infrapatellar, 336
of elbow-joint, 308
gluteofcmoral, 327
of gluteus maximus muscle,

516
medius muscle, 517

of greater trochanter, 327
of hand. 487 »

of hip-joint, 327
iliopcctineal, 327
infrapatellar, deep, 336
infraspinatus, 303
ischiogluteal, 327
of knee-joint, 336
obturator, 327, 518
olecranon, 308
patellar, deep, 512
prepatellar, 336, 512
of pyriformis muscle, 517
of quadriceps femoris muscle,

521
of shoulder-joint, 303
subacromial, 303, 462
subcutaneous acromial, 303

tibial, 336
trochanteric, 327

subdeltoid, 303, 462

Bursa or Bursae, subscapular, 303
subtendinous iliac, 327
suprapatellar, 336, 511
synovial, subcutaneous, 262

subtendinous, 262
thecal, 262

of tendo Achillis, 530
tensoris veli palati, 397
of tibialis anticus muscle, 526
of wrist, 487

I

Bursa or Bursae, anserina, 513,
I

524
I bicipitogastrocnemialis, 524
j

bicipitoradialis, 308
I

glutaeofcmorales, 327, 516
; iliaca subtendinea, 327, 504

iliopectinea, 327, 504
infrapatellaris profunda, 336,

512
intermetacarpophakingeae, 487
intratendiyiea olecrani, 308
ischiadica musculus glutaei

maximi, 327, 516
mucosae subcutaneae, 262

subtendineae, 262
musculi poplitei, 337
musculus bicipitis femoris in-

ferior, 524
infraspinati, 465
obturatorii interni, 327, 518
pectinei, 513
pisiformis, 517
recti femoris, 510
sartorii propria, 509
sternohyoidei, 1167
subscapularis, 464
tensoris veli palati, 397
teretis majoris, 466

praepatellaris subcutanea, 336,
506, 512

subfacialis, 336
subtendinea, 336

sternohyoidii, 387
subacromialis, 462
subcutanea calcanea, 530

digitorum dorsales, 487
epicondyli humeri lateralis,

308
media lis, 308

olecrani, 308
prominentiae laryngeae, 1164
tuberositatis tibiae, 336

sUbdeltoidea, 462
subtendinea musculus tibialis

anterioris, 526
olecrani, 308

suprapatellaris, 336, 511
tendinis calcanei, 530
trochanierica musculus glutaei

maximi, 516
viedii anterior, 517

posterior, 517
minimi, 517

subcutanea, 327, 506
Bursal s5'novial membrane, 262

Cacuminal lobes, 886
Cajal, nerve cells of, 1102
Calcaneal arteries, 702, 703

nerves, 1057
Calcaneo-astragaloid articula-

tion, 347
ligaments, 347

Calcaneocuboid articulation, 347
ligaments, 348

Calcaneoscaphoid articulation,
348

ligaments, 348
Calcaneus, 239

articulation of astragalus and,
347

of scaphoid and, 348
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Calcaneus, articulation with cu-

loid, 347
Calcar, 939

atis, 939
feniorale, 227

Calrarine fissure, 919
Calf lx)no. 236
Calices majores, 1349

minores, 1349
of ureters, 1356

Callosal eminence, 939
g>re. 920, 921

Calyculi guMatorii, 1148
Camera oculi anterior, 1105

pagterior, 1105
Camper, fascia of, 424
Canal or Canals, adductor, 685

Alcock's, 450, 675
alimentarv, 1199
anal, 1309
auditorj-. 1122
auricular, 757
carotid, 131
of Corti, 1145
crural. 684
dental, 102. 117
diploic, 718
ethmoidal. 79, 98
for Eustachian tube, 1127
femoral, 503, 684
Haversian, 39
of Huguier, 84, 88, 997, 1126
Hunter's, 511, .515, 685
hyaloid. 1106
incisor, 105
infraorbital, 102. 136
inguinal, 437, 1375
lacrimal, 1116
malar, 108
medullary- , of bone, .35

membranous, of cochlea, 1144
for nasal duct, orifice of, 141
nasopalatine, 114
of Xuck, 1408
nutrient, of fibula, 237

of metacarpal bones. 201
of radius, 191
of ulna, 189

obturator, 517
palatine, anterior, 139

posterior, 102. 110, 134
accessor>". 110. 128

palatomaxillarv, 102
of Petit, 1106
pter%goid, 130
pter>-gopalatine, 92, 130, 134
pyloric. 1272
sacral, 61
of Schlemm, 1092
semicircular, bony, 1137
membranous, 1142

spermatic, 437, 1375
of spinal cord, central, 831
for tensor tympani, 1127
of vermiform appendix, 1299
vertebral. 49. 67
Vidian, 93, 130. 1.34

Volkmann's. .39

of Wirsung. 1339
Canales diploid [Brescheti], 718

palatini, 110
9emicirculares ossei, 1137

lateralis, 1138
posterior, 1137
superior, 1137

Canaliculi of bone, 39
caroticotympanici, 86

Canaliculus chordae tympani, 88,
1126

innominatum, 92. 127, 1135
tympanicus, 87, 1125

Canalis adductorius [Hunteri],
511, 515, 685

centralis cochleae, 85
meduUae spinalis, 831

Canalis cerricis uteri, 1408
condyloideus, 71
ethmoidale anterius, 98

posterius, 98
facialis, 85
femoralis, 503, 684
hyaloideus, 1106
hypoglossi, 71
inffuinalis, 437, 1375
lacrimalis, 104
mandihulae, 117
musctdotuharius, 87
nasolacrimalis, i02
obturatorius, 517
pterygoideus, 93
pterygopalaiinus, 110
radicis dentis, 1212
reuniens of Hensen, 1142
sacralis, 61
spiralis cochleae, 1140

modioli, 1139
tertebralis, 49

Cancellous bone, 40
Canine eminence, 101

fossa, 101, 1.35

teeth, 1206
Canthi of eyelids, 1113
Capillaries, 547, 573
CapiUi. 1159
Capitellum, 182
Capitulum costae, 162

fibulae. 2-36

humeri. 182
mallei, 1131
mandibulae, 118
ossa metacarpalia, 201

metaiarsalia, 250
radii, 190
stapedis, 1133
ulnae, 189

Capsula adiposa, 1348
articularis cricoarytaenoidea,

116S
extrema, 948
leniis, 1107.

Capsulae articulares. See Indi-
\-idual joints.

Capsular arterj', 662
ligaments. See Individual

joints.

Capsule, adrenal, 1447
of Bowman, 1350. 1.351

of crjstalline lens, 1107
external, 951
internal, 948
Malpighian, 1350, 1351
of T^non, 371. 1086

Caput cecum coh, 1297
epididymidi-s, 1378
femoris, 221
gallinaginis, 1367
gelatinosa Rolandi, 830
gliosum, 829
humeri, 178
obliquum musculus adductoris

halluci-s, 541
pancreaiis, 1337
transrersum musculus adducto-

ris hallucis, 541
Cardiac cycle, 565

ganglion of Wrisberg, 1072
glands, 1278
muscle fibers, 355, 357
muscles, 355
ner^-es, cervical, 1007

inferior, 1069
superior, 1068
thoracic, 1007

orifice, 1271
plexus of nerves, 1072
revolution, 565
veins, 708

anterior, 556
Carina urethralis vaginae, 1414
Caroticotjinpanic nerve, 1066

Carotid arteries, common, 583
applied anatomy of, 586
left, 583
right, 583
surface marking of, 586

external, 588
applied anatomy of, 588
surface marking of, 588

internal, 606
applied anatomy of, 608
cavernous portion of, 608
cerebral portion of. fi08

cer\-ical portion of, 607
petrous portion of, 607

bodies, 1450
canal, 131
foramen, 84, 86
ganglion, 1066
glands, 586, 1450
groove, 126
ner\'e, 100-3

I

plexus of, 1069
sheath, 383

I triangle, 388, 603, 604
Carpal arch, 647

arter>-, radial, 647
ulnar, 651

bones, 195
applied anatomy of, 205
common characters of, 196
surface form of, 205

meniscus, 317
Carpometacarpal articulations,
317

Carpus, 195
articulations of, 315
ligaments of, 315

Cartilage, 259
alar, lesser, 1080
articular, 260
ar>-tenoid, 1166
costal, 165
cricoid, 1165
cuneiform, 1166
elastic, 261
epiphvseal, 44
hi'aline, 260
intrath>Toid, 1165
of Jacobson, 1080, 1083
of lar>-nx. 1163
matrix, 260
Meckel's, 118
of nose, 1079
parachordal, 141
of pinna of ear, 1120
of Santorini, 1166
sesamoid, 1080
thj-roid, 1163
of trachea, 1177
vomerine, 1080
of Wrisberg, 1166

Carlilagines alare-s minores, 10^
arytenoideae, 1166

• basis, 1166
crista arcuata, 1166
fovea oblonga, 1166

triangularis, 1166
processus muscularis, 1166

vocalis, 1166
comiculaiae, 1166
cuneiformes, 1166
larynffis, 1163
nasi, 1079

Cartilaginous ear capsules, 141
Cartilago alaris major, 1079

cms laterale, 1070
mediate, 1079

auriculae, 1120
costalis, 165
cricoidea, 1165
epiglottica, 1167
nasi lateralis. 1079
septi nasi, 1080
thyreoidea, 1163
triticea. 1168



1460 INDEX

Cartilago tiihae auditivae, 1128
lamina htteralis, 1128

medialis, 1128
vomcronasalis, 1080

Caruncula lacrimalis, 1115
sublingualis, 1201, 1226

Carunculae hymenales, 1418
myrtiformes, 1418

Cauda epididymidis, 1378
equina, 823, 845
helicis, 1120
pancreatis, 1339

Caudate lobe of liver, 1324
nucleus, 937, 946

Caudatum, 854, 937, 946
Cavernous groove, 91

nerves, 1077
plexus of, 1066

sinuses, 724
Cavitas glenoidalis, 176
Cavity or Cavities, cotyloid, 213

glenoid, 176
of heart, 553
of mouth, 138
nasal, 138
of pelvis, 216

' pulp, 1212
sigmoid, of radius, 192

of ulna, 187
of thorax, 157
tjTnpanic, 1125

Cavum articulare, 294
[flrenw], 336

conchae, 1120
dentis, 1209
epidurale, 843
laryngis, 1169
mediastinale posterius, 1183
nasi, 138, 1081

regio olfactoria, 1082
respiratoria, 1082

oris, 1199
proprium, 1201

pharyngis, 1229
pleurae, 1181
septi pellucidi, 913, 945
subarachnoideale, 845, 969
thoracis, 154, 157
tympani, 1125

paries carotica, 1127
jugularis, 1125
lahyrinthica, 1126
mastoidea, 1126
tegmentalis, 1125

Jt^eri, 1408
Cecal arteries, 664, 1300

fold, 1267
Cecum, 1296

arteries of, 664, 1300
interior of, 1298
lymphatics of, 1300
mucous membrane of, 1300
veins of, 1300

Cell or Cells, acid, 1276
air, mastoid, 1127
basket, 892
centro-acinar, of Langerhans,

1340
of Claudius, 1147
commissural, of cord, 841
of Deiters, 1146
enamel, 1214
ependymal, 818
ethmoidal, 79, 97, 98, 141
ganglion, 807
of Golgi, 952
gustatory, 1149
hair, 1143

outer, 1146
of Hensen, 1 147
interstitial, 1399
islets, interalveolar, 1340
of lateral ventricles, 936
lutein, 1400
of Martinotti, 952, 953

Cell or Cells, mastoid, 83
ner\'e, arboriform, 808

bipolar, 808, 1102
of cerebral cortex, 952
ciliated ependymal, 806
germinal, 806
glia, 818
Golgi, 808
multipolar, 808
of spinal cord, 832
stellate, 808
unipolar, 808

oxyntic, 1276
parenchymatous, 1437
parietal, 1276
polymorphous, 952
Purkinjean, 892
pyramidal, 952
splenic, 1445

Cellulae ethmoidales, 97
mastoideae, 83, 1123

Cementum of teeth, 1212
Centripetal nerve fiber, 810
Centro-acinar cells of Langer-

hans, 1340
Centrum semiovale, 932

tendineum [diaphragma], 419
Cephalic fixture of brain, 855

index of skull, 146
vein, 730

accessory, 731
Ceratohyals, 154
Cerebellar arterj', anterior in-

ferior, 622
posterior inferior, 621
superior, 622

hemispheres, 885
tract of spinal cord, 838
veins, 720

Cerebello-olivary fibers, 873
Cerebellospinal tract of cord, 839
Cerebellum, 884

aniage of, 855
"bird's nest" of, 888
cortex of, microscopic appear-

ance of, 892
fibers of, 891
fissures of, 885
flocculus of, 888

peduncles of, 888
folia of, 884
frenulum of, 891
furrowed band of, 888
gray masses of, 888
lingula of, 886
lobes of, 885
nuclei of, 888
peduncles of, 889
peduncular sulcus of, 885
postramus of, 888
preramus of, 888
proton of, 855
ramus of, 888
vermis of, 885
weight of, 883
worm of, 885

Cerebral artery, anterior, 614
middle, 616
posterior, 622

cortex, 932
nerve cells of, 952

fibres of, 952
cranium, bones of, 70
fibre systems, summary of, 954
fissures, 915
gyres, 915
hemispheres, 912

configuration of, 914
gray masses in, 946

hemorrhage, arterv of, 617
lobes, 916
veins, 719

Cerebrospinal fluid, 845, 970
tract, ventral, 840

Cerebrum, 912

Cerumen, 1123
Cervical arteries, 629, 630

cardiac nerve, 1007
curve of vertebral column, 66
enlargement of spinal cord, 823
fascia, applied anatomj- of, 384
flexure of brain, 855
ganglion, 1066, 1069
lymph nodes, 777, 779
nerves, division of, 1016
nucleus of spinal cord, 833
pleura, 1183
plexus of nerves, 1018, 1020

applied anatomv of, 1026
rib. 53, 64
veins, 717, 718
vertebrae, 49

seventh, 53
Cervicalis aseendens muscle, 412
Cervicofacial nerve, 996
Cervicouterine artery, 672
Cer\'icovaginal arter3-, 672
Cervix uteri, 1405

portio supravaginalis, 1405
vaginalis, 1405

Chassaignac's tubercle, 68
Check ligaments, 1087
Cheeks, 1200
Chemoprosope skull, 146
Chest, 154. See Thorax.
Chiasma opticum, 974
Choanae, 138, 1081, 1229
Chondrin, 260
Chondroblasts, 259
Chondroglossus muscle, 392, 393
Chondrosternal ligaments, 286,

287
Chondroxiphoid ligaments, 288
Chorda obliqua, 311

tympani, 877, 882, 997
Chordae tendineae, 558, 561

Willi.sii, 721
Chorioidea, 1093
Choroid, 1093

applied anatomv of, 1110
artery of, 617, 1099
fissure, 940
nerves of, 1099
plexuses of fourth ventricle,

867
of lateral ventricles, 940
of third ventricle, 940

vein, 720
Chromatophiles, 809
Chyle, 767
Chvliferous vessels, 767
Cilia, 1113, 1159
Ciliarv arteries, 613

body, 1094
ganglion, 982
glands, 1162
.hgament, 1096
muscle, 1095
nerves, 981, 982
processes, 1094

Ciliated ependymal nerve cells,

806
Cinerea, 819
Cingulum, 955, 1206
Circle of Willis, 617, 618
Circular sinus, 726
Circulation of blood, 547

fetal, 568
__

placental, 755, 756
pulmonary, 548
systemic, 548
umbilical, 756
^dtelline, 755

Circulus arteriosus, 617
iridis major, 1099

minor, 1099
tonsillaris, 1003

Circumanal glands, 1162
Circumduction, 267
Circumference of pelvis, 215, 217
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Circumferentia articxdaris, 191
Circumferential lamella of bone,

39
Circumflex arteries, 639, 690

iliac vein, 742
ner\-e, 1030

Circuminsular fissure, 925
Circumpatellar anastomosis, 696
Cinema basalis, 969

creheliomeduUaris, 969
;. .yli, 770. 772
ititerpeduncularis, 970
pontis, 969

Cistemae subarachtioidaies, 969
Clarke's column, 830, 833
Claudius, cells of. 1147
Claustrum. 948. 954
Clara. 863
Cla^^cle, 169

applied anatomy of, 172
surface form of, 171

Claticula, 169
Cla\icular arter>', 638

facet. 157
nerve. 1022

Cla\-ipectoral fascia, 456. 459
Cleavage lines of Langer, 1150
Cleft palate, 151
Clinoid processes, 90, 94, 126
Clitoris. 141S

arteries of. 1420
frenulum of. 1416
ner\-es of. 1420
prepuce of. 1416

Clival lobes. 886
Clitus, 73. 90
Cloquet. ligament of. 1376. 1379
lymph nodes of. 786
septum crurale of, 504

Club foot. 256
Coaptation. 267
Coccvgeal arter\% 677

body. 1450 _
ganglion, 1072
gland. 1450
ligament. S43, 845
nerves, 1019

divisions of. 1051
plexus of, 1062

vertebra, 58
Coccygeus muscle, 453
Cocc\Tc, 61
Cochlea, 1138
bony canal of, 1138. 1140
membranous canal of, 1144

Cochlear nerve nuclei, 881
Cochleariform process, 1127
Coeliac artery-, 659

axis, 659
plexus of ner\-es, 1008, 1073

Coeholympha. 970
Coelom, 1245
Cohnheim's fields, 356
Colic arteries. 664. 666

impression of liver, 1321
IxTnph nodes. 791
plexus of nerves, 1076

Collar bone. 169
Collateral circulation, definition

of. 573
eminence, 938
fissure, 924

CoUes, fascia of, 424. 441
fracture. 193

passive motion after, 268
CoUiculi inferiores [corpora quad-

rigemini], 894
superiores [corpora quadrigem-

ini\ 894
Colliculus nerri oplici, 1101
Collum anatomicum, 178

chirurgicum, 178
costae, 162
dentis, 1204
femoris, 221

Collum mallei, 1131
marulibulae, 118
radii, 191
scapulae, 176
tali, 245
vesicae, 1361

felleae, 1332
Colon, 1303

applied anatomy of, 1306
ascendent, 1303
descendens, 1305
hepatic flexure of, 1303
mucous membrane of, 1310
sigmoid flexure of, 1306
sigmoideum, 1306
splenic flexure of, 1303
transtersum, 1303

Colostrum corpuscles, 1431
Column of Burdach, 827, 835

Clarke's. 830, 833
of GoU, 827, 835
of Sertoli, 1380
of spinal cord, 826

Columna rugarum anterior, 1414
posterior, 1414

Tertebralis, 48, 66
Columnae cameae, 558, 561

renales [Bertini], 1350
pars contoluta, 1350

radiata, 1350
Comes nervi ischiadici arter>%

677
mediana arterj-, 650
phrenici arterj-, 632

Comma tract of Schultze, 835
Commissura anterior alba, 840

cinerea [grisea], 830
inferior [Guddeni], 895
labiorum, 1199

anterior, 1415
posterior, 1415

maxiraa, 933
palpebrarum lateralis, 1113

medialis, 1113
rentralis alba, 830

Commissural cells of cord, 841
Commissure, anterior, 946

of Gudden, 895
habenular, 906
hippocampal, 944
middle, 903
posterior, 906
of spinal cord, gray, 830, 831,

white, 834
Communicantes hypoglossi

ner\-e. 1023
Communicating arter\', anterior,

614, 650
of dorsalis pedis, 700
of peroneal. 702
posterior. 617
of- tibia, 703

peroneal ner\e. 1059
Complexus muscle. 412
Compressor narium minor mus-

cle, 372
urethrae muscle, 448

Concentric corpuscles, 1441
lamella of bone. 39

Concha auriculae, 1120
nasalis inferior, 113

media, 98
superior, 98

Conchae sphenoidales, 91, 95
Conductor sonorus, 866
Condylar foramen, 71, 127, 128,

132
fossa. 132

Condyle, external, 182
internal, 182

Condyles of bones. See Bones.
Condyloid joint. 264. 265

process of mandible, 118
Condylus lateralis femoris, 225

tibiae, 233

Condylus medialis femoris, 225
tibiae, 233

occipitalis, 71
Confluence of sinuses, 72. 724
Confluens sinuum, 72, 724
Conjugal ligaments, 271
Coujugata, 215
Conjugate diameter of peh-is, 215
Conjunctiva, 1114

applied anatomy of, 1118
fomiccs of, 1115
glands of, 1115
ner\-es of, 1115

Conoid ligament, 298
tubercle. 169

Constriction lobe of liver, 1326
Constrictions of RanWer, 811
Constrictor isthmi faucium mus-

cle. 391 (note)
muscles, 394, 395
urethrae muscle, 448

Contralateral tract cells of cord,
841

Conus arteriosus, 557, 574
elasticus, 1168
meduUaris, 823

Cooper, Ugament of, 428, 456
Cor, 551 *

fades diaphragmatica, 552
stemocostalis, 551

margo acutus, 552
obtusus, 552

sulci longxtudinales, 553
sulcus coronarius, 553

longitudinalis anterior, 553
posterior, 553

Coracoacromial ligament, 299
CoracobrachiaUs muscle, 468

surface form of, 495
Coracoclavicular Ugament, 298
Coracohumeral ligament, 302
Coracoid process, 176
Cord, gangliated, 1066

spermatic, 437, 1375
spinal. See Spinal cord.

Corium of skin, 1153
stratum papillare, 1153

reticulare, 1154
Cornea, 1090

applied anatomy of, 1109
arteries of, 1092
dissection of, 1092
ner^•es of, 1092

Corneal corpuscle, 1091
spaces, 1091

Comiculum laryngis, 1166
Comu ammonis, 929
Comua coccygea, 62

of coccyx, 62
of lateral ventricles, 936
majora ossei hyoidei, 154
minora ossei hyoidei, 154
sacral, 59
of spinal cord, 830

Comucommissural tract, 837
Corona ciliaris, 1094

dentis, 1204
glandis, 1388
radiata, 905. 949

Coronal planes of body, 34
suture, 76, 121

Coronary arteries, 578, 660
Ugament of knee-joint, 336
plexus of nerves, 1073, 1076
sinus. 555. 708
valve. 555, 708
veins. 709

Coronoid fossa, 182
process of mandible, 118

Corpora albicantia, 907
Arantii. 561
cavernosa, 1386

bulb of, 1386
ditaridis. 1418
penis, 1386
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Corpora mammillaria, 847
quadrigemina, 894, 897

Corpus adiposum buccae, 376,

1200
albicans, 1400
Arantii, 559
callosum, 912, 933
development of, 934
genu of, 934
peduncle of, 928
rostrum of, 934
splenium of, 934
tapetum of, 938

cavernosum, artery of, 676
urethrae, 1386

ciliare, 1094
costae, 163
epididymidis, 1378
femoris, 224
fibulae, 236
fornicis, 942
geniculatum laterale, 904, 905

mediate, 895
hemorrhagicum, 1400
Highmori, 1380
humeri, 180
hypothalamicus, 905
incudis, 1132
linguae, 1217
luleum, 1400
matnviae, 1430
mandibulae, 115
muxillare, 101
medullarc, 888
OS sphenoidale, 90
ossa metacarpalia, 201

metatarsalia, 250
ossei hyoidei, 153
ossis ischii, 210

pubis, 212
pancreatis, 1338
phalangis, 204
restiforme, 864, 889
spongiosum, 1386
sterni, 157
striatum, 946
<i6iae, 234
ulnae, 187
unguis, 1156
w<eri, 1404
fades vesicles, 1404

ventriculi, 1272
vertebrae, 48
vesicae, 1361

felleae, 1332
vitreum, 1105

Corpuscles, articular, 817
bulboid, 817
colostrum, 1431
concentric, 1441
corneal, 1091
genital, 817
of Hassal, 1441
Herbst's, 816
lamellated, 816
Malpighian, 1445
Pacinian, 816
renal, 1350
splenic, 1445
tactile, 816
touch, of Meissner and
Wagner, 816

Vater's, 816
Corjmscula bulboidea, 817

lamellosa, 816
nervorum articularia, 817

genitalia, 817 «

tactus, 816
Corrugator cutis ani muscle,

453
supercilii muscle, 367

Cortex, cerebral, 932
of kidneys, 1349

Corti, canal of, 1145
ganglion of, 1148

Corti, ganglion of, spirale of, 1139
membrane of, 1147
organ of, 1144
rods of, 1145

Cortical arterial system, 619
Corticopontile tract, 9{X)

Corticothalamic fibers, 905
Costae, 161

spuriae, 161
verae, 161

Costal cartilages, 165
pleura, 1183
process, 50

Costoaxillary veins, 732
Costocentral articulations, 285
Costoclavicular ligament, 296
Costocoracoid ligament, 460
membrane, 459

Costomediastinal sinus, 1184
Costophrenic sinus, 1184
Costosternal articulations, 286
Costotransverse articulations,

284
ligaments, 284, 285
foramen, 50

Costovertebral articulations, 282
ligament, 282

Cotyloid cavity, 213
ligament, 325
notch, 213

Cowper's glands, 1396
development of, 1426

Cranial branches of occipital

artery, 596
fossa, 138
indices, 146
nerves, 972
periosteum, 364
region, fascia of, 363

muscles of, 362
applied anatomy of, 365

Craniocerebral topography, 962
Craniology, 144
Cranium, articulations of verte-

bral column with, 275
bones of, 70
brachycephalic, 146
cerebrale, 70
dolichocephalic, 146
muscles of, 362
membranous, primordial, 141

Cremaster muscle, 430
Cremasteric arteries, 680

fascia, 430, 1374
Crescentic lobes of cerebellum,
886

Crest, ethmoidal, 91
falciform, 85
frontal, 78, 124
of ilium, 210
incisor, 105
of lacrimal bone, 137
nasal, 105, 110
neural, 805
obturator, 213
occipital, 70, 72, 132
of pubis, 212
supramastoid, 81
temporal, 74
of tibia, 234
turbinated, 102, 104, 110

Cribriform fascia, 506, 508
lamina, 1090
plate of ethmoid, 96

Cricoarytenoid ligaments, 1169
muscles, 1172

Cricoid cartilage, 1165
Cricothyroid artery, 590
membrane, 1165, 1168
muscles, 1172

Cricotracheal ligaments, 1168
Crista anterior corpus fibulae, 237

tibiae, 234
basilaris, 1144
capituli, 162

Crista colli costae, 162
conchalis, 102, 110
ethmoidalis, 104, 110
fenestrae cochleae, 1126
frontalis, 78
iliaca, 210
infratemporalis, 92
interossea, 189

corpus fibulae, 237
radii, 191
tibiae, 234

intertrochanterica, 224
lacrimalis posterior, 107
lateralis corpus fibulae, 237
Tnallei, 1131
medialis corpus fibidae, 237
nasalis, 105, 110
obturatoria, 213
occipitalis externa, 70

interna, 72
sacralis media, 59
sphenoidalis, 91
spiralis, 1145
supraventricularis, bbl
terminalis [His], 758

atrii dextri, 554, 551, 557
transversa, 85
urethralis, 1370
vestibidi, 1137

Cristae cutis, 1150
matricis unguis, 1157
sacrales articulares, 59

laterales, 60
Cristi galli, 96, 124
Crucial anastomosis, 678, 690

ligaments, 333
ridge, 71

Cruciform ligament, 275
Crura anthelicis, 1120

cerebri, 847, 895
of diaphragm, 419
of ear, 1120
fornicis, 944
of penis, 1386

Crural arch, 684
canal, 684
cisterna, 969
nerve, 1049
ring, 428, 685
sheath, 683

Crureus muscle, 511
surface form of, 543

Crus clitoridis, 1418
helicis, 1120

Crusta of midbrain, 900
petrosa, 1212

Cruveilheir, glenoid ligament of,

321
Crypts of Lieberkiihn, 1292

of Morgagni, 1310
of tonsils, 1231

Crystalline lens, 1106
applied anatomj' of, 1111

Cuboid bone, 245
articulation of calcaneus

with, 347
of scaphoid with, 350

Culminal lobes, 886
Cuneal fissure, 924
Cuneate columns of spinal cord,

826
Cuneiform bones, articulation

of scaphoid with, 349
of foot, 247, 248
of hand, 197

cartilage, 1166
Cupola, 1140
Cupula, 1138, 1140

pleurae, 1183
Curvatura ventriculi major, 1271

minor, 1271
Cusps of mitral valve, 561
Cutaneous nerve, external, 1045

femoral, 1055
from external popliteal, 1059
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Cutaneous ner\-e, gluteal, 1055
internal, 1032, 1050

lesser, 1034
lateral, 1045
middle, 1050
perforating, 1060
perineal,. 1055
postfemoral, 1054

Cuticle of skin, 1151
Cuticula dentis, 1211

piVi", 1161
Cutis vera, 1153
Cuvier, duct of, 5.tO, 764
Cymba conchae, 1120
Cystic arter>', 661

duct, 1333
lymph nodes, 790
plexus of nerves, 1076
vein, 754

Dacrtox, 137, 146
Dartos of scrotum, 1373
Darwin, tubercle of, 1120
Deciduous teeth, 1205
Decussalio pyramidum, 863, 869
Decussation of lemnisci, 870

of pvTamids of medulla oId-

longata, 869
Deglutition, muscles of, 397, 399
Deiters' cells, 1146

nucleus, 839
Deltoid impression, 180, 181

ligament, 343
muscle, 462

applied anatomy of, 463
surface form of, 495

tubercle, 169
Demours, membrane of, 1091
Dendraxones, 811
Dendrites, 804. 809
Dense bone, 38
Dental arteries. 601, 602

canal, anterior, 102
inferior, 117
posterior, 102

follicle, 1214
lamina, 1213
nerves, 984, 989
papilla. 1214
sac. 1214
shelf, 1213

Dentate fascia, 930
gyre, 930

gray substance of, 953
ligament. 846

Dentatofasciolar groove, 930
Denies, 1204

canini, 1206
decidvj, 1205
faeies lahialis, 1205

lingualis, 1205
masticatoria , 1205

incisivi, 1206
molares, 1207
jierman^nteii, 1206
premolares, 1207
serotini, 1207

Dentin, intertubular, 1211
of teeth, 1211

Dentinal fibres, 1211
sheaths, 1211
tubules, 1211

Depression, infrasternal, 166
Pacchionian, 74
pterygoid, 118
trigeminal, 84

Depressor alae nasi muscle, 372
anguli oris muscle, 374
labii inferioris muscle, 374

Dermal bones, 142
Dermis, 1153
Descemet, membrane of, 1091

Descendens hvpoglossi nerve,
1014

Descending aorta, 653
colon, 1305
mesocolon, 1264

Detrusor urinse muscle, 1363
Development of alimentary tract,

1245
of aortic arches, 761
of arteries, 761
of atlas, 63
of axis, 64
of bladder, 1426
of blood-vascular system, 755
of brain, 850
of carpal bones, 206
of clavicle, 171
of coccjTC, 65
of common iliac veins, 764
of corpus callosum, 934
of Cowper's glands, 1426
of dorsal aorta, 762
of ductus venosus, 764
of ethmoid bone, 99
of femur, 228
of fibula, 238
of frontal hone, 80
of generative organs, 1420
of heart, 755, 760
of humerus, 183
of hyoid bone, 154
of ilium, 214
of inferior vena cava, 765
of ischium, 214
of island of Reil, 917
of jugular veins, 764
of lacrimal bone, 107
of lymphatic vessels, 769
of malar bone, 109
of mandible, 118
of maxillte, 105
of metacarpal bones. 20S
of metatarsal bones, 254
of mouth, 1204
of nerve system, 804

tissue, 806
of occipital bone. 73
of OS innominatum, 214
of palate bone, 112
of parathjToid glands, 1440
of parietal bone, 76

veins. 764
of patella, 231
of peritoneum, 1245
of phalanges of foot, 254

of hand, 207
of pharynx. 1234
of portal veins, 764
of prostate gland, 1426
of pubis, 214
of radius, 192
of ribs, 165
of sacrum, 65
of salivary glands, 1227
of scapula, 176
of skeletal muscles, 361
of skull. 141
of sphenoid bone, 95
of spinal cord. 827
of sternum. 159
of sylvian cleft, 917
of tarsal bones, 254
of teeth, 1212
of temporal bone, 88
of tibia, 235
of tongue. 1221
of tonsil, 1232
of turbinated bone, 114
of ulna, 190
of urethra, 1426
of urinarj- organs, 1420
of valves of heart, 760
of veins, 763
of ventral aorta, 761
of vertebrte, 63

Development of vomer, 115
Diagonal fissures, 920
Diameter obliqua pelvis minoris,

216
transverse pelvis minoris, 215

Diameters of peh-is, 215, 216
Diaphragm, 418

crura of, 419
ligaments of, 419
IjTiiphatic vessels of, 799
openings of, 419, 421
of pelvis, 1240

Diaphragma, 418
sellae, 967
urogenitale, 446

Diaphragmatic Ivmph nodes, 798
pleura, 1183

Diaphysis of bone, 35
Diaplexus, 940
Diarthrosis, 264, 266
Diastole, ventricular, 565
Diaxonic neurones, 810
Diencephalon, 902
Digastric fossa, 82, 117, 131

muscle, 388
nerve from facial, 998

Digital arteries of foot, 704
of hand, 652

fossa, 223, 1376
veins, dorsal, 728, 739

plantar, 741
Dilator naris muscles, 372
Diploe, 36

veins of, 718
Diploic canals, 718
Discus articularis, 280, 296, 298,

312
prohgerus, 1400

Disks, articular, 260
interpubic, 294
optic, 1100

Dissection of axilla, 455
of ciliary body, 1093
of cornea, 1092
of costocoracoid membrane,

459
of deep layer of muscles of

forearm, 476
of inferior mesenteric artery,

666
of internal oblique muscle,
428

of left auricle of heart, 559
ventricle of heart, 560

of meninges of brain, 964
of muscles of abdomen, 423

of anterior femoral region,
505

humeral region, 467
scapular region, 463
tibiofibular region, 525

of arm, 461
of auricular repcion, 366
of back, 404, 407, 408, 410,

413
of buccal region, 374
of cranial region, 362
of fibular region, 534
of forearm, 471
of gluteal region, 515, 516
of hand. 486
of infrahyoid region. 386
of internal femoral region,

512
of larynx, 1172
of lingual region, 391
of mandibular region, 374
of orbital region, 368
of palatal region, 397
of palpebral region, 366
of pectoral region, 455
of pharyngeal region, 394
of plantar region, 538, 539
of posterior femoral region,

522
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Dissection of muscles of posterior

scapular region, 464
tibiofibular region, 528

of pterygomandibular re-

gion, 379
of radial region, 479
of shoulder, 461
of superficial cervical region,

381
of suprahyoid region, 388

of mylohyoid muscle, 390
of pancreas, 1336
of pectoralis muscles, 459
of popliteal space, 691
of rectus abdominis muscle,

433
of right auricle of heart, 555

ventricle of heart, 557
of spinal cord, 842
of superior mesenteric artery,

663
of temporal muscle, 378
of transversalis muscle, 432

Distobuccal tubercle, 1207
Distolingual tubercle, 1207
Diverticulum ilci, 1288

Meckel's, 1288
Dobies' line, 356
Dolichocephalic cranium, 146
Dolichofacial skull, 146
Dorsal artery of penis, 676,

1463
nerve of penis, 1061
region of foot, fascia of, 537

muscle of, 537
root of spinal cord, 823
veins of penis, 746

Dorsales pollicis arteries, 647
Dorsalis hallucis artery, 700

indicis artery, 647
linguae artery, 591
nasi artery, 613
pedis artery, 698

applied anatomy of, 699
surface marking of, 699

scapulae artery, 639
Dorso-epitrochlearis muscle, 407
Dorsolateral fissure of medulla

oblongata, 862
of spinal cord, 825

spinocerebellar tract of cord,
838

Dorsomediales Sakralfeld [Ober-
steiner], 836

Dorsomedian fissure of medulla
oblongata, 862

Dorsoparamedian fissure of
spinal cord, 826

furrow of medulla oblongata,
863

Dorsum ilii, 207
linguae, 1217
nasi, 1079
sellae, 90, 126

Douglas, pouch of, 1256, 1362,
1407

semilunar fold of, 430
Drum of ear, 1124
Duct of Bartholin, 1226

bile, 1333
of Cuvier, 550, 764
cystic, 1333
ejaculatory, 1385
excretory, 1385
galactophorous, 1430
Gartner's, 1401
hepatic, 1332
interlobular, 1226
intralobular, 1226
lactiferous, 1430
lymphatic, right, 773
mammillary, 1430
Mvillerian, 1423
nasal, 1117

canal for orifice of, 141

Duct, pancreatic, 1339
parotid, 1200

gland, 1225
pronephric, 1420
of Rivinus, 2261
of Santorini, 1340
seminal, 1383
Stenson's, 1225
of submaxillary gland, 1226
thoracic, 771
thyroglossal, 1219
Wharton's, 1226

Ductless glands, 1435
Ductuli aberrantes, 1381

efferentes testis, 1380
Ductus aberrans inferior, 1381

superior, 1381
arteriosus, 569, 575
cochlearis, 1144
coledochus, 1333
cysticus, 1333
deferens, 1383

stratum externum, 1384
internum, 1384
mediuth, 1384

tunica adventitia, 1384
mucosa, 1384
muscularis, 1384

ejaculatorii, 1385
endolymphaticus, 86, 1137,

1141
excretorius, 1385
hepaticus, 1332
lacrimalis inferior, 1116

superior, 1116
lactiferus, 1430
lymphaticxts dexter, 773
nasolacrimalis, 1117
pancreaticus [Wirsungil, 1339

accessorius, 1339
paraurethralis, 1370
parotideus [Stenonis], 1200,

1225
reuniens [Henseni], 1142
semicirculares, 1 142
sublingualis major, 1226

minores, 1226
submaxillaris [Whartoni], 1226
sudoriferus, 1162
thoracicus, 771
thyroglossus, 1219
vctiosus, 764

Duodenal fossae, 1265
glands, 1289
impression of liver, 1321

Duodenojejunal flexure, 1282,
1285

fossae, 1265
Duodenomesocolic ligaments,

1265
Duodenopyloric constriction,

1270
Duodenum, 1282

applied anatomy of, 1287
arteries of, 1287
interior of, 1286
lymphatic vessels of, 793,

1287
nerves of, 1287
pars ascendens, 1285

descendens, 1282
horizontalis inferior, 1284
superior, 1282

suspensory muscle of, 1285
Dura of brain, 964

arteries of, 967
nerves of, 968
veins of, 967

muter encephali, 964
spinalis, 843

of spinal cord, 843
Dural arterv, 596. 597

nerves, 983, 1005, 1011
veins, 719

Duverney, glands of, 1420

E

Ear, 1119
antihelix of, 1120

fossa of, 1120
antitragus of, 1120
auditory canal, 1122

meatus, 1122
auricula of, 1119
capsules, cartilaginous, 141
cochlea of, 1138
crura of, 1120
drum of, 1124
external, 1119
helix of, 1119
incus of, 1132
internal, 1136
labvrinth of, 1136
malleus of, 1131
membrana tvmpani, 1128
middle, 1124
modiolus of, 1138
pinna of, 1119
saccule of, 1141
semicircular canals of, honv,

1137
membranous, 1142

stapes of, 1133
tragus of, 1120
tympanum, 1124
utricle of, 1140
vestibule of, 1136

Ectal arcuate fibres of medulla
oblongata, 863

Efferent root of spinal cord, 823
Eighth nerve, 1000
Ejaculatory ducts, 1385
Elastic cartilage, 261

lamina, 573
tissue, yellow, 261

Elbow, bend of, 641
bones of, 185
joint, anastomosis of arteries

around, 644
articulation of, 306

applied anatomy of, 309
surface form of, 309

bursse of, 308
Eleventh nerve, 1009

thoracic vertebra, 55
Elliptical recess, 1137
Embryology, definition of, 33
Eminence, callosal, 939

canine, 101
collateral, 938
frontal, 76
hvpothenar, 486
iliopectineal, 210, 213
of Jacobson, 1083
olivary, 90
parietal, 74
thenar, 486

Eminentia ahducentis, 866, 994
arcuMta, 84
articularis, 81, 131
conchae, 1120
fossae triangularis, 1120
iliopectinea, 210, 213
intercondyloidea, 233
medialis, 866
pyramidalis. 1127
teres, 866, 994

Emissaria, 727
Emissarium condyloideum, 727

mastoideum, 727
ocdpitale, 727
parietale, 727

Emmissary speech tract, 957
veins, 727

Enamel cells, 1214
jelly, 1214
of teeth, 1210

Enarthrosis, 264, 265, 266
Encephalocele, 149
Encephalon, 846
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bronchus,

1151
[Malph%gii\,

End-bulbs of Krause, 813. 817
Endocardial cushions, 758
Endocardium, 562
Endognathion, 106
Endob-niph, 1140
Endomysium, 355
Endoneurium, 812
Endoskeleton, 35
Endosteum of bone, 39
Endothelium camerae anterioris,

1092
Ensiform appendix, 159
Entocinerea, 829
Eosinophiles, 40
Epactal bones, 145
Eparterial branch

1177
Ependj-mal cells, 818
Epicardium, 549, 565
Epicondylus lateralis, 182, 226

medialis, 182, 226
Epicranial aponeurosis, 363
Epidermis, 1151

stratum comeum
germinatirum

1152
EpididjTuis, 1378
Epidural space. 843
Epigastric arter\-. deep. 680

applied anatomy of, 681
superficial. 689
superior, 633

vein, 742
Epiglottis. 1167
Epimysium, 355
Epineurium, 812
Epiotic portion of temporal bone,
88

Epiphyseal cartilage, 44
recess, 906

Epiphyses of bone, 35
Epiphysis, 906
Epipteric bone, 145
Epistemal centres, 160
Epistropheus, b'2

Episyh-ian ramus, 917
Epiihalamua, 907
Epithelium comeae, 1091

germinal. 1399
lentis, 1108
respiratorj-. 1195

Epitrochlear lymph nodes, 782
Epitj-mpanic recess, 1125
Eponychium. 1157
Epoophoron, 1401
Erector clitoridis muscle, 446

penis muscle. 444
spinae aponeurosis, 410

muscle, 410
surface form of, 416

Erjthroblasts. 40. 755
Ethmoid bone. 96
Ethmoidal arteries, 611

canab, 79, 98
ceUs, 79, 97, 98, 139
crest. 91
foramen. structures trans-

mitted by. 125. 137
infundibulum, 99
notch, 79
process, 114
sinuses. 99
spine. 90. 125

Eustachian cushion, 1229
tube. 1127

canal for, 1127
valve, 555

Excavatio papillae nerci optici,

1101
rectouterina [Douglasi], 1256,

1414
rectmesicalis. 1255, 1362
tesicouterina, 1256, 1407

Excitoglandular neurones, 804
Excitomotor neurones, 804

Excretory apparatus of liver,

1331
duct, 1385

Exognathion, 106
Exoskeleton, 35
Expression, muscles of, 380
Exsanguinated renal zone of

H\-rtl, 665
Extensor bre\-is digitonun

muscle, 537
poUicis muscle, 483

carpi radialis bre\-ior muscle,
479

longior muscle, 479
ulnaris muscle, 482

coccygis muscle, 414
communis digitorum muscle,
480

indicis muscle, 484
longus digitorum muscle, 527

surface form of, 544
poUicis muscle, 484

minimi digiti muscle, 481
ossis metacarpi pollicis muscle,

482
proprius hallucis muscle, 527

surface form of, 544
Extracranial Ij-mphatics, 774
Extravertebral veins, 737
Extremitas acromialis, 171

st4rmalis, 171
Elxtrinsie Ugaments of larynx,

1167
muscles of tongue, 393

Eye, 1086
appendages of, 1112
aqueous humor of, 1105
choroid, 1093
ciliar>- body, 1094
cornea of, 1090
crjstalline lens of, 1106
globe of, arteries of, 1108

IjTiiphatics of, 1109
nerves of, 1 109
veins of, 1109

iris, 1096
refracting media of, 1105
retina of, 1100
sclera of, 1090
suspensorj- ligament of, 1087
tunics of. 1089
vitreous bodv of, 1 105

Eyeball. 1086
fascia of, 371

Evebrows. 1112
Evelashes. 1113
Eyelids. 1112
appUed anatomy of, 1118
canthi of. 1113
structiu-e of, 1113
surface form of, 1117

Face, bones of, 69, 99
exterior of. veins of, 710
Ijinph nodes of. 777
Ij-mphatic vessels of. 777
muscles of. 362

surface form of, 380
Facet, acromial, of cla\acle, 171

articular, of clavicle, 171
costal, 171

Facial arterj-, 592
appUed anatomy of, 595
transverse, 598

ner\-e. 994
applied anatomj' of, 999
nucleus. 882

suture, transverse, 121
vein. 710
appUed anatomy of, 711
common. 710
deep, 712

Facial vein, transverse, 712
Fades anterior, 101

corpus fibulae, 237
lateralis, 181
medialis, 181

articularis acromialis, 171
anterior, 52
calcanei anterior, 242, 245

media, 242, 245
posterior, 239, 245

carpea, 192
cuboidea, 24.3

fibularis, 233
inferior, 51, 235
malleoli, 238
navicxdaris, 245
patellae, 230
posterior, 52
stemalis, 171
superior, 52, 233
tuberculi coslae, 162

auricularis, 60, 210
cerehralis, 74, 78, 79, 92
concexa cerebri, 914
costalis, 172
diaphragmatica cordis, 552
dorsalis, 59, 172, 189

corpus radii, 191
frontalis, 76
infratemporalis, 101
kUeralis corpus fibulae, 237

radii, 191
tibiae, 234

lunaia, 213
malaris, 107
maUeolaris lateralis, 245

medialis, 245
maxillaris. 111
medialis, 189

cerebri, 914
corpus fibulae, 237

tibiae. 234
nasalis, 102, 109, 110
orbitalis, 79, 102, 108
palatina, 109
parietalis, 74
patellaris, 225
peltina, 58
posterior, 181

corpus fibulae, 237
tibiae, 234

stemocostalis cordis, 551
temporalis, 107
urethralis, 1388
volaris, 189

corpus radii, 191
Falciform crest, 85

ligament. 1320, 1324
margin of Bruns. 508
process of fascia lata, 508

of sacrosciatic ligament, 291
Falcula, 967
Fallopian tube. 1401

ampulla of. 1401
applied anatomy of, 1402
arteries of, 1402
fimbriae of, 1401
infundibulum of, 1401
isthmus of. 1401
hnnphatic vessels of, 797,
" 1402
ner\'es of, 1402
pa^-ilion of. 1401
structure of. 1402
veins of, 1402

False peh-is. 215
suture. 264

Falx cerebelli, 967
cerebri, 914. 966

Fascia or Fasciae. 355. 360
of abdomen. 424, 428
anal, 446, 450
antebrachial. 471
aponeurotic, 361
of arm, 461, 467
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Fascia or Fasciae, axillary, 456,

6.33

of back, 404
bicipital, 469, 730
brachial, 467
buccopharj'iigeal, 377, 394
of Camper, 424
cerAacal, 382, 383
clavipectoral, 459
of Colles, 425, 441
covering quadratus lumborum,
439

of cranial region, 363
cremasteric, 430, 1374
cribriform, 506, 508
deep, 361
dentate, 930
endopelvina, 450
of eyeball, 371
of foot, 536

dorsal region, 537
of forearm, 471
of hand, 486
of hip, 515
iliac, 502
infraspinatus, 464
infundibuliform, 436, 1374
intercolumnar, 427, 1374
intercostal, 417
ischiorectal, 446
of leg, 525
of lower extremitj% 501
lumbar, 409
masseteric, 377
of neck, 380
nucha?, 406
obturator, 448
orbital, 371
palmar, 488
parotid, 377
pectoral, 456
pelvic, 448
of pelvic outlet, 440
plantar, 537
pretracheal, 384
prevertebral, 384
propria, 1374
of pyriformis, 448
rectovesical, 1361
renal, 1348
of Scarpa, 424
of shoulder, 461
Sibson's, 1183
spermatic, 427, 437, 1374
subscapular, 463
superficial, 360
supraspinatus, 464
temporal, 378
of thigh, 506
of thoracic region, 455, 456
of thorax, 416
triangular, 425, 428
of trunk, 403
of upper extremity, 454

Fascia or Fasciae, antibrachii, 471
axillaris, 456, 633
brachii, 467
huccopharyngea, 377, 394
bulhi [Tenoni], 1086
coUi, 382
coracoclavicularis, 459
cremasterica, 430, 1374
cribrosa, 506
cruris, 503
diaphragmatis urogenitalia in-

ferior, 446
superior, 449

dorsalis pedis, 537
iliaca, 502
inferior diaphragmatis pelvis,

454
infraspinata, 464
lata, 506
parotideomasseterica, 377
praevertebralia, 384

Fascia or Fasciae, subscapularis,

463
supraspinata, 464
temporalis, 378
transversalis, 436

Fasciculus albicantiothalami, 905
anterolateralis superficialis

[Gowersil, 838
atrioventricularis, 564
cerebellospinalis, 838
cerebrospinalis anterior, 839

lateralis, 838
cuneatus {Burdachi], 835
gracilis [Golli], 835
intermedins of Lowenthal and

Bechterew, 839
lateralis proprius, 839
longiludinalis inferior, 955

superior, 955
marginalis, 835
pedunculoma7n7nillaris, 907
perpendicular, 955
rectus, 955
retrofiexus, 898, 906
thalamomamrhiUaris, 905, 907
uncinalus, 955

Fasciola oinerea, 930
Fat collagen, 42
Fauces, isthmus of, 1203

pillars of, 1203
Female breast, 1428

reproductive organs, 1397
urethra, 1370

Femoral arches, 427, 436
artery, 683

applied anatomy of, 687
deep, 689
surface marking of, 687

canal, 503, 684
fossa, 1315
hernia, 1317
ligament, 508
nerves, cutaneous, 1055
region, anterior, muscles of,

505
applied anatomy of, 512

internal, muscles of, 512
applied ana.tomv of, 515

posterior, muscles of, 522
ring, 428, 685
sheath, 503, 683
spur, 227
vein, 742

Femur, 221
applied anatomy of, 229
condyles of, 225
distal extremity of, 225
linea aspera, 224

quadrati, 224
popliteal surface of, 224
proximal extremity of, 221
ridges of, 224
shaft of, 224
spiral line of, 224
surface form pf, 228
trochanters of, 222
trochlea of, 225
tubercle of, 224
tuberosities of, 226

Fenestra cochleae, 1126
ovalis, 1126, 1137
rotunda, 85, 1126, 1140
vestibuli, 85, 1126, 1137

Fenestrated membrane of Henle,
573

Fetal circulation, 570
left superior vena cava, 550
lungs, 1194

Fetus, hypogastric artery in,

670
pelvis in, 219
vascular system in, peculi-

arities of, 568
Fibrae arcuatae, 1091

externae, 863, 864

Fibrae arcuatae internae, 864
cerebello-olivares, 873
intercrurales, 427
lentis, 1107

Fibres, arcuate, 873
of medullu oblongata, 863

of auricles of heart, 562
cerebello-olivary, 873
of cerebellum, 891
corticothalamic, 905
dentinal, 1211
frontothalamic, 950
intercolumnar, of external

abdominal ring, 427
muscle, cardiac, 355

plain, 355
unstriped, 355

nerve, centripetal, 810
of cerebral cortex, 952
glia, 818
of spinal cord, 832, 834

olivocerebellar, 873
osteogenetic, 42
Purkinje's, 357, 565
Remak's, 812
striatothalamic, 950

. thalamocortical, 905
thiihiniofrontal, 950
thalamostriate, 950
tracts of midbrain, 900

in pars dorsalis pontis, 876
in tegmentum of midbrain,

898
of ventricles of heart, 563

Fibrillar, 356
peripheral, 816
terminal, 816

Fibrocartilages, 259, 260
articular, 260
circumferential, 261
connecting, 261
intervertebral, 269
semilunar, 334, 335

Fibrocartilagines intervertebrales,
269

Fibroelastic tissue, subendothe-
lial, 573

Fibrous pericardium, 548
sheaths of flexor tendons, 539

Fibula, 236
applied anatomy of, 239
nutrient artery of, 702

canal of, 237
foramen of, 237

surface form of, 238
Fibular artery, 698

region, muscles of, 534
Fifth lumbar vertebra, 57

nerve, 978
ventricle, 934, 945

Fila olfactoria, 927
radicularia, 1013

Filaments, temporomalar, 109
Filtration angle, 1105
Filum durae spinalis, 843, 845

externum, 825
internum, 825
terminale, 825

Fimbria, 929, 930, 943
ovarica, 1401
tubae, 1401

First nerve, 973
thoracic vertebra, 54

Fissura antitragohelicina, 1120
calcarina, 919
cerebri lateralis [Sylvii], 916
collateralis, 924
ectorhinalis, 924
inflexa, 920
longitudinalis cerebri, 847, 914
mediana anterior [medullae ob-

longatae], 861
[medullae spinalis], 825

posterior [medulla oblongata],

862
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Fissura occipitalis, 918
orbitalis inferior, 134
paraoccipital, 923
petrooccipitalis, 122
petroly IIIpa nica [Glaseri], 1126
postrhinalis, 924
rhinica, 925
spfienooccipitalis, 122
sphenopetrosa, 122
transversa cerebri, 847
tympanomastoidca, 87
veslibuli, 1137, 1140

Fissure or Fissures, amygdaline,
924

antitragohelicina, 1120
auricular, 131
hasi.svlviuD, 917
of Bichat, 940
calcarine, 919
central, 918
of cerebellum, 885
cerebral, 915
choroid, 940
circuminsular, 917, 925
collateral, 924
cuneal, 924
diagonal, 920
of frontal lolje, 919
Glaserian, 88, 1126
inflected, 920
interlobar, 916
intermedial, 923
intraprecuneal, 924
of liver, 1322
of lungs, 1190
medifrontal, 919
meditemporal, 924
of medulla oblongata, 861
occipital, 918, 924
olfactor\-, 920
orbital, 93
orbitofrontal, 919
paracentral. 920
paramesal. 919
parietal, 923
petrosphenoidal, 122
petrotympanic. 88, 1126
postcalcarine, 919
postcentral, 923
postinsular, 925
postrhinal, 925
precentral, 919
precuneal, 923
preinsula, 925
pterygomaxillary, 134
radiate. 920
rhinica, 925
of Rolando. 918
rostral. 920
of Santorini. 1122
sphenoidal, 93, 126, 134
sphenomaxillary, 109, 134, 137
of spinal cord, 825
sternal, 161
subcentral, 923
subfrontal, 919
subrostral, 920
subtemporal, 924
supercentral, 919
superfrontal, 919
sylvian, 916
of temporal lobe, 924
of tragus of ear, 1121
transinsular, 925
transorbital. 921
transparietal, 923
transprecentral, 920
transtemporal, 924
tjTnpanomastoid, 87

Fixation muscles, 359
Flat bones, 36
Flechsig, nucleus semilunaris of,

905
oval bundle of, 836

Flexor accessorius muscle, 539

Flexor brevis digitorum muscle,
538

surface form of, 544
hallucis muscle, 541
minimi digiti muscle, foot,

541
hand, 494

pollicis muscle, 490, 492
(note)

carpi radialis muscle, 473
surface form of, 496

ulnaris muscle, 474
surface form of, 496

longus digitorum muscle, 533
iiallucis muscle, 532
pollicis muscle, 476

profundus digitorum muscle,
476

sublimis digitorum muscle,
475

surface form of, 496
tendons, fibrous sheaths of,

539
at wrist, syno^aal mem-

branes of, 486
Flexura coli dextra, 1303

sinistra, 1303
duodenojejunalis, 1285

Flexures of brain tube, 855
of colon, 1303
hepatic, 1296, 1303
sigmoid, 1296, 1303

Floating ribs, 161
Floccular fossa, 86, 128
Flocculi sccundarii, 888
Flocculus of cerelwUum, 888

peduncles of, 888
Flood's ligament, 302
Floor of fourth ventricle of

brain, 865
Flumina pilorum, 1159
FoUa, 884

linguae, 1217
Folium vermis, 886
Follicles, agminated, 1292

soUtary, 1292
FoUiculus pili, 1159
Fontana, spaces of, 1092, 1097
Fontanelles, 143

anterior, 76, 142
bregmatic, 143
lateral, 144
posterior, 76, 143

Foot, arch of, longitudinal, 254
transverse, 255

arteries of, 699, 703
bones of, 239
appUed anatomy of, 256
surface form of, 255

club, 256
construction of, as a whole,

254
fascia of, 536
flat, 255
muscles of, 536
phalanges of, 252

articulations of, 354
veins of, 739, 741

Foramen, apical, 1212
caroticum externum, 86

internum, 84
carotid, 84, 86
cecum, 78, 96, 124. 862, 1217
condylar, 71, 127, 128, 132
costotransverse, 50
ethmoidal, 137
of Buschke, 89
incisor, 105
infraorbital. 101. 136
inter\-ertebral, 49
jugular, 71, 131
of Key and Retzius, 845, 969
of Langer, 783
of Luschka, 867. 969
of Majendie, 845, 867, 969

Foramen, malar, 107, 136
of mandible, 117
mastoid, 82, 128, 133
mental, 116, 136
of Monro, 936
nasal, 99
nutrient, of claA-icle, 170

of fibula, 237
of metacarpal bones, 201
of radius, 191
of tibia, 234
of ulna, 189

obturator, 213
olfactory, 138, 139
optic, 90, 94, 126
palatine, 121
parietal, 74
pterygospinous, 383
sacral, 59
sacrosciatic, great, 211, 292

lesser, 211, 292
of Scarpa, 105, 128
sphenopalatine, 112, 134, 138,

140
spinal, 49
of Stenson, 105, 128
sternal, 159, 161
stylomastoid, 87, 131
supracondyloid, 181 (note)
supraorbital, 135
supratrochlear, 182
temporomalar, 109
thyroid, 213
transverse, 50
vertebral, 49
vertebrarterial, 50
Vesalii, 92, 127
of Wiuslow, 1259

Foramen apicis dentis, 1212
caecum linguae [Morgagnii],

1217
cecum, 78, 96, 124, 862, 1217
diaphragmatis sellae, 967
epiploicum, 1245, 1258
ethmoidale anieriits, 79

posterixis, 79
infraorbitale , 101
ischiadicum majus, 211, 292

minus, 211, 292
jugulare, 127
lacerum, 127

anterius, 93, 126
medium, 127, 131
posterius, 71, 73, 127

magnum, 71, 127, 131
mandibulare, 117
mastoideum, 82
mentale, 116
nasale, 99
obturatum, 213
occipitale magnum, 71
opticum, 90
ovale, 92, 127, 131, 557, 759
parietale, 74
rotundum, 92, 127, 134
singulare, 85, 1148
sphenopalatinum, 112
spinosum, 92, 127, 131
stylomastoideum , 87
transversarium, 50
venae cavae, 421
vertebrale, 49
zygoinaticotemporale, 108

Foramina aheolaria, 102
intervertebralia, 48, 49
sacralia anteriosa, 59

posteriosa, 60
venarum minimarum [Thebesii],

555
Forearm, bones of, 185

fascia of, 471
muscles of, 471

Forebrain, 902
development of, 852
structure of, 902
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Forebrain, thalanii of, 902
Foregut, 1247
Formatio reticularis, S72, 897

aUja, 872
ffrisea, 872

Fofnices conjunctivae, 1115
Fornicolumns, 954
Fornix, 913, 942
body of, 942
periphericus, 959
pharyngis, 1230
pillars of, 943, 944

Fossa of acetabulum, 213
antecubital, 641
of antihelix of ear, 1120
canine, 101, 136
condylar, 131
coronoid, 182
cranial, 138
digastric, 82, 117, 131
digital, 223, 1376
duodenal, 1265
duodenojejunal, 1266
femoral, 1315
floccular, 86, 128
glenoid, 87, 137
hyaloidea, 1105
hypophvseos, 90, 909
iliac, 209
ileoappendicular, 1267
ileocecal, 1267
iliocolic, 1266
incisive, 101, 135
incisor, 116
incudis, 1127
infraspinous, 172
inguinal, 1315
intersigmoid, 1267
ischiorectal, 454
jugular, 86, 87
lacrimal, 79
of Landzert, 1266
mesocolic, 1266
nasal, 138, 1081
occipital, 128
olecranon, 182
orbital, 138
palatine, 105, 128
paraduodenal, 1266
pararectal, 1256
paravesical, 1361
pericecal, 1266
pterygoid, 94, 109
radial, 182
retroduodenal, 1266
retroperitoneal, 1265
rhomboidal, 865
of Rosenmiiller, 1230
scaphoid, 94, 130, 1120
sigmoid, 82
of skull, anterior, 123

inferior occipital, 128
middle, 125
posterior, 127

sphenomaxillary, 109, 134
subcecal, 1267
sublingual, 117
submaxillary, 117
subscapular, 172
supraspinous, 172
supratonsillar, 1231
temporal, 92, 134
of Treitz, 1265
trochanteric, 223
trochlear, 79
vesicalis, 1321
zygomatic, 92, 101, 130, 134

Fo8sa acetabuli, 213
cantTia, 101
condyloideus, 71
coronoidea, 182
cranii anterior, 123

media, 125
posterior, 127

digastrica, 117

Fossa ductus venosi, 1323
glandulue lucrimalis, 79
iliaca, 209
infraspinata, 172
infratemporalis, 133
intercondyloidea, 225

anterior, 233
posterior, 233

ischiorectalis, 454
jugularis, 86, 87
longitudinalis sinistra, 1322
mandibularis, 87
rnastoidea, 82
navicularis, 1368, 1416

urethrae, 1368
olecrani, 182
ovalis, 508, 557

margo falciformis, 508
ovarii, 1398
pterygopalatina, 134
radialis, 182
rhomboidea, 865
sacci lacrimalis, 107
scaphoidea, 94
subarcuata, 86
subscapularis, 172
siipraspinata, 172
supratonsillaris, 1231
temporalis, 92, 134
triangularis [auricjilae], 1120
trochanterica, 223
venae cavae, 1323

umbilicalis, 1321
vesicae felleae, 1321

Fossae frenuli, 1389
Fossulae tonsillares, 1231
Fountain decussation, 900
Fourchette, 1416
Fourth nerve, 977

ventricle of brain, 864
Fovea articularis superior, 51

capitis femoris, 221
capituli radii, 190
centralis, 1100, 1104
costalis inferior, 53

superior, 53
transversalis, 54

dentis, 50
hemielliptica, 1137
inferior, 866
inguinalis lateralis, 1315

medialis, 1315
supravesicalis, 1315

mediana, 866
pterygoidea, 118
sublingualis, 117
submaxillaris, 117
superior, 866
trigemini, 866

,

trochlearis, 79
Foveola granularis [Pacchioni\,
970

Foveolae gastricae, 1275
granulares [Pncchioni], 74

Frankfort, horizontal line of, 146
Frenulum of cerebellum, 891

clitoridis, 1416
of clitoris, 1416
Giacomini, 930
of ileocecal valve, 1301
labii inferioris, 1200

superioris, 1200
labiorum pudsndi, 1416
linguae, 1217
of penis, 1389
praeputii, 1389
valvulae, 895

coli, 1301
Frenum linguae, 1201, 1217
Frontal air sinus, 79

artery, 598, 612
anterior internal, 615
ascending, 617
inferior external, 617

internal, 615

Frontal artery, middle internal,
615

posterior internal, 615
bone, 76
crest, 78, 124
diploic vein, 718
eminence, 76
lobe, 919

fissures of, 919
gyre of, 921

nerve, 980
planes of body, 34
process of malar bone, 108
suture, 121
vein, 710

Frontalis muscle, 363
Frontoethmoidal suture, 122
Frontolacrimal suture, 122
Frontomalar suture, 121
Frontomaxillary suture, 122
Frontoparietal operculum, 917

suture, 121
Frontopontile tract, 900, 950,

957
Frontosphenoidal suture, 121
Frontothalamic fibers, 950
Fundiform ligament of Retzius,

536
Fundus folliculi pili, 1159

glands, 1276
tympani, 1125
uteri, 1404
vesicae, 1361

felleae, 1332
Funicular process, 1379
Funiculi m.edullae spinalis, 826
Funiculus anterior, 827

cuneatus, 827, 835, 863
gracilis, 827, 835, 863
lateralis, 817, 835, 864

[Rolandil, 872
separans, 866
spermaticus, 437, 1375

Furcula, 1221
Fusiform muscles, 358

G

Cjalactophorous duct, 1430
Galea aponeurotica, 363
Galen, veins of, 720, 943
Gall-bladder, 1332

arteries of, 1334
lymphatic vessels of, 795,

1334
nerves of, 1334
veins of, 1334

Ganglia aberraniia, 1014
coeliaca, 1073
trunci sympathici, 1063

Gangliated cord, 1066
cervicocephalic, 1066
lumbar, 1071
thoracic, 1070

Ganglion, aberrant, 1014
accessory, 1014 .

of Andersch, 1002
aorticorenal. 1073
of Bochdalek, 984
cardiac, of Wrisberg, 1072
carotid, 1066
cell, 807
cervical, 1066, 1069
ciliary, 982
coccygeal, 1072
of Corti, 1148
Gasserian, 978
geniculate, 996
inferior, 1002
interpeduncular, 906
jugular, 1002
lenticular, 982
Meckel's, 984
ophthalmic, 982
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Ganglion, otic, 989
petrous, 1002
phrenic, 1074
of Scarpa, 1000. 1147
semilunar. 97S, 1073
of Sommering, 896
sphenopalatine, 982, 984,

986
spinal. 1016
spiral. 1000, 1148

of Corti. 1139
submaxillary, 990
superior. 1002
of Valentin, 984
vestibular. 1000

Ganglion cardiacum [Wrisbergi],

1072
cervirale inferius, 1069

medium, 1069
superlus, 1066

ciliare, 982
radix brevis ganglii ciliaria,

982
longa ganglii ciliaris, 981,

982
sympathetica ganglii cUia-

ris, 982
coccygeum impar, 1063, 1072
geniculi, 996
habenulae. 906
jugulare, 1005
mesentericum sitperius, 1076
nodosum, 8S0, 1005
oticum, 989
ramus anastomoticiis cum n.

auriculotemporali, 990
petrosum, 880
phrenicum, 1074
semilunare [Gasseri], 978
sphenopalatinum, 984

rami nasales posterioris irir-

feriores, 986
superiores, 986

orbitales, 986
spirale, 1148

cochleae, 1139
splanchnicum, 1071
submcurillare, 990

rami' communicantes cum n.

linguali, 990
suhmaxillares, 990

«t«peTius, 880
restibulnre, 1147

Ganglionic arteries, 614, 617,
618

Gartner's duct. 1401
Gasserian ganglion, 978
Gaster, 1270
Gastric arter\-, 660

crj-pts, 1275
glands. 1276
impression of liver, 1321
IjTnph nodes, 790
ners^e. 1007
pits. 1275
plexus of ner\-es, 1076
veins. 753

Gastrocnemius muscle, 528
surface form of, 544

Gastrocolic omentum, 1254,
1261

Gastroduodenal arter>'. 661
plexus of ner\-es, 1076

Gastroepiploic arteries, 661
Ijinph nodes, 790
plexus of ner\'es, 1076
veins. 753

Gastrohepatic omentum. 1254,
1260

Gastrosplenic omentum. 1261
Gelatinosa centralis. 829, 831

Rolandi, 829, 833
Gemellus inferior mtiscle, 520

superior muscle, 520
Gemmules, 810

Generative organs, development
of. 1420

Genial tubercles. 117
Geniculate body, external, 905

internal, 895
lateral, 910

ganglion. 996
tract, 950

Geniculum n. facialis, 996
Geniohyoglossus muscle, 391
Geniohyoid muscle, 390
Genital corpuscles, 817

gland. 1423
ridge. 1423

Genitals, external, Ij-mphatic
vessels of, 790

Gennari, fiber band of, 953
Genu corporis callosi, 934

facialis internum. 882
Geriach, valve of. 1299
Germinal centre. 1292

epithelium, 1399
nerve cells. 806
spot. 1400
vesicle, 1400

Gianuzzi, crescents of, 1227
Gimbemat's ligament, 426, 428
Gingirae, 1200
Ginglymus, 264. 265
Girald^s. organ of. 1384
Glabella. 77, 134, 146
Gladiolus, 159
Glands, apical, 1219

of Bartholin. 1420
buccal, 1200
cardiac. 1278
carotid. 586. 1450
ciliar>-, 1162
circumanal. 1162
coccygeal. 1450
of conjunctiva. 1115
Cowper's. 1396
ductless, 1435
duodenal, 12S9
of Duvemey. 1420
fundus. 1276
gastric. 1276
genital, 1423
intestinal. 1292
labial. 1200
lacrimal. 1115
of lan.-nx. 1174
of Lieberkiihn, 1292
of Littr^, 1369
Luschka's, 1450
IjTnphatic. See Lymph nodes.
mammarj-. 1428
Meibomian. 1114
molar, 1200
of Moll. 1113
of Montgomer\-. 1429
of Xuhn and Blandin, 1219
oesophageal, 1239
oxyntic, 1276
palatine, 1202
parathAToid, 1439
parotid, 1223
peptic. 1276
prostate. 1391
pvloric, 1278
salivan.% 4223
sebaceous. 1113, 1161
serous. 1219
sublingual. 1226
submaxiUar\-. 1225
suburethral, 1420
sudoriferous. 1161
suprarenal, 1447
sweat. 1161
tarsal, 1114
th\-mus. 1440
thjToid, 1435
of trachea. 1178
trachoma, 1115
of von Ebner, 1219

Glands, vulvovaginal. 1420
Glandula lacrimalis, 1115

inferior, 1116
superior, 1116

parotis, 1223
accessoria, 1224

sublingualis, 1226
submaxillaris, 1225
thyreoidea, 1435

accessoriae, 1436
vestibularns major [Bartholini\,

1420
Glandulae areolares, 1429

buccales, 1200
bulbourethralis, 1396
ceruminosae, 1123
cervicales uteri, 1410
dliares [MoUi], 1113, 1162
circumanales, 1162, 1309
duodenales [Brunneri], 1292
gastricae propriae, 1276
irUestinales [Lieberkiihni\, 1292
labialis, 1200
linguales anteriores, 1219
m€lares, 1200
mucosae {Krause\\, 1115
olfactoriae, 1085
palatinae, 1202
paraurethrales, 1370
pharyngeae, 1233
praeputii, 1389
pyloricae, 1278
sebaceae, 1113, 1161
sudoriferae, 1161
suprarenale^ accessoriae, 1448
fades anterior, 1447

posterior, 1448
suprarenclis, 1447
tarsales [Meibomi], 1114
tracheales, 1178
Tvsonii odoriferae, 1389
ureihrales, 1369
uterinae, 1410
veMibulares minores, 1416

Glandular arter>'. 593
Glans ditoridis, 1419

penis, 1.387

Glaserian fissure. 88. 1126
Glenohumeral ligament. 302
Glenoid fossa. 87. 131

ligament. 176. .3a3

of CruveUheir. 321
surface of scapula, 176

Glia cells, 818
fibers, 818

Gliding joints, 264
Gliosa centralis, 829

comualis. 829. 833, 870
Globus pallidus, 948
Glomus carolicum, 14.50

coccygeum, 1450
Glossoepiglottic fold, 1167
GlossopharjTigeal nerve, 1001

applied anatomy of, 1003
nucleus, 880

Gluteal aponeurosis, 516
arterj-, 678
ner\-es, 1054, 105.5

region, muscles of, 515
ridge, 224
veins. 743

Gluteofemoral bursae. 327
Gluteus maximus muscle, 515

bursse of. 516. 517
surface form of. 543

medius muscle. 516
surface form of. 54.3

Gnathic index of skull, 147
Golgi. ceUs of. 808, 952

organs of, 817
GoU, column of, 827, 835
Gomphosis. 264
Gonion. 146
Gower's. tract of. 838
Graafian follicles, 1399
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Gracile column of spinal cord,

826
lobes, 887

Gracilis muscle, 512
bursa of, 513
surface form of, 543

Granulationes arachnoidales [Pac-

chioni], 721, 970
Gray commissure of spinal cord,

830
masses of cerebellum, 888
substance of spinal cord, 829

Grooves, auriculoventricular, 553
basilar, 73

of pons, 864
bicipital, 180
carotid, 126
cavernous, 91
dentatofasciolar, 930
infraorbital, 102, 136
interauricular, 553
interventricular, 553
lacrimal, 102, 104, 107, 137,

138
musculospiral, 180
mylohyoidean, 117
nasopalatine, 114
obturator, 211, 213, 214
occipital, 82, 131
oesophageal, 421
optic, 90, 126
peroneal, 246
popliteal, 226
pterygopalatine, 110, 111
pyramido-olivary, 863
sacral, 60
of spinal cord, 825
subclavian, 171
subcostal, 163
ulnar, 182
vertebral, 67

Growth of bone, 42
Gubemaculum testis, 1378
Gudden, infracommissure of, 895

tractus peduncularis transver-
sus, 895

Guerin, valve of, 1369
Gullet, 1236
Gums, 1200
Gustatory areas of brain, 960

cells, 1149
hair, 1149
path, 1003

Gyre, angular, 923
callosal, 920, 921
cerebral, 915
dentate, 930
hippocampal, 925
marginal, 923
medifrontal, 921
meditemporal, 924
mesorbital, 920, 922
olfactory, 928
paracentral, 921
paraoccipital, 923
parietal, 923
postcentral, 923
postparietal, 923
precentral, 921
preinsular, 926
subcalcarine, 925
subcallosal, 928
subcollateral, 925
subfrontal, 921
subtemporal, 925
superfrontal, 920, 921
supertemporal, 924
transtemporal, 924
uncinate, 925

Gyri Andreae Retzii, 930
Gyrus amhiens, 928

angularis, 923
breves insulae, 926
centralis anterior, 921

posterior, 923

Gyrus dentatus, 929
epicallosus, 930
fasciolaris, 930
fornicatus, 921
frontalis inferior, 921

niedius, 921
superior, 921

fusiforniis, 925
hippocampi, 925
lingualis, 925
lonqus insulae, 915
occipitotemporalis, 925
rectus, 922
semilunaris, 928
subcallosus, 928
supracallosus, 931
supramarginalis, 923
temporalis inferior, 925

medius, 925
superior, 925

Habenular commissure, 906
Hairs, 1159

auditorv, 1143
bulb, 1159
cells, 1143

outer, 1146
follicle, 1159
fundus of, 1159
gustatory, 1149 ,

papilla, 1159
root of, 1159
sheaths of, 1160
streams, 1159
whirlpools, 1159

Hallucis, etymology of, 525
Hamstring muscles, 522

applied anatomy of, 525
Hamular process, 94, 107, 130
Hamulus, 1140

lacrimalis, 107
laminae spiralis, 1140
ossis hamati, 200
pterygoideus, 94

Hand, arteries of, 647
bones of, 194

lower row, 198
upper row, 196

bursae of, 487
fasciae of, 486
ligaments of, 315
muscles of, 486
phalanges of, 204

articulations of, 321
veins of, plexus of, 729

superficial, 728
Hard palate, 1202
Harelip, 151
Hasner, valve of, 1117
Hassal, corpuscles of, 1441
Haversian canal, 39

lamella of bone, 39
Head, arteries of, 583
lymph nodes of, 774
muscles of, surface form of,

380
veins of, 710

Heart, 551 •

apex of, 551
applied anatomy of, 565
arteries of, 565
auricles of, fibers of, 562

left, 559
right, 554

base of, 551
beat, myogenic theory of, 566

neurogenic theory of, 566
cavities of, 553

capacity of, 561
component parts of, 553
development of, 755, 760
endocardium, 562

Heart, grooves of, auriculoven-
tricular, 553

interauricular, 553
interventricular, 553

infundibulum of, 557
left, 553
lymphatic vessels of, 565, 802
margins of, 552
muscular fibers of, 562
myocardium, 562
nerves of, 565
position of, 551
pulmonary, 553
right, 553
rudiments of, 755
size of, 552
surface form of, 567
surfaces of, 551
systemic, 553
valves of, action of, 565
development of, 760

veins of, 565
ventricles of, fibers of, 563

left, 560
right, 557

weight of, 552
Hebermla, 906
Heel bone, 239
Heidenhain, demilunes of, 1227
Helicis major muscle, 1121

minor muscle, 1121
Helicotrema, 1138, 1140
Helix of ear, 1119 ,

Helweg, olivospinal tract of, 839
Hemicerebra, 847
Hemiseptum, 934
Hemisphaeria bulbi urelhrae, 1387
Hemispheres, cerebral, 912
Hemolymph nodes, 768
Hemorrhoidal artery, inferior,

675
middle, 672
superior, 667

nerve, inferior, 1061
plexus of nerves, 1077
veins, 744, 753

plexus of, 745
Henle, fenestrated membrane of,

573
layer of nerve fiber of, 1103,

1160
ligament of, 433
loop of, 1351
sheath of, 812
spine of, 81

Hensen, canalis reuniens of,

1142, 1147
cells of, 1147
membrane of, 356
stripe of, 1147

Hepar, 1319
capsula fibrosa [Glissoni], 1328
fades inferior, 1321

posterior, 1321
superior, 1320

impressio cardiaca, 1320
colica, 1321
duodenalis, 1321
gastrica, 1321
oesophagea, 1322
pylorica, 1321
renalis, 1321
suprarenalis, 1322

margo inferioris, 1322
tunica serosa, 1328

Hepatic artery, 660
duct, 1332
flexure of colon, 1296
lymph nodes, 790
plexus of nerves, 1076
veins, 751

Hepatocolic ligaments, 1260
Hepatoduodenal ligaments, 1260
Hepatogastric ligaments, 1260
Herbst's corpuscles, 816
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Hernia, 1315
femoral, 1317
inguinal, 1315

Hessclbaeh, ligament of, 433
triangle of, 437, 1315

Hey, ligament of, 508
Hiatus aorticus diaphragma, 419

canalalis facialu, 84
Fallopii, 84
maxiUaris, 102, 103
oesophageus, 1236

diaphragma, 421
sacralis, 59, 61
semilunaris, 1081
tentorial, 847

Highmore, antrum of, 101, 103
Hilum of kidneys, 1348

of nucleus dentatus, 888
of suprarenal glands, 1448

Hilus glandulae suprarenalis,
1448

lienis, 1444
nuclei dentati, 888
pulmonis, 1189
renalis, 1348

Hindbrain, 861
development of, 855
structure of, 861

Hindgut, 1247
Hinge-joint, 264, 265
Hip bone, 207

fasciae of, .515

-joint, arteries of, 327
articulations of, 322

applied anatomy of, 329
surface form of, 329

bursje of, 327
movements of, 328
muscles of, 326, 515
nerves of, 327
syno^^al membrane of, 326

Hippocampal commissure, 944
gjTe, 925

Hippocampus, 942
gray substance of, 953

Hirci, 1159
His, auriculoventricular bundle

of, 564
crista terminalis of, 758
spina vestibuli of, 758
sulcus terminalis of, 1217

Histology, definition of, 33
Homolateral tract cells of cord,

841
Homologies of sexual organs,

1428
Horner's muscle, 367
Horns of spinal cord, 8.30

Horny layer of skin. 1151
Horseshoe kiduev, 1354
Houston's valves, 1310
Howshin's foveolae, 39
Huguicr, canal of, 88, 997, 1126
Humeral artcrv, 638

ligament, 303
IjTnph nodes, 782
region, muscles of, 467, 470

Humerus, 178
applied anatomy of, 184
development of, 183
head of, 178
neck of, anatomical, 178

surgical, 178
shaft of, ISO
surface form of, 184
tuberosities of, 180

Humor aqueu^, 1105
ritreus, 1105

Hunter's canal, 511, 515, 685
Huschke, foramen of, 89
Huxley's layer, 1160
Hyaline cartilage, 260
Hyaloid canal, 1106
membrane. 1106

Hydatids of Morgagni, 1402

Hydatids, pedunculated, 1379
sessile, 1378

Hydrencephalocele, 149
Hymen, 1417

imperforate, 1417
Hyocpiplottic ligaments, 1167
Hj-oglossus muscle, 391
Hyoid bone, 153

applied anatomy of, 154
development of, 154
elevators of, 388
surface forrn of, 154

Hvparterial branch bronchus,
1177

Hypogastric arteries, 570, 669,
763

in fetus, 670
imper^'ious, 671

lymph nodes, 787
plexus of nerves, 1077
vein, 743

Hypoglossal nerv-e, 1010
appUed anatomy of, 1012
nucleus, 878

Hypophysis, 909
Hyposyh-ian ramus, 917
Hypothalamic tegmental sul>

stance, 905
Hypothalamus, structure of, 908
Hypothenar eminence, 486
Hyrtl, exsanguinated renal zone

of, 665

Ileal artery, 664
IjTiiph nodes, 791

Ileoappendicular fold, 1267
fossa, 1267

Ileocecal arteries, 664
fossa, 1267
junction, 1296
valve, 1301

Ileocolic fold, 1266
fossa, 1266
junction, 1296
Ij-mph nodes, 79

1

plexus of nerves, 1076
Ileum, 1288
Iliac arteries, common, 668

applied anatomy of, 669
surface marking of, 669

deep circumflex, 682
external, 679

applied anatomy of, 680
surface marking of, 680

internal, 669
applied anatomy of, 671,

679
surface marking of, 679

superficial circumflex, 689
bursa, subtendinous, 327
fascia, 502
fossa, 209
furrow, 219, 439
b-mph nodes, 787, 788
region, muscles of, 502
veins, common, 747

development of, 764
deep circvmiflex, 742
external, 742
internal, 743

Hiacus muscle, 504
Iliococcygeus muscles, 452
Iliocolic arteries, 664
Ilioeostalis muscle, 410
Iliofemoral ligament, 323
Iliolumbar artery, 678
Hgament, 290
veins, 748

lUopectineal bursa, 327
eminence, 210, 213
ligament, 503
line. 209, 212

Iliopsoas muscle, 504 (note)

Iliosacralis muscles, 452
Iliotibial band, 507

applied anatomy of, 508
Iliotrochanteric ligament, 324
Ilium, 207

crest of, 210
curC^ed hnes of, 207, 208
spinous processes of, 210
lips of, 210
intermediate space of, 210

Impervious hj^wgastric artery,
671

Impressio trigemini, 84, 85
Impression, deltoid, 180, 181

rhomboid, 171
Incisive fossa, 101, 135

papilla, 1202
Incisor canal, 105

crest, 105
foramina, 105
fossa, 116

Incisura acetabuli, 213
cardiaca, 1190
cerebelli posterior, 884
clavicularis, 157
costalis I, 157

//, 159
VII, 159

ethmoidalis, 79
frontalis, 77
interlobaris, 1190
intertragica, 1120
ischiadica, minor, 211
jugularis, 71, 157
lacrimalis, 102
mandibulae, 118
mastoidea, 82
poplitea, 233
radialis, 187
scapulae, 175
semilunaris, 187
sphenopalatine, 112
supraorbitalis, 77
tentorii, 893
terminalis auris, 1120
thyreoidea superior, 1164
tympanica [Rivini], 1125
vlnaris, 192
umbUicalis, 1322
vertebralis inferior, 49

superior, 49
resieae felleae, 1322, 1323

Incisurae cartUaginis meatus
acustici extemi [Santorini\, 1122

Incisures of Schmidt-Lanter-
mann, 811

Incus, 1132
cms breve, 1133

longum, 1133
processus lenHcularis, 1133

Indices, cranial, 146
Indusium, 930, 931, 934
Inflected fissures, 920
Infraclavicular Ivmph nodes, 782,

783
nerve, 1029

Infracommissure of Gudden, 895,
910

Infracostales muscles, 417
Infraglenoid tubercle, 175
Infrahyoid artery, 590

region, muscles of, 386
Infraorbital arterv, 602

canal, 102. 136
foramen, 101, 136
groove, 102
nerve, 982 (note), 998
plexus of nerves, 984, 998

Infrapatellar bursa, 336
pad, 336

Infrascapular arteries, 639
Infraspinatus bursa, .303

fascia, 464
muscle, 465

Infraspinous fossa, 172
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Infrasternal depression, 166
Infratrochlear nerve, 981
Infundibula of lungs, 1195

of ureters, 1356
Infundibulifonn fascia, 436, 437,

1374
Infundibulopchne ligament, 1407
Infundibulum, 141, 760, 909

ethmoidal, 99
ethmoidale, 99
of Fallopian tube, 1401
of heart, 557
tuber uterinae, 1401

Inguinal canal, 437, 1375
fossiB, 1315
hernia, 1315
lymph nodes, 785

Inion, 146
Inlet of pelvis, 215

of thorax, 155
Innervation of intestines, 1313

of stomach, 1280
Innominate artery, 582

veins, 733
Inosculation of arteries, 572
Inscripliones tendineae, 433
Insula, 925
Integument of nose, 1081

of scrotum, 1373
Inlegumentum commune, 1149
Interalv^eolar cell islets, 1340
Interauricular groove, 553

septum, 559
Interbronchial Ivraph nodes, 801,

1179
Intercalatum of midbrain, 897
Intercavernous sinuses, 726
Intercellular lymph spaces, 767

substance of bone, 39
Intercliondral ligaments, 288
Interclavicular ligament, 296
Intercolumnar fascia, 427, 1374

fibers of external abdominal
ring, 427

Intercondyloid notch, 225
Intercostal arteries, 655

anterior, 632
applied anatomy of, 657
superior, 633

fascia, 417
lymph nodes, 798
Ij^mphatie vessels, 799
musctes, 417
nerves, 1040

applied anatomy of, 1043
space, 155
veins, 735, 736

Intercostobrachial nerve, 1042
Intercostohumeral nerves, 1042
Intercuneiform articulations, 350
Interdigital veins, 739
Interglobular spaces, 1211
Interlobar fissures, 916
Interlobular ducts, 1226
Intermaxillary suture, 135
Intermedial fissures, 923
Intermediate lamella of bone, 39

space of ilium, 210
Intermediolateral tract of Bruce
and Campbell, 839

Intermuscular septum of arm,
467

of thigh, 507, 508
Internasal suture, 135
Interneural articulations, 271
Interossei muscles, foot, 541

hand, 494
surface form of, 497

Interosseous arteries, foot, 699,
700

hand, 647, 650
recurrent artery, 651
veins, 729

Interpalpebral slit, 1112
Interparietal bone, 74

Interparietal suture, 121
Interpeduncular ganglion, 906

nucleus, 898
Interpleural space, 1185
Interpubic disk, 294
Intersigmoid fossa, 1268
Interspinales muscle, 414
Interspinous ligament, 272
Intersternal ligaments, 288
Interstitial cells, 1399

lamella of bone, 39
Intertransversales laterales mus-

cle, 414
mediales muscle, 414

Intertransverse ligaments, 272,
293

Intertrochanteric line, 224
Intertubular dentin, 1211
Interventricular grooves, 553

septum, 557, 561
Intervertebral fibrocartilage, 269

foramina, 49
notches, 49
substance, structure of, 270
veins, 738

Intestinal glands, 1292
lymphatic trunks, 772
plexus of nerves, 1076

Intestines, applied anatomy of,

1314
innervations of, 1313
large, 1295

arteries of, 1310
lymphatic vessels of, 794,

1312
nerves of, 1312
veins of, 1312

movements of, 1312
relations of, 1250
small, 1281

applied anatomy of, 1314
arteries of, 1293
lymphatic vessels of, 793,

1295
mucous membrane of, 1289
nerves of, 1295
veins of, 1295
villi of, 1291

structure of, 1291
surface form of, 1313

Intestinum cecum., 1296
crassum, 1295
ileum, 1288
jejunum, 1288
rectum,, 1306

pars analis recti, 1309
tenue, 1281

mesenteriale, 1287
plicae circulares [Kerkringi\,

1289
tela submucosa, 1289
tunica mucosa, 1289

muscularis, 1289
stratum circulare, 1289

longitudinale, 1289
serosa, 1289

Intra-articular ligament, 283
Intracartilaginous ossification, 42
Intracranial lymphatics, 774
Intrajugular process, 73
Intralobular ducts, 1226

veins, 751
Intramembranous ossification, 42
Intraparietal sulcus of Turner,

922
Intraprecuneal fissure, 924
Intrathyroid cartilage, 1165
Intravertebral veins, 738
Intrinsic ligaments of larynx,

1168
muscles of tongue, 393

Intumescentia cervicalis, 823
ganglioformis, 996
lumbalis, 823

Involuntary muscles, 355, 357

Iris, 1096
applied anatomy of, 1110
arteries of, 1099
epithelium of, pigmented, 1099
muscle fibers of, 1099
nerves of, 1099
stroma of, 1098
structure of, 1098

Irregular bones, 36
Ischiobulbosus muscle, 444
Ischiocapsular ligament, 323
Ischiogluteal bursa, 327
Ischiorectal fascia, 446

fossa, 454
region, m'uscles of, 453

Ischium, 210
obturator groove of, 211
ramus of, 212
spine of, 211
tuberosity of, 211

Islands of Langerhans, 1340
of Reil, 925

development of, 917
Isthmus aortae, 580

cartilaginis auris, 1121
of Fallopian tube. 1401
of fauces, 1201, 1203
faucium, 1201, 1203
glandulae thyroidca, 1436
gyri hippocampi, 925
pharyngonasalis, 1230
of pharynx, 1230
rhombencephali, 855
tubae auditivae, 1128

uterinae, 1401
Iter chordae, 1126
Ivory of teeth, 1211

Jacob's membrane, 1103
Jacobson, cartilage of, 1080,

1083
eminence of, 1083
nerves of, 1002

Jaw, angle of, 118
lower, bones of, 115
upper, bones of, 100

Jejunum, 1288
Joints. See Articulations.
Jugular foramen, 71, 131

fossa, 86
ganglion, 1002
lymph nodes, 778
process, 71, 131
sinus, 713
tubercle, 73
veins, 713
development of, 764

Kerkring, valves of, 1289
Key and Retzius, foramen of,

845, 969
Kidneys, 1343

abnormalities of, 1354
applied anatomy of, 1355
arteries of, 1352
columns of, 1349
convolutions of, 1351
cortex of, 1349
fixation of, 1348
glomerulus of, 1350
hilum of, 1348
horsehsoe, 1349
labyrinth of, 1349
lymphatic vessels of, 796, 1354
medulla of, 1349
minute anatomj' of, 1350
nerves of, 1354
parenchyma of, 1349



INDEX 1473

Kiclneys, permanent, 1425
relations of, 1343
structure of, 1349
substance, 1349
surface form of, 1354
tubules of, 1351
veins of, 1354

Kneecap, 230
Knee-joint, applied anatomy of,

338
arteries of, 337
bursae of, 336
ligaments of, 331
movements of, 337
ner\-es of, 337
structures around. 337
surface form of, 338
synovial membrane of, 336

Krause, end-bulbs of, 813, 817
membrane of, 356

Kiihne, muscle spindles of, 817

Labia majora, 1415
minora, 1416

pudendi, 1416
oris, 1200

Labial artery, 593
coronarv arteries, 594
glands, 1200
nerves, 984

Labium externum cristi iliaca, 210
glenoidale. 303, 325
inferius, 1200
internum crista iliaca, 210
laterale [linea aspera], 224
mediate [linen aspera], 224
superius. 1200
tympanicuni. 1144
ve^tihularc , 1144

Labyrinth of ear, 1136
membranous, 1140

structure of, 1142
osseous, 1136

of ethmoid, 97
of kidneys, 1349

Labyrinthus ethmoidalis, 97
membranaceus, 1140
osseus, 1136

Lacertus fibrosus, 469
Lachrymal. See Lacrimal.
Lacrimal apparatus, 1115

arterv, 610
bone, 106

crests of, 137
lesser, 107

canal, 104, 107. 1116
ampulla of, 1116

fossa. 79
gland, 1115

applied anatomv of, 1118
groove, 102, 104, 137, 138
ner\e, 980
notch, 102
papilla, 1113, 1116
process, 114
sac, 1116

applied anatomy of, 1119
sulcus, 107
tubercle, 104

Lacteals, 767
Lactiferous duct, 1430
Lacuna of bone, 39, 259
magna, 1369
muscvlorufu, 503
vasorum. .503

Lacunae, 39
laterales, 721
urethrales. 1369

Lacus lacrimalis. 1113, 1115
Lagena, 1147
Lambda, 76, 123, 146
Lambdoid suture, 73, 76, 121

93

Lamella of bone, 39
Lamellated corpuscles, 816
Lamina basalts, 1093

of brain, 885
cartilaginis cricoideae, 1165
choriocapillaris, 1093
cribriform, 1090
cribrosa, 85

sclerae, 1090
elastica anterior, 1091

posterior, 1091
fibrocartilaginea interpubica,

294
fuscn, 1090
horizontal, of ethmoid, 96
lateralis processus pterygoidei,

94
medialis processus pterygoidei,

94
m,eduUaris interna, 905
papyracea, 98
periclaustral, 948
perpendiculnris, 97
reticular, 1147
reticularis, 1147
rostralis, 913
spiralis ossea, 1138, 1140, 1144

secundaria, 1137, 1140
suprachoroidea, 1093,
terminalis, 847, 908, 909
vasculosa, 1093

Landzert, fossa of, 1266
Langer, cleavage lines of, 1150
foramen of, 783

Langerhans. centro-acinar cells

of, 1340
islands of, 1340

Lanugo, 1159
Larj-ngeal artery, inferior, 629

superior, 590
nerve, 1078

inferior, 1007
recurrent, 1007
superior, 1006

sinus, 1170
veins, 735

Lar>-nx, 1163
arteries of, 1174
cartilages of, 1163
glands of, 1174
interior of, 1169
ligaments of, 1167
movements of, 1169
mucous membrane of, 1174
muscles of, 1172
nerves of, 1174
veins of, 1174
ventricles of, 1170

Lateralis nasi artery, 594
Latissimus dorsi muscle, 406

surface form of, 416
Leg, bones of, 230

fascia of, 525
muscles of, 525

applied anatomy of, 535
Lemnisci, decussation of, 870
Lemniscus lateralis, 876

medialis, 876
Lens crystallina, 1106

crj'stalline, 1106
ligament of, suspensory, 1106

Lenticula, 854, 947
Lenticular ganglion, 982

nucleus, 947
Lenticulostriate arteries, 617
Leptoprosope skull, 146
Lessor's triangle, 591, 1012
Leukocytes, 40
Levator anguli oris muscle, 373

scapulae muscle, 407
surface form of, 416

ani muscle, 450
costarum muscle, 417
glandulae thvroideae muscle,

1436

Levator labii superioris alaeque
nasi muscle, 372

muscle, 373
menti muscle, 374
palati muscle, 397
pal pebrae superioris muscle,
369

prostatas muscle, 452
Lieberkiihn, crypts of, 1292

glands of, 1292
Lien, 1442

extremitas inferior, 1444
superior, 1444

fades diaphragmatica, 1444
gastrica, 1444
renalis, 1444

mxtrgo anterior, 1444
posterior, 1444

tunica albuginea, 1445
serosa, 1444

Ligamenta uccessoria plantaria,
354

alaria, 277, 336
basium ossis metacarp. dorsa-

lia, 319
interossea, 319
volaria, 319

metatars. dorsalia, 352
interossea, 352
plantaria, 352

brevia, 476
carpometacarpeae dorsalis, 3 IS

volaria, 318
coUateralia, 321

articulationes di{jitorum pe-
dis, 354

metatarsophalangeae, 354
columnae vertebralis, 268
cruciata genu, 333
cuneometatarsea interossea, 352
intercarpea dorsalia, 315, 316,

317
interossea, 315, 316
volaria, 315, 316

intercostalia externa, 288
interna, 288

intercruralia, 271
intercuneiformia dorsalia, 350

interossea, 350
plantaria, 350

interspinalia, 272
intertransversaria, 272
labyrinthi carwlicxdorum, 1142
lata uteri, 1256
longa, 476
naviculaHcuneiformia dorsalia,

350
plantaria, 350

puboprostaiica, 1362, 1393
pylori, 1274
sacroiliaca anteriora, 290
subflava, 271
tarsometatarsea dorsalia, 352

plantaria, 352
Liqamenli auricularia [Valsal-

vae], 1121
Ligamentous action of muscles,
267

Ligaments, 259. 261
accessory. 275
acromioclavicular, 297
annular, anterior, 486, 536

external, 537
internal, 536
posterior, 487
of radius, 310

arcuate, 419
astragaloscaphoid, 349
atlanto-axial, 274
of axilla, suspensorv-, 456
of Bertin, 323
of Bigelow, 324
of bladder, 1361

true, 450
broad, 1183, 1407
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Ligaments, calcaneo-astragaloid,

347
calcaneocuboid, 348
caicaneoscaphoid, 348
capsular. See Individual

joints,

of carpus, 315
check, 1087
chondrosternal, 286, 287
chondroxiphoid, 288
ciliarv, 1096
of Cloquet, 1376, 1379
coccygeal, 843, 845
common, anterior, 268

posterior, 269
conjugal, 271
conoid, 298
of Cooper, 428
coracoacromial, 299
coracoclavicular, 298
coracohumeral, 302
coronary, of knee-joint, 336
costoclavicular, 296
costocoracoid, 460
costotransverse, 284, 285
costovertebral, 282
cotyloid, 325

'cricoarytenoid, 1169
cricotracheal, 1168
crucial, 333
cruciform, 275
deltoid, 343
dentate, 846
of diaphragm, 419
duodenomesocolic, 1266
falciform, 1320, 1324
femoral, 508
of fingers, 319
Flood's, 302
fundiform, of Retzius, 536
Gimbernat's, 426, 428
glenohumeral. 302
glenoid, 176, 303

of Cruvcilheir, 321
of hand, 315
of Henlc, 433
hcpatocolic, 1260
hepatoduodenal, 1260
hoijatOKastric, 1260
of Hesselbach, 433
of Hey, 508
of hip, 322
hyoepiglottic, 1167, 1168
iliofemoral, 323
iliolumbar, 290
iliopectineal, 503
iliotrochanteric, 324
of incus, 1133
infundibulopelvic, 1407
interchondral, 288
interclavicular, 296
interosseous. See Individual

joints.

interspinous, 272
intersternal, 288, 289
intertransverse, 272, 293
intra-articular, 283
ischiocapsular, 323
of knee-joint, 331
lateral. See Individual joints.

of liver, 1324
lumbosacral, 289, 1345
malleus, 1133
oblique, 311
obturator, 295
occipito-atlantal, 275, 276
occipito-axial, 277
odontoid, 277, 278
orbicular, 310
of patella, 331
phrenocolic, 1305
of pinna of ear, 1121
Poupart's, 426, 427
pterygomandibular, 376, 383
pterygospinous, 383

Ligaments, pubic, 294
pubofemoral, 323
puboprostatic, 450
pyloric, 1274
radioulnar, 312
rhomboid, 296
round, 437
sacrococcygeal, 293
sacroiliac, 290
sacrosciatic, 291, 292
sacrouterine, 1407
of scapula, 299, 300, 301
Schlemm's, 302
spinal, 268
spinoglenoid, 301
of stapes, 1133
stellate, 282
sternoclavicular, 296
sternocostal, 286
stvlohyoid, 389
stylomandibular, 280, 382
superficial transverse, of fin-

gers, 489
suprascapular, 300
supraspinous, 272
suspensory, of V^ladder, 1362

of Cooper, 456
of eye, 1087
of lens, 1106
of penis, 424
of Treitz, 1285

sutural, 121, 259
synovial, 262
tarsal, 366
thyroarytenoid , 1 1 70
thyroepiglottic, 1167, 1169
thyrohyoid, 1167
tibiotarsal, 343
transverse.'of acetabulum, 325,

326
of atlas, 274
humeral, 303
of knee-joint, 336
metatarsal, 353
pelvic, 446

trapezoid, 298
triangular, deep layer of, 449

in female, 446
in male, 446

true, of bladder, 450
uml)ilical, 1361
uterosacral, 1407
of uterus, 1406
of vertebral bodies, 268
volar, 315
of Winslow, 332
of Wrisberg, 336
of wrist-joint, 314
Y, 324
of Zinn, 370

Ligamcntum acromioclaviciilire,

297
annulare haseos stapedius, 1133

radii, 310
apicis dentis, 278
arcuatum externum, 439

pubis, 294
arteriosum, 570, 575
auriculare anterius, 1121

posterius, 1121
superius, 1121

hifurcatum, 348
calcaneocuboideum dorsale, 348

plantare, 348
calcaneofihulare, 344
calcaneonaviculare plantare, 348
calcaneotibiale, 343
capituli costae interarticulare,

283
radiatum, 282

capitulorum ossis metacarpa-
lium transversum, 320

carpi dorsale, 487
fasciculi transversi, 489
transversum, 486

Ligamentum collaterale carpi radi-
ate, 314

ulnare, 314
fibulare, 333.

radiale, 308
tibiale, 332
ulnare, 307

colli costae, 284
conoideum, 298
coracoacromiale , 299
eoracoclaviculare, 298
coracohumerale, 302
coronarium hepatis, 1325
costoclaviculare, 296
costotransversarium anterius,

284
posterius, 285

costoxiphoideum anterius, 288
cricoarytenoideum posterius,

1168
cricothyroideum medium, 1168
cricotracheale, 1168
cruciatum anterius, 333

atlantis, 275
cruris, 536
posterius, 333

cuboideonaviculare dorsale,

350
plantare, 350

cuneocuboideum dorsale, 351
interosseum, 350, 351
plantare, 351

deltoideum, 343
denticulatum, 821, 845, 846,

1013
epididymidis inferior, 1378

superior, 1378
falciforme hepatis, 1253, 1324
gastrolienale, 1444
hepatocolicum, 1260
hepatoduodenale, 1260
hepatogastricum, 1260
hyoepiglotticum, 1168
hyothyreoideum laterale, 1167

medium, 1167
iliofemorale, 323
iliolumbale, 290
incudis posterius, 1133

superius, 1133
inguinale, 427

rejiexum, 428
interclaviculare, 296
interfoveolare, 433
ischiocapsulare, 323
laciniatum, 536
lacunare, 428
laterale externum breve seu

posticum, 333
latum pulmonis, 1184

uteri, 1407
longitudinale anterius, 268

posterius, 269
mallei anterius, 1133

laterale, 1153
superius, 1153

malleoli lateralis anterius, 341
posterius, 342

mucosum, 336
nuchae, 272, 406
ossiculorum auditus, 1133
palpebrale mediale, 367, 1114
patellae, 331
pectinatum iridis, 1092, 1096
phrenicocolicum, 1264
pisohamatum, 316
pisometacarpeum, 316
plantare longum, 348
popliteum obliquum, 332
pubicum superius, 294
pubocapsulare, 32.3

pulmonale, 1184
radiocarpeum dorsale, 314

volare, 314
sacrococcygeum anterius, 293

posterius, 293
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Ligamentum sacrococcygeum pos-
tcrius profundum, 293

superficiale, 293
sacroiliacum posterius, 290

breve, 290
longum, 290

sacrospinosum, 292
sacrotuberosum, 291
sphenomatidibidare, 279
spirale cochlear, 1144
sternoclaviculare, 296
stemocostale irUcrarticiilare, 287

radiatum, 286
sternopericardica, 548
stylohyoideus, 389
slylomandihulare, 280
supraspinale, 272
suspen,wrium penis, 1388
talocalcaneum anteriua, 347

interosseum, 347
laterale, 347
mediale, 347
posterius, 347

talofibxdare arUerius, 344
posterius, 344

talotibiale anterius, 343
posterius, 343

temporomandibulare, 279
<ereA', 324, 752, 764

femoris, 324
hepatis, 1325
u<cn:, 437, 1408

thyreoepiglotlicum, 1169
tihionaviculare, 343
transversum acetabuli, 326

atlantis, 274
cruris, 536
(/ewM, 336
pelvis, 446
scapulae inferius, 301

superiufs, 300
trapezoideum, 298
trianrjulare dcxtrum, 1325

sinistruin, 1325
umbilicale laterale, 671, 1362
medium, 1361

vaginale, 321
»ena carae sinistrae, 550
venosum, 752, 1325

Light stimuli, path of, 1104
Limbic lobe, 929
Limbus fossae ovalis [Vieussenii],

557
laminae spiralis, 1144
vicmbranae tympanac, 1130

Ldmen insulae, 925
nasi, 1082

Line, iliopectineal, 209
intertrochanteric, 224
spiral, of femur, 224

Linea aZ6a, 426, 435, 439
arcuata, 209, 212
aapera, 224
glutaea anterior, 207

inferior, 208
posterior, 207

intcrcondyloidea , 226
intermedia crista iliaca, 210
intcrfrochanterica, 224
mylohyoidea, 117
nuchae inferior, 70

superior, 70
suprema, 70

oUiqua, 117, 1164
pectinea, 224
poplitea, 234
guadrati, 224
semicircularis, 430, 435
semilunaris, 439

of abdomen, 436
splendens, 845
tem.poralis inferior, 74

superior, 74
transversae, 439
»isus, 1088

Lineac musculares, 172
semilunares, 436
transversae, 58

Lingua, 1217
fades inferior, 1217
margo lateralis, 1217
tunica tmicosa, 1217

Lingual arteries, 590, 591, 601,
1219

bone, 153
lymph nodes, 776
muscles, 393
nerves, 988
from glossopharyngeal, 1003

region, muscles of, 391
septum, 393
tonsil, 1219
veins, 715

Lingula, 91, 117, 867, 886
cerebelli, 886
mandibulae, 117
pulmonic, 1190
sphenoidalis, 91

Lips, 1200
Liquor cerebrospinalis, 970

folliculi, 1400
Littr6, glands of, 1369
Liver, 1319

abnormalities of, 1326
accessory, 1326
applied anatomy of, 1335
arteries of, 1326
colic impression of, 1321
constriction lobe of, 1326
duodenal impression of, 1321
excretory apparatus of, 1331
fissures of, 1322
gastric impression of, 1321
ligaments of, 1324
ligamentum venosum of, 764
lobes of, 1323
lobules of, 1328
lymphatic vessels of, 794, 1331
movability of, 1325
nerv-es of, 1331
omental tuberosity of, 1321
renal impression of, 1321
Riedel's lobe of, 1326
structure of, 1328
support of, 1325
suprarenal impression of, 1322
surface relations of, 1334
surfaces of, 1320
veins of, 1327

Lobe or Lobes, biventral, 887
cacuminal, 886
central, 886
of cerel^ellum, 885
cerebral, 915
clival, 886
crescentic, 886
culminal, 886
frontal, 919
gracile, 887
limbic, 929
of lungs, 1190
nodular, 888
occipital, 924
olfactory, 926
parietal, 922
pjTamidal, 887 ,
quadrate, 886
semilunar, 887
temporal, 924
tuberal, 887
u-sTilar, 887

Lobi mammae, 1430
Lobules of liver, 1328

of lungs, 1195
Lobuli hepatis, 1328
mammae, 1430
testis, 1380

Lobulus auriculae, 1120
biventer cerebelli, 887
centralis cerebelli, 886

Lobulus paracentralis, 921
parielalis inferior, 923

superior, 923
semilunaris inferior [cerebelli],

887
Lobus caudatus [Spigeliii, 1324

frontalis, 921
hepatis dexter, 1324

sinister, 1324
occipitalis, 924
olfactorius, 926
parietalis, 922
temporalis, 924

Lockwood, tendon of, 370
Locus caeruleu^, 866
Longissimus dorsi muscle, 412
Longitudinal fasciculus, 955

vertebral veins, 738
zones of brain, 855

Longus colli muscle, 401
Lowenthal and Bechterew, fas-

ciculus intermedins of, 839
tract of cord, 840

Lower, tubercle of, 557
Ludwig, angle of, 157, 166
Lumbar aponeurosis, 409

arteries, 662
curve of vertebral column; 66
enlargement of spinal cord, 823
fascia, 409
lymph nodes, 788
lymphatic trunks, 772
nerv'es, 1019

divisions of, 1018, 1044
plexus of nerves, 1044

applied anatomy of, 1062
portion of gangliated cord,

1071
puncture, 68
veins, 749

ascending, 736, 749
vertebrae, 56

fifth, 57
Lumbosacral ligament, 289, 1345

plexus of nerves, 1044
Lumbricales muscle, foot, 540

hand, 493
Lungs, 1188

alveoli of, 1195
applied anatomy of, 1197
arteries of, 1195
borders of, 1190
broad ligament of, 1183
color of, 1194
fetal, 1194
fissures of, 1190
infundibula of, 1195
lobes of, 1190
lobules of, 1195
lymphatic vessels of, 802, 1196
nerves of, 1196
parenchvma of, 1195
root of, 1193
saccides of, 1195
septa of, 1195
structure of, 1194
substance of, 1194
surface form of, 1196
surfaces of, 1189
veins of, 1195
weight of, 1194

Lunula, 1157
of nails, 1157

Lunulae valvularum semiluna-
rium, 559, 561

Luschka, foramen of, 867, 969
gland of, 1450

Lutein cells, 1400
Luys, body of, 905
centrum medium of, 905

Lymph, 767
nodes, antecubital, 781

aortic, 788
appendicular, 791
auricular, posterior, 774
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Lymph nodes, axillary, 782
bronchiomediastinal, 801
buccal, 776
cervical, 777, 779
of Cloquet, 786
colic, 791
cystic, 790
definition of, 768
diaphragmatic, 798
epitrochlear, 782
of face, 774, 776
gastric, 790
gastroepiploic, 790
of head, 774
hepatic, 790
humeral, 782
hypogastric, 787
ileal, 791
ileocolic, 791
iliac, 787, 788
infraclavicular, 782, 783
inguinal, 785, 786
interbronchial, 801, 1179
intercostal, 798
jugular, 778
Ungual, 776
of lower extremity, 784

• lumbar, 788
mammary, 798
mandibular, 776
mastoid, 774
maxillary, 776
mediastinal, 800
mesenteric, 790, 791
mesocolic, 791
middle, of Stahr, 778
of neck, 774, 777
obturator, 787
occipital, 774
pancreaticoduodenale, 793
paracardial, 790
parietal, 787, 798
parotid, 774
pectoral, 782
peritracheobronchial, 1 179
popliteal, 784
preaortic, 789
preauricular, 774
prelaryngeal, 779
pretracheal, 779
retroaortic, 789
retropharyngeal, 776
retropyloric, 790
of Rosenmiiller, 786
sacral, 788
splenic, 790
subclavian, 783
submaxillary, 778
submental, 779
subparotid, 776
subpyloric, 790
subscapular, 783
substernomastoid, 779
supraclavicular, 779
suprahyoid, 779
supratrochlear, 782
of thorax, 798
tibial, 784
of trachea, 1179
tracheobronchial, 800
of upper extremity, 781, 782

_
visceral, 790, 800

sinuses, 768
spaces, 767

periscleral, 1086
perivascular, 707
supraseleral, 1086

-vascular system, 547
Lymphatic or Lymphatics, 767

applied anatomy of, 770
duct, right, 773
extracranial, 774
glands. See Lymph nodes,
intracranial, 774
origin of, 769

Lymphatic or Lymphatics, pas-
sages of eyeball, 1109

pharyngeal ring, 1234
sacs, primary, 770
structure of, 769
terminations of, 769
trunks, intestinal, 772

lumbar, 772
vessels of abdomen, 787, 789,

790
of abdominal viscera, 792
afferent, 768
of anus, 794
of arteries, 574
of auditory meatus, exter-

nal, 777
of bladder, 796
of bone, 41
of cecum, 1300
of common bile-duct, 796
development of, 769
of diaphragm, 799
of duodenum, 793
efferent, 768
of external genitals, 790
of face, 774, 777
of Fallopian tube, 797
of gall-bladder, 795
of head, 774
of heart, 802
intercostal, 799
of intestine, large, 794

small, 793
of kidney, 796
of labia majora, 1415
of liver, 794
of lower extremity, 786, 787
of lungs, 802
of mammary gland, 798
of membrana tj^mpani, 1131
of mouth, 777
of muscles of neck, 780
of nasal fossa>, 777
of neck, 774, 780
of nose, 1081
of oesophagus, 802
of ovaries, 797
of pancreas, 796
of parotid gland, 1225
of pelvic viscera, 792
of pelvis, 789, 790
of penis, 1390
of perineum, 790
of pinna, 777
of pleura, 802
of prostate, 796
of rectum, 794
of reproductive organs, 796
of scalp, 776
of seminal vesicles, 797
of skin, 1156
of spermatic cord, 1377
of spleen, 796, 1446
of stomach, 792, 1279
of submaxillary gland, 1226
of suprarenal glands, 796,

1449
of testes, 796
of thoracic viscera, 802

wall, 798
,of thorax, 798
of thymus gland, 802
of thyroid gland, 1438
of tongue, 777
of tonsil, 1231
of upper extremity, 783, 784
of ureter, 796
of urethra, 796
of urinary organs, 796
of uterus, 797
of vagina, 797
of vas deferens, 797
of vermiform appendix, 1300

Lymphoglatidulae, 768
auriculares anteriores, 775

Lymphoglandvlae auriculares pos-
ieriores, 774

axillares, 782
bronchioles, 801, 1179
cervicales pro/undue, 779

inferiores, 779
superficiales, 777
stiperiores, 779

coeliacae, 795
facialcs profundae, 776
gastricae inferiores, 790

superiores, 790
hepaticae, 790
hypogastricae, 787
inguinales, 785
intercostales, 798
lingunles, 776
lumbales, 788
mediastinales anteriores, 800

posteriores, 800
mesentericae, 790
occipitales, 774
pancreaticolienales, 790
parotideae, 774
pectorales, 782
popliteae, 784
suhinguinales, 785

profundae, 786
suhmaxillares, 778
tibialis anterior, 784
tracheales, 801, 1179

M
McBurney's point, 1298, 1313
Macewen's supramcatal triangle,

81, 151
Macula acustica sacculi, 1141

lutea, 1100, 1104
idriculi, 1141

Majendie, foramen of, 845, 867,
969

Malar arteries, 610
bone, 107
canal, 108
foramen, 107, 136
nerve, 998

of superior maxillary, 983
process of maxillae, 101, 104

Male breast, 1433
reproductive organs, 1371
urethra, 1366

Malleolar arteries, 698, 703
folds, 1130
sulcus, 238

Malleolus, external, 237
internal, 235
lateralis, 237
medialis, 235

Malleus, 1131
ligaments of, 1133
processus anterior [Folii], 1132

lateralis, 1132
Malpighian body, 1350

capsule, 1350
corpuscles, 1445
layer of skin, 1152
tuft, 1350

Mamma virilis, 1433
Mammae accessoridae muliebris,

1430
Mammary artery, external, 638

internal, 631
gland, 1428

applied anatomy of, 1432
areola of, 1429
arteries of, 1432
lymphatic vessels of, 798,

1432
nerves of, 1432
prolongation of, 1430
variations in, 1429
veins of, 1432

lymph nodes, internal, 798
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Mammary veins, 734
Maimiiillary duct. 1430
Mandible, 115

changes produced in, by age,

119
condyle of, 118
condyloid process of, 118
coronoid proces.s of, 118
depressors of, 388
oblique line of, 117
perpendicular portions of,

117
side views of, at different

periods of life, 119
symphysis of, 115

Mnndihuln, 115
Mandibular lymph nodes, 776

nerve, 987
from facial, 998

region, nuiscles of, 374
Manubrium mallei, 1131

sterni, 157
Marchi's tract of cord, 839
Margin of orbit, 101
Marginal cusp of mitral valve,

561
g>Te, 923
tract of spinal cord, 836
veins, 709

Margo amtus, 552
axillaris, 175
ciliaris, 1096
dorsalis corpus radii, 191

idnae, 187
frontalis, 76
infraorbitnlis, 101, 137
lambdoideits, 73
lateralis, 180
mastoi'iru,^. 73
medialis, 180

corpus (ibiac, 234
nasi, 1079
obtusus, 552
occipitalis, 76
pupillaris, 1097
sagittali^, 76
aquamosus, 76
supraorbitalis, 77, 137
vertcbralis, 175
volaris corpus radii, 191

ulnae, 187
Marrow, bone, 40

cells, 40
Marshall, oblique vein of, 550,

709
vestigial fold of, 550

Martinotti, cells of, 952, 953
Massac laierales, 51
Masseter muscle, 377

surface form of, 380
Masseteric artery, 601

fascia, 377
ncr\-e, 987

Mastoid air cells, 1127
antrum, 83
artery, 596
bone, sigmoid fossa of, 82
cells, 83
foramen, 82, 128, 133
lymph nodes, 774
portion of temporal bone, 82
I>rocess of temporal bone, 82

Masto-occipital suture, 73, 122
Mastoparietal suture, 122
Matrix of nails, 1157

unguis, 1157
Maxillffi, 100

alveolar process of. 104
malar process of, 104
nasal process of. 104
palatal process of, 104

Maxillary artery, 598
atrium, orifice of, 141
hiatus, 102
lymph nodes, 776

Maxillary nerve, 982, 987
process of jialate lx)ne. 111

of turbinated bone, 114
region, muscles of, 373
sinus, 101, 103
tuberosity, 102
vein, 712

Meatus acusticus extemus, 1122
cartilagineus, 1122
osseous, 1122
pars externa, 1122

interna, 1122
media, 1122

intcrnus, 85
auditory, 1 122

external, 88, 133
internal, 85, 128

nasi inferior, 1082
me-dius, 1082
superior, 1082

of nose, 98, 110
atrium of, 141

urinarius, 1369
Meckel's cartilage, 118

diverticulum, 1289
ganglion, 984

Median nerves, 1034
veins, 730

Mediastinal arteries, 632, 654
lymph nodes, 800
pleura, 1183
plexus, subpleural, 632

Mediastinum, 1185
applied anatomy of, 1188
testis [corptis Hiohmori], 1380

Medicommis.sure, 903
Medicornu, 938
Medidural artery, 600
Medifrontal fissures, 919

gyre, 921
Mediotarsal articulation, 349
Medipedunculi, 890
Meditemporal fissure, 924

g>'re, 924
Medulla of kidneys, 1349

oblongata, 861
areas of, 862
fissures of, 861
funiculus of, 863
oli\"e of. 863
pjTamids of, 863, 869
restis of, 864
tuberculum cinereum of, 864
veins of, 721

ossium rubra, 40
spiyialis, 820

Medullary arteries, 619
body, 888
canal of bone, 35
ca^^ty, formation of, 45
pjTamids, 1349
rays, 1349
sheath of Schwann. 811
velum, inferior, 884, 891

posterior, 888
superior, 884, 891

Medullated axis-cj'linder proc-
esses. 811

Megacephalic skulls, 145
Meibomian glands, 1114
Meissner and Wagner, louch

corpuscles of, 816
Meissner's plexus of ner\-es, 1279
Membrana adamantina, 1214

atl/intooccipitalis anterior, 275
posterior, 276

basilaris, 1138, 1143
cricothyroidea. 1165
flaccida of Shrapnell, 1130
hyaloidea, 1105
hyothyreoidea, 1167
interossea antebrachii, 312

cruris, 341
mucosa nasi, 1083
nictitans, 1115

Membrana obturatoria, 517
stapedis, 1-133

pupillaris, 1100
sacciformis, 318
sterni, 286
tectoria, 277, 1147
tympani, 87, 1122, 1128

arteries of, 1131
lymphatics of, 1131
nerves of, 1131
secundaria, 1126, 1140
stratum circulare, 1131

mvuMsum, 1130
radiatum, 1131

veins of, 1131
vestibularis [Reissneri], 1144

Membrane, basilar, 1143
Bowman's, 1091
of brain, 964
of Bruch, 1093
of Corti, 1147
costocoracoid, 459
cricothyroid, 1165, 1168
of Demours, 1091
of Descemet, 1091
of Henle, fenestrated, 573
of Hensen, 356
hyaloid, 1106
intercostal, 417
of KoUiker, 1147
of Krause, 356
Nasmyth's, 1211
otohth, 1143
peridental, 1212
of Reissner, 1144
of Ruysch, 1093
Schneiderian, 1083
serous, of diaphragm, 421
of spinal cord. 842
sutural, 263
synovial, 2.59, 261
thyrohyoid, 1164, 1167
tvmpanic, 1128
vitelline, 1400

Membranous canal of cochlea,
1144

labyrinth of ear, 1140
primordial cranium, 141
semicircular canals, 1142

Meningeal artery, 596, 597
anterior. 609
middle. 600
posterior, 597, 621
small, 600

nerv-e, 983
from hypoglossal, 1011
from internal maxillary,

987
from vagus, 1005

veins, 719
Meninges of brain, 964

encephali, 964
Meningocele, 149
Meningorachidian veins, 843
Menisci, 334

articulares, 260
Meniscofemoral joint, 338
Meniscotibial joint, .338

Meniscus lateralis, 335
medialis, 334

Mental arten,-, 601
foramen 116, 136
point of skull, 146
process, 116, 135
tubercles, 116

Mesal plane of skull. 146
Mesencephalic root nuclei, 884
Mesencephalon, 893
Mesenteric arteries, 663, 666
lymph nodes, 790
peritoneum, 1249
plexus of nerves, 1076
veins, 753

Mesentericomesocolic fold, 1266
Mesentericoparietal fold, 1267
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Mesenteriolum processus vermi-

formis, 1265
Mmenteriutii, 1263
Mesentery. 1263

of vermiform appendix, 1265
Mesoappeiidix, 1265, 1299
Mesocele, 897
Mesocephalic skull, 145
Mesocolic liand, 1310

fosssp, 1266
lymph nodes, 791

Mesocolon, ascending, 1264
descending, 1264
sigmoid, 1264
transverse, 1264

Mesocolon ascendens, 1264
descendens, 1264
sigmoideum, 1264
transversurn, 1264

Mesogastrium, 1249
Mesognathion, 106
Mesometrium, 1407
Meson planes of body, 34
Mesonephros, 1420
Mesorbital gyre, 920, 922
Mesorchium, 1423
Mesosigmoid, 1306
Mesosternum, 157
Mesovarium, 1398, 1407, 1423
Metacarpal bones, 201

of index finger, 202
of little finger, 203
of middle finger, 202
nutrient canal of, 201
foramen of, 201

peculiar characters of, 202
of ring finger, 203
of thumb, 202

spaces, 202
Metacarpophalangeal articula-

tions, 320
surface form of, 321

Metacarpus, 201
Metanephros, 1425
Metapore, 845, 867, 969
Metasternum, 157
Metatarsal artery, 699

articulation, synovial mem-
brane in, 353

bones, 249
articulations of, 252, 352
common characters of, 250
fifth, 252
first, 250
fourth, 251
peculiar characters of, 250
second, 251
third; 251

ligament, transverse, 353
veins, 741

Metatarsophalangeal articula-
tions, 353

Metopic suture, 121
Meynert, fasciculus retroflexus

of, 906
Microcephalic skulls, 145
Midbrain, 893
aqueduct of, 897
central aqueduct gray, 897
crusta of, 900
development of, 855
fiber tracts of, 899, 900
gray masses in, summary of,

900
intercalatum of, 897
pes of, 900
structure of, 894, 896
substantia nigra of, 897
tegmentum of, 896

Midgut, 1247
Milk teeth, 1205
Mitral orifice, 560

valve, 561
Mixed articulation, 264
Moderator band, 558

Modiolus, 1138, 1139
Molar glands, 1200

teeth, 1207
Moll, glands of, 1113
Monakow's tract of cord, 839
Monaxonic neurones, SIO
Monro, foramen of, 936
Mons Veneris, 1415
Montgomery, glands of, 1429
Monticulus cerehelli, 885
Morgagni, crypts of, 1310

hydatids of, 1402
sinus of, 395
valves of, 1310

Moss fibers of Ramon y Cajal,

893
Motor area of brain, 959
end plates, 816
neurones, 804
root of spinal cord, 823

Mouth, 1199
angle of, 1199
aperture of, 1199
applied anatomy of, 1204
cavity of, 138, 1201
development of, 1204
floor of, 1201
lymphatic vessels of, 777
structure of, 1201
vestibule of, 1200

Movable articulations, 264
Mucous membrane of bladder,

1364
of cecum, 1310
of cheeks, 1200
of colon, 1310
of larynx, 1174
of nasal fossse, 1083
of nose, 1081
of small intestine, 1289
of soft palate, 1203
of stomach, 1275
of tongue, 1217
of trachea, 1178
of tympanum, 1134
of uterus, 1410
of vagina, 1414

Miiller, muscle of, 371
nerve fibers of, 1104
ring muscle of, 1096

Miillerian duct, 1423
Multifidus spinae muscle, 413
Multip^nniform muscle, 358
Multipolar nerve cells, 808
Muscle or Muscles, 355

of abdomen, anterio-lateral,
423

posterior, 439
abductor hallucis, 538

indicis, 494
minimi digiti, foot, 539

hand, 493
pollicis, 489

longus, 485
accelerator urinae, 443
of acromial region, 462
adductor brevis, 514

longus, 513
magnus, 514
minimus, 514
obliquus hallucis, 541

pollicis, 492
transversus hallucis, 541

pollicis, 492
anconeus, 482
anomalous, 361
antitragicus, 1121
applied anatomv of, 359
of arm, 461, 467
arrectores pilorum, 1161
of articulations of elbow-joint,

308
of shoulder-joint, 303

aryepiglottic, 1173
arytenoideus, 1172

Muscle or Muscles, attachment
of, 357

attollens aureni, 366
attrahans aurem, 306
of auricular region, 365
azygos uvulae, 398
of back, 403
biceps, 469

femoris, 522
flexor cubiti, 469

biventer cervices, 413
biventral, 358
brachialis anticus, 469
brachioradialis, 479
of buccal region, 374
buccinator, 375
cardiac, 355
cervicahs ascendens, 412
chondroglossus, 393
ciliary, 1095
coccygeus, 453
complexus, 412
compressor bulbi, 444
hemisphaerium bull)i, 444
naris, 372
narium minor. 372
urethrae, 448

constrictor, inferior. 394
middle, 395
radicis penis, 444
superior, 395
urethrae, 448

coracobrachialis, 468
corrugator cutis ani, 453

supercilii, 367
of cranial region, 362
of cranium, ,362

cremaster, 430
cricoarytenoid, 1172
cricothyroid, 1172
crureus, 511
of deglutition, 397
deltoid, 462
depressor alae nasi, 372

anguli oris, 374
labii inferioris, 374

detrusor urinse, 1363
development of, 361
of diaphragm, 418
digastric, 388
dilator naris, anterior, 372

posterior, 372
of dorsal region, 537
erector clitoridis, 446

penis, 444
spinae, 410

of expression, 380
extensor brevis digitorum, 537

pollicis, 483
carpi radialis brevior, 479

longior, 479
ulnaris, 482

coccygis, 414
communis digitorum, 480
indicis, 484
longus digitorum, 527

pollicis, 484
minimi digiti, 481
ossis metacarpi pollicis, 482
proprius hallucis, 527

of face, 362
of femoral region, anterior, 505

internal, 512
posterior, 522

fibers, 355
of fibular region, 534
fixation, 359
flexor accessorius, 539

brevis digitorum, 538
hallucis, 541
minimi digiti, foot, 541

hand, 493
pollicis. 490, 492 (note)

carpi radialis, 473
ulnaris, 474
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Muscle or Muscles, flexor longus
digitoruin, 533

hallucis, 532
poUicis, 476

profundus digitorum, 476
sublimis digitorum, 475

of foot, 536
of forearm, 471
form of, 357
frontaU.s, 364
fusiform, 358
gastrocnemius, 528
geinelli, 520
geniohyoglossus, 391
geniohyoid, 390
of gluteal region, 515
gluteus maxinius, 515

medius, 516
minimus, 517

gracilis, 512
hamstring, 522
of hand, 486
helicis major, 1121

minor, 1121
of hip, 515
Horner's, 367
of humeral region, 467, 470
hyoglossus, 391
of iliac region, 502
iliacus, 504
iliococcygeus, 452
iliocostalis, 410
iliopsoas, 504 (note)
Uiosacralis, 452
incisi\'us, 375
inferior oblique, 370
infracostales, 417
of infrahyoid region, 386
infraspinatus, 465
insertion of, definition of, 359
intercostal, 417
interossei, foot, 541

of hand, 494
interspinales, 414
intertransversales, 414
involuntary, 355

nonstriated, bloodvessels of,

357
nerv'es of, 357

ischiobulbosus, 444
of ischiorectal region, 453
of larynx, 1172
latissimus dorsi, 406
of leg, 525
levator anguli oris, 373

scapulae, 407
ani, 450
glandulae thyroideae, 1436
labii superioris, 373

alaeque nasi, 372
menti, 374
palati, 397
palpebrae superioris, 369
penis, 444
prostatae, 452

levatores costarum, 417
ligamentous action of, 367
of lingual region, 391
liuEualis, 393
longissimus dorsi, 412
longus colli, 401
of lower extremity, 501
lumbricales, foot, 540

hand, 493
of mandibular region, 374
masscter, 377
of maxillarv- region, 373
Mailer's, 371
multifidus spinae, 413
multipennate. 358
mylohyoid. 389
of nasal region. 372
nasolabialis. 375
of neck, 380
of nose, 1081

Muscle or Muscles, oblique, as-
cending, 428

descending, 424
external, 424
internal, 428

obliquus auriculae, 1121
inferior, 415
superior, 415

obturator externus, 521
internus, 518
occipitalis, 363

occipitofrontalis, 363
omohyoid, 388
opponens minimi digiti, foot,

541
hand, 493

pollicis, 490
orbicular, 358
orbicularis oris, 374

palpebrarum, 366
orbital, 368, 371
origin of, definition of, 359
of palatal region, 397
palatoglossus, 398
palatopharjngeus, 398
of palmar region, 493
palmaris bre^'is, 492

longus, 474
of palpebral region, 366
papillary, 558
pectineus, 513
pectoralis major, 456

minor, 460
of pel\'ic outlet, 440
penniform, 358
of perineum in female, 445

in male, 442
peroneus bre\'is, 535

longus, 534
tertius, 527

of pharj'ngeal region, 394 '

of pinna of ear, 1121
of plantar region, 537
plantaris, 530
platysma, 381
popliteus, 531
pronator quadratus, 478

teres, 472
psoas magnus, 504

par\'us, 504
pter>-goid, 379, 380
of pter>'gomandibular region,

379
pubocavernosus, 444
pulx)coccygeus, 452
puborectalis, 452
pvramidalis, 435

na.si, 372
pyriformis, 517
quadratus femoris, 520
lumborum, 439
menti, 374

quadriceps extensor, 509
quadrilateral, 358
of radial region, 479, 489
of radioulnar region, 472, 480
recti, 370
rectococcygeal, 1311
rectouterinus, 140^
rectovesical, 1362
rectus abdominis, 433

capitis anticus, 400
lateralis, 400 .

posticus, 414
femoris, 510

retrahens aurem. 366
rhomboideus. 407
ring, of Miiller, 1096
risorius, 377
rotatores spinae. 413
salpingopharyngeus, 399
sartorius, .508

scalenus anticus, 401
medius, 401
posticus, 402

Muscle or Muscles of scapular
region, 463, 464

semimembranosus, 524
semispinalis coUi, 413

dorsi, 413
semitendinosus, 524
serratus magnus, 461

posticus, 408
of shoulder, 461
skeletal, 355
of soft palate, 1203
soleus, 529
spinalis colli, 412

dorsi, 412
sphincter, 358

ani, 453, 454
recti, 452
urethrae membranaceae, 448
vaginae, 445

spindle, 357
spindles of Kiihne, 817
splenius capitis, 409

colli, 409
stapedius, 1134
sternalis, 459
sternohj'oid, 386
sternomastoid, 385
sternothyroid, 387
striated, 355
striations of, cross, 356

longitudinal, 356
striped, 355
styloglossus, 392
stylohyoid, 389
stylopharyngeus, 396
subanconeus, 471
subcla\aus, 460
subcrureus, 512
subscapularis, 464
substance, 356
of superficial cervical region,

381
superior oblique, 370
supinator [brevis], 482

longus, 479
of suprahyoid region, 388
supraspinales, 414
supraspinatus, 464
suspensorj', of duodenum, 1285
synergic, 359
tarsal, 369, 370
temporal, 378
of temporomandibular region,

377
tensor fasciae femoris, 508

palati. 397
tarsi, 367

teres major, 466
minor, 466

of thigh, 505
of thoracic region, 455, 461
of thorax, 416
thjToarj-tenoid, 1173
thjToepiglotticus, 1173
thjTohyoid, 387
tibialis anticus, 526

posticus, 533
of tibiofibular region, anterior,

525
posterior, 528

of tongue, 393
trachealis. of Todd and Bow-
man, 1178

tracheloma-stoid, 412
tragicus, 1121
transversalis, 432

capitis, 412 (note)
cer%ncis, 412

transverse perineal, 442, 445
transversus auriculae, 1121

perinei profundus, 448
trapezius, 404
triangular, 358
triangularis sterni, 417
triceps, 470
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Muscle or Muscles, triceps ex-

tensor ciibiti, 470
of trunk, 403
of tympanum, 1134
of ulnar region, 492
unstriped, 355
of upper extremity, 454
of ureters, 1363
variable, 361
vastus externus, 510

internus, 511
vegetative, 355
of vertebral region, 400, 401
voluntary, 355

arteries of, 356
nerves of, 357
veins of, 357

zygoraaticus major, 373
minor, 373

Muscidi arrectores jrllorum, 1161
intercostales externi, 417

interni, 417
interossei, 493

dorsales, 494
volares, 494

interspinales, 414
intertransversarii, 414
laxator tjTnpani major et mi-
nor, 1134

levatores costarum, 417
lumbricales, 493
papillares, 558, 561
pectinati, 554, 557, 559
rotatores, 413
subcostales, 417
supraspinales, 414

Musculocutaneous nerve, 1060
Musculophrenic artery, 632
Musculospiral groove, 180

nerve, 1037
Muscidiis abdiictor digiti quinti,

492, 539
brevis, 493

hallucis, 538
poUicis brevis, 489

longus, 482
accessorius, 410
adductor brevis, 514

longus, 513
magnus, 514
minimus, 514
pollids, 490
transversus poUicis, 492

anconaeus, 482
antitragicus, 1121
articularis genu, 512
auricularis anterior, 3G8

posterior, 366
superior, 363

arytenoideus obliquus, 1172
transxiersus, 1173

biceps brachii, 469
capvi breve, 469

longum, 469
fem.oris, 522

capwi breve, 523
longum, 522

bipennatus, 358
biventer ceroids, 413
brachialis, 469
hrachioradialis, 479
buccinator, 375
bulbocavernosus, 443, 445, 675
caninus, 373
capitis posterior major, 414

minor, 414
chondroglossiis, 392
ciliaris, 1095

fibrae circulares, 1096
meridianales, 1095

coccygeus, 453
compressor bulhi, 444

hemisphaerium hulbi, 444
constrictor isthi faudum, 391

(note)

Muscxdus constrictor pharyngis
inferior, 394

m.edius, 395
superior, 395

radicis penis, 444
coracobrachialis, 468
cremaster, 430, 1374
cricoarytenoideus lateralis, 1172

posterior, 1172
cricothyreoideus, 1 172
deltoideus, 462
depressor septi, 372
digastricus, 388
dilatator pupillae, 1099
epicranius, 363
erector clitoridis, 1418
extensor carpi radialis brevis,

479
longus, 479

digiti quinti proprius, 481
digitorum brevis, 537

communis, 480
longVfS, 527

hallucis longus, 527
indicia proprius, 484
poinds brevis, 483

longum, 484
flexor carpi radialis, 473

ulnaris, 474
caput humerale, 474

ulnare, 474
digiti quinti brevis, 541
digitorum brevis, 538

longus, 533
profundus, 476
sublimis, 475

caput humerale, 475
radiale, 475
ulnare, 475

poUicis brevis, 490
longus, 476

frontalis, 363
gastrocnemius, 528

copwi laterale, 528
mediate, 528

gemellus inferior, 520
superior, 520

genioglossus, 391
geniohyoideus, 390
glossopalatinus , 398
gluiaeus maximus, 515

medius, 516
minimus, 517

gracilis, 512
hallucis longus, 532
helicis major, 1121

minor, 1121
hyoglossus, 391
Uiacus, 504
iliococcygeus, Ab'l

iliocostalis cervicis, 412
dorsi, 410
lumborum, 410

iliosacralis, 452
indsivus inferior, 375

superior, 375
infraspinatus, 465
interossei, 541

dorsales, 541
plantares, 542

ischiobulbosus, 444
ischiocavernosxis, 444, 446, 675
latissimus dorsi, 406
levator scapulae, 407

reK palatini, 397
longissimus capitis, 412

cervicis, 412
dorsi, 412

longiludinalis inferior, 393
superior, 393

longus capitis, 400
coiZi, 401

lumbricales, 540
mxisseter, 377
mentalis, 374

Musculus jnultifidus, 413
mylohyoideus, 389
nasalis, 372
nasolabialis, 375
obliquus auriculae, 1121

capitis inferior, 415
superior, 415

externus abdominis, 424
internus abdominis, 428
ocmK inferior, 370

superior, 370
obturator externus, 521

internum, 518
occipitalis, 363
omohyoideus, 388
opponens digiti quinti, 493

pollids, 490
orbicularis oculi, 366

oris, 374
orbitale, 371
ossiculorum audities, 1134
palmaris brevis, 492

longus, 474
pcctineus, 513
pectoralis jnajor, 456

minor, 460
peronaeus brevis, 535

longus, 534
tertius, 527

pharyngopalatinus, 398
piriformis, 517
plantaris, 530
platysma, 381
popliteus, 531
procerus, 372
pronator quadratus, 478

<eres, 472
caput humerale, 472

ulnare, 472
psoas major, 504

minor, 504
pterygoideus externus, 379

internus, 380
pubocavernosus, 444
pubococcygeus, 452
puborectalis , 452
pubovesicalis , 1363
pyramidalis, 435
quadratus femoris, 520

tobii inferioris, 374
lumborum, 439
plantae, 539

quadriceps femoris, 509
rectococcygeus, 1310
rectouterinu^, 1408
rectovesicalis, 1362
rectus abdominis, 433

capitis anterior, 400
lateralis, 400

femoris, 510
rhomboideus majnr, 407

minor, 407
risorius, 377
sacrospinalis, 410
salpimjopharyngeus, 399
sartorius, 508
scalenus anterior, 401

medius, 401
posterior, 402

semimembranosis, 524
semispinalis capitis, 412

cervicis, 413
dorsi, 413

semitendinosus, 524
serratus anterior, 461

posterior inferior, 408
superior, 408

soleus, 529
sphincter ani externus, 453

internus, 454
pupillae, 1099
pylori, 1273
r-ec<t, 452
urethrae memhranacea, 448,

1368
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Mtisculus spinalis ccrvicis, 412
dorsi, 412

splenius capitis, 409
cervicis, 409

stapedius, 1134
sternocleidomastoi-leus, 3S5
sternohyoideits, 386
sternothyreoideiis, 387
styloglossus, 392
stylohyoideus, 389
stylopharyn'jvu^, 396
subclarius, 460
suhscapidaris. 464
supinator, 482
supra.spinottis, 464
suspensorius duodenum, 1285
temporalis, 378
tensor fasciae latae, 508

rfZi palatini, 397
teres jnajor, 466

minor, 466
thyrcoarytenoiieus, 1 1 73
thyreoepiglolticus, 1173
thyreohyoideus, 387
tibialis anterior, 526

posterior, 533
transversalis capiti<^, 412 (note).

transversus abdominis, 432
auriculae, 1121
linguae, 393
menti, 374 (note)
perinei superfidalis, 442, 445
thoracis, 417

trapezius, 405
triangularis, 374
triceps brachii, 470

capid laterale, 470
longum, 470
mediale, 470

unipennatus, 358
uvulae, 398
vastus intermediui, 511

lateralis, 510
medialis, 511

verticalis linguae, 393
vocalis, 1173
zygomaticiis, 373

Myelencephalon. 861
Myelin. .sheath. 811
Myelocele, 831
Myelocytes, 40
Mylohyoid artery, 601

muscle, 389
nen'es, 989
ridge, 117

Mylohyoidean groove, 117
Myocardium, 562
Myogenic theorv of heart beat,

566
Myology, definition of, 34

N

Nails, 11.56

lunula of, 1157
matrix of, 1157

Nares, 1081
anterior, lOSl
posterior, 138, 1081

Nasal angle, 100
aperture, anterior, 138
arch of veins, 710
artery, 612

transverse, 613
bones, 99
ca\-itv, 138
crest, 105, 110
duct, 1117

applied anatomy of, 1119
canal for orifice of, 141

foramen, 99
fossae, 1081

arteries of, 1085
inner wall of, 1083

Nasal fossae, Ivmphatic vessels

of, 777, 1085
mucous membrane of, 1083
nerves of, 1085
outer wall of, 1082
veins of, 1085

index of skull, 146
meatus, atrium of, 141

inferior, 141
middle, 140
superior, 139

nerve, 980, 984
process of maxillae, 104
region, muscles of, 372
sinus, septum of, 139
sht, 139
spine, 79

anterior, 135, 139
posterior, 129, 139

surface of maxillae, 102
Nasion, 134, 146
Nasmyth's membrane, 1211
Nasofrontal suture, 122

vein, 725
Nasomaxillary suture, 135
Nasopalatine artery, 602

canal, 114
groove, 114
nerve, 986

Nasopharynx, 1229
Nasus externus, 1079
Navicular bone, foot, 246

hand, 196
Neck, arteries of, 583

fascia of. 380
lymphatics of, 774
muscles of, 380

lymphatic vessels of, 780
surface form of, 402

skin of, lymphatic ves.sels of,

780
triangles of, 385, 632
veins of, 710, 713

N^laton's line, 229, 329
Nerve or Nerves, 812

abducent, 993
acoustic, 1000
acromial, 1022
ampullar, 1001
of ankle-joint, 345
anococcygeal, 1062
Arnold's, 1005
of arteries, 574
articular, from external poi>-

liteal, 1059
from great sciatic, 1055
from internal popliteal, 1057
from posterior tibial, 1057
from ulnar, 1036

of articulations of ellx)w-joint,

308
of shoulder-joint, 303

auditory, 1000
of auditory canal, 1123
auricular, anterior, 988
from vagus, 1005
great, 1020
posterior, 997

auriculotemporal, 988
beginnings, peripheral, 815
of bile ducts. 1334
of bladder, 1365
bloodves.sels of, 813
of bone, 41
buccal, 987, 998
buccinator, 987
calcaneal, 1057
cardiac, cervical, 1007

great, 1069
inferior, 1069
middle, 1069
superior, 1068
thoracic, 1007

of cardiac muscle, 357
caroticotympanic, 1066

Nerve or Ner%'es, carotid, 1003
cavernous, 1077
cell, bipolar, 1102

body, 807
arboriform, 808
bipolar, 808
central endoplastic por-

tion, 809
Golgi, 808

peripheral exoplastic
portion, 809

multipolar, 808
stellate, 808
unipolar, 808

of cerebral cortex, 952
ciliated ependjTnal, 806
germinal, 806
glia, 818
nidi, 812
nuclei, 812
of spinal cord, 832

cervical, 1021
cervicofacial, 998
chemical composition of, 819
chorda tympani, 997
of choroid, 1099
ciliary, 981, 982
circumflex, 1030
clavicular, 1022
of chtoris, 1420
coccygeal, 1019
cochlear, 1000
communicans tibialis, 1057
communicantes hjixjglossi,

1023
of conjunctiva, 1115
of cornea, 1092
corpuscles, 816, 817
cranial, 972
crural, anterior, 1049
cutaneous, of abdomen, 1043

external, 1047
femoral, 1055
from external popliteal, 1059
from musculospinal, 1038
gluteal, 1055
internal, 1032, 1050

lesser, 1034
lateral, 1047
middle, 1050
palmar, 1036
perforating, 1060
perineal, 1055
postfemoral, 1054

dental, 984, 989
descendens hypoglossi, 1011
digastric, from facial, 998
digital dorsal, 1060
dorsal, of clitoris, 1061

of penis, 1061
of duodenum, 1287.

of dura of brain, 968
dural, 983

from hjTJOglossal. 1041
from vagus, 1005

eighth, 1000
eleventh, 1009
facial, 994
of Fallopian tube. 1402
femoral, 1049
fibers, 812

as.sociation, 954
centripetal, 810
of cerebral cortex, 952
commissural, 955
glia, 818
projection, 956
radiating, 1104
of spinal cord, 832, 834
supporting, of Miiller, 1104
sympathetic, 812
vasomotor, 813

fifth, 978
first, 973
fourth, 977
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Nerve or Nerves, frontal, 980
of gall-bladder, 1334
ganglion of, of Andersch, 1002

aorticorenal, 1073
of Bochdalek, 984
cardiac, of Wrisberg, 1072
carotid, 1066
cervical, 1069
ciliary, 982
coccygeal, 1072
Gasserian, 978
geniculate, 996
impar, 1072
inferior, 1002, 1005
jugular, 1002, 1005
lenticular, 982
Meckel's, 984
ophthalmic, 982
otic, 989
petrous, 1002
of Scarpa, 1000
semilunar, 978, 1073
sphenopalatine, 982, 984,

986
spiral, 1000
submaxillary, 990
superior, 1002
of Valentin, 984
vestibular, 1000

gastric, 1007
genitocrural, 1047
genitofemoral, 1047
gingival, 984
glossopharyngeal, 1001
gluteal, 1054
granules, 1103
of heart, 565
hemorrhoidal, inferior, 1061
of hip-joint, 327
hypogastric, 1046
hypoglossal, 1010
iliac, 1046
iliohypogastric, 1045
ilioinguinal, 1046
infraclavicular, 1029
infraorbital, 982 (note), 998
infratrochlear, 981
intercostal, 1040
intercostobrachial, 1042
intercostohumeral, 1042
interosseous, anterior, 1036

volar, 1036
of involuntary striated muscle,

357
.of iris, 1099
Jacobson's, 1002
of kidneys, 1354
of knee-joint, 337

' of labia majora, 1415
labial, 984
lacrimal, 980
of large intestine, 1312
laryngeal, 1068

inferior, 1007
recurrent, 1007
superior, 1006

of larvnx, 1174
lingual, 988

from glossopharyngeal, 1003
of liver, 1331
lumbar, 1020
lumboinguinal, 1047
of lungs, 1196
malar, 998

of superior maxillary, 983
from facial, 998

of mammary gland, 1432
mandibular, 987

from facial, 998
masseteric, 987
maxillar>', inferior, 987

superior, 982
median, 1034
of membranan tympani, 1131
meningeal,. 983

Nerve or Nerves, meningeal,
from hypoglossal, 1011

from inferior maxillary, 987
from vagus, 1005

muscular, of brachial plexus,
1028

from glossopharyngeal, 1003
from great sciatic, 1055
from hypoglossal, 1012
from internal plantar, 1059

poi)liteal, 1057
from median, 1035
from musculospinal, 1037
from posterior tibial, 1057
from ulnar, 1036

musculocutaneous, 1031, 1060
musculospiral, 1037
mylohyoid, 989
nasal, 980, 984

fossae, 1085
nasopalatine, 986
ninth, 1001
of nose, 1081
obturator, 1047

accessory, 1049
occipital, great, 1017

smaU, 1020
third, 1017

oculomotor, 976
of oesophagus, 1239
olfactory, 973
ophthalmic, 979
optic, 974
orbital, 983
origin of, 814
of ovaries, 1401
palatine, 986
palpebral, 984
of pancreas, 1341
papillae, 1154
parotid, 988
of parotid glands, 1225
patellar, 1051
of penis, 1390
pericranial, 980
perineal, 1061
peroneal, 1057, 1059
petrosal, 985

deep, 1066
superficial, 989, 996

pharyngeal, 986, 1003, 1006,
1068

phrenic, 1024
of pia of brain, 970
plantar, 1057, 1058
of pleura, 1185
plexus of abdominal aortic,

1076
Auerbach's, 1279
brachial, 1026
cardiac, 1072
carotid, 1066
cavernous, 1066
cervncal, 1018, 1020
coccygeal, 1062
cceliac, 1008, 1073
colic, 1076
coronary, 1073, 1076
cystic, 1076
gastric, 1076
gastroduodenal, 1076
gastroepiploic, 1076
hemorrhoidal, 1077
hepatic, 1076
hypogastric, 1077
ileocolic, 1076
infraorbital. 984, 998
intestinal, 1076
lumbar, 1044
lumbosacral, 1044
Meissncr's, 1280
mesenteric, 1076
oesophageal, 1007, 1073,

1075
ovarian, 1076

Nerve or Nerves, plexus, pan-
creatic, 1076

pancreaticoduodenal, 1076
patellar, 1051
pelvic, 1077
pharyngeal, 1003, 1006
phrenic, 1074
prostatic, 1077
pudendal, 1060
pulmonary, 1073

posterior, 1005
pyloric, 1076
renal, 1008, 1075
sacral, 1053
sigmoid, 1076
solar, 1073
spermatic, 1076
splenic, 1008, 1076
suprarenal, 1074
thyroid, 1069
tympanic, 1002
uterine, 1077
vaginal, 1077
vertebralis, 1069
vesical, 1077

pneumogastric, 1003
popliteal, 1055, 1059
of prostate gland, 1395
pterygoid, 987, 988
pterygopalatine, 986
pudendal, 1055
pudic, 1061
pulmonarv, 1007
radial, 1038
recurrent, 987
respiratory, of Bell, 1024, 1029
sacral, 1019
of salivary glands, 1226
saphenous, 1056, 1057
scapular, posterior, 1029
sciatic, 1054, 1055
scrotal, long, 1055
second, 974
of seminal vesicles, 1385
seventh, 994
sheath of, 812
sixth, 993
of skin, 1156
of small intestine, 1295
spermatic, 1047 '

sphenoidal, 990
sphenopalatine, 983
spinal, 1012

accessory, 1009
spindles, 817
splanchnic, 1071
of spleen, 1446, 1449
sternal, 1022
of stomach, 1279
structure of, 812
stylohyoid, 998
subcutaneus malae, 983
of submaxillary gland, 1226
subscapular, 1030
supraclavicular, 1022
supraorbital, 980
suprascapular, 1029
supratrochlear, 980
system, 803

central, 819
development of, 804
structure of, 807
supporting tissue elements

of, 818
sympathetic, 1063

tarsal, 1059
of taste, 1149
temporal, from facial, 998

from internal maxillary, 987
from superior maxillary, 983

temporofacial, 998
temporomalar, 983
of temporomandibular articu-

lation, 281
tenth, 1003
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Nerve or Nerves, termination of,

S17
third, 976
thoracic, 1018

anterior, 1030
long, 1029
posterior, 1029

thoracicolumbar, 1043
thoracoabdominal intercostal,

1043
of th\Tnus gland, 1440
thvrohvoid, 1011
thvroid. 1069
of thyroid gland, 1438
tibial, 1055

anterior, 1059
posterior, 1057

tissue, development of, 806
of tongue, 1221
of tonsil, 1231
tonsillar, 1003
tract, cerebellospinal, 838

Lowenthal's, 840
ventral cerebrospinal, 840

Monakow's, h39 .

prepvramidal, 839
trifacial, 978
trigeminal, 978
trochlear, 977
twelfth, 1010
tympanic, from facial, 997

from glossopharyngeal, 1002
of tympanum, 1135
ulnar, 1036
of ureters, 1358
of uterus, 1411
utricular, 1000
utriculoampullar, 1000
of vagina, 1415
of vaginal bull), 1420
vagus, 1003
vestibular, 1000
Vidian, 985, 1066
of voluntarv muscles, 357
of Wrisberg. 1034
of wrist-joint, 315

Nervi anococcygei, 1062
auriculares anteriores, 988

rami parotidei, 988
temporales superficiales,

988
carotid externi, 1068
cavernosi penis minores, 1077
cerebrates, 972
ciliares breves, 982

longi, 981
clunium infcriores [lalerales\,

1055
digitales dorsales hallucis later-

alls, 1060
pedis, 1060

plantares communes, 1057
proprii, 1058

volares communes, 1035
proprii, 1035

digiti secundi medialis, 1060
intercostales, 1041

rami anteriores, 1042
cutanei laterales, 1042
mu^culares, 1042
posteriores, 1042

labiates anteriores, 1047
posteriores, 1061

nervorum, 813
palatini, 986
patatinus anterior, 986

m.edius, 986
posterior, 986

scrotales anteriores, 1047
posteriores, 1061

sphenopatatini, 983
spinates, 1012

radix anterior, 1013
posterior, 1013

rami anteriores, 1015

Nervi spinales rami posteriores,

1014
ratmis communicans, 1015

meningeus, 1014
subscapulares, lO.'iJO

supractaviculares, 1022
anteriores, 1022
medii, 1022
posteriores, 1022

temporalis profundi, 987
thoracales anteriores, 1030

Xervu^ abducens, 993
accessorius, 1009
ramus externus, 1009

internus, 1009
acusticus, 1000, 1147

radix cocldearis, 1000
vestibularis, 1000

alveolaris inferior, 989
auriadaris magnus, 1020

posterior, 997
ramus occipitalis, 998

auriculotemporatis, 988
rami anastomotica cum n.

faciali, 988
axillaris, 1030
buccinatorius, 987
canalis pteryooidei, 985
cardiacus inferior, 1069

medius, 1069
superior, 1068

caroticotympanicus inferior,

1003
superior, 1003

caroticus internus, 1066
cavernous penis major, 1077
cocfUearis, 1147
cutaneus anlebrachii dorsalis,

1038
lateralis, 1031
medialis, 1032

brachii lateralis, 1030
medialis, 1034
posterior, 1038

co«i, 1021
rami inferiores, 1021
ramus superior, 1021

dorsalis intermedins, 1060
medialis, 1060

femoris lateralis, 1047
posterior, 1054

rami perineales, 1055
surac lateralis, 1059

ramus anastomoticus pe-
ronaeus, 1059

medialis, 1057
ramus anastomoticus pe-

ronaeus, 1057
dorsalis clitoridis, 1061

penis, 1061
scapulae, 1029

facialis, 994
fifenu internum, 994
rawi buccales, 998

temporales, 998
zygomatici, 998

ramus colli, 999
digastricu^, 998
marginalis mandibtdae,
998

stylohyoideus, 998
femoralis, 1049
frontalis, 980
gcnitofemoralis, 1047
glossopharyngeus, 1001

ganglion inferius, 1002
superius. 1002'

glutaeus inferior, 1054
superior, 1054

hemorrhoidalis inferior, 1061
hyoglossus. 1010

raw;' lingunles, 1012
ramus desrcndens, 1011

thyreohyoideus, 1011
iliohypogastricus, 1043

Nervus iliohypogastricus rami
musculnres, 1045

rarmis cutaneus anterior,
1046

lateralis, 1046
Uioinguinalis, 1046

rawii musculares, 1046
infratrochlearis, 981
intercostalis I, 1040
ramus cutaneus anterior,

1041
intercostobrachialis, 1042
intermedins, 877, 882, 955, 995
interosseus [antebrachii] dor-

salis, 1039
volaris, 1035

ischiadicus, 1055
rami articulares, 1055

musculares, 1055
jugularis, 1068
lacrimalis, 980
laryngeus superior, 1006

rami*s externus, 1006
internus, 1006

linffualis, 988
lumboinguinalis, 1047
mandibularis, 987
massetericus, 987
maxillaris, 982
romi alveolares superiores

posteriores, 984
romi gingivales supe-

riores, 984
labialis superiores, 984
nasales interni, 984
palpebrales inferiores, 984

ramits alveolaris superior
anteriores, 984

medius, 984
meatus auditorii externi, 988

ramus membranae tym-
pani, 988

medianus, 1034
rami musculares, 1035
ramus cutaneus palmaris n.

m,ediani, 1035
meningeus medius, 983
mentalis, 989
musculocutaneus, 1031
mylohyoideus, 989

rami dentales inferiores, 989
gingivales inferiores, 989

nasociliaris, 980
rami nasales laterales, 981

mediates, 981
nasopalatinus, 986
obturatorius, 1047

accessorius, 1049
ramus anterior, 1049

cidaneus, 1049
posterior, 1049

occipitalis major, 1017
minor, 1020
tertius, 1017

ocvlomotoriu^, 976
rorfix hrevis ganglii ciliaris,

977
ramus inferior, 976

superior, 976
olfactorius, 973
ophthalmicus, 979
opticus, 974
perinei, 1061
peronaeus communis, 1059

rami artieidares, 1059
profundus, 1059

rami mtiscidares, 1059
superficialis, 1060

petrosus profundus, 985, 1135
superficialis, 1135

major, 985
phrenicus, 1024
plantaris lateralis, 1058

ramws profundus, 1059
superficialis, 1058
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Nervus plantarin medialis, 1057
pterygoideus cxlernus, 988

internus, 987
pudendus, 1061
radialis, 1037

rami musculares, 1037
ramus supcrficialis, 1038

nn. digitales dorsales,

1039
recurrens, 1007

ra?ni cardiaci inferiores, 1037
superiores, 1007

saphenus, 1050
ramus infrapatcllaris, 1051

spennaticus externus, 1047
spinosits, 987
splanchnicus imvs, 1071

riMJor, 1071
minor, 1071

stapedius, 997
subclavius, 1029
subscapularis, 1029
supraorbitalis, 980
supralrochlearis, 980
temporalis profundus anterior,

987
posterior, 987

thoracalis longus, 1029
thoracodorsalis, 1030
tibialis, 1055

ra»ni articulares, 1057
musculares, 1057

calcanei laterales, 1057
mediales, 1057

ram.us articularis ad articula-

tionem talocrural?m, 1057
trigeminus, 978
trochlearis, 977
tympanicus, 1002, 1125, 1135

rami linguales, 1033
pharyngei, 1003
tonsillarrs, 1003

rainus stylopharyngeus, 1003
vlnaris, 1036

rami musculares, 1036
ramus cutaneus palmaris,

1036
dorsalis manus, 1036

nw. diqilales dorsales,

1036
profundus, 1037
superficialis, 1037

tof/iis, 1003
rami coeliaci, 1008

gastrici, 1007
hepatica, 1008
lienales, 1008
oesophagei, 1007
renales, ICiOS

ramus auricularis, 1005
meningeus, 1005
pharyngeus, 1006

vestibularis, 1147
zygomaticus, 983
ramus zygomalicofacialis, 983

zygomaticotemporalis, 983
Neumann's sheaths, 1211
Neural crest, 805

segments, 851
Neuraxone, 807
Neurilemma, 811

nucleus of, 812
Neuroblasts, 806
Ncurocentral suture, 63
Neuroepithelium, 1143
Neurofibrils, 809
Neurogenic theory of heart beat,

566
Neuroglia, 806, 818
Neurology, definition of, 34
Neuromeres, 851
Neuromuscular spindles, 817
Neurones, 803, 807

centripetal, peripheral nerve
beginnings of, 816

Neurones, diaxonic, 810
excitoglandular, 804
excitomotor, 804
monaxonic, 810
motor, 804
polyaxonic, 810
sensor, 804
theory of, 818
varied forms of, 807

Neurotendinous spindles, 817
A''M/t, 832
Nidus avis, 888

habenulae, 906
laryngei, 879
pharyngei, 879, 881

Ninth nerve, 1001
thoracic vertebra, 54

Nipple, 1428
Nissl bodies, 809
Nodes, homolymph, 768
lymph, 768
Parrot's, 151
of Ranvier, 811
of Tawara, 564

Moduli lymphatici aggrejati [Pcy-
eri], 1292

solitarii, 1292
Nodulus, 888

valvulae semilunaris [Arantii\,

559, 561
vermis, 888

Norma basalis, 128
frontalis, 134
lateralis, 132
verticalis, 123

Nose, 1079
applied anatomy of, 1085
arteries of, 1081
cartilage of, 1079
framework of, !:ony, 1079

• cartilaginous, 1079
integument of, 1081
lymphatics of, 1081
meatus of, 110
mucous membrane of, 1081
muscles of, 1081
nerves of, 1081
septum of, 138

artery of, 602
cartilage of, 1080

veins of, 1081
Nostrils, 1081
Notch, cotyloid, 213

ethmoidal, 79
intercondyloid, 225
intervertebral, 49
lacrimal, 102
popliteal, 233
preoccipital, 914
presternal, 157, 166, 171
pterygoid, 94
of Rivinus, 1130
sacrosciatic, 210, 211
sigmoid, 118
sphenopalatine, 112
supraorbital, 77, 135
suprascapular, 175
suprasternal, 403

Nuck, canal of, 1408
Nuclei, 832

of abducent nerve, 883
of acoustic nerve, 881
of auditory nerve, 881
of brain, 857
of cerebellum, 888
of cochlear nerve, 881
of facial nerve, 882
of glossopharyngeal nerve, 880
of hypoglossal nerve,- 878
of oculomotor nerve, 901
olivarii accessorii, 873

dorsalis, 873
medialis, 873

of olive, 873
pontis, 864, 876

Nuclei radicis ascendentis nervi
trigemini, 883

of solitary tract, 880
of spinal accessory nerve, 879

cord, cervical, 833
Deiters', 839
sacral, 833

of tegmentum, 897
of trigeminal nerve, 883
of trochlear nerve, 901
of vagus nerve, 880
of vestibular nerve, 881

Nucleus ambiguus, 881
amygdaline, 948
anterius, 905

thalami, 905
arcuatus, 873
caudate, 937, 946
caudatus, 946
dentatus, 888
dorsalis [Clarkii], 830, 833:

emboliformis, 889
fastigii, 889
funiculi cuneati, 863

gracilis, 863
teretis, 873

globosus, 889
globulu^s, 889
glossopharyngei , 880
hypoglossi, 1010
incertus, 876
intercalatus, 873
interpeduncular, 898
lateralis, 873, 905

thalami, 905
lenticular, 947
lentis, 1107
magnocoUularis, 881
medialis, 905
mesencepalic root, 884
olivarius inferior, 873

superior, 876
olivary, 873
postremus, 873
pulposus, 270
red, 898
salivatorius, 882
semilunaris [Flcchsigi], 905
tegmenli, 898
tractus solitarii, 882
va{ji, 880

Nuel, space of, 1147
Nuhn and Blandin, glands of,

1219
Nutrient arterv of l>rachial, 643

of fibula, 702
of tibia, 702

canal of fibula, 237
of metacarpal bones, 201
of radius, 191
of ulna, 189

foramen of fibula, 237
of metacarpal tones, 201
of radius, 191
of tibia, 234
of ulna, 189

Nymphse, 1416

Obelion, 123, 146
Obex [ventriguli] quarii, 867
Oblique diameter of ix'lvis, 216
foramen of mandiMe, 117
inguinal hernia, 1315
ligament, 311
line of clavicle, 169

of mandil)le, 117
of radius, 191
of tibia, 234
of trapezium. 199

muscles, ascending, 428
descending, 424
external, 424
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I

Oblique muscles, internal, 428
sacroiliac ligament, 290
sinus of pericardium, 549
vein of Marshall, 550, 709

Ohliquus auriculae muscles, 1121
inferior muscle, 415
superior muscle, 415

Oblongata, 861
Obstetric perineum, 1415
Oliturator artery, 673

bursa, 327
canal, 517
crest. 213
externus muscle, 521
fascia, 448
foramen, 213
groove, 211, 213, 214
intcrnus muscle, 518

bursa of, 518
ligament, 295
membrane, 517
nerve, accessory, 1049
vein, 744

Occipital artery, 595
bone, 70

articulation of atlas with,
275

of axis with, 277
bulb. 939
crest, external, 70, 132

internal. 72, 128
diploic vein, 719
fissure, 918
fossa, inferior, 128
groove, 82, 131
lobe, 924

fissures of, 924
gray substance of, 953

IjTiiph nodes, 774
nerves, 1017, 1020
point of skull, 146
protul)erance, 70, 72, 132
sinus, 723
triangle, 388, 605
vein, 713

Occipitalis muscle, 363
Occipito-atlantal ligaments, 275
Occipito-axial ligament, 277
Occipitofrontalis muscle, 363
Occipitomesencephalic tract, 957
Occipitoparietal suture, 121
Occipitopontile tracts, 950
Oculomotor nerve, 976
Odontoblasts, 1212, 1215
Odontoid ligaments, 277, 278
CEsophageal arteries, 629, 654

glands, 1239
groove, 421
opening of diaphragm, 421
plexus of nerves, 1005

(Esophagus, 1236
applied anatomy of, 1239
arteries of, 1239
lamina macularis mucosae, 1239
lymphatic vessels of, 802,

1239
nerves of, 1239
pars abdominalis, 1237

cervicalis, 1237
thoracalis, 1237

relations of, 1237
tela suhmucosa, 1239
tunica mucosa, 1239

musculnris, 1238
veins of, 735. 1239

Olecfanon, 185
bursa, 308
fossa, 182

Olfactory areas of brain, 960
bulb, 927

gray substance of, 953
fissure, 920
foramina, 138
gyre, 928
lobe, 926

Olfactory nerve, 973
applied anatomy of, 974

pathways, 958
tract, 927
tubercle, 928, 973

Olivn, 863
Olivary body, 863

eminence, 90
fasciculus, 900
nucleus, accessory, 873

inferior, 873
superior, 876

process, 126
OUve of medulla oblongata, 863
Olivocerebellar fibers, 873
OliAospinal tract of Helweg, 839
Omental band, 1310

tuljerosity of liver, 1321
Omentum, gastrocolic, 1254,

1260
gastrohepatic, 1254, 1260
gastrosplenic, 1261
greater, 1251, 1261
lesser, 1253, 1260
majiis, 1261
minus, 1260

Omohyoid muscle, 388
surface form of, 403

Operculum, 917
Ophryon, 146
Ophthalmic artery, 610

ganglion, 982
nerve, 979
veins, 725

Opisthion, 132, 146
Opisthotic portion of temporal

bone, 88
Opponens minimi digiti muscle,

foot, 541
hand, 493

poUicis muscles, 490
Optic-acoustic reflex path, 898
Optic axis, 1088

chiasm, 910, 974
cup, 1101
disk, 1100
foramen, 90, 126
groove, 90, 126
nerves, 974
papilla, 1101
radiation, 905
tract and its central connec-

tions, 909
vesicles, 852

Ora serrata, 1100, 1104
Oral cavity, 1199
Orbicular ligament, 310

muscle, 358
Orbicularis oris muscle, 374

palpebrarum muscle, 366
surface form of, 380

Orbicidus ciliaris, 1094
Orbit, 136

fascia of, 371
margin of, 101

Orbita, 136
Orbital arterj', 598

fascia, 371
fossa, 138
index of skull, 146
muscle, 371

sheaths of, 371
nerve, 983
operculum, 917
plates, 79
portion of frontal bone, 79
process of malar Ijone, 108

of palate bone, 112
region, muscles of, 368

applied anatomy of, 371
septum, 368, 1112
sinus, 112
veins, 712
wings of sphenoid bone, 93

Orbitofrontal fissures, 919

Orbitopalpebral sulcus, 1112
Orbitosphenoids. 95
Organ of Corti, 1144

of digestion, 1199
of Girald^s, 1384
of Golgi, 817
reproductive, female, 1397

male, 1371
of respiration, 1163
of Rosenmiiller, 1401
of taste, 1148
of touch, 1150
urinary, 1343
urogenital, 1343
of voice, 1163

Organa genitalia muliebria, 1397
virilia, 1371

oculi accessoria, 1112
parasympathetica, 1450
sensuum, 1079

Organon auditus, 1119
gustus, 1148
olfactus, 1079
spirals [Cortii], 1144
tactus, 1150
vomeronasal, 1083

Orifice of canal for nasal duct,
141

of maxillarv atrium, 141
mitral, 560
tricuspid, 556

Orificium externum uteri, 1406
labium anterius, 1406

posterius, 1406
internum uteri, 1408
ureteris, 1356
ureihrae externum, 1366, 1369,

1417
internum, 1365, 1366

Os acetabuli, 213, 214
calcis, 239
capilatum, 199
centrale, 206
coccygis, 61
cordis, 562
coxae, 207
cuboideum, 245
cuneiforme primum, 247

secundum, 248
tertium, 248

external, 1406
frontale, 76
hamatum, 200
hyoideinn, 153
ilium, 207
incae, 74
indsivum, 105
innominatum, 207
internal, 1405
ischii, 210
lacri?nale, 106
magnum, 199
metacarpale, I, 202

//, 202
///, 202
IV, 203
V, 203

metatorsale, I, 250
II, 251
III, 251
IV, 251
F, 252

muUanguIum ?nojus, 198
minus, 199

navicularc manus, 196
pedis, 246

occipitale, 70
palatinum, 109
parietale, 74
pisiforme, 198
planum, 98
pubis, 212
sacrum,, 58
sphenoidale, 89
temporale, 80
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Os trigonum, 245
triquetrum, 197
uteri, 1406

Osborn, supracommissure of, 906
Ossa carpi, 95

faciei, 99
metacarpalia, 201
metalarsalia, 249
nasalia, 99
sesamoidea, 257
tarsi, 239
triquetra, 144
unguis, 106

Ossein, 42
Osseous labyrinth of ear, 1136

tissue of bone, 38
Ossicles of tympanum, 1131

articulations of, 1133
movements of, 1134

Ossicula auditus, 1131
Ossification of bone, 42

centre of, 44
intracartilaginous, 42
intramembranous, 42

Osteoblasts, 39, 40, 44
Osteogenetic fibers, 42
Osteology, definition of, 34
Ostium abdominale tubae iderinae,

1401
arteriosum, 560

pulmonis, 558
pharyngeum t2ibae auditivae,

1229
primum of Born, 759
secundum of Born, 759
uterinum tubae, 1401
venosum dextrum, 556

ventriculi dextri, 557
sinistri, 559, 560

Otic ganglion, 989
vesicles, 141

Otoconia, 1143
Otoliths, 1141, 1143
membrane, 1143

Outlet of pelvis, 217
Oval bundle of Flechsig, 836
Ovaria, 1_397

discus proligerus, 1400
liquor folliculi, 1399
theca folliculi, 1399
tunica albuginca, 1399
zona granulosa, 1399

pelludda, 1400
radiata, 1400

Ovarian plexus of nerves, 1076
Ovaries, 1397

applied anatomy of, 1401
arteries of, 665, 1401
cortex of, 1399
descent of, 1398
at different ages, 1399
fimbriae of, 1401
hilum of, 1400
lymphatic vessels of, 797, 1401
medulla of, 1400
nerves of, 1401
suspensory ligament of, 1398
veins of, 751, 1401

Ovarium, 1398
Oviduct, 1401
Ovoid depression of femur, 221
Ovulation, 1400
Ovules of Naboth, 1410
Owen, osteodentin of, 1212
Oxyntic cells, 1276

glands, 1276

Pacchionian bodies of brain, 970
depressions, 74

Pacinian corpuscles, 816
Pad, sucking, 376
Palatal aponeurosis, 397

Palatal process of maxillae, 102,
104

region, muscles of, 397
applied anatomy of, 399

Palate, 1202
arteries, 1204
bone, 109
cleft, 151

Palatine artery, 597
ascending, 593
descending, 602

applied anatomy of, 602
canal, anterior, 138, 139

posterior, 102, 110, 111, 134
accessory, 110, 128

foramen, posterior, 128
fossa, anterior, 128
glands, 1202
nerves, 986
rugae, 1202
spine, 110

Palatoglossus muscle, 398
Palatomaxillary canal. 102
Palatopharyngeus muscle, 398
Palatum, 1202

durum, 1202
molle, 1202

Pallidum, 948
Palmar arch, deep, 645

superficial, 652
applied anatomy of, 652
surface marking of, 652

cutaneous nerve, 1036, 1037,
1039

fascia, 488
interossei muscles, 494
interosseous arteries, 648
plexus of veins, 729
region, muscles of, 493
veins, 731

Palmaris brevis muscle, 492
surface fqrm of, 497

longus muscle, 474
surface form of, 496

Palpebrae, 1112
Palpebral arteries, 610, 612

nerves, 984
region, muscles of, 366

Pancreas, 1336
applied anatomy of, 1341
arteries of, 662, 1341
fades anterior, 1338

inferior, 1338
posterior, 1338

lymphatic vessels of, 796, 1341
margo anterior, 1338

inferior, 1338
superior, 1338

nerves of, 1341
surface form of, 1341
veins of, 753, 1341

Pancreatic duct, 1340
juice, 1341
magna, 662
plexus of ners^es, 1076

Pancreaticoduodenal arteries,

661, 663
lymph nodes, 793
plexus of nerves, 1076
veins, 753

Panniculus adiposus, 360, 1154
Papilla, bile, 1287

duodeni [Santorini], 1287
incisiva, 1202
lacrimal, 1113
mammae, 1428
pili, 1159
renal, 1349

Papillae filiformes, 1218
fungiformes, 1218
lacrimalis, 1116
of tongue, 1218
vallalne, 1218

Papillary layer of skin, 1153
muscles, 558

Paracardial lymph nodes, 790
Paracentral fissure, 920

gyre, 921
Parachordal cartilages, 141
Paradidymis, 1384
Paraduodenal fossa, 1266
Paramesal fissures, 919
Parametrium, 1406, 1407
Paranucleus, 1341
Paraoccipital fissure, 923
Paraplexus, 940, 971
Pararectal fossa, 1256
Parasinoidal spaces, 721
Parasympathetic bodies, 1450
Parathyroid glands, 1439

applied anatomy of, 1440
development of, 1440

Paravesical fossa, 1361
Paraxones, 811
Parenchyma of kidneys, 1349

of lungs, 1195
of spleen, 1445
of testes, 1380

Parenchymatous cells, 1437
Parietal artery, ascending, 617

bone, 74
cells, 1276
eminence, 74
foramen, 74
fissure, 923
lobe, 922

fissures of, 922
gyres of, 923

lymph nodes, 787, 798
peritoneum, 1244
veins, development of, 764

Parietocolic fold, 1267
Parietotemporal artery, 617
Parolfactory area, 928

sulcus, anterior, 928
Paroophoron, 1401
Parotid duct, 1200

fascia, 377
glands, 1223

arteries of, 1225
duct of, 1225
lymphatics of, 1225
nerves of, 1225
veins of, 1225

lymph-nodes, 774, 1225
nerves, 988

Parovarium, 1401
Parrot's nodes, 151
Pars basilaris, 71

pontis, 874
calcaneocuboidea ligamenti bi-

furcati, 348
ca Icaneonavicularis ligamenti

bifurcati, 348
ciliaris retinae, 1100
diaphragmatica fasciae pelvis,

454
dorsalis pontis, 864

fiber tracts in, 876
iridica retinae, 1098, 1099,

1100
lacrimalis musculus orbicularis

oculi, 367
metencephalica [medullae ob-

longatae], 864
orbitalis musculus orbicularis

oculi, 366
palpebralis musculus orbicula-

ris oculi, 366
iympanica, fil

Partes genitales externae mulie-
bres, 1415

petrosa et mastoidea, 81
Parumbilical veins, 754
Parvidural artery, 600
Patella, 230

applied anatomy of, 231
ligaments of, 331
surface form of, 231

Patellar bursa, 512
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Patellar plexus of nerves, 1051
Pavilion of Fallopian tube, 1401
Pectineus muscle, 513
Pectoral fas^cia, 456

IjTiiph nodes, 782
region, dissection of, 455

Pectoralis major muscle, 456
surface form of, 495

minor muscle, 460
surface form of, 495

muscles, dissection of, 459
Peculiar ribs, 163

thoracic vertcbrse, 54
Peduncle of cerebellum, 889

of corpus callosum, 928
Peduncular sulcus of cerel^el-

lum, 885
Pedunculated hydatid, 1379
Pelvic colon. 1306

curve of vertebral column, 66
fascia, 448
ligament, transverse, 446
outlet, fascia; of, 440,

muscles of, 440
plexuses of nerves, 1077
viscera, IjTnphatic vessels of,

792
PeMs, 215

applied anatomy of, 220
articulations of, 290

vertebral column with, 289
axes of, 218
brim of, 215
ca^ity of, 216

axis of, 218
circumference of, 215, 217
diameters of, 215. 217
diaphragm of, 1240
difference between male and

female, 218
false, 215
in fetus, 219
inlet of. 215

axis of, 218
plane of, 218

lymphatics of, 787, 789, 790
major, 215
minor, 215
outlet of, 217

axis of, 218
position of, 217
surface form of, 219
true, 215
of ureter, 1349. 1356
uretericus s. renalis, 1349
veins of, 739
white line of, 449

Penis, 1386
appUed anatomy of, 1390
arteries of, 1389

dorsal, 676
dorsum of, 1388
frenulum of, 1389
lymphatics of, 1390
nenes of, 1390

dorsal, 1061
prepuce of, 1388
suspensory ligament of, 1388
tunica albiiginca, 1386
urethral surface of, 1388
veins of, 1390

dorsal, 746
Penniform muscle, 358
Peptic glands, 1276
Perforated space, anterior, 928

posterior, 898
Perforating arteries of foot, 704

of tliigh. 690
cutaneous nerve, 1060

Pericardium, 54S
applied anatomy of, 550
arteries of, 550," 632, 654
fibrous, 548
nerves of, 550
serous, 549

Pericardium, sinus of, 550
vestigial fold of, 550

Pericecal fossa, 1266
Pericellular lymph spaces, 767
Perichondrium, 44, 259
Perichoroidal space, 1090
Periclaustral lamina, 948
Pericranial nerves, 980
Peridental membrane, 1212
Perilymph, 1136

space, 1136
Perimedullary lamella of lx)ne, 39
Perimetrium, 1409

' Perimysium, 355
! Perineal arteries, 675
I

body, 1309

I

fascia, 446
I

muscle, superficial transverse,
! 442, 445

nerves, 1061
cutaneous, 1055

Perineum, central tendinous
point of, 442

in female, muscles of, 445
lymphatic vessels of, 790
in male, muscles of, 442

Perineural lymph spaces, 767
Perineurium, 812
Periosteal lamella of bone, 39
Periosteum alveolare, 1205

of lx)ne, 3S, 44
cranial, 364

Peripheral axone of an afferent
neurone, 807

fibrillar, 816
lamella of bone, 39
nerve beginnings," 815

Perirenal arteries, 665
fat, 1348

Periscleral lymph spaces, 1086
Peritoneal cavity, 1244
Peritoneum. 1244

applied anatomy of. 1268
development of, 1245
mesenteric, 1249
parietal, 1244
rectovesical fold of, 1361
pouch of, 1361

uterovesical jjouch of, 1361
visceral, 1244

Peritracheobronchial Ijinph
nodes, 1179

Perivascular lymph spaces, 707,
767

Peri\'itelline space, 1400
Peroneal arteries, 701, 702

groove, 246
nerse, 1059
spine, 242

Peroneus bre\-is muscle, 535
surface form of, 544

longus muscle, 534
surface form of, 544

tertius muscle, 527
surface form of, 544

Perpendicular plate of palate
bone, 110

portions of mandible, 117
Pes anserinus, 996

hippocampi, 942
leonis, 942
of midbrain, 900

Petrolus epiglottidis, 1167
Petromastoid portion of tem-

poral bone, 82
Petro-occipital suture, 73, 122,

127
Petrosal artery, 600

ner\-es, 985
deep, 1066
superficial, 989, 996

process, 90
sinus. 715. 726

Petrosphenoidal fissure, 122
suture, 131

Petrosquamous sinus, 723
suture, 84

Petrotympanic fissure, 88, 1126
Petrous ganglion, 1002

portion of temporal bone, 83
Peyer's patches, 1293
Phalanges digitorum manus, 204

pedis, 252
of foot, 252

applied anatomy of, 256
articulations of, 354
surface form of, 354

of hand, 204
applied anatomy of, 206
articulations of, 321
development of, 207
surface form of, 205

ungual, 205
Phalanx prima digitorum pedis,

252
secunda digitorum pedis, 253
tertia digitorum pedis, 253

Pharyngeal aponeurosis, 395
arter\', ascending, 597
nerve, 986, 1003, 1006, 1068
plexus of nerves, 1003, 1006

of veins, 715
region, muscles of, 394
ring, lymphatic, 1234
spine, 71, 131
tonsil, 1230
veins, 715

Pharyngoepiglottic fold, 1233
Pharynx, 1229

applied anatomy of. 1235
development of, 1234
isthmus of, 1230
pars laryngea, 1233

nasalis, 1229
ovali^, 1230

tunica mucosa, 1233
Philtrum, 375
Phrenic arteries, 658

ganglion, 1074
ner\e. 1024

applied anatomy of, 1025
plexus of nerves, 1074
veins, 734, 751

Phrenicocostal sinus, 1346
Phrenocolic ligament, 1305
Pia of brain, 971

arteries of, 972
nerves of, 972
veins of, 972

tnater encephali, 971
spinalis, 845
of spinal cord, 845

applied anatomy of, 846
arteries of, 846

Pigmentation of skin, 1155
Pili, 1159
Pillars of external abdominal

ring, 427
Pineal body, 906
Pinna of ear, 1119

arteries of, 1121
cartilage of, 1120
integument of, 1120
ligaments of, 1121
IjTniihatics of, 777, 1122
muscles of, 1121
veins of, 1121

Pisiform bone, 198
Pisometacarpal ligament, 316
Piso-uncinate ligament, 316
Pit of stomach, 166
Pituitarv bodv, 909
Pivot-joint, 264, 265
Placental circulation, 755
Planes of body, 34
Plantar arch, 704

arteries, 703
surface marking of, 704
metatarsal veins, 741
nerves, 1057, 1058
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Plantar region, fascia of, 537
muscles of, 538

veins, 741
Plantaris muscle, 530
Planum popliteum, 224

sternale, 159
Plate, cribriform, of ethmoid, 96

horizontal, of palate bone, 109
perpendicular, of palate bone,

110
pterygoid, 94
tympanic, 131
vertical, of ethmoid, 97

of palate bone, 110
Platysma muscle,' 381

surface form of, 402
Pleura costalis, 1183

diaphragmatica, 1183
mediastinalis, 1183
parieialis, 1181
pulmoruilis, 1181

Pleura;, 1181
applied anatomy of, 1185
arteries of, 1185
cavity of, 1181
cerv'ical, 1183
costal, 1183
diaphragmatic, 1183
lymphatic vessels of, 802, 1185
mediastinal, 1183
nerves of, 1185
reflections of, 1183
veins of, 1185

Plexus of arteries, subpleural me-
diastinal, 632

choroid, of fourth ventricle,

867
of lateral ventricles, 940
of third ventricle, 940

of nerves, abdominal aortic,

1076
brachial, 1026
cardiac, 1072
carotid, 1066
cavernous, 1066
cer\dcal, 1018, 1020
coccygeal, 1062
cceliac, 1008, 1073
colic, 1076
coronary, 1073, 1076
cystic, 1076
gastric, 1076
gastroduodenal, 1076
gastroepiploic, 1076
hemorrhoidal, 1077
hepatic, 1008, 1076
hypogastric, 1077
ileocolic, 1076
infraorbital, 984, 998
intestinal, 1076
lumbar, 1044
lumbosacral, 1044
mesenteric, 1074
oesophageal, 1005, 1007, 1073
ovarian, 1076
pancreatic, 1076
pancreaticoduodenal, 1076
patellar, 1051
pelvic, 1077
pharyngeal, 1003, 1006
phrenic, 1074
prostatic, 1077
pudendal, 1060
pulmonary, 1073

posterior, 1005, 1007
pyloric, 1076
renal, 1068, 1075
sacral, 1053
sigmoid, 1076
solar, 1076
spermatic, 1076
splenic, 1008, 1076
suprarenal, 1074
thjToid, 1069
tympanic, 1002

Plexus of nerves, uterine, 1077
vaginal, 1077
vesical, 1077

of veins of foot, 739
of hand, 729
hemorrhoidal, 745
palmar, 729
pampiniformis, 750
pharyngeal, 715
pterygoid, 712
spermatic, 750
on thyroid body, 734
uterine, 747
vaginal, 747
vertebral, 737
vesical, 745
vesicoprostatic, 745

Plexus aorticus ahdominalis, 1072,
1076

arteriae ovaricac, 1076
basilaris, 727
brachialis, 1026

fasciculus lateralis, 1028
medialis, 1028
posterior, 1028

pars infraclavicularis, 1028
supraclavicularis, 1027

rami musculares, 1028
cardiacus, 1072
caroticus externus, 1069

interrvus, 1066
cavemosv^, 1066

concharum, 1084
cervicalis, 1020
chorioideus ventriculi lateralis,

971
quarti, 972
tertii, 971

coccygevs, 1062
coeliacus, 1073
coronarius anterior, 1073

posterior, 1073
dentalis inferior, 989

superior, 984
gastricus superior, 1076
gulae, 1004, 1238
haemorrhoidalis inferior, 1077
hepaticus, 1076
hypogastrictis, 1072, 1077
lienalis, 1076
lumbalis, 1044
lumbosacralis, 1044
rami anteriores, 1044

mesentericus inferior, 1076
superior, 1076

oesophageus, 1238
pampiniformis, 750
pharyngeus, 1006
phrenicxts, 1074
prostaticus, 1077
pudendus, 1060
pulmonalis anterior, 1007

posterior, 1004, 1005, 1007
rami bronchiales anteriores,

1007
posteriores, 1007

renalis, 1075
sacralis, 1053
spermaticus, 1076
suprarenalis, 1074
sympathici, 1063
thyroidcus, 1069
tympanicus, 1002

[Jacobsoni], 1135
uterovaginalis, 1077
venosi pampiniformis, 1377

pterygoideus, 712
thyreoideus impar, 734
vertebrales, 717

anteriores, IZl
externi, 737
interni, 738, 843
posteriores, 737

venx)sxis caroticus internum, 714,
727

Plexus vertebralis, 1069
vcsiculis, 1077

Plica aryepiglottica, 1166
duodenojejunalis, 1266
duodenomesocolica, 1265
fimbriata, 1217
ileocecalis, 1267
lacrimalis [Hasneri], 1177
longitudinalis duodcni, 1287
nervi laryngei, 1233
pharyngoepiglottica, 1233
salpingopalatina, 1230
salpingopharyngea, 1230
semilunaris conjunctivae, 1115
sublingualis, 1201, 1226
synovialis patellaris, 336
triangularis, 1231
umbilicalis, 1361

lateralis, 1361, 1363
media, 1361, 1362

vesicalis transversa, 1256, 1359
Plicae alares, 336

palatinac transversae, 1202
palmatae, 1408, 1410
rectouterinae, 1407
rectovesicales, 1255, 1362
semilunares coli, 1298, 1310
uretericae, 1365
ventriculares, 1170
vesicouteriruic, 1362
vocales, 1170

Pneumogastric nerve. 1003
Polus anterior lentis, 1 107

posterior lentis, 1107
Polyaxonic neurones, 810
Polymazia, 1430
Polymorphous cells, 952
Polynuclear cells, 40
Polythelia, 1430
Pomum Adami, 1164
Pons, 864

basilar surface of, 864
tegmental part of, 876
tract, inter-radicular, 864
varolii, 864
veins of, 720

Ponticulus of Arnold, 863
Pontile arteries, 622

flexure of brain, 855
Popliteal artery, 691

applied anatomy of, 693
surface marking of, 693

groove, 226
lymph nodes, 784
nerves, 1055, 1059
notch, 233
space, 691

boundaries of, 692
contents of, 692
position of contained parts,

692
vein, 742

Popliteus muscle, 531
Porta, 853

hepatis, 1323
Portal vein, 751

applied anatomy of, 754
development of, 764

Porus lactiferus, 1431
opticus, 1090, IKX)
sudoriferus, 1162

Postbrachium, 895
Postcalcarine fissure, 919
Postcapillary veins, 706
Postcardinal veins, 764
Postcava, 748
Postcentral fissures, 923

gyre, 923
Postcisterna, 969
Postcornu, 939
Postdural artery, 597
Postfemoral cutaneous nerve,

1054
Postforceps, 933
Postgemina, 897
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Postgeniculum, 895
Postglenoid process, 81
Posthypophysis, 909
Postinsula, 925

fissure, 925
Postoblongata of Wilder, 861
Postoperculuni, 917
Postorbital linihus, 922
Postparietal gyre, 923
Postpedunculus, 889
Postperforatum, 847, 898
Postpontile recess, 862
Postranius of cerebellum, 888
Postrhinal fissure, 925
Postvermis, 885
Poupart's ligament, 426, 427
Praeputiitm, 1388
. clitoridis, 1416, 1420
Preaortic lymph nodes, 789
Preauricular lymph nodes, 775
Prebrachium, 895
Precapillary arteriole, 573
Preeardinal veins, 764
Precava, 735
Precentral fissures, 919

gyre, 921
Precommissure, 946
Precornu, 936
Precuneal fissures, 923
Precuneus, 924
Preforceps, 933
Pregemina, 894. 897
Pregeniculum, 904
Prehypophysis, 909
Preinsula, 925

fissure, 925
Preinsular gyres, 926
Prelaryngeal lymph nodes, 779
Premaxillary bones, 105

centre, 106
Preoblongata, 864
Preoccipital notch, 914
Preoperculum, 917
Prepatellar bursa, 336, 512
Prepedunculi, 891
Preperforatum, 847, 928
Prepuce of clitoris, 1416

of penis, 1388
Prepyramidal tract of cord, 839
Preramus of cerebellum, 888
Presternal notch, 157, 166, 171
Presternum, 157
Presyhian ramus, 917
Pretracheal fascia, 384

IjTuph nodes, 779
Preverniis, 885
Prevertebral artery, 597

fascia, 384
Primitive sheath of Schwann,

811
Princeps hallucis artery, 700

pollicis artery, 647
Prismata adamantina, 1210
Process or Processes, acromion,

175
alveolar, of maxillae, 104
angular, 77, 78, 135
of atlas, 51
of axis, 52
axis cylinder. 807

medullated. 811
nonmedullated, 812

basilar, 71
of calcaneus, 242
eiliarv, 1094
clinoid, 90, 94, 126
cochlcariform, 1127
condyloid, of mandible, 118
coracoid, 176
coronoid, of mandible, 118
costal, 50
ethmoidal, 114
falciform, 508
frontal, of malar, 108
funicular, 1379

94

Process or Processes, hamular,
94, 107, 130

intrajugular, 73
jugular, 71, 131
lacrimal, 114
malar, 101, 104
mastoid, of temporal bone, 82,

133
maxillary. 111, 114
mental, 116, 135
nasal, of maxillae, 104
olivary, 126
orbital, of malar, 108

of palate bone, 112
palatal, of maxillae, 102, 104
petrosal, 99
postglenoid, 81
pterygoid, of sphenoid bone,

94
sphenoidal, 1080

of palate bone, 112
turbinated, 91, 95

spinous, of ilium, 210
stvlohyal, 89
styloid, 88, 131

of fibula, 236
of radius, 192
of ulna, 189

supracondylar, 181 (note)

transverse, 71
turbinated, middle, 98, 139

sphenoidal, 138
superior, 98

tympanohyal, 88
unciform, 200

of ethmoid, 98
vaginal, of sphenoid, 92, 94, 95
zygomatic, of malar, 109

of temporal bone, 81
Processus accessoriiis, 57

alveolaris, 104
articularis inferior, 49

superior, 49
caudatus, 1324
cUiares, 1094
clinoidei medii, 90

posterior, 90
clinoidexis arUerior, 94
condyloideus, 118
coracoideus, 176
coronoideus, 118, 185
cnstarius, bl
durae matris encephnli, 966
cthmoidalis concha nasalis in-

ferior, 114
fal'nformis Hgamentum saerotu-

berosum, 291
frontalis, 104
frontosphenoidalis, 108
inferior tegmenii tympani, 88
infrajrigularis, 71, 73
judularis, 71
lacrimalis concha nasalis in-

ferior, 114
lateralis tuberis calcanei, 242
mammillaris, 57
mastoideiix, 82
majcillaiis. 111

concha nasalis inferior, 114
medialis tuberis calcanei, 242
orbitalis, 112
palatinus, 102, 104
papillaris. 1324
posterior tali. 245
pterygoidci, 94
pyramidalis. 111
stphenoidalis. 112

septi cartilaginei, 1080
spinosus, 49
styloideus, 189, 192

OS metacarpaJe III, 203
temporalis. 109
trochlearis, 242
tubarius. 94. 1128
uncinatus, 98, 1337

Processus vaginalis peritonaei,
1379

processus pterygoidci, 95
vermiformis, 1298
xiphoideus, 157
zygomaticus, 104

Profunda arteries, 642, 643, 651,
689

Prominentia canalis facialis,

1126
laryngea, 1164
spiralis, 1144
styloideae, 1125

Promontorium, 58, 1126
Promontory of sacrum, 58

of temporal bone, 85
of tympanum, 1126

Pronator quadratus muscle, 478
teres, 472

applied anatomy of, 473
surface form of, 496

Pronephric duct, 1420
tubules, 1420

Pronephros, 1420
Pro-otic portion of temporal

bone, 88
Prosencephalon, 902
Prostata, 1391

facies anterior. 1393
posterior, 1391

Prostate gland, 1391
applied anatomy of, 1395
arteries of, 1395
development of, 1426
lymphatics of, 796, 1395
nerves of, 1395
veins of, 1395

Prostatic ducts, orifice of, 1367
plexus of nerves, 1077
sinus, 1367

Prosthion, 146
Proton of cerebellum, 855
Protuberance, occipital, 70, 72.

131
Protuherantia mentalis, 116

occipitalis externa, 70
intem-a, 72

Prussak, pouch of, 1134
Psalterium, 944
Pseudocele, 934, 945
Psoas magnus muscle, 504

applied anatomy of, 505
par^Tis muscle 504

Pterion, 76, 133. 146
ossicle. 80. 144

Pteriotic portion of temporal
bone. 88

Ptervgoid arterv, 601
canal, 130
depression. 118
fossa. 94. 109
muscles. 379. 380
ner\-es, 987, 988
notch, 94
plates, 94
plexus of veins, 712
processes of sphenoid bone. 94
ridge, 92, 132
tubercle, 95

Pterygomandibular ligament, 376
region, muscles of, 379

Pterj'gomaxillary fissure. 134
Ptervgopalatine arterv. 602

canal. 92. 130, 134
groove. 110. Ill
nerve, 986

Pterygospinous foramen, 383
ligament, 382

Pubes, 1159
Pubic arch, 217

artery, 681
bones, articulation of, 294
ligaments, 294
vein, 743

Pubis, 212
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Pubis, angle of, 212
body of, 212
crest of, 212
ramus of, 213, 214
spine of, 212

Put)OCOCcygeus muscles, 452
Pubofemoral ligament, 323
Puboprostatic ligament, 450
Puborectalis muscles, 452
Pubovesical space of Retzius,

1360
Pudendal nerve, inferior, 1055

plexus of nerves, 1060
_

Pudendum muliehre, 1415

Pudic artery, accessory, 675
external, 6S9
internal, 674, 676

ner%'es, 1061
veins, internal, 744

Pulmonary artery, 574
applied anatomy of, 575
left, 575
opening of, 557
right, 575

circulation, 548
heart, 553
nerves, 1007
plexus of nerves, 1005, 1007,

1073
sinuses of Valsalva, 559, 561
valve, 559
veins, 559, 707

applied anatomy of, 708
Pvlmones, 1188
fades costalis, 1189

mediaslinalis, 1189-

hhus inferior, 1192
medius, 1192
superior, 1 192

margo anterior, 1190
inferior, 1190
posterior, 1190

Pulp cavity, 1212
chamber, 1212

Pulpn dentis, 1212
lienis, 1445

Pulvinar, 904, 910
Puncta lacrimnlia, 1116
Punctum lacrimale, 1113, 1116
Pupil of eve, 1096
Pupilla, 1096
Pupillary margin. 1097
Purkinje fibers. 357. 565
Purkinjean cells, 892
Putamen, 948
Pyloric artery, 661

applied anatomy of, 662
canal, 1272
glands, 1278
ligaments, 1274
orifice, 1271
plexus of nerves, 1076
sphincter, 1273
valve, 1273
vein, 754
vestibule, 1272

PjTamid of medulla oblongata,
863

of vestibule of ear, 1137
Pyramidal cells, 952

lobes, 887
tract of brain, 900

of cord, crossed, 838
direct, 839

Pyramidalis muscle, 435
nasi muscle, 372

surface form of, 380
Pyramides [medullae obhnaatae],

863
renales [Malpiohii], 1350

Pyramido-olivary groove, 863
Pyramis vestihuli, 1137
Pyriformis muscle, 517

bursa of, 517
fascia of, 448

Q

Quadrate lobes of brain, 886
of liver. 1324

Quadratus femoris muscle, 520
bursa of, 521

lumborum muscle, 439
fascia covering, 439

menti muscle, 374
tubercle of, 224 (note)

Quadriceps extensor muscle, 509
applied anatomy of, 512
surface form of, 543
tendons of, 512

Quadrigeminal bodies, 894, 897
Quadrilateral muscles, 358
Quiet respiration, 423

Radial artery, 644
applied anatomy of, 646
surface marking of, 646

carpal arteries, 647
fossa, 182
nerve, 1038
recurrent artery, 646
region, muscles of, 479, 489
veins, 730

Radialis indicis artery, 647
Radiate fissures, 920
Radiatio callosi, 933
Radii lentis, 1107
Radiocarpal articulation, 314
Radioulnar articulation, 310

inferior, 312
middle, 311
superior, 310

applied anatomy of, 311
surface form of, 311

surface form of, 314
synovial membrane of, 313

ligaments, 312
region, anterior, muscles of,

472
applied anatomy of, 478

posterior, muscles of, 480
applied anatomy of, 485

Radius, 190
applied anatomy of, 192
oblique line of, 191
shaft of, 191
sigmoid cavity of, 192
surface form of, 192

Radix arcus vertebrae, 48
dentis, 1204
linguae, 1217
mesenterii, 1263
nasi, 1079
penis, 1388
pili, 1159
pulmonis, 1193
unguis, 1156

Rami calcanei mediales, 703
perforantes anterrores [arcus

plantans], 704
posferiores [arcus plantaris],

704
[venae mammariae internae],

734
sternales [venae mammariae in-

ternae, 734
Ramus carpens dorsnUs [arteria

radialis], 647
of cerebellum, 888
communicans [arteria nutricia

tibiae], 703
episylvian, 917
hyposylvian, 917
inferior ossi^t ischii, 212

pubis, 213
of ischium, 212
of mandible, 1 1

7

plantaris profundus, 700

Ramus, presylvian, 917
of pubis, 212, 213
subsylvian, 917
superficialis [arteria plantaris

medialis], 703
superior ossis pubis, 212

Ranine artery, 591
vein, 715

Ranvier, constrictions of, 811
nodes of, 811

Raphe, 872
Ijalati, 1202
palpebralis lateralis, 367, 1114
pterygoniandibularis, 376
scroti, 1372

Receptaculum chyli, 771, 772
Recess, elliptical, 1137

epitympanic, 1125
spheno-ethmoidal, 140
spherical, 1137 '

Recessus duodenojfjunaliit, 1266
epitympanicus, 1125
ileoceccdis inferior, 1267

superior, 1266
intersigmoideus, 1267
lienalis, 1259
membranae iympani anterior,

1134
posterior, 1134
superior, 1134

nasopalatinus , 1083
pharyngeus, 1230
pinealis, 906
pyriformis, 1163, 1233
retrocecalis, 1267
sacciformis, 308, 313
sphenoethmoidalis, 140. 1082
suprapiiiealis, 90S
utriculi, 1140

Rectal valves, 1310
Recti muscles, 370
Rectococcygeal nuiscles, 1310
Rcctouterinus muscle, 1408
Rectovaginal fold. 1407

pouch, 1256, 1362, 1407
Rectovesical fascia, 1361

fold of peritoneum, 1256, 1361
muscle, 1362
pouch of peritoneum, 1255,

1361, 1362
Rectum, 1306

ampulla of, 1308
lymphatic vessels of, 794
relations of, 1308

Rectus abdominis muscle, 433
surface form of, 439

capitis anticus major muscle,
400

minor muscle, 400
lateralis muscle, 400
posticus major mu.'cle, 414
minor muscle, 414

femoris muscle, 510
applied anatomy of, 512
.surface form of, 543

sheath, 434
Recurrent artery, radial, 646

tibial, 698
ulnar, 650

Red nucleus, 898
Reil, island of, 925
Reissner, membrane of, 1144
Remak's fibers, 812
Renal arteries, 665

columns, 1349
corpuscles, 1350
fascia, 1348
impression of liver, 1321
papillae, 1349
plexus of nerves, 1008, 1075
.sinus, 1349
veins, 751
zone of Hvrtl, exsanguinated,

665, 1353
Renes, 1343
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Renes extremitas inferior, 1348
superior, 1348

fades anterior, 1343
posterior, 1345

impressio muscidaris, 1347
margo lateralis, 1347

medialis, 1348
tunica fibrosa, 1349

Reproductive organs, female,
1397

male, 1371
Respiration, forced, 423
mechanism of, 422
organs of, 1163
quiet, 423

Respiratory bronchioles, 1195
epithelium, 1195
nerv-cs of Boll, 1024, 1029

Restiform body, 873
Restis, 862, 864
Rete arteriosum cutaneum, 1156

subpapillare, 1156
venosum, 1156

canalis hypoglossi, 727
carpi dorsale [arteria radialis],

647
[arteria ulnaris], 651

volare [arteria radialis], 647
foraminis ovalis, 727
testis, 1380
venosum dorsale inanwi, 729

pedis cutaneum, 739
plantare cutaneum, 739

Retia rairabilia, 573
Reticular formation of spinal

cord. 830
laver of skin, 1154

Retina, 1100
applied anatomy of, 1111
central arterv of, 613
layers of, 1101
ner%-e fibers of, 1101
supporting framework of, 1 104
yellow spot of, 1100

Retinacula cutis, 1150, 1430
Retinaculum of capsular liga-

ment of hip, 322
musculi peronaeorum inferius,

537
superiui, 537

patellae laterale, 331, 510
medinle, 331, 511

Retrahens aurem muscle, 366
Retroaortic lymph nodes, 789
Retrocecal fossa, 1267
Retroduodenal fossa, 1266
Retroperitoneal fossae, 1265
Retropharyngeal lymph nodes,

776
space, 384, 1229

Retrorectal space, 1308
Retzius, brown stria of, 1210

fundiform ligament of, 536
pubovesical space of, 1360

Rhinencephalon, 926
Rhodopsin, 1100
Rhombencephalon, 861
Rhomboid impression, 171

ligament, 296
Rhomboidal fossa, 865
Rhomhoideus major muscle, 407

surface form of, 416
minor muscle, 407

surface form of, 416
Ribs, 161

applied anatomy of, 167
articulations of, with vertebrae,

282
cer^ncal, .53, 64, 167
common characters of, 162
false, 161
floating, 161
peculiar, 163
true, 161
tubercle of, 162

Ribs, vertebral, 161
vertebrochondral, 161
vertebrosternal, 161

Ridel's lobe of liver, 1326
Rider's bone, 229
Ridge, crucial, 71

gluteal, 224
mylohyoid, 117
pterygoid, 92, 132
superciliary, 77, 79, 134
supracondylar, 180
supraorbital, 135
temporal, of frontal bone, 78

of parietal bone, 74
trapezoid, 169

Rima glottidis, 1171
pars intercartilaginea, 1171

intermembranacea, 1171
oris, 1199
palprebrarum, 1112
pudendi, 1415

Ring muscle of Miiller, 1096
Ripa, 903
Risorius muscle, 377
Rivinus, duct of, 1226

notch of, 1130
Rivus lacrimnlis, 1113
Rods of Corti, 1145
Rolandic angle, 918
Rolando, fissure of, 918
Rosenmiiller, fossa of, 1229
lymph nodes of, 786
organ of, 1401

Rostral fissure, 920
Rostrum corporis callosi, 934

of corpus callosmn, 934
of sphenoid, 92
sphenoidalis, 92

Rotary joint, 265
Rotation in joints, 267
Rotatores spinae muscle, 413
Rubrospinal tract of cord, 839
Rubrum, 898
Rudimental third trochanter,

224
RudimerUum processus vaginalis,

1379
Rugae vaoinales, 1414
Ruysch, membrane of, 1093

S

Sac, lacrimal, 1116
Saccule, 1141

laryngeal, 1171
of lungs, 1195

Sacculi, 1310
Saccuiiis, 1141
Saccus lacrimalis, 1116
Sacral arteries, 669, 678

canal, 61
cornua, 59
foramina, 59
groove, 60
IjTnph nodes, 788
nerves, 1019

divisions of, 1019, 1051
nucleus of spinal cord, 833
plexus of nerves, 1053
veins, 744, 748
vertebra, 58

Sacrococcygeal ligaments, 293
Sacrogenital folds, 1257
Sacroiliac articulation, 290

surface form of, 290
ligaments, 290

Sacrosciatic foramen, 292
great, 211
lesser, 211

ligaments, 291, 292
notch, 210, 211

Sacrouterine ligaments, 1407
Sacrovertebral angle, 58
Sacrum, 58

Sacrum, ala of, 61
articulations of, 61, 290, 292
difference between male and

female, 61
promontory of, 58
variations in, 61

Saddle-joint, 264, 265
Sagittal axis, 1088

planes of body, 34
sinus, 74, 124, 721
sulcus, 72, 78
suture, 121

Salivary glands, 1223
applied anatomy of, 1229
arteries of, 1227
development of, 1227
nerves of, 1227
surface form of, 1227
veins of, 1227

Salpingopalatine fold, 1230
Salpingopharyngeal fold, 1230
Salpingopharyngeus muscle, 399
Santorini, cartilage of, 1166

caruncula of, 1287
duct of, 1340
fissures of, 1122

Saphenous nerves, 1050, 1057
opening, 508
veins, 740, 741

Sarcolemma, 356
Sarcomere, 356
Sarcoplasm, 356
Sarcostyle, 356
Sarcous elements of muscle, 356
Sartorius muscle, 508

surface form of, 543
Scala tympani, 1140

vestibiUi, 1140
Scalenus anticus muscle, 401
medius muscle, 401
posticus muscle, 402

Scalp, lymphatic veesels of, 776
skin of, 363

Scapha, 1120
Scaphoid, articulation of astraga-

lus with, 349
of calcaneus and, 348
with cuboid, 350
with cuneiform, 349

bone of foot, 246
of hand, 196

fossa, 94, 130, 1120
Scapula, 172

applied anatomy of, 178
head of, 176
ligaments of, 299
neck of, 176

anatomical, 178
surgical, 178

spine of, 174
surface form of, 177

Scapular arterj% posterior, 630
nerve, posterior, 1029
region, muscles of, anterior,

463
posterior, 464

Scapuloclavicular articulation,
297

Scap^is pili, 1161
Scarf skin, 1151
Scarpa, fascia of. 424
foramina of, 105, 128
ganglion of, 1000, 1147
triangle of, 509, 685

Schachowa, spiral tube of, 1351
Schindylesis, 264
Schlemm, canal of, 1092

ligament of, 302
Schmidt-Lantermann, incisures

of, 811
Schnciderian memlirane, 1083
Schreger, concentric lines of, 1211
Schultze, comma tract of, 835
Schwann, sheaths of, 811
Sciatic artery, 677
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Sciatic nerves, 1054
veins, 744

Sclera, 1090
applied anatomy of, 1110

Scleral sulcus, 1088
Scrobiculus cordis, 166
Scrotal nerve, 1055
Scrotum, 1372

applied anatomy of, 1382
dartos of, 1373
integument of, 1373
septum of, 1373

Sebaceous glands, 1113, 1161

Second nerve, 974
Sella turcica, 90, 126
Semen, 1381
Semicanalis musculus tensoris

tympani, 1127
tubae auditivae, 1127

Semicircular canals, bony, 1137
membranous, 1142

Semilunar bone, 197
fibrocartilages, 334, 335
fold of Douglas, 430
ganglion, 978, 1073
hiatus, 730
lobe, inferior, 887

Semimembranosus muscle, 524
surface form of, 544

Seminal duct, 1383
vesicles, 1384

applied anatomy of, 1385
arteries of, 1385
lymphatics of, 797, 1385
nerves of, 1385
veins of, 1385

Semispinalis colli muscle, 413
dorsi muscle, 413

Seniitendinous muscle, 524
surface form of, 543

Sensor area of brain, 960
neurones, 804
root of spinal cord, 823

Septa of lungs, 1195
Septomarginal tract of cord, 837
Septum, aortic, 759, 760

dorsal, fenestrated, 845
interauricular, 559
interventricular, 557, 561
lingual, 393
of nasal sinus, 139
nasi osseum, 139
of nose, 138

artery of, 602
orbital, 368, 1112
pectiniforme, 1386
of scrotum, 1373
secundum, 759
spurium, 758
ventricular, 759

Septum atriorum, 559
canalis musculotnbarii, 1 127
corporum cavernosoruin, 1418
femorale [Cloqueti], 504
inferius, 759
intermedium, 759
intermiisculare laterale, 508

mediale, 508
linguae, 393
lucidum, 934, 945
memhranaceum ventriculorum,

561
mobile nasi, 1079
musculare ventriculorum, 561
orbitale, 1112
pellucidum, 913, 945
penis, 1386
primum, 759
scroti, 1373
sinuum frontalium, 79

sphenoidalium, 91
ventriculorum, 557, 561

Serous membranes of diaphragm,
421

pericardium, 549

Serratus magnus muscle, 461
applied anatomy of, 461
surface form of, 495

posticus muscles, 408
surface form of, 416

Sertoli, columns of, 1380
Sesamoid bones, 257

cartilage, 1080
Sessile hydatid, 1378
Seventh nerve, 994
Sharpey's fibers, 38
Sheath, axillary, 636

crural, 683
femoral, 683
of Henle, 812
myelin, 811
of nerves, 812
of orbital muscle, 371
rectus, 434
of Schwann, 811

Shin bone, 231
Shoulder blade, 172

fascia of, 461
girdle, 169
-joint, articulations of, 301

applied anatomy of, 304
arteries of, 303
bursse of, 303
muscles of, 303
ner\'es of, 303
surface form of, 304
synovial membrane of, 303

muscles of, 461
Shrapnell, membrana flaccida of,

1130
Sibson's fascia, 1183
Sigmoid arteries, 667

cavity of radius, 192
of ulna, 187

flexure, 1297
fossa, 82
mesocolon, 1264
notch, 118
plexus of nerves, 1076
sinus, 723

Sinus or Sinuses, 707
of aorta, great, 576
basilar, 727
cavernous, 723
circular, 726
confluence of, 723
coronary, 555, 708
costomediastinal, 1184
costophrenic, 1184
definition of, 77 (note)
of dura, 721
epididymis, 1378
ethmoidal, 99
facialis, 721
frontal air, 79
intercavernous, 726
of internal jugular vein, 714
jugular, 713
laryngeal, 1170
lateral, 722
Ivmph, 768
maxillary, 101, 103
of Morgagni, 395
occipital, 723
orbital, 112
of pericardium, 550
petrosal, 715, 726
petrosquamous, 723
phrenicocostal, 1346
prostatic, 1367
pyriformis, 1233
renal, 1349
sagittal, inferior, 721

superior, 74, 124, 721
sigmoid, 723
sphenoidal, 91, 139
sphenoparietal, 725
straight, 722
tentorial, 722
terminalis, 831

Sinus or Sinuses, of Valsalva, 576
pulmonary, 559, 561

venosus, 554, 757
venous, 707

Sinus or Sinuses, cavernosus, 724
circularis, 726
coronarius, 555, 708
costomediasiinalis, 1184
durae matris, 721
epididymidis, 1378
frontalis, 79
intercavcrnosus anterior, 726

posterior, 726
lactiferans, 1431
maxillaris, 103
occipitalis, 723
petrosus inferior, 726

superior, 726, 966
phrenicocostalis, 1 184
pocularis, 1367
rectales, 1310
rectus, 722, 966
renalis, 1349
sagittalis inferior, 721, 966

superior, 721, 966
sphenoidales, 91
sphenoparietalis, 725
tarsi, 239
tentorii, 722
transversus, 722, 727, 966

pericardii, 550
venarum, 554
venosus sclerae, 1092
vcrtebrales longitudinales, 738

Sinusoids, 573, 751, 763
Sixth nerve, 993
Skeletal muscles, 355
Skin, 1149

appendages of, 1156
arteries of, 1156
of auditory canal, 1123
bloodvessels of, 1161
corium of, 1153
cuticle of, 1151
folds of, 1150
furrows, 1150
lymphatics of, 1156
nerves of, 1156, 1161
pigmentation of, 1155
ridges, 1150
of scalp, 363
scarf, 1151
true, 1153
veins of, 1156

Skull, anterior region of, 134
applied anatomy of, 149
base of, 123
bones of, 69
brachyfacial, 146
chemoprosope, 146
development of, 141
differences in, due to age, 143

to sex, 144
dolichofacial, 146
fossa of, anterior, 123

condylar, 131
digastric, 131
floccuhvr, 128
glenoid, 131
inferior occipital, 128
middle, 125
posterior, 127
scaphoid, 130
sphenomaxillary, 134
temporal, 132
zygomatic, 130, 133

index of, 146, 147
lateral regions of, 132
leptoprosope, 146
measurements of, 146
megacephalic, 145
mesal plane of, 146
mesocephalic, 145
microcei)halic, 145
surface form of, 147
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Skull, sutures of, 121
obliteration of, 144

tables of, 36
vertex of, 123

Smegma praeputii, 13S9
Socia parotidis, 1224
Soft palate, 1202

aponeurosis of, 1203
mucous meniljranc of, 1203
muscles of, 1203
pillars of, 1203

Solar plexus of nerves, 1073
Sole plate, 357
Soleus muscle, 529

surface form of, 544
Solitary follicles, 1292
Somatopleure, 1245
Sommering, ganglion of, 890
Space, epidural, S43

of Fontana, 1097
intercostal, 155
intermediate, of ilium, 210
interpleural. 1185
metacarpal, 202
of Xuel, 1147
perilymph, 1136
popliteal, 691
retropharjTigeal, 384
semilunar, of Traulie, 1280
subarachnoid, 845
.subdural, 845
suprasternal, 383

Spatia anguH iridis [Fonlanae],

1092, 1097
interglobulares, 1211
interossea metacarpi, 202
zonularia, 1106

Spatium intercostal^. 155
perichoroideale, 1090
suprasternale, 383

Speech tract, emissary, 957
Spermatic arterie?, 665, 1376

canal, 437, 1375
cord, 437, 1375

arteries of, 1376
IjTnphatics of, 1377
nerves of, 1377
veins of, 1377

fascia, external, 427, 1374
internal, 437

ner\e, 1047
plexus of ner\-es, 1076

of veins, 750
veins, 750

Spermatocytes, 1381
Spermatogonia, 1380
Spermatozoa, 1381
Spermia, 1381
Sphenoethmoidal recess, 140
Sphenofrontal suture, 122
Sphenoid bone, 89

rostrum of, 92, 130
Sphenoidal fissure, 93, 126, 134

foramen, structures transmit-
ted bv, 126

nerves, 990
process, 1080

of palate lx)ne, 112
sinuses. 91, 139
spine, 92
turbinated procease?, 91, 95,

138
Sphenomaxillary fissure, 109,

134, 137
fossa, 109, 134

Sphenopalatine foramen, 112,
134, 138, 1.39

ganglion, 982, 984, 986
ner^e, 983
notch. 112

Sphenop.arietal sinuses, 725
suture. 122

Spherical recess, 1137
Sphincter ani muscles, 453, 454

muscle, 358

Sphincter, pyloric, 1273
recti muscle, 452
urethrae membranaceae, 448
vaginae muscle, 445

Spigelian lobe of liver, 1324
recess, 1256

Spina angularis, 92
bifida, 68
helicis, 1120
iliaca anterior inferior, 210

superior, 210
posterior inferior, 210

superior, 210
ischiadica, 211
nasalis anterior, 105

posterior. 1 10
scapulae, 174
vestibuli of His, 758

Spinac tnentales, 117
Spinal accessory nerve, 1009

nucleus of, 879
arteries, 620, 621
bulb, 861
column, 48
cord, 820

applied anatomy of, 842
arachnoid of, 844
axones of, mvelinization of,

840
central canal of, 831

ligament of. 845
columns of, 826

dorsal, ground bundle of,

837
lateral, ground bundle of,

839
ventral, ground bundle of,

840
commissure of, gray, 831

white, 834
conus, 823
comua of, 830
development of, 827
dura of, 843
enlargements of, 823
fUum, 82.5

fissures, 825
grooves of, 825
horns of, 830
membranes of, 842
morphologj' of, 822, 829
nerve cells of, 8-32

fibers of, 832, 834
nucleus of, 834
pia of, 845
reticula of, 830
roots of, 823
substance of, grav, 829, 840

white, 833, 841
tracts of, 834
veins of, 739
weight of, 821

foramen, 49
ganglia. 1013
nerves, 1012

connections of s%'mpathetic
with. lOfrt

divisions of, 1014, 1019
points of emergence of, 1014
roots of, 1013

veins, external. 845
Spinalis colli muscle, 412

dorsi muscle, 412
Spindles, muscle, of Kiihne, 817

neuromuscular, 817
neurotendinous, 817

Spine, 48
ethmoidal, 90. 125
of helix of ear. 1120
of Henle, 81
of ischium, 211
nasal. 79

anterior, 105, 135, 139
posterior, 129, 139

palatine, 110

Spine, peroneal, 242
pharyngeal, 71, 131
of pubis, 212
of scapula, 174
sphenoidal, 92
of tibia, 233

Spinoglenoid ligament, 301
Spinomesencephalic tract of cord,

838
Spinothalamic tract of cord, 838
Spinous processes of iliiun, 210
Spiral gangUon, 1090

line of femur, 224
tube of Schachowa, 1351

Splanchnic nerves, 1071
Splanchnology, definition of, 34
Spl.anchnopleure, 1245
Spleen, 1442

applied anatomy of, 1447
arteries of, 1446, 1449
lymphatic vessels of, 7£6, 1446,

1449
mobility of. 1444
nerves of, 1446, 1449
parenchyma of, 1445
relations of, 1444
supports of, 1444
surface form of, 1446
trabeculsB of, 1445
veins of,. 752, 1446, 1449

Splenial centre, 119
Splenic arterv, 661

cells, 1445
corpuscles, 1445
IjTnph nodes, 790
plexus of nerves, 1008, 1076
pulp, 1445

Splenium corporis callosi, 934
of corpus callosum, 934

Splenius capitis muscle, 409
colli muscle, 409

surface form of, 416
dorsi muscle, surface form of,

416
Spongioblasts, 806
Squamoparietal suture, 122
Squamosphenoidal suture, 122
Squamous portion of temiwral

bone. 80
temporali.i. 80

Stahr, middle lymph node of, 778
Stapedius muscles, 1134
Stapes, 11.33

crura of, 1133
crus nnterius, 1133

posterius, 1133
head of. 1133
ligament of. 1133
neck of, 11.33

StatoHths, 1143
Stellate ligament, 282

nerve cells, 808
Stenson. duct of, 1225

foramina of. 105, 128
Stephanion, 133, 146
Sternal arteries, 632

fissure, 161
foramen, 159, 161
furrow. 166
nerve, 1022

Sternoclavicular articulation, 295
applied anatomy of, 297
surface form of. 297
.svnovial membranes of, 296

ligaments. 296
Sternocostal ligament. 286
Sternohyoid muscle. 386
Sternomastoid artery, 590, 595

muscle, 385
applied anatomy of, 386
surface form of, 402

Sternothyroid muscles, 387
Sternum. 157

applied anatomv of. 167
articulations of, 161, 288
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Sternum, ensiform appendix of,

159
gladiolus of, 159
ligaments of, 288, 289
manubrium of, 157
xiphoid appendix of, 159

Stomach, 1270
alterations in position of, 1272

applied anatomy of, 1280

arteries of, 1278
chamber, 1270
component parts of, 1272
curvatures of, 1271

fundus of, 1270
innervation of, 1280
interior of, 1273
lymphatic vessels of, 792, 1279
movements of, 1279
mucous membrane of, 1275
nerves of, 1279
openings of, 1271
pit of, 1G6
relations^of, 1279
rugae, 1273
surface form of, 1280
surfaces of, 1271
teeth, 1207
veins of, 1279

Stomata, 573, 767
Straight sinus, 722
Stratum cinercum, 897

lemnisci, 897
opticum, 897, 898
reticulatum, 904
zon'ile, 897

Stria malleolaris, 1130
medullaris, 903, 906

thnlami, 958
terminalis, 903
vascularis, 1144

Striae acusticae, 865, 866
Lancisii, 934
longitudinales, 928
medullares, 865
obliquae, 866

Striate veins, 720
Striated muscles, 355, 357

involuntary, nerves of, 357
structure of, 355

Striatothalamic fibers, 950
Striped muscles, 355
Stroma iri'lis, 1098

of iris, 1098
Structure of arachnoid of brain,

970
of bile duct, 1334
of bladder, 1363
of bone. 38
of cartilages of larynx, 1167
of cerebellum, 888
of cerebral cortex, 951

hemispheres, 912, 931
of choroid, 1093
of ciliary processes, 1095
of clavicle, 171
of coccygeal gland, 1450
of coccyx, 63
of cornea, 1091
of Cowper's glands, 1397
of crystalline lens, 1106
of duodenum, 1289
of dura of brain, 967

of spinal cord, 844
of ejaeulatory ducts, 1386
of epididymis, 1379
of eyelids, 1113
of Fallopian tube, 1402
of female urethra, 1370
of femur, 226
of forebrain, 902
of frontal bone, SO
of gall-bladder, 1332
of heart, 562
of hindbrain, 861
of humerus, 182

Structure of invcrtebral sub-
stance, 270
iris, 1098
kidneys, 1349
lacrimal gland, 1116
sac, 1117
large intestine, 1309
liver, 1328
lungs, 1194
lymphatics, 769
male urethra, 1369
mammary gland, 1430
medulla oblongata, 867
Meibomian glands, 1114
membrana tympani, 1130
membranous labyrinth,

1142
midbrain, 894, 896
mouth, 1201
mucous membrane of nasal

fossaj, 1084
muscle fiber, 356

ot nerve system, 807
nerves, 812
nipple, 1430
nose, 1079
occipital bone, 73
oesophagus, 1238
OS innominatum, 214
ovaries, 1399
pancreas, 1340
parathyroid glands, 1440
parotid gland, 1225
pars dorsalis pontis, 874
patella, 231
penis, 1389
pharynx, 1231
pineal body, 906
pinna of car, 1120
pituitary body, 909
pleura, 1185
pons, 874
prostate gland, 1393
radius, 192
retina, 1101
ribs, 165
sacrum, 63
salivary glands, 1226
scapula, 176
sclera, 1090
seminal vesicles, 1385
small intestine, 1289
spermatic cord, 1376
spinal arachnoid, 846
cord, 822, 829
nerv'es, 1014
pia, 846

of spleen, 1444
of sternum, 159
of stomach, 1274
of striated muscle, 355
of suprarenal glands, 1448
of tarsal glands, 1114
of teeth, 1209
of temporal bone, 88
of testes, 1380
of thalamus, 905
of thoracic duct, 773
of thvmus gland, 1441
of thyroid gland, 1436
of tibia, 235
of tongue, 1217
of tonsils, 1231
of trachea, 1177
of ulna, 190
of uriniferous tubules, 1351
of uterus, 1409
of vagina, 1414
of vas deferens, 1384
of vermiform appendix, 1300
of vertebrae, 62
of villi of small intestine, 1291

Styloglossus muscle, 392
Stylohyal process, 89
Stylohyoid ligament, 389

Stylohyoid muscle, 389
nerve, 998

Styloid process of fibula, 236
of radius, 192
of ulna, 189

Stylomandibular ligament, 280,
382

Stylomastoid artery, 596
foramen, 87, 131

Stylopharyngeus muscle, 396
Subacromial bursa, 303
Subanconeus muscle, 471
Subarachnoid cisterna, 969

space, 845, 969
tissue, 845

Subarachnoidean areolar tissue,

968
Subarcuate fossa, 86
Subcalcarine gyre, 925
Subcapsular lymph sinus, 768
Subcardinal veins, 765
Subcecal fossa, 1267
Subcentral fissures, 923
Subcerebellar veins, 720
Subclavian artery, 623

applied anatomy of, 627
left, 625
right, 623
surface marking of, 626

groove, 171
lymph nodes, 783
triangle, 388, 605
vein, 732

Subdavius muscle, 460
SubcoUateral gyre, 925
Subcoracoid centre, 177
Subcostal angle, 156

groove, 163
Subcutaneous acromial bursa,

303
areolar tissue, 1154
malae nerve, 983
synovial bursae, 262
tibial bursa, 336
trochanteric bursa, 327

Subdeltoid bursa, 303, 462
Subdural space, 845
Subendotlielial fibroelastic tis-

sue, 573
Subfrontal fissures, 919

gyre, 921
Sublingual artery, 591

fossa, 117
gland, 1226

Sublobular veins, 751
Submaxillary artery, 593

fossa, 117
ganglion, 990
gland, 1225

arteries of, 1226
duct of, 1226
lymphatics of , 1226
nerves of, 1226
veins of, 1226

lymph nodes, 778
triangle, 604

Submental artery, 593
lymph nodes, 779

Subnasal point of skull, 146
Suboccipital triangle, 415, 620
Suboperculum, 917
Subparotid lymph nodes, 776
Subpleural mediastinal plexus,

632
Subpubic ligament, 294
Subpyloric lymph nodes, 790
Subrostral fissure, 920
Subscapular angle, 172

artery, 630, 639
bursa, 303
fascia, 463
fossa, 172
lymph nodes, 783

• ners'e, 1030 •

Subscapularis muscle, 464
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Substantia adamantina, 1210
alba medulla spinalis, 819, 833
compacta, 38
corticalis, 1107

pili, 1161
eburnea, 1211
feruginea, 866
gelatinosa [Rolandi\, 829
grisea centralis, 829

medulla spinalis, 819
medullaris pili, 1161
nigra, 897
ossea, 1212
perforata posterior, 847
reticularis alba, 925
spongiosa, 38

Substernomastoid lymph nodes,
779

Subsylvian ramus, 917
Subtemporal fissure, 924

gjTe, 925
Subtendinous iliac bursa, 327

synovial bursse, 262
Suburethral glands, 1420
Sucking pad, 376
Sudoriferous glands, 1161
Sulci cutis, 1150

longitudinales, 553
orbitales, 921

Sulcomarginal tract of cord, 840
Sulcus, intraparietal, of Turner,

922
lacrimal, 107
lunatus, 924
of Monro, 908
orbitopalpebral, 1112
parolfactory-, 928
pedimcular, of cerebellum, 885
sagittal, 72, 78
scleral, 1088
t>-mpanic, 87. 1122, 1130

Sulcus antihelicus transversua,

1121
arteria occipitalis, 82
arteriae vertebralis, 51
bctsilaris [pontis], 864
bum, 1387
calcanei, 239
caroticus, 91
centralis [Rolandi], 918
chiasmatis. 90
circularis [Reili], 917
coronariiis, 553
costae, 163
frontalis inferior, 919

superior, 919
horizontalis cerebelli, 885
infraorbitalis, 102
intermedials anterior [medullae

spinalis], 826
posterior [medidlae spinalis],

826
interparietalis, 922
intertubercularis, ISO
lacrimalis, 107
lateralis anterior [medullae ob-

lonijatae], 862
mesencephali, 894
posterior [medullae ob-

longatae], 862
[medullae spinalis], 825

limitans [fossae rhomboideae],
866

lonrfitudinalis anterior, 553
wi. flexoris halhicis longi, 245
m. peronei longi, 246
malleolaris, 235, 238
matricis unguis, 1156
medianus linguae, 1217

posterior [medullae spinalis],
825

mylohyoideus, 117
TWTri' oculomotorii, 894, 897

rndialis, ISO
ulnaris, 182

Sulctis obturatorius, 213, 214,
920

parolfactorius anterior, 928
posterior, 928

praecentralis, 919
superior, 919

promontorii, 1126
pterygopcUfuinus, 92, 95, 110
retroglandularis, 1388
sagittalis, 72, 78
sclerae, 1088
spiralis, 1144

extemus, 1144
internum, 1144

aubclatnae, 163
/oZi, 245
temporalis inferior, 924

medius, 924
superior, 924

terminalis, 554
aim dextri, 554

transversus, 72
/u6a« auditivae, 1128
tympanicus, 87, 1122, 1130

Supercentral fissures, 919
Supercilia, 1112, 1159
.Superciliary ridge, 77, 79, 134
Superfrontal fissures, 919

gyre, 921
Supernumerary bones, 144
Supinator [brevis] muscle, 482

longus muscle, 479
Supra-acromial artery, 630
Supracardinal veins, 765
Supraclavicular IjTiiph nodes,

779
ner^'e, 1022

Supracommissure of Osborn,
906

Supracondylar process, 181 (not«)
ridge, 180

Supracondyloid foramen, 181
(note)

Suprahyoid aponeurosis, 389
artery, 591
lymph nodes, 779
region, muscles of, 388
triangle, 605

Supramastoid crest, 81
Suprameatal triangle of Mac-
Ewan, 81, 151

Supraorbital arch, 77
arter>-, 610
foramen, 135
ner\'e, 980
noteh, 77, 135
ridge, 135
vein, 710

Suprapatellar bursa, 336
Suprarenal arter>% 662

glands, 1446
accessorj', 1448
hilum of, 1447
IjTnphatic vessels of, 796

impression of liver, 1322
plexus of nerves, 1074
veins, 751

Suprascapular artery, 629
ligament, 300
nerv-e, 1029
notch, 175

' Suprascleral lymph spaces, 1086
Supraspinales muscle, 414
Supraspinatus fascia, 464

muscle, 464
Supraspinous fossa, 172

j

ligament, 272
Suprasternal arterj% 629

i
notch, 403
space, 383

Supratonsillar fossa, 1231
Supratrochlear foramen, 182
Ivmph nodes, 782
nerve, 980

Sural artery, 694

Sural veins, 742
Surface form of abductor hallucis

muscle, 544
minimi digiti muscle, 544

of acromioclavicular articu-
lation, 299

of adductor longus muscle,
543

magnus muscle, 543
transversus polUcis mus-

cle, 497
of anconeus muscle, 496
of ankle-joint, 346
of articulations of elbow-

joint, 309
of hip-joint, 329
of phalanges of foot, 354
of shoulder-joint, 304

of I iceps femoris muscle,
543

muscle, 495
of bladder, 1365
of bones of foot, 255
of brachialis anticus muscle,

496
of brachioradialis muscle,

496
of carpal bones, 205
of clavicle, 171
of coracobrachialis muscle,

495
of crureus muscle, 543
of deltoid muscle, 495
of digastric muscle, 403
of erector spinae muscle,

416
of extensor bre\^s digitorum

muscle, 544
longus digitorum muscle,

544
proprius haUucis muscle,

544
of external obUque muscle,
439

of eyelids, 1117
of femur, 228
of fibula, 238
of flexor brevis digitorum

muscle, 544
carpi radialis muscle, 496

ulnaris muscle, 496
sublimis digitorum mus-

cle, 496
of foot, 255
of gastrocnemius muscle,
544

of gluteus maximus muscle,
543

medius muscle, 543
of gracilis muscle, 543
of heart, 567
of humerus, 184
of hyoid bone, 154
of interossei muscle, 497
of intestines, 1313
of kidneys, 1354
of knee-joint, 338
of latissimus dorsi muscle,
416

of levator anguli scapulae
muscle, 416

of lumbricales muscle, 497
of lungs, 1196
of masseter muscle, 380
of metacarpal bones. 205
of metacarpophalangeal ar-

ticulations. 321
of muscles of face, 380

of head, 380
of lower extremity, 543
of neck, 402
of upper extremity, 495

of omohyoid muscle, 403
of orbicularis palpebrarum

muscle, 380
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Surface form of palmaris brevis
muscle, 497

longus muscle, 496
of i)aucreas, 1341
of patella, 231
of pectoralis muscles, 495
of pelvis, 219
of peroneus muscles, 544
of phalanges, 205
of platysnia muscle, 402
of pronator teres muscle,

496
of pyramidalis nasi muscle,

3«0
of quadriceps extensor mus-

cle, 543
of radioulnar articulation,

314
of radius, 192
of rectus abdominis muscle,

439
femoris muscle, 543

of rhomboideus muscles, 416
of sacroiliac articulation, 290
of salivary glands, 1227
of sartorius muscle, 543
of scapula, 177
of semimembranous muscle,

544
of semitendinous muscle,

543
of serratus magnus muscle,

495
posticus muscles, 416

of skull, 147
of soleus muscle, 544
of spleen, 1446
of splenius colli muscle, 416

dorsi muscle, 416
• of sternocalvicular articu-

lation, 297
of sternomastoid muscle,

402
of stomach, 1281
of subcrureus muscle, 543
of superior radioulnar artic-

ulation, 311
of temporal muscle, 380
of temporomandibular ar-

ticulation, 281
of tensor fasciae femoris

muscle, 543
of teres major muscle, 495
of thorax, 166
of tibia, 236
of tibialis muscles, 544
of trachea, 1179
of trachelomastoid muscle,

416
of trapezius muscle, 416
of triceps muscle, 496
of ulna, 190
of vastus externus muscle,

543
internus muscle, 543

of vertebral column, 67
of wrist-joint, 315

marking of abdominal aorta,
657

of anterior tibial artery, 697
of axillary artery, 637
of brachial artery, 6il
of common carotid arterj',

586
iliac arteries, 669

of dorsalis pedis artery, 699
of external carotid artery,

588
iliac artery, 680

of femoral artery, 687
of internal iliac artery, 679
of plantar arteries, 704
of popliteal artery, 693
of posterior tibial art«ry, 701
of radial artery, 646

Surface marking of subclavian
artery, 620

of superficial palmar arch,
652

of trigeminal nerve, 990
of ulnar artery, 649

relations of liver, 1334
Surf-line of aort:?, 580
Surgical anatomy. See Applied

anatomy,
neck of humerus, 178

Suspensory ligament of axilla,

456
of clitoris, 1418
of Cooper, 456
of eye, 1087
of lens, 1106
of liver, 1325
of malleus, 1133
of mamma, 456
of ovaries, 1398
of penis, 1388
of Treitz, 1285

muscle of duodenum, 1285
Sustentaculum lienis, 1264

tali, 242
Sutura, 263

coronalis, 121
dentata, 264
frontalis, 121
frontoethmoidalis, 122
frontolacrimalis, 122
frontomaxillaris, 122
harmonia, 264
intermaxittaris, 135
internasalis, 135
lambdoidea, 121
limbosa, 264
nasofrontalis, 122
nasomaxillaris, 135
occipitomastoidea, 122
parietomasfoidea, 122
sagittalis, 121
serrata, 264
sphenofrontalis, 121
sphenopariefalis, 122
sphenosquamosa, 122
sqitnmosa, 264
vera, 264
zygomaticofrontalis, 121

Sutural bones, 144
ligament, 121, 259
membrane, 263

Sutures, 121
basilar, 122
coronal, 76, 121
false, 264
frontal, 121
fronto-ethmoidal, 122
frontolacrimal, 122
frontomalar, 121
frontomaxillary, 122
frontoparietal, 121
frontosphenoidal, 121
intermaxillary, 135
internasal, 135
interparietal, 121
lambdoid, 73, 76, 121
lateral, 121
masto-oceipital, 73, 122
mastoparietal, 122
metopic, 121
nasofrontal, 122
nasomaxillary, 135
neurocentral, 63
obliteration of, 144
occipitoparietal, 121
petro-occipital. 73
petrosphenoidal. 131
petrosquamous, 84
sagittal, 76, 121
sphenofrontal, 122
sphenoparietal, 12?
squamoparietal. 122
squamosphenoidal, 122

Sutures, transverse, 122, 139
facial, 121

true, 264
zygomaticofrontal, 122

Sweat glands, 1161
Sylvian fissure and its rami, 916

development of, 917
veins, 720

Sympathetic nerve system, 1063
Symphysis of mandible, 115

ossium pubis, 294
sacrococcygea, 292

Synarthrosis, 263, 266
Synchondrosis, 264

sphenooccipitalis, 122
stemalis, 157

Syndesmology, definition of, 34
Syndesmosis tibiofibularis, 341
Syndosmo-odontoid joint, 274
Synergic muscles, 359
Synovia, 261
Synovial bursse, subcutaneous,

262
subtendinous, 262
thecal, 262

ligaments, 262
membrane, 259, 261

of acromioclavicular articu-
lation, 298

of ankle-joint, 345
articular, 261
of articulations of carpus,

317
of elbow-joint, 308
of shoulder-joint, 303

bursal, 262
of calcaneo-astragaloid ar-

ticulation, 347
of calcaneocuboid articula-

tion, 348
of carpometacarpal articula-

tions, 318
of costocentral articulations,

283
of costosternal articulations,

288
of flexor tendons at wrist,

486
of hip-joint, 326
of inferior tibiofibular artic-

ulation, 342
of knee-joint, 336
in metatarsal joint, 353
of radioulnar articulations,

313
of sternoclavicular articula-

tion, 296
of superior tibiofibular artic-

ulation, 341
in tarsal joint, 353
of tarsometatarsal articula-

tion, 352
of temporomandibular ar-

ticulation, 280
vaginal, 262

pads, 262
sheath, 262
villi, 262

Systemic circulation, 548
veins, 708

Systole, auricular, 565
ventricular, 565

Tables of skull, 36
Tactile corpuscles, 816
Taenia coli, 1310

libera, 1310
mesocolica, 1310
omentalis, 1310
pontis, 895
semicircularis, 937, 938
ihalami, 903
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Tneniae cnli. 1296
Tnlws, 244
Tapetum of corpus callosum,

933. 938
Tarsal arch, inferior, 612

superior, 612
artery, 699
articulations, sjTio^'ial mem-

brane in, 353
transverse, 349

bones, development of, 254
glands, 1114
ligament.^, 366
muscles, 369, 370
nerve, 1059
plates, 1113

Tarsometatarsal articulations,

351
svnovial membrane of, 352

Tarsus, 239
articulations of, 347

Taste buds, 1149
ner\-es of, 1149
organs of, 1148

Tawara. node of. 564
Tectospinal tract, 900
Teeth, 1204

auditory, 1144
bicuspid, 1207
calcification of, 1216
canine, 1206
cementum of, 1212
chemical composition of, 1210
deciduous, 1205
dentin of, 1211
development of, 1212
eruption of, 1216
enamel of, 1210
ivorv of, 1211
milk, 1205
molar, 1207
permanent. 1206
premolar, 1207
stomach, 1207
structure of, 1209
temporary, 1205

Tegmen tympani, 84. 1125
Tecmental part of pons, 876

tract, 900
Tegmentum, 896. 897

of midbrain, 897
fiber tracts in, 898

nucleus of, 898
Tela choroidea, 867, 971

superior, 940
ventriculi quarti, 865, 867,

972
tcrtii, 971

subcutanea, 1154
Telencephalon, 902

pars optica hj^pothalami of,

908
Telodendria, 811, 815
Temporal arteries, 597, 598, 600,

601. 617
bone, 80
crest, 74
diploic veins, 718
fascia, 378
fossa, 92, 132
lobe, 924

fissures of, 924
g.vres of, 924

muscle, 378
surface form of, 380

nerve from facial, 998
from internal maxillary, 987
from superior maxillarj-. 983

ridge of frontal bone, 78
of parietal bone, 74

veins, 712
^^angs of sphenoid, 92

Temporofacial ner%-e, 996
Temporomalar filaments, 109

foramen, 109

Temporomalar ner\'e, 983
Temporomandibular articula-

tion, 133, 279
applied anatomy of, 281
surface form of, 281
synovial membrane of, 280

region, muscles of, 377
Temporomaxillary vein, 712
Temporopontile tract, 900, 950,

957
TenHo, 360

Achillis, 530
bursa of, 530

calcaneus [Achillis], 530
oculi. 366. 367

Tendons. 360
of diaphragm, 419
flexor, fibrous sheaths of, 539

at wrist, syno\'ial mem-
branes of, 486

of Lockwood, 370
of quadriceps extensor muscle,

512
of triceps muscle, 470
of Zinn, 370

Tenon's capsule. 371
Tensor fasciae femoris muscle,

508
surface form of, 543

palati muscle, 397
tarsi muscle, 367
tympani, canal for, 1127

Tenth nerve, 1003
thoracic vertebra, 54

Tentorial hiatus, 847
sinus, 732

Tentorium cerebelli, 966
Teres major muscle, 466

surface form of, 495
minor muscle, 466

Terma, 847, 908, 909
Terminal arteries, 573, 618

fibriUae, 816
Testes, 1371, 1377. See also

Testicle,

applied anatomy of, 1383
descent of, 1424
efferent ducts of, 1380
extremitus inferior, 1378

superior, 1378
fades lateralis, 1378

medialis, 1378
lymphatic vessels of, 796
margo anterior, 1378

posterior, 1378
parenchyma of, 1380
structure of, 1380
tunica albuginea, 1380

dartos, 1373
fibrosa, 1380
vaginalis com.munis, 1374

propria, 1374, 1379
lamina parietalis, 1379

risceralis, 1379
vascidosa, 1380

Testicle, 1371
coverings of, 1372
tunics of, 1379

Thalamencephalon, 902
Thalami, 902
Thalamofrontal fibers, 950
Thalamostriate fibers, 950
Thebesius, valve of, 555. 708

veins of. 709
Theca folliculi, 1399
Thecal synovial bursa, 262
Thenar eminence, 486
Thigh, fascia of, 505

muscles of, 505
Third nerve, 976

occipital nerve, 1017
ventricle. 907

Thoracic aorta, 653
applied anatomy of, 654

arteries, 638, 639

Thoracic cardiac nerve, 1007
curve of vertebral column, 60
duct, 771

applied anatomy of, 774
tributaries of, 772

nerve, 1018
anterior, 1030
diHsions of, 1018, 1040
long, 1029
posterior, 1029

portion of gangliated cord,
1070

region, fasciae of, 455
muscles of, 455, 461

vein, long, 732
vertebrae, 53
viscera, lymphatic vessels of,

802
wall, IjTnphatic vessels of,

798
Thoracicoepigastric vein, 732
Thoracicolumbar nerves, 1043
Thoracoabdominal intercostal

nerves, 104.3

Thorax, 154
applied anatomy of, 167
fasciae of, 416
inlet of, 155
lymph nodes of, 798
mu.scles of, 416
surface form of, 166
veins of, 727

Thymic arterv, 582, 1442
Thymus gland, 1440

applied anatomy of, 1442
arteries of, 1442
lymphatic vessels of, 802,

1442
nerves of, 1442
veins of, 1442

Thyroarytenoid ligaments, 1170
muscles, 1173

Thyroepiglottic Ugaments, 1167,
1169

ThjToepiglotticus muscle, 1173
Thyroglossal duct, 1219
Thyrohyals, 154
Thyrohyoid ligaments, 1167
membrane, 1164, 1167
muscle. 387
nerve, 1011

ThjToid artery, inferior, 629
superior, 589

axis, 628
body, 1435

plexus of veins on, 734
cartilage, 1163
foramen, 213
gland, 1435

accessory, 1436
applied anatomy of, 1438
arteries of, 1437
lymphatics of, 1438
nerves of, 1438
structure of, 1436
veins of, 1438

nerve. 1069
plexus of. 1069

vein, inferior, 734
middle, 716
superior, 715

Thyroidea ima artery, 582
vein, 735

Tibia, 231
crest of, 234
internal malleolus of. 235
nutrient artery of, 702

foramen of, 234
oblique line of, 234
popliteal notch of, 233
spine of, 233
structure of, 235
surface form of,•236
tubercle of, 233

Tibial artery, anterior, 696
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Tibial artery, anterior, applied
anatomy of, 697

recurrent, 698
surface marking of, 697

posterior, 700
applied anatomy of, 701
recurrent, 698
surface marking of, 701

bursa, subcutaneous, 336
lymph node, 784
nerves, 1055, 1057, 1059

Tibialis anticus muscle, 526
bursa of, 526
surface form of, 544

posticus muscle, 533
surface form of, 544

Tibiofibular articulations, 340,
341

region, muscles of, 525, 528
Tibiotarsal articulation, 342

ligaments, 343
Tigroid bodies, 809
Tissue, fibroelastic, subendo-

thelial, 573
spaces, 767
subarachnoid, 845

Todd and Bowman, trachealis

muscle of, 1178
Tomes, granular layer of, 1211

secondary dentin of, 1212
Tongue, 1217

applied anatomy of, 1222
arteries of, 1219
development of, 1221
lymphatic vessels of, 777, 1220
mucous membrane of, 1217
muscles of, 393
nerves of, 1221
papillae of, 1218
veins of, 1219

Tonsilla, 887
ccrebelli, 887
intestinalis, 1292
lingualis, 1219
palatina, 1230
pharyngea, 1230

Tonsillar arterv, 593
nerve, 1003

Tonsils. 1230
applied anatomy of, 1233
arteries of, 1231
development of, 1232
lingual, 1219
lymphatics of, 1231
nerves of, 1231
pharyngeal, 1230
tubal, 1128
veins of, 1231

Topographic anatomy, defini-
tion of, 33

Topography, craniocerebral, 962
Torcular, 72, 128

Herophili, 724
Torus interuretericus, 1365

tuharius, 1229
lUerinus, 1257

Touch corpuscles of Meissner
and Wagner, 816

organ of, 11.50

Traheculae carneae, 558
corporum cavernosum, 1389
cranii, 141
lienis, 1445
of spleen, 1445

Trabs cerebri, 933
Trachea, 1175

applied anatomy of, 1180
arteries of, 629, 1179
cartilages of, 1177

» glands of, 1178
lymph nodes of, 1179
mucous membrane of, 1178
relations of, 1175
surface form of, 1179
\ein9of, 735, 1179

Tracheal lymph nodes, 1179
Trachealis muscle of Todd and
Bowman, 1178

Trachelomastoid muscle, 412
surface form of, 416

Tracheobronchial lymph nodes,
801

Trachoma glands, 1115
Tract, ascending, 957

cells of spinal cord, 841
corticopontile, 900
descending, 956
frontopontile, 900, 951, 957
geniculate, 950
nerve, cerebrospinal, 838

Lowenthal's, 840
vential cerebrospinal, 840

Marchi's, 839
Monakow's, 839

prepyramidal, 839
occipitomesen cephalic, 957
occipitopontile, 950
olfactory, 927
pyramidal, 900
solitary, nucleus of, 880
speech, emissary, 957
of spinal cord, 834
tectospinal, 900
tegmental, 900
temporopontile, 900, 9,50, 957

Tractus cervicolumbalis, 836
iliotibialis [Maissiali], 507
olfactorius, 927
peduncularis transversus, 895
pontocercbellares, 890
rubrospinalis, 898
solitarius, 880
spinotectalis, 838
spiralis foraminosus, 85, 1139
thalamicus, 838
tectospinalis, 840

Tragi, 1159
Tragicus muscles, 1121
Tragus, 1120
Transinsula fissure, 925
Transorbital fissure, 921
Transparietal fissure, 924
Transprecentral fissures, 920
Transtern i)oral fissure, 924

gyre, 924
gray substance of, 953

Transversalis capitis muscles,
412

cervieis muscle, 412
fascia, 436
muscle, 432

Transverse aorta, 579
colon, 1303
mesocolon. 1264, 1304

Transversus auriculae muscles,
1121

perinei profundus, 448
sulcus antihelicis, 1121

Trapezium, 876
bone, 198

Trapezius muscle, 404
surface form of, 416

Trapezoid bone, 199
ligament, 298
ridge, 169

Treitz, fossae of, 1265
suspensory ligament of, 1285

Triangle, carotid, 388, 603, 604
of election, 604
Hesselbach's, 437
Lesser's, 591, 1012
of necessity, 603
of neck, 386, 602, 603, 605
occipital, 388, 605
Petit, 407, 426
Scarpa's, 509, 685
subclavian, 388. 605
submaxillary, 604
suboccipital, 415, 620
suprahyoid, 605

Triangle, suprameatal, 81
Triangular articular disk, 312

fascia, 425, 428
ligament in female, 446,

in male, 446
muscles, 358

Triangularis sterni muscle, 417
Triceps extensor cubiti muscle,

470
muscle, 470

applied anatomy of, 471
surface form of, 496

tendon of, 470
Tricuspid orifice, 557

valve, 558
Trifacial nerve, 978
Trigeminal depression, 84

nerve, 978
applied anatomy of, 991
nucleus of, 883
surface marking of, 990

Trigone of bladder, 1367
Trigonum collatcrale, 938
femorale, 685
fibrosuni, 562
habenulae, 903, 906
hypoglossi, 866
lumbale, 426
olfactorium, 928, 973
vagi, 866
ventriculi, 938
vesicae, 1365

Trineural fasciculus, 880
Trochanter, greater, 222

bursa of, 327
lesser, 223
major, 222
minor, 223
rudimental third, 224
tertius, 224

Trochanteric bursa, 327
fossa, 223

Trochlea, 182
of femur, 225
humeri, 182
phalangis, 205
of superior oblique muscle, 370
tali, 245

Trochlear fossa, 79
nerve, 977

nucleus, 901
Trochoid, 264, 265
Troeltsch, recesses of, 1134
Trolard, anastomotic vein of, 720
True pelvis, 215

skin, 1153
suture, 264

Trunci lumbales, 772, 789
Truncas corporis callosi, 933

costocervicalis, 633
intestinalis, 772, 789
jiigularis, 780
lumhosacralis, 1044
subclavius, 783
sympatheticus, 1066

pars cephalica, 1066
cervicalis, 1066
sympathici, 1066

thyreocervicalis, 628
Trunk, arteries of, 653

articulations of, 268
fasciae of, 403
muscles of, 403

Tuba auditiva [Eustachii], 1127
pars cartilaginea, 1127

ossea, 1127
interna [Fallopii], 1401

stratum circulare, 1402
longitudinale, 1402

tunica mucosa, 1402
plicae ampullares, 1402

isthmicae, 1402
tuhariae, 1402

muscularis, 1402
serosa, 1402
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Tubal tonsil, 1128
Tube, Eu:stachian, 1127
Tuber calcanei, 243
cinereum, 847, 908
frontale, 76
ischiadicum, 211
viaxillare, 102
omenlale, 1821, 1338
parietalf, 74

Tuheral lobes, 887
Tubercle, adductor, 225

amygdaloid, 939, 948
of calcaneus, 242
C'hassaignac's, 68
conoid, 1G9
of Darwin, 1120
deltoid, 169
distobuccal, 1207
distolingual, 1207
of femur, 224
genial, 117
of ilium, 210
infraglenoid, 175
jugular, 73
lacrimal, 104
of Lower, 557
mental, 116
olfactory, 928, 973
pterygoid, 95
of quadratus, 224 (note)
supraglenoid, 176
of tiiiia, 233
of ulna, 187
zygomatic, 81

Tubercilia mentalin, 116
Tuberculum acusticum, 866, 881

anlerius, 50, 904
thalami, 904

auriculae [Darwini[, 1120
cinereum, 864
costae, 162
epiglotticum, 1167
intercondyloideum laterale, 233

mediale, 233
intervenosum [Loweri], 557
jugulare, 73
majus, 180
minus, 180
ohturaiorium anterius, 214

posterius, 214
ossis multanguli majoris, 199

navicidaris, 196
papillare. 1322
pharyngeum, 71
posterius, 51
puhicum, 212
scaleni, 163
sellae, 90
ihyroideum inferius, 1164

superiwi, 1164
vestibularis, 865

Tuberositas coracoidea, 169
costae II, 165
costali^, 171
deltoidea, 181
glutaea, 224
iliaca, 210
infraglenoidalis, 175
oss!^ cuboidei, 246

metatarsalis I, 251
F, 252

naticularis, 247
rtw/Vt, 191
sacralis, 60
supraglenoidalis, 176
/*me, 233
ulnae, 187
unguicularis, 205

Tuberosity, liicipital, 191
of femur, 226
of humerus, 180
of ischium, 211
maxillary, 102
of palate bone, 111, 128
of ribs, 162

Tuberosity of scaphoid Ixjne of

foot. 247
of tibia, 233

Tubules, pronephric, 1420
rwbwK rec<i, 1380

renales, 1350
seminiferi contorti, 1380

Tubulus renalis recta, 1351
Tunica albuginea, 1380

conjunctiva bulbi, 1115
palpebrarum, 1114

fibrosa, 1380
oculi, 1089

intima, 573
mucosa tympani, 1134

p/ica incudis, 1134
malleolaris anterior,

1134
posterior, 11.34

stapedis, 1134
serosa, 1244

<eto subserosa, 1244
vaginalis, 1379
vasculosa, 1380

ocit/i, 1092
Tunics of eye, 1089

of testicle, 1379
Turbinated bone, 113

crests, 102, 104, 110
process, middle, 98, 139

sphenoidal, 91, 95, 139
superior, 98

Tiirck's bundle, 957
Turner, intraparietal sulcus of,

922
Twelfth nerve, 1010

thoracic vertebrae, 55
Tympanic arteries, 597, 600, 609

ca\-ity, 1125
membrane, 87, 1128
nerve from facial, 997
from glossopharyngeal, 1002

plate, 131
plexus of nerves, 1002
portion of temporal bone, 87
sulcus, 87, 1122, 1130

TjTiipanohyal process, 88
Tympanum, 1124

applied anatomy of, 1135
arteries of, 1135
floor of, 1125
mucous membrane of, 1134
muscles of, 1134
nerves of, 1135
ossicles of, 1131
promontory of, 1126
roof of, 1125
Aeins of, 1135
wall of, anterior, 1127

inner, 1126
outer, 1125
posterior, 1126

U
Ulna, 185

applied anatomy of, 192
surface form of, 192

Ulnar artery, 648
carpal arteries, 651
groove, 182
nerv-e, 1036
recurrent arteries, 650
region, muscles of, 492
veins. 729

Umbilical arteries, 570
circulation, 756
ligament, 1361
vein, 764

Umbilicus, 435
Umbo membranae fympanae, 1130
TJnciform bone, 200

process, 200
of ethmoid, 98

Uncinate fasciculus, 955

Uncinate gvre, 925
Uncus, 929
Ungual phalanges, 205
Ungues, 1156
margo lateralis, 1156

liber, 1156
occuUus, 1156

Unipolar nerve cells, 808
Unstriated muscles, 355, 357
Unstriped muscle, 355
Urachus, 1360
Ureteral folds, 1365

orifice. 1365
Ureters. 1356

applied anatomy of. 1358
arteries of. 1358
calices of. 1356
infundibula of. 1356
lymphatic vessels of. 796
muscles of, 1363
nerves of, 1358
pars abdominalis, 1356 "

pelvina, 1356
pelvis of, 1349, 1356
relations of. 1356
stratum externum, 1358

internum, 1358
tunica adventitia, 1358

mucosa, 1358
museidaris, 1358

Urethra, arteries of. 676
development of. 1426
female. 1370
Ij-mphatic vessels of. 796
male. 1366

applied anatomy of. 1369
bulbous portion, 1369
membranous portion, 1367
penile portion, 1368
prostatic portion, 1366
spongy portion, 1368

midiebris, 1370
stratum circulare, 1370

longitudinale , 1370
tunica mucosa, 1370

muscularis, 1370
orifice of, 1369
virilis, 1366

pars cavernosa, 1368
memhranacea, 1367
prostatica, 1366

stratum circulare, 1369
longitudinale, 1369

tunica fibrosa, 1369
Urethral bulb, 1386
Urinarj- bladder, 1358

meatus, 1417
organs, 1343

development of, 1420
lymphatic vessels of, 796

Uriniferous tubules, structure of,

1351
Urinogenital organs, 1343
Uterine arbor vitae, 1408

plexus of nerves, 1077
plexuses of veins, 747

Uterosacral ligaments, 1407
Uterovesical fold, 1407

pouch, 1256, 1362, 1404, 1407
Uterus, 1402

abnormalities of, 1408
applied anatomv of, 1411
arteries of, 672, 1410
bicornate, 1408
changes in, at menstrual

period, 1408
by pregnancy, 1409

at different ages, 1408
folds of, 1406
ligaments of. 1406
Ijinphatic vessels of, 797, 1411
7nasculinus, 1367
mucous membrane of, 1410
nerves of, 1411
tunica mucosa, 1410
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IJierus tunica muscularis, 1409
stratum mucosum, 1409

subserosum, 1409
supravasculare, 1409
vasculare, 1409

serosa, 1409
veins of, 747, 1411

Utricle, 1140
Utricular nerve, 1000
Utriculoampulhic nerves, 1000
Utriculus, 1140
prostaticus, 1367

Uvea, 1098
Uvula, 1203

palatina, 1203
vermis, 887
vesicae, 1365

Uvular lobes, 887

Vagina, 1413
arteries of, 672, 1415

applied anatomj' of, 673
lymphatic vessels of, 797, 1415
mucosa intertubercularis, 3'J3

tendinis, 262
mucous membrane of, 1414
musculu^ recti abdominis, 434
nerves of, 1415
paries anterior, 1413

posterior, 1413
relations of, 1414
rugous columns of, 1414
tunica mucosa, 1414

musculari>s, 1414
veins of, 747, 1415
vestibule of, 1416

Vaginal bulb, 1420
arteries of, 1420
nerves of, 1420

plexus of nerves, 1077
of veins, 747

process of sphenoid, 92, 94
synovial membrane, 262

Vagus nerve, 1003
applied anatomy of, 1008
nucleus, 880

Valentin, ganglion of, 984
Vallecula, 884, 1167

sylvii, 917
Valleculae, 1167
Vallum unguis, 1156
Valsalva, sinuses of, 576

pulmonarv, 559, 561
Valve, anal, 1310

aortic, 561
bicuspid, 561
coronary, 555, 708
Eustachian, 555
of Geriach, 1299
of Guerin, 1369
of Hasner, 1117
of heart, action of, 565
development of, 760

Houston's, 1310
ileocecal, 1301
of Kerkring, 1289
mitral, 561
of Morgagni, 1310
pulmonarv, 559
pyloric, 1273
rectal, 1310
of Thebesius, 555, 708
tricuspid, 558
venous, 758
of Vieussens, 891

Valvula, 884, 891
hicuspidalis, 561

cuspis anterior, 561
posterior, 561

pylori, 1273
spiralis [Heisteri], 1333
tricuspidalis, 558

cuspis anterior, 558

' Valvula tricuspidalis cuspis medi-
alis, 558

posterior, 558
venae cavae inferioris [Eus-

tachii], 556
Vahiilae conniventes, 1289

fossa navicularis, 1369
semilunares aortae, 561

arteria pulmonalis, 559
sinus coronarii [Thebesii], 556

Valvuli coli, 1301
labium inferius, 1301

superius, 1301
Vas deferens, 1383

ampulla of, 1383
arteries of, 671
lymphatic vessels of, 797

efferens, 768
Va.sa aberrantia, 641

afferentia, 768
brevia arteries, 662
intcstini tenuis, 663, 1293

Vascular papillse, 1154
system, changes in, at birth, 571

in fetus, peculiarities of, 568
Vascularization of bone, 45
Vasomotor nerve fibers, 813
Vastus externus muscle, 510

surface form of, 543
internus muscle, 510

surface form of, 543
Vater, ampulla of, 1334

corpuscles of, 816
Vegetative muscle, 355
Vein or Veins, 705

of abdomen, 739
accessory cephalic, 731
adventitia of, 706
anastomosis of, 706

between portal and sys-
temic, 754

anastomotic, i)ostcrior, 720
of Trolard, 720

angular, 710
of auditory canal, 1123
auricular, 712
axillary, 731
azygos, 736
basilar, 720
basilic, 730
of bile ducts. 1334
of bladder, 1365
of bodies of vertebrae, 738
brachial, 731
brachiocephalic, 733
bronchial, 737
cardiac, 708

anterior, 556
of cecum, 1300
cephalic, 730. 731
cerebellar, 720
cerebral, 719
cervical, 717
choroid, 720
companion. 7-31

coronary. 709
costoaxillar5', 732
cystic, 754
definition of, 548
development of, 763
digital, 728, 739, 741
of diploe, 718
dorsal, of penis, 746
of dura of brain, 967
dural, 719
emissary, 727
epigastric, 742
extravertebral, 737
of face, exterior of, 710
facial, 710, 712
of Fallopian tube, 1402
femoral, 742
of fingers, superficial, 728
of foot, 739, 741
frontal, 710

Vein or Veins, of Galen, 720, 942
of gall-bladder, 1334
gastric, 753
gastroepiploic, 753
of globe of eye, 1109
gluteal, 743
of hand, 72S
of head, 710
of heart, 565
hemorrhoidal, 744
hepatic, 751
histologv of, 706
iliac, 742, 743, 747
iliolumbar, 748
innominate, 733
intercostal, 735, 736
interdigital, 739
interosseous, 731, 739
intervertebral, 738
intima of, 706
intraloiiular, 751
intravertebral, 738
jugular, 713, 714
of kidneys, 1354
of large intestine, 1312
laryngeal, 735
of larynx, 1174
of left ventricle, 709
lingual, 715
of liver, 1328
of lower extremity. 739, 741
lumbar, 749

ascending, 736, 749
of mammary gland. 734, 1432
marginal. 709
maxillary. 712
media of. 706
median, 721. 730
of medulla oblongata, 721
mcmbrana tympani, 1131
meningeal. 719
meningorachidian, 843
mesenteric, 753
metatarsal, 741
nasal arch of, 710

fossae, 1085
nasofrontal, 725
of neck, 710. 713
of nose, 1081
oblique, of Marshall, 550, 709-

obturator, 744
occipital, 713
oesophageal, 735, 1239
ophthalmic, 725
orbital, 712
ovarian, 751, 1401
palmar, 731
pancreatic, 753, 1341
pancreaticoduodenal, 753
parietal, development of, 764
of parotid gland, 1225
parumlnlical, 754
of pelvis, 739
of penis, 1390
pharyngeal, 715
phrenic, 734, 751
of pia of brain, 972
of pinna of ear, 1121
plantar, 741
of pleura, 1185
plexus of. of foot, 739

of hand, 729
hemorrhoidal, 745
palmar, 729
pharyngeal, 715
pterygoid, 712
spermatic, 750
on thyroid body, 734
uterine, 747
vaginal, 747
vesical, 745
ve.sicoprostatic, 745
vertebral, 737

of pons, 720
popliteal, 742
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Vein or Veins, portal, 751
postcapillary, 706
posteardinal, 764
postcava, 748
precardinal, 764
precava, 735
of prostate gland, 1395
pubic, 743
pudic, 744
pulmonary, 559, 707
pyloric, 754
radial, 730, 731
ranine, 715
renal, 751
sacral, 744, 748
of salivary glands, 1227
saphenous, 740, 741
sciatic, 744
of seminal vesicles, 1385
of skin, 1156
of small intestine, 1295
spermatic, 750
spinal, external, 845
of spinal cord, 739
splenic, 752, 1446, 1449
of stomach, 1279
striate, inferior, 720
subcardinal, 765
subcerebellar, 720
subcla\'ian, 732
sublobular, 751
of submaxillary gland, 1226
supracardinal, 765
supraorbital, 710
suprarenal, 751
sural, 742
sj'hian, 720
systemic, 708
temporal, 712
temporomaxillarv, 712
of Thebesius, 709
thoracic, long, 732
thoracicoepigastric, 732
of thorax, 727
of thymus gland, 1442
thyroid accessory, 717

inferior, 734
gland, 1438
middle, 716
superior, 715

thvroidea ima, 735
tibial, 742
of tongue. 1220
of tonsil, 1231
tracheal, 735, 1179
of tympanum, 1135
ulnar, 729
umbilical, 752^ 764
of upper extremity, 727, 728,

731
uterine, 747, 1411
vaginal, 747, 1415
A'ena capitis lateralis, 766

cava, inferior, 748
applied anatomy of, 748
development of, 765
opening for, in dia-

jjhragm, 421
superior, 735

of vermiform appendix, 1300
vertebral, 717, 737
of voluntary muscles, 357

Velleeula cerebelli, 884 •

Velum, 884
interpositum, 884, 903, 934,

940, 971
medullare atilerius, 865

posteritis, 866, 888
palatinum, 1203

Vena anonymd dexfra, 733
sinistra, 734

arciformis, 1354
auditivae internae, 1148
auricularis posterior, 712
nxiUaria, 731

Vena azygos, 736
basilica, 730
basisvertehralis, 738
capitis lateralis, 766
cava inferior, 555, 748

sinistra, 550
superior, 555, 735

cephalica, 730
accessoria, 731

cerebri 7nagna, 720
cervicalis profunda, 713, 718
choroidea, 720
circumflexa ilixim profunda, 742
colica dextrae, 753

media, 753
~ cordis magna, 709

media, 709
parva, 709

coronaria ventriculi, 753
corporis striati, 720
cystica, 754
diploid frontalis, 718

occipitalis, 719
temporalis anterior, 718

posterior, 718, 719
epigastrica inferior, 742
facialis anterior, 710

communis, 710
posterior, 712

femoralis, 742
frontalis, 710
gastroepiploica dextra, 753

sinistra, 753
hemiazygos, 736

accessoria, 737
hcmorrhoidalis m^dia, 744

superior, 753
hypogaslrica, 743
iliaca communis dextra, 748

sinistra, 748
externa, 742

intercostalis supretna dextra,

735
sinister, 735

jugvlaris anterior, 713
externa, 713
interna, 714
posterior, 713

larynjea inferior, 735
linealis, 752
lumbalis asceniens, 736, 737,

749
magna Galeni, 720
maxillaris interna, 712
mediana basilica, 730

cephalica, 730
cubiti, 730

m,esenterica inferior, 753
superior, 753

nasofrontalis, 710, 725
obliqim atriisinistri [Marshalli],

550, 709
obturatoria, 744
occipitalis, 713
ophthalmica inferior, 726

superior, 725
poplitea, 742
portae, 751
posterior ventriculi sinistri, 709
profunda femoris, 742
radialis, 730
renalis, 1354
sacralis media, 748
saphena magna, 740

parva, 741
suhclavia, 732
supraorbttalis, 710
thoracalis lateralis, 732
thoracoepigastrica, 732
thyreoidea ima, 735

superioris, 715
vertebralis, 717

Venae anonymae, 733
auditivae internae, 723, 726
basilis [Rosenthali], 720

Venae basis vertebrae, 48
brachiales, 731
bronchioles anteriores, 737

posteriores, 737
cerebelli inferiores, 720

superiores, 720
cerebri, 719

inferiores, 720
internae, 720
media, 720
superiores, 719

comites, 697, 707, 731
cordis, 708

anteriores, 709
minimae, 709

costoaxiUares, 732
digitales communes pedis, 739

dorsales propriae, 728
pedis dorsalis, 739
plantares, 741
volares propriae, 729

gc^tricae breves, 753
glutaeae inferiores, 744

superiores, 743
hemorrhoidales inferiores, 744
hepaticae, 751
Uiolumbales, 748
intercapitulares, 729, 739
intercostalis, 736
intervertebrales, 737, 738
intestinales, 753
linguales, 715
lumbales, 749
mammariae internae, 734

rami perforantes, 734
sternales, 734

meningeal, 719
metacarpeae dorsales, 729
metalarseae dorsales pedis, 741

plantares, 741
minimae cordis, 555, 559
oesophageae, 735
ovariacae, 751
pancreaticae, 753
pancreaticoduodenales, 753
parumbilicales, 754
pharyngeae, 715
phrenicae inferiores, 751
pidmonales, 707
rectae, 1354
renales, 751
revehentes, 764
sacrales laterales, 744
saphena parva, 1054
sigmoideae, 753
spermaticae, 15Xi

spinales, 739
externae, 845

suprarcnales, 751
thyreoideae inferiores, 734
tibialis anteriores, 742

posteriores, 742
tracheales, 735
uterinac, 747
vorticosae, 725, 1090, 1093

Venous arches of fingers, 728
mesocardium, 549
A'alves, 758

Fencer anterior nfusculus digas-
tricus, 389

inferior musculus omohyoidetis,
388

posterior musculus digastricus,

388
superior inusculus omohyoid-

eus, 388
Ventral aorta, 761

cerebrospinal tract, 840
column of cord, 827

ground bundle of, 840
fissure of medulla oblongata,

861
of spinal cord, 825

horn of spinal cord, 834
lamina of brain, 855
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Ventral root of spinal cord, 823
spinal artery, 621

Ventrales Hinderstrangsbiindel
[Strumpell], 837

"Ventricle of brain, fifth, 934, 945
fourth, 864

choroid plexus of, 867
floor of, 865
furrows of, 866
roof of, 866

of heart, fibers of, 563
loft, 560
right, 557

of larynx, 1170
lateral, 936
left, vein of, 709
primitive, 757
third, 907

Ventricular diastole, 565
septum, 759
systole, 565

Ventricvius, 1270
dexter, 557
laryngis [Morgagnii], 1170
lateralis, 936

cornu anterius, 936
inferius, 938

pars centralis, 936
frontoparietalis, 937

paries posterior, 1272
plicae rmicosae, 1275

villosae, 1275
quartus, 864
sinister, 560
tela svhmucosa, 1275
tertius, 907
tunica mucosa, 1275

muscularis, 1274
fibrae ohliquae, 1275
stratum circulare, 1274

longitudinale, 1274
serosa, 1274

Ventrolateral fissure of medulla
oblongata, 862

Ventromedian fissure of medulla
oblongata, 861

Ventroparamedian fissure of
spinal cord, 826

Venules, 547, 706
Verga's ventricle, 944
Vermiform appendix, 1298

applied anatomy of, 1302
arteries of, 1300
canal of, 1299
lymphatics of, 1300
mesentery of, 1265
veins of,'1300

Vermis, 885
Verrucae gyri hippocampi, 925
Verumontanum, 1367
Vertebra, 48

cervical, 49
atlas of, 50
axis of, 52
seventh, 53

lumbar, 56
structure of, 62
thoracic, 53

Vertebrae ceroicales, 49
coccyqeae, 61
lumbales, 56
prominens, 50, 53, 67
thoracales, 53

Vertebral aponeurosis, 404, 408
artery, 619, 628

applied anatomy of, 620
bodies, ligaments of, 268
canal, 49, 67
column, 48

applied anatomy of, 68
articulations of, 268 •

applied anatomy of, 278
wth cranium, 275
with pelvis, 289
with rilDS, 282

Vertebral column, movements of,

272
surface form of, 67
as a whole, 66

foramen, 49
groove, 67
region, muscles of, 400
ribs, 161
veins, 737

Vertebrarterial foramen, 50
Vertebrochondral ribs, 161
Vertebrosternal ribs, 161
Vertex of skull, 123

vesicae, 1361
Vesica fellea, 1332

tunica mucosa, 1333
muscularis, 1332
serosa, 1332

urinaria, 1358
stratum, externum, 1363

internum, 1363
medium, 1363

tunica fibrosa,, 1363
mucosa, 1363
muscularis, 1363

Vesical arteries, 671, 672
plexus of nerves, 1077

of veins, 745
Vesicles, auditory, 141

optic, 852 .

otic, 141
Vesicoprostatic plexus of veins,

745
Vesiculae seminnles, 1384

tunica adventifia, 1385
mucosa, 1385
muscularis, 1385

Vestibular ganglion, 1000
nerve, 1000

nuclei, 881
Vestibule of ear, 1136

of vagina, 1416
Vestibulospinal tracts of cord,

839, 840
Vestibulum, 1136
macula crihrosa inferior, 1138

media, 1137
superior, 1137

nasi, 1082
oris, 1200
recessus cochlearis, 1137

ellipticus, 1137
sphaericus, 1137
vaginae, 1416

Vestigial fold of Marshall, 550
Vibrissae, 1159
Vicq d' Azyr, bundle of, 905
Vidian artery, 602, 609

canal, 93, 130, 134
nerve, 985, 1066

Vieussens, valve of, 891
ViUi intestinales, 1291

of small intestine, 1291
Vincula accessoria tendinum, 476

lingxdae cerebelli, 886
tendineae, 476

Visceral lymph nodes, 790, 799
peritoneum, 1244
veins, 763

Visual axis, 1088
purple, llOa

Vitelline circulation, 755
membrane, 1400
veins, 763

Vitellus, 755
Vitreous body, 1105
humor, 1105
table of skull, 36

Vocal cords, 1170
Voice, organs of, 1163
Volar interosseous nerve, 1036

ligament, 319
Volkmann's canals, 39
Voluntary muscles, 355
Vomer, 114

Vomer, ala; of, 114, 138
Vomerine cartilage, 1080
Von Ebner, glands of, 1219
Vortices pilorum, 1159
Vulvovaginal glands, 1420

W
Wedge hones, 247
Weight of brain, 849

of spinal cord, 821
Wernckink's commissure, 899
Wharton's duct, 1226
White blood cells, 40

commissure of spinal cord, 834
line of pelvis, 449
substance of spinal cord, 833

^

841
Wilder, postoblongata of, 801
WilHs, circle of, 617, 618
Winslow, foramen of, 1258

posterior ligament of, 332
Wirsung, canal of, 1339
Wolffian bodv, 1421
W^omb, 1402
Worm of cerebellum, 885
Wormian bones, 144
Wrisberg, cardiac; ganglion of^

1072
cartilage of, 1160
hgament of, 336
nerves of, 1034
pars intermedia of, 905

Wrist, articulations of, 314
applied anatomy of, 315

bursas of, 487
flexor tendons at, synovial

memljranes of, 486
-joint, arteries of, 315

nerves of, 315
surface form of, 315
syno\nal membrane of, 315

ligaments of, 314

Xiphoid appendix, 159'

Y-LIGAMENT, 324
Yellow elastic tissue, 261

spot of retina, 1100

ZiNN, ligament of, 370
zonule of, 1106

Zona arcuata, 1144
fasciculata, 1449
glonierulosa, 1449
granulosa, 1399
orbicularis, 322
pectinata, 1144
pellucida, 1400
radiata, 1400
reticularis, 1449
tecta, 1144

Zone of l:)rain, 855
cornu commissurale [Marie] j

837
exsanguinated renal, of Hyrtl,

665
Zomdn ciliaris, 1106
Zonule of Zinn, 1106
Zygapophyses, 49
Zygoma, 80
Zygomatic fossa, 92, 101, 130,

133
process of malar bone, 109

of temporal bone, 80
tubercle, 81

Zygomaticofrontal suture, 122
Zygomaticus muscles, 373
Zymogen granules, 1340
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