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PREFACE

THE lack of a modern and well-illustrated book on the structure of the princi-
pal domestic animals has been acutely felt for a long time by teachers, students,
and practitioners of veterinary medicine. The work here offered is the expression
of a desire to close this gap in our literature.

The study of frozen scctions and of material which has been hardened by intra-
vascular injection of formalin has profoundly modified our views concerning the
natural shape of many of the viscera and has rendered possible much greater pre-
cision in topographic statements. The experience of the author during the last
ten years, in which almost all of the material used for dissection and for frozen
sections in the anatomical laboratory of this University has been hardened with
formalin, has demonstrated that many of the current descriptions of the organs in
animals contain the same sort of errors as those which prevailed in regard to similar
structures in man previous to the adoption of modern methods of preparation.

While the method of treatment of the subjeet is essentially systematie, topog-
raphy is not by any means neglected either in text or illustrations: it is hoped that
this will render the book of value to the student in his clinical courses and to
the practitioner. Embryological and histological data have been alimost entirely
excluded, since it was desired to offer a text-book of convenient size for the student
and s work of ready reference for the practitioner. It is believed that the use of
black type for the names of important structures and of small print for certain
details or matter of secondary importance will prove useful in this respect.

Veterinary anatomnical nomenclature is at present quite chaotic in English-
speaking countries. In this work an attempt is made to eliminate some terms
which do not appear to the author to fulfil any useful purpose, and others which are
clearly erroneous or otherwise undesirable. In many eases the terms agreed upon
by the Congresses at Baden and Stuttgart are adopted either in the original Latin
or in anglicized form; otherwise these terms are added in parenthesis. The
author favors the substantial adoption of this terminology, but considered it
desirable to offer a sort of transitional stage at present.

The original illustrations are chiefly reproductions of photographs, many of
which were taken by Mr. F. H. Haskett. The preparation of the pictures for
reproduction was carried out by Messrs. J. V. Alteneder and W. J. Norris. The
author takes pleasure in expressing his appreciation of the care and skill exercised
by these gentlemen in this often difficult task.

The author is under great obligation to Professors Ellenberger and Baum in
Dresden, to Professor Schmultz in Berlin, and to their publishers for permission to
use or to copy figures from their most excellent works. Their generosity in this
matter has made it possible to supply this text with a larger number of high-class
illustrations than is to be found in any other. A few figures have been taken from
other sources, and proper credit has been given in each case.

For checking over certain data and for assistance in the correction of the proofs
the author is much indebted to his associate, Dr. F. B. Hadley.

The author desires to express his high appreciation of the determination and
constant effort of the publishers to do all in their power to render the book worthy
of favorable reception by the profession for whom it is intended.

Ono State Universiry, CoLumsus, OmIO SEPTIMUS SISSON.
September, 1910
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VETERINARY ANATOMY

INTRODUCTION

Anatomy is the branch of biological science which deals with the form and
structure of organisms, both animal and vegetal. It is therefore in close correlation
with physiology, which treats of the functions of the body.

Etymologically the word “anatomy’ signifies the cutting apart or disassociat-
ing of parts of the body. In the earlier phases of its development anatomy was
necessarily a purely descriptive science, based on such observations as were possible
with the unaided eye and simple dissecting instruments—the scalpel, forceps, and
the like. At this time, therefore, the term adequately expressed the nature of the
subject. But as the scope of the science extended and the body of anatomical
knowledge grew, subdivisions became necessary and new terms were introduced to
designate special fields and methods of work. With the introduction of the mi-
croscope and its accessories it became possible to study the finer details of structure
and minute organisms hitherto unknown, and this field of inquiry rapidly developed
into the science of microscopic anatomy or histology as conventionally distinguished
from gross or macroscopic anatomy. In the same way the study of the changes
which organisms undergo during their development soon attained sufficient im-
portance to be regarded on practical grounds as a separate branch known as
embryology.

This term is usually limited in its a) phcatlon to the earlier phases of development during
which the tissues and organs are f orme(}) The term ontogeny is used to designate the entire

development of the individual. The ancestral history or hyloi ny of the species is constituted
by the evolutionary changes which it has undergone as disclosed by the geological record.

Comparative anatomy is the description and comparison of the structure of
animals, and forms the basis for their classification. By this means—including
extinct forms in the scope of inquiry—it has been possible to show the genetic
relationship of various groups of animals and to elucidate the significance of many
facts of structure which are otherwise quite obscure. The deductions concerning
the general laws of form and structure derived from comparative anatomical
studies constitute the science of morphology or philosophical anatomy. The
morphologist, however, deals only with such anatomical details as are necessary
to form a basis for his generalizations. The anatomical knowledge required in the
practice of medicine and surgery is evidently of a different character and must
include many details which are of no particular interest to the morphologist.

Special anatomy is the description of the structure of a single type or species,
e. g., anthropotomy, hippotomy.

Veterinary anatomy is the branch which deals with the form and structure of
the principal domesticated animals. It is usually pursued with regard to pro-
fessional requirements, and is therefore largely descriptive in character. As s
matter of convenience the horse is generally selected as the type to be studied in
detail and to form a basis for comparison of the more essential differential characters
in the other animals.

Two chief methods of study are employed—the systematic and the topo-

graphic. In the former the body is regarded as consisting of systems of organs or
2 17



18 VETERINARY ANATOMY

apparatus which are similar in origin and structure and are associated in the per-
formance of certain functions. The divisions of systematic anatomy are:

1. Osteology

2. Arthrology

3. Myology

4. Splanchnology

(1) Digestive System

(2) Respiratory System

(3) Urogenital System
(a) Urinary Organs
(b) Genital Organs

5. Angiology

6. Neurology

7. Asthesiology

(1) Sense Organs
(2) Common Integument.

The term topographic anatomy designates the methods by which the relative
positions of the various parts of the body are accurately determined. It presup-
poses a fair working knowledge of systematic anatomy.

Descriptive Terms.—In order to indicate precisely the position and direction
of parts of the body, certain descriptive terms are employed, and must be under-
stood at the outset. In the explanation of these terms it is assumed here that
they apply to a quadruped such as the horse in the ordinary standing position.
The surface directed toward the plane of support (the ground) is termed inferior
or ventral, and the opposite surface is superior or dorsal; the relations of parts in
this direction are named accordingly. The longitudinal median plane divides the
body into similar halves. A structure or surface which is nearer than another to
the median plane is internal or medial to it, and an object or surface which is further
than another from the median plane is external or lateral to it. Planes parallel
to the median plane are sagittal. Transverse or segmental planes cut the long axis
of the body perpendicular to the median plane, or an organ or limb at right angles
to its long axis. A frontal plane is perpendicular to the median and transverse
planes. The head end of the body is termed anterior, cephalic, or cranial; and the
tail end posterior or caudal; relations of structures with regard to the longitudinal
axis of the body are designated accordingly. Certain terms are used in a special
sense as applied to the limbs. Proximal and distal express relative distances of
parts from the axis of the body. The anterior face of the thoracic limb from the
elbow downward is also termed dorsal, and the opposite face volar. In the corre-
sponding part of the pelvic limb the terms are dorsal and plantar respectively. In
the same regions radial and ulnar (thoracic limb), tibial and fibular (pelvic limb),
may be used to designate that side of the extremity on which the corresponding
bone is situated; they are therefore equivalent respectively to internal or medial
and external or lateral in the animals with which we are concerned.

It is evidently advantageous to emrloy terms which are as far as possible independent of
the position of the body in space and capable of general application, e. g., dorsal, ventral, proximal,
etc. 1t is also desirable that the terms internal and external be reserved to indieate relations of
depth in cavities or organs, and medial and lateral to designate relations to the median plane.
Such terms are coming into more extensive use in human and veterinary anatomy, but the older
nomenclature is very firmly established and cannot well be discarded at once and entirely.



OSTEOLOGY

THE SKELETON

The term skeleton is applied to the framework of hard structures which sup-
ports and protects the soft tissues of animals. In the descriptive anatomy of the
higher animals it is usually restricted to the bones and cartilages, although the
ligaments which bind these together might well be included.

In 2006} the term is used in a much more comprehensive sense, and includes all the harder
supporting and protecting structures. When the latter are situated externally, they form an
exoskeleton, derived from the ectoderm. Examples of this are the shells and chitinous coverings
of many invertebrates, the scales of fishes, the shields of turtles, and the feathers, hair, and hoofs
of the higher vertebrates. The endoskeleton (with which we have to deal at present) is embedded
in the soft tissues. It is derived chiefly from the mesoderm, but includes the notochord or primi-
tive axial skeleton, which is of entodermal origin.

The skeleton may be divided primarily into three parts: (1) axial; (2) appen-
dicular; (3) splanchnic.

The axial skeleton comprises the vertebral column, ribs, sternum, and skull.

The appendicular skeleton includes the bones of the limbs.

The splanchnic skeleton consists of certain bones developed in the substance
of some of the viscera or soft organs, e. g., the os penis of the dog and the os cordis of
the ox. :

The number of the bones of the skeleton of an animal varies with age, owing
to the fusion during growth of skeletal elements which are separate in the feetus
or the young subject. Even in adults of the same species numerical variations
oceur, e. ¢., the tarsus of the horse may consist of six or seven bones, and the carpus
of seven or eight; in all the domestic mammals the number of coccygeal vertebre
varies considerably.

The bones are commonly divided into four classes according to their shape
and function.

(1) Long bones (Ossa longa) are typically of elongated cylindrical form with
enlarged extremities. They occur in the limbs, where they act as supporting
columns and as levers. The cylindrical part, termed the shaft or body (Corpus),
is tubular, and incloses the medullary cavity, which contains the medulla or
MArrow.

(2) Flat bones (Ossa plana) are expanded in two directions. They furnish
sufficient area for the attachment of muscles and afford protection to the organs
which they cover.

(3) Short bones (Ossa brevia), such as those of the carpus and tarsus, present
somewhat similar dimensions in length, breadth, and thickness. Their chief func-
tion appears to be that of diffusing concussion. Sesamoid bones, which are
developed in the capsules of some joints or in tendons, may be included in this
group. They diminish friction or change the direction of tendons.

(4) Irregular bones. This group would include bones of irregular shape,
such as the vertebrz and the bones of the cranial base; they are median and
unpaired. Their functions are various and not so clearly specialized as those of
the preceding classes.

This classification is not entirely satisfactory; some bones, e. g., the ribs, are not clearly
provided for, and others might be variously placegd. :
1



20 ' OSTEOLOGY

STRUCTURE OF BONES!'

Bones consist chiefly of bone tissue, but considered as organs they present
also an enveloping membrane, termed the periosteum, the medulla or marrow,
vessels, and nerves.

The architecture of bone can be studied best by means of longitudinal and
cross-sections. These show that the bone consists of an external shell of dense
compact substance, within which is the more loosely arranged spongy substance.

Fi1:. 1.—Fro~NTAL StcTion or LARGE METATARSAL F16. 2.—SAGITTAL SeeTtoN OF LARGE METATARRAL
Bose or Horak, PosTrRIOR PaART. Bone or HORME,

N.C., Compact substance: N, «spongy substance; C.m.. medullary cavity: Fon, nutrient fornmen.  Note the
greater thickness of the compact substance of the inner and antenor parts of the shaft,

In typical long bones the shaft is hollowed to form the medullary cavity (Cavum
medullare).

The compact substance (Substantia compacta) differs greatly in thickness in
various situations, in conformity with the stresses and strains to which the bone is
subjected.  In the long bones it is thickest in the middle part of the shaft and thins
out toward the extremities.  On the latter the layer is very thin, and ix expecially
dense and smooth on joint surfaces.

' Only the gross structure is discussed here.  For the microscopic structure reference is to
be made to histological works.



STRUCTURE OF BONES 21

The spongy substance (Substantia spongiosa) consists of delicate bony plates
and spicules which run in various directions and intercross. These plates are
definitely arranged with regard to mechanical requirements, so that systems of
pressure and tension plates can be recognized, in conformity with the lines of pres-
sure and the pull of tendons and ligaments respectively. The intervals (marrow
spaces) between the plates are occupied by marrow. The spongy substance forms
the bulk of short bones and of the extremities of long bones; in the latter it is not
confined to the ends, but extends a variable distance along the shaft also. Some
bones (Ossa pneumatica) contain air-spaces or sinuses within the compact sub-
stance instead of spongy bone and marrow. In certain situations the two compact
layers of flat bones are not separated by spongy bone, but fuse with each other;
in some cases of this kind the bone is so thin as to be translucent, or may even
undergo absorption, producing an actual deficiency.

The flat bones of the cranial vault and sides are composed of an outer layer of
ordinary compact substance, an inner layer of very dense bone, the tabula vitrea,
and between these a variable amount of spongy bone, here termed diploe.

The periosteum is the membrane which invests the outer surface of bone,
except where it is covered with cartilage. It consists of an outer protective fibrous
layer, and an inner cellular osteogenic layer. During active growth the osteogenic
layer is well developed, but later it becomes much reduced. The fibrous layer
varies much in thickness, being in general thickest in exposed situations. The
adhesion of the periosteum to the bone also differs greatly in various places; it
is usually very thin and easily detached where it is thickly covered with muscular
tissue which has little or no attachment. The degree of vascularity conforms to
the activity of the periosteum.

The marrow (Medulla ossium) occupies the interstices of the spongy bone and
the medullary cavity of the long bones. There are two varieties in the adult—
red and yellow. In the young subject there is only red marrow (Medulla ossium
rubra), but later this is replaced in the medullary cavity by yellow marrow (Medulla
ossium flava). The red marrow contains several types of characteristic cells and
is a blood-forming substance, while the yellow is practically ordinary adipose tissue.

Since yellow marrow is formed by regressive changes in red marrow, including fatty infiltra-
tion and degeneration of the charactenstic cells, we find transitional forms or stages in the process.
In aged or badly nourished subjects the marrow may undergo gelatinous degeneration, resulting
in the formation of gelatinous marrow.

Vessels and Nerves.—It is customary to recognize two sets of arteries—the
periosteal and the medullary. The former ramify in the periosteum and give off
innumerable small branches which enter minute openings (Volkmann’s canals) on
the surface and reach the Haversian canals of the compact substance. Other
branches enter the extremities of the long bones and supply the spongy bone and
marrow in them. In the case of the larger bones—and especially the long bones—
the large medullary or nutrient artery enters at the so-called nutrient foramen
( Foramen nutricium), passes in a canal (Canalis nutricius) through the compact
substance, and ramifies in the marrow; its branches anastomosc with the central
branches of the periosteal set. The larger veins of the spongy bone do not, as a
rule, accompany the arteries, but emerge chicfly near the articular surfaces. Within
the bone they are destitute of valves. ‘

The lymph-vessels form perivascular channels in the periosteum and the
Haversian canals of the compact substance. Lymph-spaces exist at the periphery
of the marrow.

The nerves appear to be distributed chiefly to the blood-vessels. Special
nerve-endings (Vater-Pacini corpuscles) in the periosteum are to be regarded as
sensory, and probably are concerned in mediating the muscle sense (Kopsch).
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DEVELOPMENT AND GROWTH OF BONE!®

The primitive embryonal skeleton consists of cartilage and fibrous tissue, in
which the bones develop. The process is termed ossification or osteogenesis, and
is effected essentially by bone-producing cells, called osteoblasts. It is customary,
therefore, to designate as membrane bones those which are developed in fibrous
tissue, and as cartilage bones those which are preformed in cartilage. The princi-
pal membrane bones are those of the roof and sides of the cranium and most of the
bones of the face. The cartilage bones comprise, therefore, most of the skeleton.
Correspondingly we distinguish intramembranous and endochondral ossification.

In intramembranous development the process begins at a definite center of
ossification where the cells (osteoblasts) surround themsclves with a deposit of
bone. The process extends from this center to the
periphery of the future bone, thus producing a net-
work of bony trabecule. The trabecule rapidly
thicken and coalesce, forining a bony plate which
is separated from the adjacent bones by persistent
fibrous tissue. The superficial part of the original
tissue becomes periostcum, and on the deep face of
this successive layers of periosteal bone are formed
by osteoblasts until the bone attains its definitive
thickness.

In endochondral ossification the process is funda-
mentally the same, but not quite so simple. Osteo-
blasts emigrate from the deep face of the perichon-
drium or primitive periosteum into the cartilage and
cause calcification of the matrix or ground-substance
of the latter. Vessels extend into the calcifying area,
the cartilage cells shrink and disappear, forming
primary marrow cavities which are occupied by pro-
cesses of the osteogenic tissue. There is thus formed
a sort of scaffolding of calcareous trabecule on which
the bone is constructed by the osteoblasts. At the

. same time perichondral bone is formed by the osteo-
Fia. 3‘}—’1,;‘;7 l"m:_l"f or \'c;}rs«z’f’lx)o. blas?s of _the primitive periosteum. The calcified
e L N o o cartilage is broken down and absorbed through the
Smarr (0 axo Extrumrmies.  8gency of large cells called osteoclasts, and is re-
Proximal extremity consists of  placed by bone deposited by the osteoblasts. The
two parts, head (4) and trochanter  ogtenclasts also cause absorption of the primitive
major (¢. m.), which have separate R e .
centers of ossification. Distal extrem. 0ON€, producing the marrow cavitics; thus in the
ity consists of trochlea (1 and condyles  case of the long bones the primitive central spongy
(0; el epiphyseal cartilages; #.f. hone ig Jargely absorbed to form the medullary cavity
supracondyloid fossa. N . Ny ..
of the shaft, and persists chiefly in the extremities.
Destruction of the central part and formation of subperiosteal bone continue until
the shaft of the bone has completed its growth.

A typical long bone is developed from three primaryv centers of ossification,
one for the diaphysis or shaft and one for cach epiphysis or extremity. Many
bones have secondary centers from which processes or apophyses develop.

The foregoing outline accounts for the growth of bones except in regard to
length. Increase in length may be explained briefly as follows: Provision for con-
tinued ossification at cither end of the diaphysis is made by a layer of actively
growing cartilage—the epiphyseal cartilage—which intervenes between the diaph-

'Only a brief general statement of osteogenesis can be made here; details must be sought
in embryological literature.
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ysis and the epiphysis. It is evident that so long as this cartilage persists and
grows, new bone may continue to be formed at its expense, and increase of length
is possible. When the epiphyseal cartilage ceases to grow, it undergoes ossifica-
tion, the bone is consolidated, and no further increase in length is possible. This
fusion takes place at fairly definite periods in the various bones, and it is of value
to know the usual times at which it occurs in the larger bones of the limbs at least.

After the bones have reached their full size, the periosteum becomes relatively reduced and
inactive so far as its osteogenic layer is concerned; the bone-forming function may be stimulated
by various causes, as is well seen in the healing of fractures and the occurrence of bony enlarge-
ments.

CHEMICAL COMPOSITION OF BONE

Dried bone consists of organic and inorganic matter in the ratio of 1:2
approximately. The animal matter gives toughness and elasticity, the mineral
matter hardness, to the bone tissue. Removal of the organic matter by heat does
not change the general form of a bone, but reduces the weight by about one-third,
and makes it very fragile. Conversely, decalcification, while not affecting the form
and size of the bone, renders it soft and pliable. The animal matter when boiled
yields gelatin. The following table represents the composition in 100 parts of ox
bone of average quality:

Gelatin. ... ..o e
Phosphateof lime........................... .. .
Carbonateof lime.......................... ...

Phosphate of magnesia . .
Carbonate and chlorid of sodium............... ... ... .. .......... 3.45

PHYSICAL PROPERTIES OF BONE

Fresh dead bone has a yellowish-white color; when macerated or boiled and
bleached, it is white. The specific gravity of fresh compact bone is a little over
1.93. It is very hard and resistant to pressure; a 5-millimeter cube of compact
bone of the ox will resist pressure up to 852 pounds, if the pressure be applied in
the line of the lamelle (Rauber). Its tensile strength is estimated to be nearly
twice that of oak.

DESCRIPTIVE TERMS

The surfaces of the bones present a great variety of eminences and depressions,
as well as perforations. The prominences and cavities may be articular, or non-
articular, furnishing attachment to muscles, tendons, ligaments or fascia. A
number of descriptive terms are used to designate these features, and the following
are some of those in general use:

Process (Processus) is a general term for a prominence.

A tuberosity (Tuber, Tuberositas) is a large, rounded projection; a tubercle
(Tuberculum) is a smaller one,

The term trochanter is applied to a few prominences, e. g., the trochanters of
the femur.

A spine (Spina) or spinous process (Processus spinosus) is a pointed projection.

A crest (Crista) is a sharp ridge.

A line (Linea) is a very small ridge.

A head (Caput) is a rounded articular enlargement at the end of a bone;
it may be joined to the shaft by a constricted part, the neck (Collum).

A condyle (Condylus) is an articular eminence which is somewhat cylindrical;
a non-articular projection in connection with a condyle may be termed an epi-
condyle.
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A trochlea is a pulley-like articular mass.

A glenoid cavity (Cavitas glenoidalis) is a shallow articular depression, and a
cotyloid cavity or acetabulum is a deeper one.

The term facet is commonly applied to articular surfaces of small extent,
especially when they are not strongly concave or convex.

The terms fossa, fovea, groove or sulcus, and impression are applied to various
forms of depressions.

A foramen is a perforation for the transmission of vessels, nerves, etc.

A sinus or antrum is an air-cavity.

Other terms, such as canal, fissure, notch, etc., require no explanation.'

VERTEBRAL COLUMN

The vertebral column (Columna vertebralis) is the fundamental part of the
skeleton. It consists of a chain of median, unpaired, irregular bones which
extends from the skull to the end of the tail. In the adult certain vertebre have
become fused to form a single bony mass
with which the pelvic girdle articulates.
Vertebre so fused are termed fixed or
“false” vertebree (Vertebra immobiles), as
distinguished from the movable or “true”
vertebree (Vertebre mobiles).

The column is subdivided for descrip-
tion into five regions, which are named ac-
cording to the part of the body in which
they are placed. Thus the vertebrz are
designated as cervical, thoracic (or dorsal),
lumbar, sacral, and coccygeal or caudal
(Vertebre cervicales, thoracales, lumbales,
sacrales, coccyge®). The number of verte-
bre in a given species is fairly constant in
each region except the last, so that the ver-
tebral formula may be expressed (for the
horse, for example) as follows:

F1a. 4.—Firat TuoRracic VERTERRE OF HORSE. C7T18LOSSCy|s-n'
To illustrate plan of structure of vertebrz. The vertebre in a given r(\gion have
special characters by which they may be
distinguished from those of other regions, and individual vertebre have characters
which are more or less clearly recognizable. All typical vertebre have a common
plan of structure, which must first be understood. The parts of which a vertebra
consists are the body or centrum, the arch, and the processes.

The body (Corpus vertebrie) is the more or less eylindrical mass on which the
other parts are constructed. The anterior and posterior extremities of the body
are attached to the adjacent vertebre by intervertebral fibro-cartilages, and are
usually convex and concave respectively. The dorsal surface is flattened and enters
into the formation of the vertebral eanal, while the ventral aspect is rounded
laterally, and is in relation to various muscles and viscera. In the thoracie region
the body presents two pairs of demifacets (Fovew costales) at the extremities for
articulation with the heads of two pairs of ribs.

The arch (Arcus vertebrae) is construeted on the dorsal aspect of the body.
It cousists originally of two lateral halves, each of which is considered to consist
of a pedicle and a lamina. The pedicles form the lateral parts of the arch, and are

' As might be expected from the history of anatomy, a good many of these terms are more or
less interchangeable; furthermore, a given skeletal feature may differ greatly in various species,
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cut into in front and behind by the vertebral notches (Incisura vertebralis cranialis,
caudalis). The notches of two adjacent vertebre form intervertebral foramina
for the passage of the spinal nerves and vessels; in some vertebra, however, these
are complete foramina instead of notches. The lamine are plates which complete
the arch dorsally, uniting with each other medially at the root of the spinous
process.

The body and the arch form a bony ring which incloses the vertebral foramen
(Foramen vertebrale); the series of vertebral rings, together with the ligaments
which unite them, inclose the vertebral canal (Canalis vertebralis), which con-
tains the spinal cord and its coverings and vessels.

The articular processes, two anterior and two posterior (Processus articulares
craniales, caudales), project from the borders of the arch on either side. They
present joint surfaces adapted to those of adjacent vertebre, and the remaining
surface is roughened for muscular and ligamentous attachment.

The spinous process (Processus spinosus) is single, and projects dorsally from
the middle of the arch. It varies greatly in form, size, and direction in different
vertebra. It furnishes attachment to muscles and ligaments.

The transverse processes (Processus transversi) are two in number and project
laterally from the side of the arch, or from the junction of the arch and body.
In the thoracic region each has a facet for articulation with the tubercle of a rib
(Fovea costalis transversalis). They also give attachment to muscles and liga-
ments.

Some vertebrz have also a ventral or heemal spine.

Mammillary processes (Processus mammillares) are found in most animals on
the last thoracic and anterior lumbar vertebre between the transverse and anterior
articular processes or on the latter.

Accessory processes (Processus accessorii), when present, are situated between
the transverse and posterior articular processes.

Development.—The vertebre are developed by ossification in the cartilage
which surrounds the notochord and forms the sides of the neural canal. There are
three primary centers of ossification, one for the body and one for each side of the
arch. Secondary centers appear later for the summit of the spinous process
(except in the cervical region), the extremities of the transverse processes, and the
thin epiphyseal plates at the extremities of the body.

Sometimes there are at first two centers for the body which soon fuse. The process of ossifi-
cation extends from the lateral centers to form not only the corresponding part of the arch, but
also the ‘)rocessms and a part of the body next to the root of the arch (Radix arcus). In the horse
and ox the body and arch are usually fused at birth, but the epiphyses do not fuse till growth is
complete. In the pig, sheep, and dog the body and arch are united at birth by cartilage (neuro-
central synchondrosis), but fuse in the first few months. )

THE RIBS

The ribs (Cost®) are elongated curved bones which form the skeleton of the
lateral thoracic walls. They are arranged serially in pairs which usually corre-
spond in number to the thoracic vertebre. Each articulates dorsally with the spine
and is continued ventrally by a costal cartilage. Those which articulate with the
sternum by means of their cartilages are termed sternal or “true” ribs (Coste
sternales s. ver®); the remainder are asternal or ‘“false” ribs (Coste asternales s.
spuriee). Ribs at the end of the series which have their ventral ends free in the
abdominal wall are named floating ribs (Costz fluctuantes). The intervals be-
tween the ribs are termed intercostal spaces (Spatia intercostalia).

A typical rib' consists of a shaft and two extremities. The shaft (Corpus coste)

'The term is employed here, as is usual in descriptive anatomy, to designate only the bony
part of the rib (Os costale); morphologically it includes the cartilaginous part also.
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is band-like and varies much in length, breadth, and curvature. In the case of
some ribs the curvature is not uniform, but is most accentuated at a certain point,
termed the angle of the rib (Angulus coste); this occurs at a variable distance
from the vertebral end, and is usually marked by a rough ridge. The direction
also varies; the first rib is almost vertical, while the remainder slope backward
in increasing degree. The external surface is convex, and the internal flattened
from edge to edge; on the latter, close to the posterior border, is the costal groove
(Sulcus costalis), which fades out ventrally. It contains the intercostal vein.
The anterior and posterior borders are thin and sharp on some ribs, rounded on
others. .

The vertebral extremity (Extremitas vertebralis) consists of the head, neck,
and tubercle. The head (Capitulum costz) is the actual end of the rib, and is
rounded and somewhat enlarged. It presents two facets (IFacies articularis capituli
coste) for articulation with the bodies of two adjacent thoracic vertebre; these
surfaces are separated by a groove in which the conjugal ligament is attached.
The neck (Collum coste) joins the head to the shaft. It varies in length and
diameter. Its outer surface is rough, its inner smooth. The tubercle (Tuberculum
coste) projects backward at the junction of the neck and shaft. It has a facet
(Facies articularis tuberculi costa) for articulation with the transverse process of
the posterior vertebra of the two with which the head articulates. The tubercle
gradually approaches the head in the posterior ribs, and eventually fuses with it.

The sternal extremity (Extremitas sternalis) is commonly slightly enlarged,
and has a rough depression in which the costal cartilage is embedded.

Development.—The ribs are ossified in cartilage from three centers—one each
for the shaft (and sternal end), head, and tubercle; the third center does not occur
in the last two ribs.

THE COSTAL CARTILAGES

These (Cartilagines costales) are bars of hyaline cartilage which continue the
ribs. Those of the sternal ribs articulate with the sternum, while the remainder
overlap and are attached to each other to form the costal arch (Arcus costalis).

THE STERNUM

The sternum or breast-bone is a median segmental bone which completes the
skeleton of the thorax ventrally, and articulates with the cartilages of the sternal
ribs laterally. It consists of six to eight bony segments (Sternebrz) connected by
intervening cartilage in the young subject. Its form varies with that of the thorax
in general and with the development of the clavicles in animals in which they are
present. Its anterior extremity, the manubrium sterni or presternum, is specially
affected by the latter factor, being broad and strong when the clavicles are well
developed and articulate with it (as in man), relatively small and laterally com-
pressed when they are absent (as in the horse) or rudimentary (as in the dog).
The cartilages of the first pair of ribs articulate with it. The body or mesosternum
(Corpus sterni) presents laterally, at the junetion of the segments, concave facets
(Incisure costales) for articulation with the cartilages of the sternal ribs. The
posterior extremity or metasternum presents the xiphoid (or ensiform) cartilage
(Processus xiphoideus); this is thin and plate-like, as in the horse and ox, or narrow
and short, as in the pig and dog.

Development.—The cartilaginous sternum is formed by the fusion medially
of two lateral bars which unite the ventral ends of the first eight or nine costal
cartilages, and is primitively unsegmented.  The manubrium ossifies from a single
center, but the centers for the other segments appear to be primitively paired.
The sternum never becomes completely ossified; details in regard to persisting
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cartilage will be given in the special descriptions. The layer of compact tissue is
for the greater part very thin and the spongy substance is open-meshed and very
vascular. ,

THE THORAX

The skeleton of the thorax comprises the thoracic vertebre dorsally, the ribs
and their cartilages laterally, and the sternum ventrally. The thoracic cavity
(Cavum thoracis) resembles in shape an irregular truncated cone; it is compressed
laterally, especially in front, and the dorsal wall or roof is much longer than the
ventral wall or floor. The anterior aperture (Apertura thoracis cranialis) is
bounded by the first thoracic vertebra dorsally, the first pair of ribs and their
cartilages laterally, and the manubrium sterni ventrally. The posterior aperture
(Apertura thoracis caudalis) is bounded by the last thoracic vertebra, the last
pair of ribs, the costal arches, and the anterior part of the xiphoid cartilage.

1t may be noted here that the diaphragm (which forms the partition between the thoracic
and abdominal cavities) does not follow the costal arches in its posterior attachment, so that the
posterior ribs enter also into the formation of the abdominal wall. :

THE SKULL

The term skull is usually understood to include all of the bones of the head.
The head consists of the cranium and the face, and it is therefore convenient to
divide the bones into cranial and facial groups.

The cranial bones (Ossa cranii) inclose the brain with its membranes and
vessels and the essential organs of hearing. They concur with the facial bones in
forming the orbital and nasal cavities, in which the peripheral organs of sight and
of smell are situated.

The facial bones (Ossa faciei) form the skeleton of the oral and nasal cavities,
and also support the larynx and the root of the tongue.

Most of the bones of the skull are flat bones, developed in membrane; those
of the cranial base may be classed as irregular, and are cartilage bones. Only
two form permanent movable joints with other parts of the skull. The mandible
or lower jaw-bone forms diarthrodial joints with the temporal bones, and the hyoid
bone is attached to the latter by bars of cartilage. The other bones form immov-
able joints, most of which disappear with age.

In order to study the separate bones, skulls of young subjects are necessary, since later most
of the lines of demarcation become effaced. The relations of each bone to its surroundings should
be specially noted, since the final object is to understand the skull as a whole. In the descriptions
which follow the skull is considered with ita long axis horizontal, and that of the horse will serve

as a type.

THE BONES OF THE THORACIC LIMB

The thoracic limb consists of four chief segments, viz., the shoulder girdle,
the arm, the forearm, and the forefoot or manus.

The shoulder girdle (Cingulum extremitatis thoracica), when fully developed,
consists of three bones—the scapula or shoulder-blade, the coracoid, and the
clavicle or collar-bone. In the domesticated mammals only the scapula, a large,
flat bone, is well developed, and the small coracoid element has fused with it, while
the clavicle is either absent or is a small rudiment embedded in the mastoido-
humeralis muscle. There is therefore no articulation of the shoulder with the
axial skeleton.

The shoulder girdle is fully developed in birds and the lower mammals (monotremata). In

the higher mammals the coracoid is reduced to the coracoid process of the scapula, and the develo
ment of the clavicle is in conformity with the function of the limb. Thus in typical quadru
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such as the horse and ox, in which the forelimbs are used only for support and locomotion, the
clavicle is absent. Other animals which use these limbs for grasping, burrowing, climbing, etc.
(e.g., man, apes, moles), have well-developed clavicles which connect the scapula with thesternum.

The arm (Brachium) contains a single long bone, the humerus or arm bone.

In the forearm (Antibrachium) are two long bones, the radius and ulna.
These vary in relative size and mobility. In the horse and ox the two bones are
fused, and the lower part of the limb is fixed in the position of pronation. The
radius is placed in front and supports the weight. The ulna is well developed only
in its upper part, which forms a lever for the extensor muscles of the elbow. In
the pig the ulna is the larger and longer of the two bones, but is closely attached to
the back of the radius. In the .dog the ulna is also well developed and a small
amount of movement is possible between the two bones.

The forefoot or hand (Manus) consists of three subdivisions, viz., the carpus,
metacarpus, and digit or digits.

The carpus, popularly termed the “knee’’ in animals, and homologous with
the wrist of man, contains a group of short bones (Ossa carpi). These are typically
eight in number and are arranged in two transverse rows—a proximal or anti-
brachial, and a distal or metacarpal. The bones of the proximal row, named from
the radial to the ulnar side (3. e., from within outward), are the radial, intermediate,
ulnar, and accessory carpal bones. The bones of the distal row are designated
numerically, in the same direction, as first, second, third, and fourth carpal bones.

This nomenclature, introduced by Gegenbaur, and now used largely by comparative anat-
omists, seems decidedly preferable to the variety of terms borrowed from human anatomy and
based on the form of the bones in man. The following table of synonyms in common use is ap-
pended for comparison. The Latin terms and abbreviated notations are given in parenthesis.

Radial (Os carglsradiale, O Scaphoid
Intermediate (Os carpi intermedium, Ci)....................... Semilunar
Ulnar (Os carpiulnare, Cu).................................. Cuneiform
Accessory (Os carpi accessorium, Ca).......................... Pisiform
First carpal (Os carpale primum, Cl)...... Trapezium
Second carpal (Os carpale secundum, C2) Trapezoid
Third carpal (Os carpale tertium, C3)......................... Os magnum
Fourth carpal (Os carpale quartum, C4).. ... . ............ ... TUneiform

The central carpal bone (Os carpi centrale) is omitted, since it is not a separate clement in
the animals under consideration here.

The metacarpus contains typically five metacarpal bones (Ossa metacarpalia
I-V), one for each digit; they are long bones and are designated numerically from
within outward. This arrangement occurs in the dog, although the first meta-
carpal is much smaller than the others, and the second and fifth are somewhat
reduced.  Further reduction has taken place in the other animals, resulting in
the perissodactyl and artiodactyl forms. In the horse the first and fifth metacarpals
arc absent, the third is the large supporting metacarpal bone and carries the single
digit, while the second and fourth are much reduced. In artiodactyls (e. g., ox,
sheep, pig) the third and fourth are the chief metacarpals and carry the well
developed digits; they are fused in the ox and sheep. The others are variously
reduced or absent as noted in the special deseriptions to follow.

The forsil remains of the ancestors of the existing Equida illustrate in a most complete man-
ner the reduction which has occurred in this respect.  The earliest known ancestor of the horse,
Fobippus or Hyracotherium of the Lower Locene, had four well developed metacarpal bones,
ench of which earried a digit; the first metacarpal bone was small.  Eleven intermediate stages
show the geadual evolution of the race from this primitive animal, which was about the size of
the domestie ent. ‘There is reason to believe that earlier forms had five digits.

The digits (Digiti manus) are homologous with the fingers of man, and arc
typieally five in number.  They are designated numerically from the radial to
the ulpar side, in correspondence with the metacarpus.  The full number is present
in the dog.  In the ox and pig the third and fourth are well developed and support

R
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the weight, while the second and fifth are reduced. The existing horse has a single
digit, the third of his polydactyl ancestors. The skeleton of each fully developed
digit consists of three phalanges and certain sesamoid bones. The first or proximal
phalanx (Phalanx prima) articulates with the corresponding metacarpal bone above
and with the second or middle phalanx (Phalanx secunda) below. The third
or distal phalanx (Phalanx tertia) is inclosed in the hoof or claw, and is modified to
conform to the latter. The sesamoid bones (Ossa sesamoidea) are developed
along the course of the flexor tendons or in the joint capsules. Two proximal
sesamoids (Ossa sesamoidea phalangis prime) occur at the flexor side of the meta-
carpo-phalangeal joint and form a pulley for the flexor tendon. The distal
sesamoids (Ossa sesamoidea phalangis tertie) are similarly placed between the
deep flexor tendon and the joint between the second and third phalanx; they are
absent in the dog, which has a small sesamoid on the extensor side of the meta-
carpo-phalangeal joints, and often at the proximal interphalangeal joint also.

Numerous cases are recorded of the occurrence of supernumerary digits (h d{perdactyhsm)
in the horse and other animals. In some pigs, on the other hand, the two chxef gits are fused
and the condition appears to be inherited.

THE BONES OF THE PELVIC LIMB

The pelvic limb, like the thoracic, consists of four segments, viz., the pelvic
girdle, thigh, leg, and the hind foot or pes; the last is subdivided into tarsus,
metatarsus, and digits.

The pelvic girdle (Cingulum extremitatis pelvin®) consists of the os coxee or
hip bone, which joins its fellow of the opposite side ventrally at the symphysis
pelvis, and articulates very firmly with the sacrum dorsally. The two coxal bones,
together with the sacrum and the first two or three coccygeal vertebrs, constitute
the bony pelvis. The os coxz consists originally of three flat bones, the ilium,
ischium, and pubis, which meet at the acetabulum, a large cotyloid cavity that
articulates with the head of the femur. These three parts are fused before growth
18 complete, but are considered separately for convenience of description. The
ilium (Os ilium) is situated in the lateral wall of the pelvis, the pubis (Os pubis) in
the anterior part, and the ischium (Os ischii) in the posterior part of the ventral
wall.

The thigh (Femur), like the arm, contains a single large, long bone, the femur
or thigh bone (Os femoris). This articulates with the acetabulum above and the
tibia and patella below.

The skeleton of the leg (Crus) comprises three bones (Ossa cruris), viz., the
tibia, fibula, and patella. The tibia is a large prismatic long bone which supports
the weight, and articulates below with the tibial tarsal bone. The fibula is situated
along the outer border of the tibia, from which it is separated by the interosseous
space of the leg. It is much more slender than the tibia and does not articulate
with the femur. In the pig and dog it has a complete shaft and two extremities,
but in the horse and ox it is much reduced and otherwise modified. The patella
or “knee-cap’’ is a short bone which articulates with the trochlea of the distal end
of the femur; it is to be regarded as a large sesamoid bone intercalated in the tendon
of the quadriceps femoris muscle.

The tarsus or “hock " consists of a group of short bones (Ossa tarsi) numbering
five to seven in the different animals. The proximal or crural row consists of two
bones, the tibial and fibular tarsals; the former is situated at the inner or tibial
side, and has a trochlea for articulation with the distal end of the tibia; the latter,
situated externally, has a process, the tuber calcis, which projects upward and
backward and constitutes a lever for the muscles which extend the hock joint. The
distal or metatarsal row consists of four bones when seven tarsal elements are
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present, as in the pig and dog. They are best designated numerically as first tarsal,
second tarsal, etc. The central tarsal is interposed between the rows.

The preceding terms are anglicized abbreviations of those introduced by Gegenbaur into
comparative anatomy. The Latin names and synonyms are given in the following table.

Tibial (Os tarsi tibiale, Tt.)................ ... . Astragalus or Talus

Fibular (Os tarsi fibulare, Tf.)................ .. Calcaneus or Os calcis
Central (Os tarsi centrale, Te.). ............. ... Scaphoid or Navieular
First Tarsal (Os tarsale primum, T1).... ... ... .. First or internal cuneiform
Scecond Tarsal (Os tarsale secundum, T2). ... .. .. Second or middle cuneiform
Third Tarsal (Os tarsale tertium, T3)............ Third or external cuneiform
Fourth Tarsal (Os tarsale quartum, T4).......... Cuboid.

The metatarsal and digital bones resemble in general those of the corresponding
regions of the thoracic limb; the differential features will be noted in the special
descriptions.

)
&
Fia. 5. —SxrrLeron or Horar, witn OvTLiNg or CoNTOUR OF Bobpr.

1.11., Atlas; 7.1 ., seventh cervical vertebra; [.R., first thoracic vertebra; 17.R., seventeenth thoracie
vertebra; /.I., first lumnbar vertebra; 6.4.., sixth lumbar vertebra; K, sacrum; /.., first coccygeal vertebra;
16.N., sizteenth cocevgeal vertebra; 6.R., sixth rib; 6.K., costal curtilage; 18.22., last rib; 1, scapula; 1’, cartilage
of xeapula; 2, pine of scapula; 4, humerus; 4’ external epicondyle of humerus; 5, external tuberosity of humerus;
8, deltoid tuberosity: 7, «haft of ulna; 8, olecranon; 9, radius; 10, carpus; 11, nccessory carpal bone; 12, meta-
carpus; 13, digit; 14, sternum; 4%, xiphoid eartiluge; 15, ilium; 16, 16/, external and internal angles of ilium:
17, inschium: I8, femur (shaft); 10, trochanter major: 27, trochanter minor; 28, trochanter tertius; 20, patella;
21, tibia (shaft); 217, external condyle of tibia; 23, fibula; 22, tarsus; 24, tuber caleis; 25, metatarsus; 26, digit.
(After Ellenberger-Baum, Anat. fur Kunastler.)
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THE SKELETON OF THE HORSE

The skeleton of the horse consists of 205 bones, as shown in the following table.

Vertebral column.......... ... ... .. . .. .. . 54
Riba ... 36
Sternum ........ ... 1
Skull (including auditory ossicles).................. .. ... ........... 34
Thoracic limbs ......... ... ... ... . . . .. 40
Pelvic limbs ... ... ... ... . e 40

205

In this enumeration the average number of coceygeal vertebre is taken to be 18, the tem-
poral and os coxeze are not divided into parts, the usual number of carpal and tarsal elements is
taken, and the sesamoids are included.

THE VERTEBRAL COLUMN
The vertebral formula of the horse is C,T,,LS,Cy,s,,

Basi-occipital
Occipital condyle
Paramastoid (styl-
otd) process
Fossa atlantis
“Anterior articu-
lar process of
azis
Anterior part of
transverse pro- Ventral crest
cess -‘
Posterior part of
trangverse pro-
cess )
Dorsal crest Trans- { Anleri-
verse or part
pro- Posteri-
cess or part
k - Posterior articu-
, lar process
: ' Anterior articu-
lar process
Fi1c. 6.—Cervicat. VerTesrE or Homse, F1a. 7.—Cenvicat VertEBREZ OF HORsE, VENTRAL ViEw. (After
Domsar View. (After Schmalte, Schmaltz, Atlas d. Anat. d. Pferdes.)

Atlas Jd. Anat. d. Pferdes.)
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THE CERVICAL VERTEBRE

These are quadrangular, massive, and longer than the vertebra of other regions;
they decrease in length from the second to the last. The third, fourth, and fifth
are typical, and have the following characters:

1. The bodies are long as compared with those of other vertebrz. Each
presents a median ventral spine or crest, which becomes more prominent as it is
traced backward, and is tuberculate at its posterior end. The lateral aspect is
concave. The dorsal surface has a flat central area which is narrow in the middle
of the vertebree, and wide at either end; it gives attachment to the superior com-
mon ligament. On either side of this area is a groove which lodges the longitudinal
spinal vein. These lateral grooves are connected at the middle of the surface by
a transverse furrow, in which there are several foramina through which veins
emerge from the spongy substance of the body. The anterior extremity presents
a head which has an oval articular surface, strongly convex, and wider above than
below. The posterior extremity is larger and has a nearly circular cotyloid cavity.

2. The arches are large and strong. They are perforated on either side by a

Anlerior articular process

Transverse process

/ Facet for tubercle of first rib
Facets for head of first rib
Fio. 8. —Lanar Cravica aNv Finstr THomACIC VERTEBRA oF HoRsh, LaTrRAL View. (After Schmalts, Atlas d.
Anat. d. Pferdes.)

foramen which communicates with the foramen transversarium. The vertebral
notches are large.

3. The articular processes are large. Their articular surfaces are extensive,
oval in outline, and slightly concave; the anterior ones are directed upward and
inward, the posterior downward and outward. The remaining surface is mainly
roughened for ligamentous and muscular attachment. A crest connects the
articular processes of the same side on the fourth and fifth; on the third it does not
reach the anterior process.

4. The transverse processes are large and plate-like. Each arises by two
roots, one from the arch and one from the body; between these is the foramen
transversarium, through which the vertebral artery passes. The process divides
externally into anterior and posterior branches, which are thickened and rough for
muscular attachment,

5. The spinous process is represented by a crest (Crista spinosa), which
widens behind, and is conneeted by ridges with the posterior articular processes.

The sixth cervieal vertebra has the following distinetive features: It is shorter
and wider than the fifth. The arch is large, especially posteriorly. The posterior
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articular processes are shorter, thicker and further apart; they are connected with
the anterior ones by a thick ridge. The spinous process is less rudimentary; it
is half an inch or more (ca. 1.5 cm.) in height. The transverse processes have
three branches; the third part is a thick, almost sagittal plate, which forms with
its fellow and the body a wide ventral groove on the posterior part of the vertebra;
the other branches correspond to those of the typical vertebre, but are short and
thicker. The foramen transversarium is large; below its posterior end is a fossa.
The ventral crest is small and is less prominent posteriorly.

The third branch of the transverse process and the fossa are sometimes absent on one side.

The seventh cervical vertebra is readily distinguished by the following charac-
ters: It is shorter and wider than the others. The body is flattened dorso-ventrally
and wide, especially behind; here it has a demifacet on either side for articulation
with part of the head of the first rib. The arch and its notches are large. The
anterior articular processes are wider and longer than the posterior pair. The
spinous process is an inch or more (ca. 3 cm.) in height. The transverse process
is undivided, and has no foramen transversarium. The ventral crest is replaced
by a pair of tubercles.

b In some specimens a large foramen transversarium is pfesent on one side or (rarely) on
both.

Anterior
articular
Dorsal arch vit
canty I'ntervertebral Vertebral
foramen Joramen
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Fora- [803 ,rf-rh:
- -f"." artienteris

sarium Ventral atlantis -
arch Ventral tubercle
Fic. 9.—ATias oF Horag, ANTERIOR ViEW. Fi1e. 10.—ATrLaR oF Horst, Posthrior View. (After
(After Schmaltz, Atlas d. Anat. d. Pferdes.) Schmaltz, Atlas d. Anat. d. Pferdes.)

THR ATLAS

This vertebra is decidedly atypical in form and structure. The body and
spinous process are absent. It has the form of a strong ring, from which two
curved plates, the wings, project laterally. The ring incloses a very large vertebral
foramen, and consists of two lateral masses connected by dorsal and ventral arches.

The lateral masses (Mass® laterales) present two deep oval anterior articular
cavities (Fovez articulares craniales) which receive the occipital condyles; they are
separated by a wide notch above and a narrow one below. The outer margin is also
notched, and a triangular non-articular depression cuts into the inner part of each
cavity. The posterior articular surfaces (Facies articulares caudales) are some-
what saddle-shaped; they are confluent on the ventral arch below, but are widely
zeparated above, and do not conform in shape to the corresponding surfaces of the
axis.

The dorsal arch (Arcus dorsalis) presents a median dorsal tubercle (Tubercu-
lum dorsale) and is concave below. 1t is perforated on either side near its anterior
margin by the intervertebral foramen. The anterior border is deeply notched, and
the posterior is thin and concave.

The ventral arch (Arcus ventralis) is thicker, narrower, and less curved than

3
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the dorsal. On its lower surface is the ventral tubercle (Tuberculum ventrale),
into which the terminal tendon of the longus colli muscle is inserted. The upper
face has posteriorly a transversely concave articular surface (Fovea dentis), on
which the dens or odontoid process of the axis rests. In front of this is a transverse
rough excavation for the attachment of the odontoid ligament.

The wings (Al®) are modified transverse processes. They are extensive curved
plates which project outward, downward, and backward from the lateral masses.
The dorsal surface is concave. Between the ventral aspect of the wing and the
lateral mass is a cavity, the fossa atlantis; in this there is a foramen which opens
into the vertebral canal. The border is thick and rough. Two foramina perforate
each wing. The anterior one, the foramen alare, is connected with the interverte-
bral foramen by a short groove. The posterior one is the foramen transversarium.

Development.—The atlas ossifies from three or four centers, one or two for
the ventral arch, and one on either side for each lateral mass, wing, and half of the
dorsal arch. At birth the bone consists of three pieces——the ventral arch and two
lateral parts, which are separated by a layer of cartilage in the dorsal medla.n line.
These parts are usually fused at about six months.
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Fia. 11.—FirsT THREE CeRvVICAL VERTEBRE or HoRrse, LaTeEraL ViEw. (After Schmaltz, Atlas d. Anat. d.
Pferdes.)

THE AXIS

The axis (Epistropheus) is the longest of the vertebrz, and is characterized
by the presence of the odontoid process, which projects from the anterior part of
the body.

The body has a median ventral crest which terminates in a tubercle behind.
The anterior extremity presents centrally the odontoid process (Dens); this has a
convex articular surface ventrally for articulation with the ventral arch of the atlas,
and two rough depressions for the attachment of the odontoid ligament dorsally.
Flanking this on either side are the modified anterior articular processes, which
have saddle-shaped articular surfaces confluent below with that of the dens. The
posterior extremity has the usual cavity.

The arch presents in the young subject a notch on each side of its anterior
border; this is converted into a foramen by a ligament which usually ossifies later.
The posterior border has the usual notches.

The posterior articular processes are typical.

The transverse processes are small, single, and project backward. The
foramen transversarium is small.

The spinous process is very large and strong.  Its free border is rough, thickens
posteriorly, and is continued to the articular processes by tworidges.  The lateral
surfaces are concave and rough for nruscular attachment.
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Development.—The axis has six or seven centers of ossification. In addition
to the usual five, one or two appear for the dens, which is regarded as the displaced
body of the atlas. A nucleus behind the dens, which remains distinct to three or
four years of age, is considered by Lesbre to be the head of the axis.

Occipital crest

— Median crest

Paramuastoid Prucess,

Post. articular Processes y
Ant. articular processes—4

Transverse process —

Dorsal crest —

Foramen transrersarium ’
Post. articular processcs

Fic. 12.—OcciritaL BoxE anD FirsT THREE CrrvicaL VERTEBRE or Horsr, Dorsar Vizw. (After Schmalts,
Atlas d. Anat. d. Pferdes.)

THE THORACIC VERTEBRE

These (Vertebre thoracales) are usually eighteen in number in the horse, but
there are sometimes nineteen, rarely seventeen. As regional characters we note
the surfaces for articulation with the ribs and the length and form of the spinous
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processes. Those in the middle of the series are the most typical and present the
following features:

1. The bodies are short and constricted in the middle. The ends are expanded
and have articular surfaces which are not strongly curved. On the upper part of
each side are anterior and posterior costal facets (Fovea costalis cranialis, cau-
dalis), which, with those of adjacent vertebrz, form sockets for the heads of
the ribs.

2. The arches are small. Their posterior notches are relatively large and are
often converted into foramina.

3. The articular processes are small. The anterior pair are in fact represented

Posterior arlicular process

Transverse processes

Facels for tubercles of ribs

Facets for heads of ribs
Anterior articular process Intervertebral foramina

Facel for head of rib  Facel for tubercle of rib

F16. 13.—Tuirp, FourTH, axp F1rru Tioracic VERTEBR.EZ oF HoRSe, LATERAL View. (After Schmalts, Atlas
d. Anat. d. Pferdes.)

only by two oval facets on the anterior part of the laming which face almost directly
upward. The posterior pair spring from the base of the spinous process; their
facets face almost directly downward.

4. The transverse processes are short, thick, and tuberous at the free end.
Each has a facet (Fovea transversaria) for articulation with the tuberosity of the
rib which has the same serial number.

5. The spinous process is large, narrow, and slopes upward and backward.
The anterior border is thin, the posterior wider and furrowed. The summit is
expanded and rough.

The first thoracic vertebra is easily recognized by the following specific charac-
ters: The body is wide and flattened dorso-ventrally. In front it has a head like
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the cervical vertebrs, and behind a cavity somewhat deeper than any other thoracic
vertebra. Two costal facets are found on either side, and a well-marked spine
ventrally. The arch is large and strong, and has large notches. The articular
processes are much larger than those of other thoracic vertebrz, and resemble a
good deal those of the seventh cervical in form. The transverse processes are
short and thick, and each has on its ventral aspect a large concave facet for articu-
lation with the tubercle of the first rib. The spinous process is curved backward
and tapers to a point. Its length is usually about three or four inches (ca. 8 to
10 em.). It may be mistaken at first glance for the last cervieal, but is
promptly identified by the three costal facets on each side and the length of
the spine.

The last thoracic vertebra is distinguished by the absence of the posterior pair
of costal facets, and the confluence of the anterior pair
with those on the transverse processes.

The serial position of others may be determined at
least approximately by the following data: (1) The
bodies gradually diminish in length and width to the
middle of the region and then increase slightly. Their
costal facets become smaller and less concave from first
to last. The ventral crest is distinct on three or four
vertebre at either end of the region. (2) The transverse
processes diminish in size and are placed lower down
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Fic. 14.—Tusrp THorac1c VeErTEBRE AND UrPER ParRT  Fi6. 15.—LowER ParT oF NinTH THORACIC VERTE-
or Rin or lHorse, ANTERIOR ViEwW. (After BRA OofF Horse, PosteriorR View. (After
Schmalts, Atlas d. Apat. d. Pferdes.) Schmalts, Atlas d. Anat. d. Pferdes.)

as they are traced backward. Their costal facets become smaller and lower
in position; on the last (and sometimes on its predecessor also) it fuses with
the costal facet of the body. The upper non-articular part of the process
gradually becomes more sharply defined, and in the last four or five separates to
form the mammillary process. (3) The spinous processes increase in length to
the third and fourth, and then gradually diminish to the fifteenth, beyond which
they have about the same length. The backward inclination is most pronounced
in the second, the sixteenth is vertical, and the last two are directed a little forward.
The longest spines (i. e., those of the withers) are the thickest and have expanded
summits which remain more or less cartilaginous; the others are more plate-like,
and are surmounted by a thick lip. The second spine is more than twice as large
as the first. The summits of the fourth and fifth usually form the highest point
of the withers.

Development.—There are six or seven centers, three for the body, two for
the arch, and one for the spinous process; some of the latter have an additional
center for the summit.
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THE LUMBAR VERTEBRZE

The lumbar vertebree (Vertebre lumbales) are usually six in number in the
horse. They are characterized by the size and form of their transverse processes.
The bodies of the first three are triangular on cross-section, and present a
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Schmalts, Atlas d. Anat. d. Pferdes.)

distinct ventral crest. From the fourth backward they become wider and flatter
and the ventral crest fades out.
The arches of the first two or three are about equal in size and similar to that
of the last thoracic; from the fourth they decrease noticeably in breadth and height.
The anterior articular processes are fused with the mammillary processes, and
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present superiorly concave surfaces for articulation with the posterior pair of the
preceding vertebra.  The posterior articular processes project distinetly from the
arch at the base of the spinous process, and have ventrally convex articular sur-
faces, which fit into the grooved surfaces of the anterior pair of the next vertebra.

The transverse processes are large plates, flattened dorso-ventrally, which
project outward and usually curve slightly downward; their length increases to
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the third and fourth, and then diminishes to the last, which is the shortest. The
first one or two usually curve somewhat backward, the last two decidedly forward.
Those of the fifth have an oval concave facet on the inner part of the posterior border
for articulation with the sixth process; the latter has a corresponding convex facet
on the anterior border, and a larger concave surface on the posterior border for
articulation with the wing of the sacrum. Sometimes the fifth process has a small
surface for articulation with the fourth. The inner part of the sixth process is
thick, the outer part thinner, narrower, and curved forward. The inner part of
the fifth is also somewhat thickened.

The spinous processes resemble those of the last two thoracic vertebre.
They are usually about equal in height, but minor differences are common, and the
width diminishes in the last three.

Development.—This is similar to that of the thoracic vertebre. The extremi-
ties of the transverse processes remain cartilaginous for some time after ossification
is otherwise complete.

The transverse processes of this region are considered equivalent to the proper transverse
rocess + the costal element, and hence the distinctive term processus lateralis (s. costarius)
Ea.s been proposed. The occurrence of a lumbar rib in connection with the transverse process of
the first lumbar is not rare. Reduction of the number to five has been observed frequently, and
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Fi16. 18.—SecoNp Lumsar VERTEBRA OF HORSE, ANTERIOR ViEW, (After Schmaltz, Atlas d. Anat. d. Pferdes.)

may or may not be compensated by an additional thoracic vertebra. This variation is not more
common in certain races as Sanson and others have maintained. Very few cases are recorded of
seven lumbar vertebr—especially with the normal thoracic number. An anomalous vertebra
with mixed thoracic and lumbar characters sometimes occurs at the junction of the two regions.

THE SACRUM

The sacrum (Os sacrum) is formed by the fusion of five vertebre usually, and
is conveniently described as a single bone. 1t is triangular in form and is wedged
in between the ilia, with which it articulates very firmly on each side. Its long
axis is gently curved, and slightly oblique, so that the posterior end is a little higher
than the anterior. It presents two surfaces, two borders, a base, and an apex.

The dorsal surface presents centrally the five sacral spines, which are directed
upward and backward, and have (with the exception of the first) tuberous summits
which are sometimes bifid.

The first spine is relatively thin and narrow, and is not so high as the internal angle of the
iium. The second is the longest, and the height diminishes rapidly to the last. The bases of the
spines are often fused in old subjects.

On either side of the spines is a groove, in which are the four dorsal sacral
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foramina (Foramina sacralia dorsalia); the dorsal branches of the sacral nerves
emerge through them.

The ventral or pelvic surface (Facies pelvina) is concave in its length, wide in
front, narrow behind. It is marked by four more or less distinct transverse lines
(Linea transversa), which indicate the demarcation of the bodies of the vertebra.
At the ends of these lines are the ventral sacral foramina (Foramina sacralia
ventralia), which are larger than the dorsal series and diminish in size from first
to last; they transmit the ventral divisions of the sacral nerves.

The dorsal and ventral foramina communicate with the sacral canal and are
together equivalent to the usual intervertebral foramina.

h

F16. 19.—SacruM or HoRBE, DORSO-LATERAL VIEW.

C, Body of first sacral vertebra; A, arch of first vertebra; Cs, sacral canal; P.s. 1-5, sacral spines; P.t.,
wings of sacrum; 1, 1/, surfaces for articulation with transverse processes of last lumbar vertebra; F.a., auricular
surface; 2, 2’, articular processes; 3-6, dorsal sacral foramina; 7, interarcuate space; 8, lateral border; A, apex.
(Struska, Anat. d. Haustjere.)

The lateral borders are rough, thick in front, thin behind.

The base (Basis ossis sacri) is directed forward, and is relatively very wide.
It presents centrally the body of the first sacral segment, which is wide transversely,
flattened dorso-ventrally, and has a rounded surface which articulates with the
last lumbar vertebra through the medium of an intervertebral fibro-cartilage.
The ventral margin projects slightly, forming the promontory (Promontorium).
Above the body is the cntrance to the sacral canal, flanked by a pair of articular
processes, which project upward and forward from the arch, and have concave
surfaces internally for articulation with those of the last lumbar vertebra. On
each side of these is a smooth notch which is converted into a foramen by apposition
with the last lumbar. The lateral parts of the base, the wings or alee (Alz sacrales),
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are strong prismatic masses with pointed ends, which result from the fusion of the
first with part of the second transverse process. Each has in front a large, oval,
slightly convex surface for articulation with the transverse process of the last lum-
bar. Posteriorly there is an elongated oval area which faces upward, backward,
and outward. This is the auricular surface (Facies auricularis), which articulates
with the ilium; it is slightly concave in its length, and somewhat rough and irregu-
lar. The rest of the dorsal surface of the wing is roughened for ligamentous attach-
ment, while the ventral surface is smooth.

The apex (Apex ossis sacri) is the posterior aspect of the last sacral vertebra
and is quite small. It presents the elliptical flattened surface of the body, above
which is the triangular posterior opening of the sacral canal, surmounted by the
last sacral spine. There is a pair of narrow notches between the arch and body,
above which rudiments of articular processes may occur.

The name sacral canal (Canalis sacralis) is applied to that part of the vertebral
canal which traverses the sacrum. Its anterior part is large and has the form of
a triangle with the angles rounded off; its width is about twice its height. Traced
backward it is seen to diminish in size rapidly, and the posterior opening is quite
small and triangular.

The term lateral part (Pars lateralis) designates the portion external to the
foramina, which results from the fusion of the transverse processes.

Vertebral canal
Transverse
Transverse process
process Spine
Body Posterior end of body
Fig. 20.—Fmar Coccveral VERTEsRA oF Horsg, Fia. 21.—Fimmst CoccyGralL VERTEsRA oF Homsk,
Lerr Vew. (After Schmaltz, Atlas d. Anat. DorsaL View. (After Schmalts, Atlas d. Anat.
d. Pferdes.) d. Pferdes.)

Development.—The several sacral vertebre ossify in the typical manner.
Separate centers for costal elements in the lateral parts have not yet been found in
the domesticated animals. Fusion begins in front, and is usually not complete
behind till near adult age. The lateral parts unite before the bodies. It is rather
curious that the epiphyseal plates of adjacent segments unite with each other before
they fuse with the main portion of the bodies.

THE COCCYGEAL VERTEBRE

These (Vertebree coccygez) vary considerably in number, but eightecen may
be taken as an average. From first to last they become reduced in size and, with
the exception of a few at the beginning of the series, consist of bodies only. The
first three have bodies which are somewhat flattened dorso-ventrally, constricted
in the middle, and have at the ends slightly convex, elliptical, articular surfaces.
The ventral surface has a median groove for the coccygeal artery. The arch is
small and triangular; it is formed of two flat plates which are prolonged to form a
short spinous process with a thickened and often double summit. The anterior
notches are absent. Functional articular processes are not present, but small
rudiments of the anterior pair commonly occur. The transverse processes are
relatively large plates which project horizontally outward. Further back the arch
becomes incomplete, open above, and scon disappears; the transverse processes
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gradually fade out, and the vertebra are reduced to cylindrical rods of diminishing
size. The last one has a pointed end.

Variations.—The number is said by good observers to vary between fourteen and twenty-
one. In old age the first is often fused with the sacrum, and sometimes with the second. The
arch of the third may be open.

THE VERTEBRAL COLUNN AS A WHOLE

In the mid-dorsal line is the series of spinous processes, which are low ridges
in the cervical region with the exception of the second and seventh, reach their
maximum height at the fourth and fifth thoracic vertebre, and diminish to the
fifteenth or sixteenth thoracic. Behind this they are about equal in height as far
as the last lumbar and first sacral, which are somewhat lower. The second sacral
spine is about as high as the middle lumbar; behind this they diminish rather
rapidly in height and fade out about the third coccygeal. Their inclination back-
ward is most decided at the second thoracic, diminishes from the sixth or seventh
to the fifteenth or sixteenth, which is vertical and is termed the anticlinal or
diaphragmatic vertebra. Behind this they are inclined a little forward until the
sacrum is reached; here there is an abrupt change to the backward inclination, so
that a considerable interspinous angle is formed.

On either side of the spinous processes is a vertebral groove which contains the
deep muscles of the spine. The floor of the groove is formed by the lamins and
articular processes. It is wide in the neck and narrows progressively in the back.

Viewed from the side, the column presents a series of curves. When the head
and neck are in the ordinary neutral position, the anterior part of the cervical spine
forms a gentle curve, concave ventrally. The posterior cervical and first thoracic
vertebrz form a more pronounced curve in the opposite direction. At the junction
of the cervical and thoracic regions there is a marked change of direction, forming a
ventral projection or angle. At the second thoracic vertebra a gentle curve, con-
cave ventrally, begins. This is continued to the lumbo-sacral junction, where
there is a change of direction, and hence a promontory. The sacrum has a variable,
but never very pronounced, ventral concave curvature, which is continued in a
much accentuated form in the coccygeal region. It may be remarked that a line
through the summits of the spines does not correspond to these curves formed by
the bodies.

The vertebral canal, of course, corresponds in curvature to the bodies. Its
caliber varies greatly at different points. The greatest diameter (ca. 5 cm.) is in
the atlas, where it contains the dens of the axis in addition to the spinal cord, and
provision must be made for extensive movement. It is very much smaller in the
axis (ca. 2.5 cm. wide, 3 cm. high). It widens considerably at the junction of the
cervical and thoracic regions to accommodate the cervical enlargement of the spinal
cord. Beyond this it diminishes, and is smaller in the middle of the back than at
any preceding point; this is correlated with the small size of the spinal cord and the
very limited movement of the spine. At the middle of the lumbar region it again
widens considerably to contain the lumbar enlargement of the spinal cord. The
caliber diminishes very rapidly from the second sacral segment backward, and the
canal ceases to be complete at the fourth coccygeal vertebra.

The articular processes are very large and wide apart in the neck, greatly
reduced and much closer together in the back, larger and interlocking in the lumbar
region.

The transverse processes are large and outstanding in the neck, where they
form the outer boundary of a ventral groove occupied by the longus colli muscle.
In the back they are short and stout, and are characterized by the facets for the
tubercles of the ribs. On the first thoracic vertebra this facet is large, deeply con-
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cave, and situated almost directly outward from the cavity for the head of the rib;
traced backward it becomes smaller and flatter, and gradually comes to lie behind
the cavity for the head of the rib, with which it is fused on the last and often also on
the next to the last thoracic vertebra. The processes in the lumbar region have a
characteristic elongated plate-like form. In the sacral region they are fused to
form the wings and lateral parts of the sacrum. In the coccygeal region they are
at first of considerable size relatively, but undergo rapid reduction, and disappear
at the fifth or sixth vertebra.

The cavities for the heads of the ribs diminish progressively in size and depth
from first to last.

The mammillary processes are usually distinct on the fourteenth to the seven-
teenth thoracic vertebre. In front of these they blend with the transverse, behind
with the anterior articular processes.

The length of the vertebral column (including the intervertebral fibro-cartilages) in a horse
of medium size is about 260 to 265 cm. (ca. 8 feet 8 inches to 8 feet 10 inches). The relative lengths
of the various regions appear to vary most in the neck and back.

The table below gives the measurements in centimeters in a trotting stallion of medium size
and in an adult Percheron stallion. The percentages are in round numbers.

r TROTTER PERCHERON

]
Cervieal. .. ...... . .. , 60.0 2279, 74.0 25.49,
Thoracic. . .. ... .. .. ! 98.0 37.28, 100.0 3149
Lumbar 31.5 12.0%, 36.5 12,59,

. 20.0 767 225 779

Coceygeal. ... .. i 54.0 20.5%7 58.0 20.0%,

[ 263.5 100.0 291.0 100.0

THE RIBS

There are usually eighteen pairs of ribs in the horse, but a nineteenth rib on
one side or both is not at all rare. Eight are sternal or “true” ribs, the remainder
asternal or “false.” Ribs from different parts of the series vary much in length,
curvature, and other characters. We will therefore consider as a type a rib from
the middle of the series first, and afterward note the chief serial differences A
typical rib has the following characters:

The shaft or body (Corpus coste) is elongated, relatively very narrow, and
strongly curved; the curvature is most pronounced in the dorsal third, and the
ventral part is twisted and inclined inward, so that when a rib is laid with its outer
surface on the table, the ventral end is raised. The external surface is convex in
its length and also transversely; its anterior part is, however, grooved longitudin-
ally. A distinct angle, 7. e., a point at which the curve of the rib changes rather
suddenly, as in man, can scarcely be said to exist in the horse. The term is often
applied, however, to a corresponding rough elevation which gives attachment to the
ilio-costalis muscle; it is most distinct on the fourth to the eighth inclusive. The
internal surface is smooth, concave in its length, and rounded from side to side;
the costal groove, situated posteriorly, is very distinct above and fades out about
the middle. The anterior border is concave, the posterior convex.

The vertebral extremity (Extremitas vertebralis) consists of the head, neck,
and tubercle, The head (Capitulum coste) has an articular surface (Facies
articularis capituli cost®), composed of two convex facets, anterior and posterior,
separated by a groove for the attachment of the conjugal ligament. It articulates
with the cavity formed by facets on the bodies of two adjacent thoracic vertebre
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and the intervertebral fibro-cartilage. The neck (Collum cost®) is roughened
above and in front. The tubercle (Tuberculum cost) is placed above and behind
the junction of neck and shaft; it has a small surface (Facies articularis tuberculi
coste) for articulation with the transverse process of the corresponding thoracic
vertebra.

The sternal extremity (Extremitas sternalis) is somewhat expanded, and is
continued by the costal cartilage.

The first rib is easily distinguished. It is the shortest and least curved. At
the lower part of the anterior border there is a smooth impression where the brachial
vein curves around it; above this is usually the scalene tubercle. The costal

T ubercle — aom groove is absent. The head is large a'n(l
(PR has two facets of unequal extent which
[ [/ ™ meet at an acute angle in front; the smaller

' \ S5 one faces forward and articulates with the
Head Neck

last cervical vertebra; the larger one is
Ezternal surface ~ \}

directed inward and articulates with the
first thoracic vertebra. The neck is thick
and very short. The tubercle is larger than
that of any other rib and has an extensive
articular surface which is convex in its
length. The sternal end is larger than that
of any other rib; it is thick and very wide,
and is turned a little forward.

The last rib is the most slender and
regularly curved. It is usually but little
longer than the second. The facet on the
tubercle is confluent with that of the head.
(This feature, however, is usual on the
seventeenth also, and not rare on the six-
teenth.)

The serial position of the other ribs may
be determined approximately by the follow-
ing considerations: The length increases
from the first to the tenth and eleventh
and then diminishes. The width increascs
somewhat to the sixth and then diminishes.
The anterior border is thin and sharp from
the second to the eighth, and behind this
becomes thick and rounded. The external
groove is distinct on the fourth to the eighth
Fia. 22.—Lerr Sevextn Rinor Horse, Axtero-  1NClusive.  The curvature increases in de-

EXTERNAL VIEW. (After Schmaltz, Atlas  gree rapidly from the first to the seventh,

d. Anat. d. Pferdes.) remains about the same to the sixteenth, and

then decreases very noticeably. In regard
to dorso-ventral direction, the first rib inclines a little forward, the second is about
vertical, while behind this they slope backward in increasing degree, so that a
plane tangent to the ventral ends of the last pair cuts the third lumbar vertebra.
The head and tubercle diminish in size from first to last. Their relative positions
change in that the tubercle of the first rib lies almost directly outward from the
head, while further back it gradually comes to lie behind it. The neck is longest
on the longest ribs, and is absent on the last two or three. A costo-transverse
foramen is formed between the neck and the transverse process.

Development.—The ribs ossify in cartilage from three centers, one each for the
shaft, head, and tubercle; the third center is absent in some of the posterior ribs.

\
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Anterior border —— J|

Posterior border —____
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Variations.—A nineteenth rib on one side or both is not rare. It is usually imgerfectly
developed and quite variable. In some cases it is a mere strip of cartilage connected by ligament
with the first lumbar transverse process; in other cases it is ossified, and may be fused with the
process; in others again it is connected with an additional presacral vertebra which may be
thoracic or lumbar or ambiguous in character. It is commonly floating, but may be attached to
the eighteenth. Reduction in number is uncommon. Fusion of adjacent ribs sometimes occurs.

THE COSTAL CARTILAGES

The first costal cartilage is an inch or more (2.5 to 3 cm.) in length. The upper
part is very wide and thick. The sternal end is small. The two articulate with
each other as well as with the sternum. The cartilages of the other sternal ribs
increase progressively in length and become more rounded. The sternal end is
expanded and has an elliptical convex facet for articulation with the sternum. The
cartilages of the asternal ribs are long, slender, and pointed. The ninth is the

Xiphoid cartilage

Fia. 23.—8rerNuM AND Co8TaL CaRTILAGES OF HoORmse, VENTRAL ViEw. (After Ellenberger-Baum, Anat. f,
Kilnstler.)

longest, and is very firmly attached to the eighth; behind this they diminish pro-
gressively in size, and are attached to each other by elastic tissue. Except in the
case of the first, the cartilage does not continue the direction of the rib, but forms
with the latter an angle which is open in front, and decreases in obtuseness from
second to last.

More or less extensive ossification is to be regarded as a normal occurrence,
especially in the cartilages of the sternal ribs.

THE STERNUM

The sternum of the horse is shaped somewhat like a canoe; it is compressed
laterally, except in its posterior part, which is flattened dorso-ventrally. It is
inclined obliquely so that the posterior end is about six to eight inches (15 to 20
cm.) lower than the anterior.

The dorsal surface has the form of a very narrow isosceles triangle with the
apex in front. It is concave longitudinally, flattened transversely.

The lateral surfaces are convex above, slightly concave below, and diminish
in extent behind. Each presents on its upper part seven articular cavities (Fovea
costales), which receive the sternal ends of the second to the eighth costal cartilages
inclusive. These cavities are situated in series at the intersternebral junctions.
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anterior extremity or manubrium
sterni’® can be distinctly felt in the central
furrow of the breast. It consists of a laterally
compressed cartilaginous prolongation, commonly
called the cariniform cartilage. Itslateral surfaces
are flat and furnish attachment to muscles of the
breast and neck.  The ventral border is rounded,
and is continued backward on the body of the
bone. The dorsal border is concave and has an
articular cavity for the first pair of costal cartil-
ages.

The posterior extremity is formed by the
xiphoid or ensiform cartilage (Processus xiphoi-
deus). This is a thin plate, connected in front
with the last bony segment by a relatively thick,
narrow neck, and expanding in nearly circular
form behind and laterally. Its dorsal surface is
concave, and gives attachment to the diaphragm.
The ventral surface is convex.
is very thin.

Development.— At birth the sternum of the
horse consists of seven bony segments or sternebre
united by intersternebral cartilages. The last two
sternebre fuse in the second month, but the
others do not usually unite completely even in
old age.  The sternebrae consist of very vascular
spongy bone covered by a very thin layer of com-
pact substance. The adult sternum thus con-
sists to o very considerable extent of persisting

The free margin

hh‘ﬂw_!\ml cartilages, the ventral keel, and the extremities;
O partial assification,

e 1 3 > = . .
: S OF man s equivalent, strictly speaking, to the cariniform cartilage
Sl ol the horse
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THE THORAX

The bony thorax of the horse is remarkably compressed laterally in its anterior
part, but widens greatly behind. The anterior aperture is oval and very narrow
below; in a horse of medium size its greatest width is about 4 inches (10 ¢m.), and
its height 7 to 8 inches (ca. 18 to 20 cm.). The ventral wall or floor is about 16
inches (40 cm.) long, and the dorsal wall or roof about 38 to 40 inches (95 to 100
cm.) long. The height from the last segment of the sternum to the seventh or
eighth thoracic vertebra is about twice that of the anterior aperture; this is due to
the obliquity and divergence of the roof and floor. The greatest width of the pos-
terior aperture is about 20 to 24 inches (50 to 60 cm.). The intercostal spaces
increase in width from the first to the seventh or eighth, and then diminish. Their
average width is about 114 to 114 inches (3 to 3.5 cm.).

THE BONES OF THE SKULL
(A) BONES OF THE CRANIUM

The bones of the cranium (Ossa cranii) are the Occipital, Sphenoid, Ethmoid,
Interparietal, Parietal, Frontal, and Temporal. The first four are single, the others
paired.

Occipital crest gy
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F1c. 26.—SxvLL, Arras, Axp Axis oFr Horsg, LaTterar View.

8. Body of mandible; 28’, horizontal (molar) part of ramus; 30, vertical part of ramus; 9, zygomatic
process of squamous temporal; 11, coronoid process of mandible; 12, supraorbital process; 137, paramastoid
(styloadd) proceas of occipital; 19, orbit; 20, malar bone; 21, lacrimal bone; 22, nasal bone; 23, premaxilla;
23’, nasal process of premaxilla; 25, 29, canine teeth; 26, maxilla; 27, facial crest; 31, condyle of mandible;
32, atlas; 33, axis; x, wing of atlas; e, naso-maxillary notch. (After Ellenberger-Baum, Anat. fiir Kiinstler.)

THE OccIPITAL BONR

The occipital bone (Os occipitale) is situated at the posterior part of the cra-
nium, of which it forms the posterior wall and part of the ventral wall or base.'

!The long axis of the skull is considered to be horizontal in these descriptions.
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Its lower part is perforated centrally by a large, almost circular opening, the
foramen magnum (Foramen occipitale magnum), at which the brain and spinal
cord join. The foramen is bounded laterally and dorsally by the lateral parts of
the bone, and ventrally by the basilar part or process. Above the lateral parts—
but not entering into the formation of the foramen magnum—is the squamous part.

The lateral parts (Partes laterales) bear the occipital condyles (Condyli
occipitales), which articulate with the atlas. The condyles are obliquely placed,
wide apart dorsally, and separated by a small interval ventrally. The articular
surface is curved so sharply in the dorso-ventral direction as to form a blunt ridge

Occipital crest --- oo —— e Median crest for lig. nuche
Upper border of ----—-- .

-------- Occipital condyle

’ --== Paramastoid process
--tf4---- Condyloid fossa

FEX " --- Mastoid process
Muscular process .

»
\ A -~ Bulla ossea
\\ S\ Postglenoid process
For. lacerum anterius -- - -

e A i p (==
- LN = Ne-. Glenotd carity
Tubercles at spheno- _#—=e==""- = o\ 2 5 E-—_--‘—\ ~ Temporal condyle
occipital junction Y Ny =S w1V Zygomatic process
Alar foramen . . By i ==t Infratemporal fossa
Pterygoid ‘ . .
ofjgphene:i(oicess - / ! "1k Zygomatic process of

Foramen magnum -- - __
Hypoglossal foramen '
For. lacerum posterius
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Fia. 27.—Live Drawixc or Posterior HaLF oF Bast or Skuir or Horse, WitTHouT Maxvinir. (Key to

Fig. 28)
3. incisura spinosa; 4, external orifice of parieto-temporal canal;
ympanic fissure; 7, external auditory canal; 8, hyoid process; 9, Vidian groove;

A, basilar part of occipital; B, body of sphenoid; C, temporal wing of sphenoid; D,
squamous temporal bone; E, petrous temporal bone; F, orbital part of frontal bone.

1, Incisura carotica; 2, incisura ovalis;
5, Eustachian canal; 6, petro-t

10, supraorbital process;

externally. The cranial surface is concave and smooth. External to the condyle is

the parax_nastoid_ or styloid process (Processus jugularis), a strong flattened bar of
bone which projects downward and backward; its external surface is convex and
roughengd for muscular attachment. Between the root of this process and the
condyle is a smooth depression, the condylpid fossa (Fossa condyloidea inferior);
in this is the hypoglossal foramen (Foramen hypoglossi), which transmits the nerve
of like name.

The basilar part or process (Pars basilaris) is a strong, somewhat prismatic
bar which extends forward from the ventral margin of the foramen magnum. It
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is much narrower in front than behind. The ventral surface is rounded. The
cranial surface is concave and smooth; its posterior part supports the medulla,
and its anterior part has a shallow cavity on which the pons rests. The lateral
borders are thin and sharp, and form the inner margin of the foramen lacerum
(Foramen lacerum et jugulare). The anterior end has, in the young subject, a

Fia. 28.—VENTRAL SURFACE or SkuLL or Horsk, PosTeERioR Haur WrrHoutr MANDIBLE.
The skull is inclined slightly. (Notation on key Fig. 27.)

semicircular, flat, pitted surface which is attached to the body of the sphenoid bone
by a layer of cartilage; in the adult there is complete fusion. On the ventral aspect
of the junction are tubercles for the attachment of the ventral straight muscles of
the head.
The squamous part (Squama occipitalis) is the somewhat quadrilateral mass
4
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situated above the lateral portions, from which it remains distinct till the second
vear. The outer surface is crossed by a very prominent ridge, the occipital crest;
the middle part of this is thick, transverse in direction, and forms the highest point
of the skull when the head is in the ordinary position; laterally it becomes thinner
and runs downward and forward to join the temporal crest.! The crest divides
the surface into two very unequal parts; the small anterior area (Planum parietale)
presents a median ridge which is the posterior part of the external sagittal crest;
the large area below the crest (Planum nuchale) also has a central eminence, the
external occipital protuberance, on the sides of which the funicular part of the
ligamentum nuchea is attached. The internal surface is concave and presents a
deep central depression and two shallower Iateral ones which adapt it to the surface
of the cerebellum.

The occipital bone 1s connected by suture with the interparietal, two parietals,
and two temporals, and by synchondrosis with the sphenoid; the condyles articu-
late with the atlas.

Development.—The occipital ossifies in cartilage from four centers, and con-
sists at birth of four pieces as described above.? The lateral parts unite with the
basilar at three to four months, and with the squama in the seccond year, when the
bone is consolidated.

The parieto-occipital suture and the spheno-occipital synchondrosis are ob-
literated about the fifth year usually. The temporo-occipital suture partially
ossifies in old subjects.

THE SPHENOID BONE

The sphenoid bone (Os sphenoidale) is situated in the base of the cranium, its
central part lying in front of the basilar part of the occipital. It consists of a cen-
tral part, the body, two pairs of wings, and two pterygoid processes.

The body (Corpus) is a cylindrical bar, flattened dorso-ventrally, and wider
in front than behind. Its ventral surface (Facies externa) is convex in the trans-
verse direction; and its anterior part is concealed to a large extent by the vomer
and pterygoid bones. The cerebral surface (Facies cerebralis) presents the fol-
lowing features: (1) In front is a raised, flattencd part which is subdivided by a
median elevation into two slightly concave lateral areas; this part has a posterior,
thin, free margin (Limbus sphenoidalis), which overlies the entrance to the optic
foramina. (2) Just behind this and at a lower level is a smooth transverse de-
pression, the optic groove (Sulcus chiasmatis), on which the optic chiasma rests.
(3) From cach end of this groove the optic foramen passes forward and outward to
terminate in the posterior part of the orbital fossa.® (4) Near the posterior end
is a central depression, the hypophyseal or pituitary fossa (Fossa hypophysea),
which lodges the hypophysis cerebri or pituitary body. On each side of this is an
ill-defined groove for the internal carotid artery and the cavernous sinus.  The an-
terior end is expanded, and is excavated to form the sphenoidal sinuses. These
cavities extend back as far as the optie groove, and are usually continuous in front
with the cavities in the vertical parts of the palate bones; they are separated by a
complete septum which is not always median.* The posterior end is flat and is

! The oceipital erest of this description is equivalent to the external oceipital protuberance

and superior nuchal line of man. A curved line w httle lower down, which i~ continued on the
paramastoid process, represents the inferior nuchal line of man.

* Other terms for these parts are busioccipital (hasilar part), exoceipitals (lateral parts),
and supraoccipital (squamous part). It should be noted, however, that the lines between the

basioceipital and exoceipitals pass through the lower part of the condyles.
3 This foramen might well be called a eanal, since 1t i< an inch or more in length.

4 The cavity so formed may be termed the sphenopalatine sinus. The sphenoidal sinus may
be a separate cavity which communicates only with the ventral ethmoidal meatuses; this arrange-
ment exists in about a third of the cascs, according to Paulin
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joined to the basilar part of the occipital; at the line of junction there is
dorsally a transverse elevation, the spheno-occipital crest (Crista spheno-
occipitalis).

The orbital wings (Alz orbitales) curve upward and somewhat outward from
the sides of the body of the pre-sphenoid. Their inner or cerebral surfaces are
concave, and are marked by digital impressions (Impressiones digitatz) for the gyri
of the cerebrum. The external surface is convex and is largely concealed by the
overlapping temporal wing and the squamous temporal and frontal bones; a
narrow part of it (Facies orbitalis) is uncovered on the inner wall of the orbital
cavity at the sphenoidal notch of the frontal bone. The dorsal border unites with
the frontal bone at the spheno-frontal suture. The anterior border joins the eth-
moid at the spheno-ethmoidal suture; at its lower part it concurs with the frontal in
the formation of the ethmoidal (or internal orbital) foramen. The posterior border
is overlapped by the temporal wing and the squamous temporal. The root of the
wing is perforated by the optic foramen. Immediately below and behind the latter
(i. e., beneath the root) is the foramen lacerum orbitale or orbital fissure. Below
thiz, and separated from it usually by a thin plate, is a larger opening, the foramen
rotundum, which is bounded externally by the root of the pterygoid process. Be-
hind these foramina is the pterygoid crest (Crista pterygoidea), which is continued
downward and forward on the pterygoid process; on its upper part may be found
the small and inconstant trochlear (or pathetic) foramen. Just behind the crest
is the temporal foramen (For. alare parvum), through which the anterior deep
temporal artery emerges from the alar canal of the pterygoid process.

The temporal wings (Ale temporales) extend outward and somewhat upward
from the body of the post-sphenoid; they are irregularly quadrilateral in outline.
The external surface (Facies temporalis) enters into the formation of the infra-
temporal fossa, and bears the pterygoid process on its anterior part; at the junction
with the body there is a small groove for the pterygoid nerve. The internal
surface (Facies cerebralis) presents, at the junction with the body, two longitudinal
grooves (Sulci nervorum). The outer groove is the larger, and leads forward to
the foramen rotundum; it contains the maxillary nerve. The inner groove con-
ducts to the orbital fissure, and contains the third, sixth, and ophthalmic nerves.
The outer groove is bounded externally by a thin overhanging crest, on which is a
small groove far the fourth nerve. The remainder of the surface is concave and
supports the pyriform lobe of the brain. The dorsal border joins the squamous
temporal at the spheno-squamous suture. The anterior border joins the orbital
wing. The posterior border forms the anterior boundary of the foramen lacerum;
it presents three notches, which are (from within outward) the carotid, oval, and
spinous (Incisura carotica, ovalis, spinosa). The angle of junction of the dorsal
and posterior borders articulates with the parictal bone.

The pterygoid processes (Processus pterygoidei) arise from the temporal wings
and the body. They project downward and forward, and curve outward at the
lower part. The root is perforated by the alar canal (Canalis alaris),! which
transiits the internal maxillary artery. From this canal a branch leads upward
and forward to open at the temporal foramen. The external surface is concave, and
is marked by lines for muscular attachment. The internal surface is largely con-
cealed by the overlapping palate and pterygoid bones, with which it concurs in the
formation of the pterygoid or Vidian canal.

Development.—The sphenoid is ossified in cartildge, and consists in early life
of two distinct parts, the pre-sphenoid and post-sphenoid. The former develops
from two centers, one in each wing; the latter has three centers, one for the body
and one for each wing. The pterygoid processes ossify from the centers of the
ternporal wings.

1 This i8 also called the subsphenoidal canal or pterygoid foramen.
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Variation.—The dorsal border of the orbital wing may come to the surface through a
defect in the frontal bone at the place where the horn process is situated in animals which have
frontal horns.

THR ETHMOID BONE

The ethmoid (Os ethmoidale) is situated in front of the body and orbital wings
of the sphenoid. It projects forward between the orbital plates of the frontal
bones and enters into the formation of the cranial, nasal, and paranasal cavities.!
It consists of four parts—the cribriform plate, two lateral masses, and the per-
pendicular plate.

The cribriform plate (Lamina cribrosa) is a sieve-like partition between the
cranial and nasal cavities. Its margin joins the orbital wings of the sphenoid
laterally, and the cranial plate of the frontal bones dorsally. Its cranial surface
is divided into two parts by a median ridge, the crista
galli, which is the intracranial portion of the perpendicu-
lar plate. Each half forms a deep oval cavity, the eth-
moidal or olfactory fossa, which lodges the olfactory bulb.
The plate is perforated by numerous small foramina for
the passage of the olfactory nerve filaments, and on
either side is the much larger ethmoidal foramen. The
nasal surface is convex, and has the lateral masses
attached to it.

The lateral masses or labyrinth project forward from
the cribriform plate into the posterior part of the nasal
cavity, which they nearly fill. Each mass is somewhat
conical in shape, with the base attached to half of the
cribriform plate. The inner surface is separated by a
narrow space from the perpendicular plate. The outer
surface is convex and faces chiefly into the frontal and
maxillary sinuses, but is attached behind to the inner wall
of the orbital cavity; it is covered by a very thin layer of
Fia. 20.—CrosasrcTion OF - hone, the lamina papyracea. The mass consists of a large

wameral MAW 0P number of delicate, scroll-like plates of bone, termed

lHorse, ethmo-turbinals or ethmoidal cells. These are attached

to the lamina papyracea, and are separated by narrow

intervals termed ethmoidal meatuses, which communicate with the nasal cavity.
In the living animal the ethmo-turbinals are covered with mucous membrane.

The lateral nass is a very complex structure, the arrangement of which may be studied on
cross-sections of decalcified specimens with the mucous membrane retained. Each mass eonsists
of six turbinals which extend almost to the perpendicular plate and are termed endoturbinals,
Thene diminish in size from above downward; the largest 13 attached to the nasal bone, and is
hence usually called the naso-turbinal or superior turbinal; the second is much smaller, and is ver
commonly termed the great ethmoid cell. Between the endoturbinals are twenty-one umaﬁ
ectoturbinals, and all arc beset with secondary and tertiary coiled lamellz.

The perpendicular plate or mesethmoid (Lamina perpendicularis) is median,
and forms the posterior part of the septum nasi. Its lateral surfaces are nearly
plune, but are marked below by some grooves and ridges; they are covered by the
nusul muecous membrane.  The anterior border is irregular and is continuous with
the weptal enrtilage.  The posterior border projects into the cranial cavity as a
ridge, the crista galli. The dorsal border joins the frontal bones at their line of
junetion  the frontal suture. The ventral border is received into the groove of
the vomer.

Development.- The ethmoid develops in cartilage from five centers, two for

' On necount of its deep situation, and the fact that it cannot be separated from its surround-

h'luil,‘ the ethmonl must be studied by means of appropriate sugittal and transverse sections of the
ety
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each lateral mass, and one for the perpendicular plate; from the latter ossification
extends into the cribriform plate. At birth the perpendicular and cribriform plates
are entirely cartilaginous. By the time ossification is complete the ethmoid has
united with surrounding bones to such an extent that it cannot be separated intact
for study.

Occipital crest

s~ Supraoccipital

(Coronoid process

Supraorbﬂal _funnm'n

Orbit

Malar bone

Facial crest

Infraorbital foramen

Nasal process of premazilla

Canine tooth (

!‘ aramen incisioum

F1c. 30.—S8xuLL or Horse, DorsaL ViEw.

12, Supraorbital process: 14, parietal bone; 14’, external sagittal crest; 15, frontal bone; 15, frontal
crest: 21, lacrimal bone; 22, nasal bone; 26, maxilla; 24, incisor teeth. (After Ellenberger-Baum, Anat. fur
Kunstler.)

THE INTERPARIETAL BONE
This bone (Os interparietale) is centrally placed between the squamous part
of the occipital and the parietal bones. It is usually described as a single bone,
although it ossifies from two chief lateral centers, and is sometimes distinctly
paired in skulls of young foals.
The external surface (Facies externa) is quadrilateral and is flat and
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smooth in the very young foal; later it presents the median external sagittal
crest.

The internal surface (Facies cerebralis) presents the internal occipital pro-
tuberance, a three-sided process which projects downward and forward into the
cranial cavity between the cerebral hemispheres and the cerebellum; it has three
concave surfaces and three sharp borders which form part of the tentorium
osseum.

The posterior border is thick; it joins the squamous part of the occipital
bone. The lateral and anterior borders are united by suture with the parietal
bones.

Development.—The interparietal ossifies in membrane from two chief lateral
centers.! It fuses first with the parietals, somewhat later with the occipital, but
the period at which this union takes place is quite variable.

THE PARIETAL BONES

The two parietal bones (Ossa parietalia) form the greater part of the roof of
the cranium; they unite in the median line, forming the sagittal suture. Each is
quadrilateral in outline and has two surfaces and four borders.

The external surface (Facics parietalis) is convex, and is marked by a more or
less prominent curved line, the external sagittal crest; this is median in its posterior
part, and is continuous with the crest of like name on the occipital bone; in front
it curves outward and is continuous with the frontal crest. The surface external to
the crest (Planum temporale) enters into the formation of the temporal fossa, and
is roughened for the attachment of the temporal muscle.

The internal or cerebral surface (Facies cerebralis) is concave. It presents
numerous digital impressions (Impressiones digitate) which correspond to the gyri
of the cerebrum. There are also furrows (Sulci vasculosi) for the meningeal arte-
ries. Along the inner horder there is a sagittal groove (Sulcus sagittalis) for the
superior longitudinal sinus.

The anterior border joins the frontal bone at the parieto-frontal suture (Sutura
coronalis).

The posterior border meets the occipital bone at the parieto-occipital suture
(Sutura lambdoidea). Below this junction it curves inward and concurs with the
temporal bone in the formation of the parieto-temporal canal (Meatus temporalis).
A transverse groove (Sulcus transversus) connects this canal with the sagittal
sulcus.

The internal border is thick and serrated. It joins its fellow at the sagittal
suture, and (in the young subject) ineets the interparietal at the interparietal suture.
The line of junction is marked internally by the internal sagittal crest (Crista
sagittalis interna).

The external border is beveled and is overlapped by the squamous temporal
bone, forming the parieto-temporal suture (Sutura paricto-squamosa). The angle
of junction of the external and posterior borders articulates with the posterior
angle of the temporal wing of the sphenoid.

Development.—Euach parictal bone ossifies in membrane from a single center.
In the young foal the central part of the bone is much more convex than in the
adult and forms a prominence similar to the pronounced tuber parietale of the
young child; the external sagittal erest is not present, and the external surface is
smooth.

The sagittal suture is usually elosed at four years, the parieto-occipital at five years, and the
parieto-temporal at twelve to fifteen years.

' According to Martin, there are originally four centers, two anterior and two posterior
(smaller) ones, which fuse in a variable manner.
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THE FRONTAL BONES

The frontal bones (Ossa frontalia) are situated on the limits of the cranium
and face, between the parietals behind and the nasal bones in front. Each is
irregularly quadrilateral, and consists of frontal, orbital, and temporal parts.

The frontal part (Pars naso-frontalis) forms the basis of the forehead. Its
external surface (Facies frontalis) is nearly flat, and is smooth and subcutaneous;
it is separated from the temporal part by the external frontal crest (Crista frontalis
externa). At the junction with the orbital part the supraorbital or zygomatic
process (Proc. zygomaticus) curves outward and downward to join the zygomatic
arch. The process partially separates the orbit from the temporal fossa; its root
is perforated by the supraorbital foramen, or presents instead a notch on its anterior
border; its upper surface is convex, while the lower or orbital surface is concave
and smooth, forming a shallow fossa for the lacrimal gland (Fossa glandul® lacri-
malis). The internal surface enters into the formation of the cranial cavity and
the frontal sinus. The cranial surface presents digital impressions for the cerebral
gyri. The two plates of the bone separate and diverge in front, and thus inclose
a large air-space which is part of the frontal sinus. The cranial plate curves down-
ward and articulates with the cribriform plate of the ethmoid bone; the facial plate
extends forward and joins the nasal and lacrimal bones.

The orbital part (Pars orbitalis) forms the major part of the inner wall of the
orbital cavity. It is separated from the frontal part by a prominent ridge which is
part of the orbital margin. Its external or orbital surface is concave and smooth,
and presents superiorly a small depression (Fovea trochlearis), which is bridged
by a small bar of cartilage, around which the superior oblique muscle of the eye is
reflected. The lower border concurs with the orbital wing of the sphenoid in the
formation of the ethmoidal or internal orbital foramen. The internal surface faces
into the frontal sinus and gives attachment to the lateral mass of the ethmoid.

The temporal part is separated from the orbital part by the deep sphenoidal
notch (Incisura sphenoidalis), which is occupied by the orbital wing of the sphenoid.
Its external surface forms part of the inner wall of the temporal fossa. The
internal surface is largely covered by the orbital wing of the sphenoid in the young
subject, but later forms part of the wall of the frontal sinus.

The principal connections of the frontal bone are as follows: (1) The inner border joins its
fellow at the frontal suture. (2) The anterior border meets the nasal and lacrimal at the naso-
frontal and fronto-lacrimal sutures. (3) Laterally it forms the spheno-frontal suture with the
orbital wing of the sphenoid, and also joins the palate bone and maxilla. (4) Posteriorly it
meets the parietal at the eto-frontal (or coronal) suture, and articulates below this with the
squamous temporal. (5) The extremity of the supraorbitaj process unites with the zygomatic
process of the temporal bone.

Development.—Each ossifies in membrane from one center which appears in
the root of the supraorbital process. In the new-born foal there is a slit between
the cranial plate and the orbital and temporal plates which receives the cartilagin-
ous margin of the orbital wing of the sphenoid.

THE TEMPORAL BONES

The temporal bone (Os temporale) forms the greater part of the lateral wall
of the cranium. It is situated between the occipital behind, the parietal above,
the frontal in front, and the sphenoid below. It consists of two distinct parts,
squamous and petrous.

1. The squamous temporal (Squama temporalis) is a shell-like plate which has
two surfaces and four borders.

The internal surface (Facies cerebralis) is largely overlapped by the surround-
ing bones, but its central part is free and presents digital impressions and vascular
grooves. :
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The external surface (Facies temporalis) is convex, and enters into the forma-
tion of the temporal fossa. From its lower part there springs the zygomatic
process (Processus zygomaticus), which forms the external boundary of the tem-
poral fossa. It is at first directed outward, and is wide and flattened dorso-ven-
trally. It then turns forward, becomes narrower, and is twisted so that its surfaces
are internal and external. Its anterior end is pointed and joins the zygomatic
process of the malar bone, with which it forms the zygomatic arch (Arcus zygo-
maticus). The narrow anterior part has a convex outer surface and a concave
inner one. Its upper border has a rough area for articulation with the supraorbital
process of the frontal. Its lower border is wide and rough. The wide posterior
part presents on its ventral face a surface for articulation with the condyle of the
mandible. This surface consists of a transversely elongated condyle (Tuberculum
articulare), behind which is the glenoid fossa (Fossa mandibularis). The fossa is
limited behind by the post-glenoid process, the anterior surface of which is articu-
lar. Behind this process is a fossa in which is the external opening of the parieto-
temporal canal. The dorsal surface is concave and forms the outer houndary of
the temporal fossa. The superior border is sinuous and is continuous behind with
the temporal crest.

The posterior process (Processus posterior) springs from the posterior part of
the squama. Its external surface is crossed by the temporal crest, which forms
here the outer limit of the temporal fossa. The internal surface forms the outer
boundary of the parieto-temporal canal, and is elsewhere applied to the petrous
portion. It divides into two branches, upper and lower; the upper branch unites
with the occipital bone, while the lower one curves downward behind the external
auditory process and overlaps the mastoid process.

The superior border of the squamous temporal articulates with the parietal,
forming the parieto-temporal suture. The inferior border joins the temporal wing
of the sphenoid at the spheno-squamous suture. The anterior border unites with
the frontal bone, and the posterior with the parietal.

2. The petrous temporal (Os petrosum) is placed between the occipital behind
and the parietal in front, and is largely overlapped externally by the squamous
temporal. It has the form of a four-sided pyramid, the base of which is ventral.

The external surface is mainly concealed by the squamous temporal, but two
features are visible. A short tube of bone, the external auditory process, protrudes
from the lowest part through the notch of the squamous temporal. The process is
directed outward, upward, and a little forward. It gives attachment to the annular
cartilage of the ear. Its lumen, the external auditory meatus (Meatus acusticus
externus), conducts to the cavity of the middle ear (tympanum) in the dry skull,
but is separated from it by the tympanic membrane in the natural state. The
mastoid process projects ventrally in the interval between the posterior process
of the squamous temporal and the root of the paramastoid (or styloid) process of
the occipital bone; its outer surface is crossed by a curved groove which leads to
the parieto-temporal canal.

The internal surface faces into the cerebellar fossa of the cranium. It is con-
cave and smooth but irregular. In its lower part is the entrance to a short canal,
the internal auditory meatus, which transmits the seventh and eighth cranial nerves.

The fundus of the meatus is divided by a crest into a superior and an inferior fossa. In the
superior one is the origin of the facial canal, which curves through the bone and opens exter-
nally at the stylo-mastoid foramen; it transmits the facial (seventh cranial) nerve. The in-
ferior fossa presents small foramina for the passage of fibers of the auditory (cighth cranial)
perve.

Behind the meatus and near the posterior margin of the surface is the slit-like
opening of the aquaeductus vestibuli, covered by a scale of bone. Below this is a
narrow fissure, the orifice of the aquaeductus cochlez.
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The anterior surface looks upward and forward. The outer part articulates
with the parietal bone and the inner part faces into the cerebral fossa of the cranium.
A sharp border, the petrosal crest (Crista petrosa), separates this surface from the
inner one.

The posterior surface joins the lateral part of the occipital bone.

The base forms the outer boundary of the foramen lacerum basis cranii. It
is very irregular and presents a number of important features. The hyoid process
is a short rod which projects downward and forward below the base of the external
auditory process, inclosed in a bony tube; it is connected by a bar of cartilage with
the hyoid bone. The stylo-mastoid foramen is situated between the root of the
hyoid process and the mastoid process; it is the external opening of the facial canal,
through which the facial nerve emerges. The bulla ossea is a considerable emi-
nence situated centrally; it is thin-walled and incloses a cavity which is part of the
tympanum. The muscular process' is a sharp spine which projects downward
and forward from the anterior part of the base; it gives origin to the tensor and
levator palati muscles. External to the root of the preceding is the small petro-
tympanic or Glaserian fissure (Fissura petro-tympanica) for the passage of the
chorda tympani nerve. The osseous Eustachian tube is a semicanal at the inner
side of the root of the muscular process; it leads to the tympanum. At the inner
side of the preceding is the slit-like orifice of the petrosal canal, which communicates
with the facial canal.

The apex projects upward and backward between the squamous temporal and
the occipital bone.

Development.—The petrous temporal may be regarded as consisting of petro-
mastoid and tympanic parts. The latter includes the external auditory process,
the bulla ossea, and the muscular process; it is developed in membrane. The
petro-mastoid is developed in the cartilaginous ear capsule. Its petrous part
consists of very dense bone which contains the labyrinth or internal ear and forms
the inner wall of the tympanum.

The parieto-temporal canal (Meatus temporalis) is a continuation of the trans-
verse groove which extends outward from the base of the tentorium osseum. It
is directed downward, forward, and somewhat outward, and opens externally in
front of the root of the auditory process. It is bounded by the squamous temporal
externally, the petrous behind, and the parietal in front and internally. Several
foramina open from it into the temporal fossa. It contains a large vein (Vena
cerebralis dorsalis), the continuation of the transverse sinus of the dura mater.

The foramen lacerum basis cranii (Foramen lacerum et jugulare) is a large
irregular opening in the cranial base, bounded internally by the basilar part of the
occipital bone, externally by the petrous temporal, and in front by the temporal
wing of the sphenoid. It consists of a large anterior part (Foramen lacerum an-
terius), and a narrow posterior part (Foramen lacerum posterius s. jugulare).
It transmits the internal carotid artery, the middle meningeal artery, the mandi-
bular, ninth, tenth, and eleventh cranial nerves, and the inferior cerebral vein.

In the fresh state the foramen is occupied by a dense fibrous membrane which is perforated
by apertures for the various structures transmitted. Thus there are three openings in front for

the internal carotid artery, the mandibular nerve, and the middle meningeal artery; these are
(from within outward) the foramen caroticum, ovale, spinosum.

(B) BONES OF THE FACE
The bones of the face (Ossa faciei) are the Maxilla, Premaxilla, Palatine,
Pterygoid, Nasal, Lacrimal, Malar, Superior Turbinal, Inferior Turbinal, Vomer,
Mandible, and Hyoid. The last three are single, the others paired.

! This is commonly termed the styloid process. It is not the homologue of the styloid process
ol man.
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THE MAXILLAR

The maxillee are the principal bones of the upper jaw and carry the upper
cheek teeth. They are situated on the lateral aspect of the face, and articulate
with almost all of the facial bones and the frontal and temporal also. For descrip-
tion each may be divided into a body and two processes.

The body (Corpus maxillee) presents two surfaces, two borders, and two ex-
tremities. The external or facial surface (Facies lateralis) is somewhat concave
in front and convex behind. On its posterior part is a horizontal ridge, the facial
or zygomatic crest (Crista facialis); in a skull of medium size its anterior end is
?.bout an inch and a half (3 to 4 cm.) above the third or fourth cheek tooth, and it
1s continued behind by a corresponding ridge on the malar bone. About two inches
(5 em.) above and a little in front of the anterior end of the crest is the infra-

orb@tal foramen (Foramen infraorbitale); this is the external opening of the infra-
orbital canal.

In the Koung horse the anterior part of the surface is convex over the embedded parts of the
teeth. As the latter are extruded the surface flattens and becomes concave in old subjects.

The internal or nasal surface (Facies nasalis) is concave dorso-ventrally; it
forms the greater part of the lateral wall of the nasal cavity. Its upper part is
cros§ed obliquely forward and downward by the shallow lacrimal groove (Sulcus
lacrimalis), which contains the naso-lacrimal duct; in the adult the posterior part
of the groove is converted into a canal, which is continuous with that on the inner
Burf:ace of the lacrimal bone. Below the groove is the inferior turbinal crest
(Crista conchalis inferior), to which the inferior turbinal bone is attached. Lower
down and parallel with the turbinal crest is the palatine process, which projects
Inward like a shelf. Behind this the surface is rough for articulation with the palate
bone;‘ this area is crossed by a groove which concurs with a furrow on the palate
bone in the formation of the palatine canal. The posterior part of the bone is
excavated to form part of the maxillary sinus.

.. The superior border is irregular and scaly. Its anterior part is grooved and
1ts posterior part beveled for articulation with the nasal process of the premaxilla
and the nasal and lacrimal bones.

The inferior or alveolar border (Processus alveolaris) is thick, and presents six
large Cﬁﬁties, the alveoli, for the cheek teeth. The alveoli are separated by trans-
verse interalveolar septa. There is often a small alveolus for the first premolar
(“wolf tooth”) close to the first large one. Further forward the border is narrow
and.forms part of the interdental or interalveolar space (Margo interalveolaris).
Behind the last alveolus is a rough area, the alveolar tuberosity.

€ anterior extremity is pointed. It joins the premaxilla, and forms with it
the alveolus for the canine tooth.

The posterior extremity forms a rounded prominence, the maxillary tuberosity
(’.I‘Ubel’ maxillare). Internal to the tuberosity is a deep cavity, the maxillary
?natus, in which are three foramina. The upper one, the maxillary foramen, leads
into the infraorbital canal. The lower one, the posterior palatine foramen, is the
entrance to the palatine canal. The spheno-palatine foramen perforates the inner
wall of the hiatus and opens into the nasal cavity.

The zygomatic or temporal process (Processus temporalis) projects backward
above and external to the tuberosity; it is overlapped by the corresponding part
of the malar and also articulates with the zygomatic process of the temporal. A
small curved plate extends inward from it and joins the frontal and palate bones,
forming part of the floor of the orbit.

The palatine process (Processus palatinus) is a plate which projects horizon-
tally inward from the lower part of the inner surface of the body. It forms the
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greater part of the basis of the hard palate. Its superior or nasal surface is
smooth and concave transversely; on its anterior part, close to the inner border,
is a shallow groove in which the organ of Jacobson is situated. The inferior or
palatine surface is slightly concave from side to side, and presents along its outer
part the palatine groove (Sulcus palatinus). The groove is a continuation of the
palatine canal, and contains the palatine artery and nerve. The internal border
unites with its fellow to form the
median palatine suture; its nasal
aspect bears the nasal crest, which
forms, with that of the opposite
process, a groove for the vomer.
The posterior border unites with
the horizontal part of the palate
bone at the transverse palatine
suture.

The infraorbital or superior
dental canal extends almost hori-
zontally from the maxillary fora-
men to the infraorbital foramen.
It is placed at the upper edge of
the inner plate of the maxilla,
and traverses the maxillary sinus.
Near the infraorbital foramen it
gives off a small canal (Canalis
alveolaris incisivus) which lies
above the roots of the premolars
and extends also into the pre-
maxilla, carrying vessels and
nerves to the teeth there.

Development.—The maxilla
ossifies in membrane below and
external to the cartilaginous nasal
capsule. It has one chief center
and a supplementary one in the
region of the deciduous canine
tooth (Martin).

THE PREMAXILLAE
The premaxille (Ossa incis-
iva) form the anterior part of the
upper jaw and carry the incisor
teeth. Each consists of a body YeAns OLp, VENTRAL ViEW.

and two processes, nasal and pala- 1, 1, Posterior nares; 2, vomer; 3, horizontal part of
tine. palate bone; 4, anterior palatine foramen; 5, palatine groove;

. . _ 6, transverse palatine suture; 7, median palatine suture; 8,
The bOdy is the thick an palate process of maxilla; 9, palate process of premaxilla; 10,

terior part which carries the in- foramen incisivum; 11, malar bone; 12, maxilla; 13, anterior
cisor teeth. Its labial or superior end of facial crest; 14, interalveolar space; I. 1-3, incisor
. teeth; C, canine tooth; P1, first premolar or **wolf” tooth.

surface is convex and smooth, and

is related to the upper lip. The

palatine or inferior surface is concave and presents a foramen a little behind its
middle.! The internal surface is rough, and joins the opposite bone; it is marked
by a curved groove, which forms with that on the opposed surface, the incisive

Fi0. 31.—UrpPer Jaw orf Horar Anour Fovr anxp o Harp

' This foramen is somewhat variable in position, but is commonly opposite the corner in-
csor. Smaller inconstant foramina are often present.
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foramen (Foramen incisivum). The alveolar border (Limbus alveolaris) separates
the palatine and labial surfaces; it is curved and thick, and presents three alveoli
for the incisor teeth; behind the third alveolus it is rounded and free, forming part
of the interalveolar space.

The nasal process (Processus nasalis) projects backward and upward from the
body, forming here the lateral wall of the nasal cavity. The two surfaces, facial
and nasal, are smooth and rounded. The superior border is free, thick, and smooth.
The inferior border is dentated and joins the maxilla; at its anterior end it forms
with the latter the alveolus for the permanent canine tooth.! The posterior
extremity fits into the interval between the nasal bone and the maxilla.

The palatine process (Processus palatinus) is a thin plate which forms the an-
terior part of the basis of the hard palate. Its nasal or superior surface has a
longitudinal ridge which forms with that of the other side a groove for the septal
cartilage. The palatine or inferior surface is flat. The internal border is serrated
and meets its fellow at the median palatine suture. The external border is sep-
arated from the maxilla and the nasal process by the palatine cleft (Fissura pala-
tina). The posterior extremity fits into the interval between the vomer and the
palatine process of the maxilla.

Development.—The premaxilla ossifies from a single center. Fusion of the
two bones is complete at the end of the third or the beginning of the fourth year.

THE PALATINE BONES

The palatine bones (Ossa palatina) are situated on either side of the posterior
nares, and form the posterior margin of the hard palate. Each is twisted so as to
form a horizontal and a perpendicular part.

The horizontal part (Pars horizontalis) is a narrow plate which forms the pos-
terior part of the hard palate. It presents smooth nasal and palatine surfaces.
The internal border meets its fellow at the median palatine suture, on the nasal
aspect of which is the nasal crest. The anterior border joins the palate process of
the maxilla at the transverse palatine suture, and forms with it the anterior pala-
tine foramen. The posterior border is concave and free; it gives attachment to
the aponeurosis of the soft palate.

The perpendicular part (Pars perpendicularis) is more extensive and forms the
outer boundary of the posterior nares. The nasal or internal surface is in the
greater part of its extent concave and smooth; it is marked by a narrow rough area
to which the pterygoid bone is attached. Below this the bone curves outward,
forming the pterygoid process. The maxillary or external surface (Facies max-
illaris) presents three areas for consideration. The largest articulates with the
maxilla; it is rough and is crossed by a groove which enters into the formation of
the palatine canal. Behind this is a smooth part which assists in forming the
pterygo-palatine fossa. The rough area below this is overlapped by the pterygoid
process of the sphenoid bone. The superior border is perforated by the spheno-
palatine foramen. Behind the foramen the two plates of the bone separate to
inclose part of the spheno-palatine sinus. The inner plate curves inward to articu-
late with the vomer. The outer plate joins the maxilla and frontal and the orbital
wing of the sphenoid.

Development.—The palatine bone ossifies in membrane from a single center.

THE PTERYGOID BONES
The pterygoid bones (Ossa pterygoidea) are narrow, thin, bent plates, situated
on either side of the posterior nares. Each has two surfaces and two extremities.
The internal surface is smooth, and forms part of the boundary of the posterior
nares. The external surface articulates with the palatine, vomer, and sphenoid,

! The alveolus for the temporary canine is commonly formed in the maxilla alone.
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concurring with the last in the formation of the pterygoid or Vidian canal. The

anterior extremity is free, turned slightly outward, and forms the hamulus, a pulley

around which the tendon of the tensor palati muscle is reflected.
Development.—The pterygoid ossifies in membrane from a single center.

THE NasSAL BONES

The nasal bones (Ossa nasalia) are situated in front of the frontal bones and
form the greater part of the roof of the nasal cavity. They have an elongated
triangular outline, wide behind, pointed in front. Each presents two surfaces, two
borders, a base, and an apex.

The external or facial surface is smooth and is convex transversely; the
profile contour is usually slightly wavy, with a depression about its middle and a
variably prominent area in front.

The internal or nasal surface is smooth and concave from side to side. About
in its middle it presents the superior turbinal crest (Crista conchalis dorsalis),
which is parallel with the inner border, and has the superior turbinal bone attached
to it. Most of this surface faces into the nasal cavity, but its posterior part enters
into the formation of the frontal sinus; the latter area is marked off by an oblique
ridge.

The internal border is straight, and meets the opposite bone at the nasal suture.

The external border is irregular. Its anterior third is free and concurs with
the nasal process in forming the naso-maxillary notch (Incisura naso-maxillaris).
Behind this it is scaly for articulation with the end of the nasal process, the maxilla,
and the lacrimal, forming the naso-maxillary and naso-lacrimal sutures.

The base or posterior end is beveled and overlaps the frontal bone, forming the
naso-frontal suture.

The apex is pointed and thin.

Development.—Each nasal bone ossifies in membrane from a single center.
The nasal suture does not close completely even in old age. In some cases the two
plates separate to inclose a small air-space in the posterior part.

THur LAcrRIMAL BONES

The lacrimal bones (Ossa lacrimalia) are situated at the anterior part of the
orbit, and extend forward on the face to the posterior border of the maxilla. Each
presents three surfaces and a circumference.

The external aspect is clearly divided into orbital and facial parts by the orbital
margin. The orbital surface (Facies orbitalis) is triangular in outline, smooth and
concave; it forms part of the inner and front wall of the orbit. Near the orbital
margin it presents a funnel-like fossa for the lacrimal sac (Fossa sacci lacrimalis),
which is the entrance to the osseous lacrimal canal. Behind this is a depression in
which the inferior oblique muscle of the eye takes origin. The facial surface
{Facies facialis) is more extensive, and has the form of an irregular pentagon.
It is slightly convex and smooth in the foal, flattened in the adult. It usually
bears the sinall lacrimal tubercle, situated nearly an inch (ea. 2 em.) from the
orbital margin.

The nasal or internal surface (Facies nasalis) faces into the frontal and max-
illary sinuses. It is concave and very irregular, and is crossed almost horizontally
by the osseous lacrimal canal (Canalis lacrimalis osseus).

The orbital margin (Margo orbitalis) is concave, rough above, smooth below.

The circumference articulates above with the frontal and nasal bones, below
with the malar and maxilla, in front with the maxilla, and behind with the frontal.
The various sutures so formed are designated by combinations of the names of the
bones.

Development.—Each ossifies in membrane from a single center.
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THE MALAR BONES

The malar or zygomatic bones (Ossa zygomatica) are placed hetween the lac-
rimal above and the maxilla below and in front. Each is irregularly triangular in
outline and presents three surfaces, three borders, a base, and an apex.

The facial surface is smooth, slightly convex, wide in front, and narrow behind.
At its lower part it presents the facial or zygomatic crest, which is continuous in
front with the similar ridge on the maxilla and behind with the zygomatic process of
the temporal; the crest is rough below, where the masseter musele is attached to it.

The orbital surface is separated from the facial surface by the concave orbital
margin. It is concave and smooth, and forms part of the lower and front wall of
the orbit.

The nasal surface is concave and faces into the maxillary sinus. In the young
foal a considerable part of it articulates with the maxilla.

The superior border articulates with the lacrimal chiefly, but to a small extent
behind with the maxilla also.

The inferior border and the base articulate with the maxilla.

The apex is heveled above and is overlapped by the zygomatic process of the
temporal bone.

Development.—Each ossifies in membrane from one or two centers.

THE TURBINAL BONES

These (Ossa turbinata) are delieate, scroll-like bones, four in number, which
are attached to the lateral walls of the nasal cavity. They project into the cavity
and greatly diminish its extent. Each is composed of a very thin lamina, cribriform
in many places, and covered on both sides with mucous membrane in the fresh
state. They are arranged in two pairs, superior and inferior.

The superior or naso-turbinal (Concha dorsalis)' is somewhat cylindrical in
form, small at its anterior part, and flattened transversely. It is attached to the tur-
binal crest of the nasal bone and the nasal plate of the frontal bone. The anterior
part is rolled like a seroll one and a half times, thus inclosing a cavity which com-
municates with the middle meatus nasi. The arrangement is best seen on a cross-
section (Fig. 37). The posterior part is not rolled, but its lower border is attached to
the lateral nasal wall, thus helping to inclose a large space which is part of the fron-
tal sinus. This cavity is separated from that of the scroll-like part by a transverse
septum. The internal surface is flattened, and is separated from the septum nasi
by a narrow interval, the common meatus (Mecatus nasi communis). Another
narrow passage, the superior meatus (Meatus nasi superior), separates the upper
surface from the roof of the nasal cavity. The space between the lower surface
and the inferior turbinal is the middle meatus (Meatus nasi medius). The anterior
extremity is prolonged toward the nostril by two small bars of cartilage.

The inferior or maxillo-turbinal bone (("oncha ventralix) is shorter and smaller
posteriorly than the upper one. It is attached to the inferior turbinal crest, and
consists, like the upper one, of an anterior coiled and a posterior uncoiled portien.

To express briefly the mode of coiling of the two bones of the same side we may say that
they are rolled toward the septum and cach other.

The inferior and posterior borders of the posterior part are attached to the
maxilla, thus helping to inclose a cavity which is part of the maxillary sinus. The
lower surface is separated from the floor of the nasal cavity by the inferior meatus
(Meatus nasi inferior), which is much larger than the other nasal passages. The
anterior extremity is prolonged to the nostril by a curved bar of cartilage.

Development.— Each ossifies in cartilage from a single center.

! This bone i3 really a greatly developed first ethmo-turbinal.
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THE VOMER

The vomer is a median unpaired bone, which assists in forming the lower part
of the septum nasi. It is composed of a thin lamina which is bent (except in its
posterior part) so as to form a narrow groove (Sulcus septi narium), in which the
lower part of the perpendicular plate of the ethmoid bone and the septal cartilage
are received. The lateral surfaces, right and left, are highest near the posterior
end and diminish gradually to the anterior end; they are slightly convex dorso-
ventrally, and are covered by the nasal mucous membrane during life. The in-
ferior border is thin and free in its posterior third, and divides the posterior nares
into right and left halves; in the remainder of its extent it is wider and is attached
to the nasal crest. The anterior extremity lies above the ends of the palatine pro-
cesses of the premaxille. The posterior extremity consists of two wings (Ale
vomeris) which extend outward below the body of the pre-sphenoid; posteriorly
they forin a notch (Incisura vomeris), and laterally join the palate and pterygoid
bones. ’

Development.—The vomer is primitively double, and ossifies from a center on
either side in the membrane covering the cartilaginous septum nasi; the two laming
then fuse below and form a groove.

THE MANDIBLE

The mandible or inferior maxilla (Mandibula) is the largest and the only
movable bone of the face. The two halves of which it consists at birth unite during
the second or third month, and it is usually described as a single bone. It carries
the lower teeth, and articulates by its condyles with the squamous temporal on
either side. It consists of a body and two rami.!

The body (Corpus mandibula) is the thick anterior part which bears the incisor
teeth. It presents two surfaces and a border. The lingual or superior surface
(Facies lingualis) is smooth and slightly concave; during life it is covered by mucous
membrane, and the tip of the tongue overlies it. The labial or mental surface
(Facies mentalis) is convex and isrelated to the lower lip. It is marked by a median
furrow which indicates the position of the primitive symphysis mandibule. The
curved alveolar border (Limbus alveolaris) presents six alveoli for the incisor teeth,
and a little further back two alveoli for the canine teeth in the male; in the mare
the latter are usually absent or small.

The rami (Rami mandibulz) extend backward from the body and diverge
to inclose the submaxillary space (Spatium mandibulare). Each ramus is
bent s0 as to consist of a horizontal part (Pars molaris) which bears the lower
cheek teeth, and a vertical part (Ramus mandibule) which is expanded and
furnishes attachment to powerful muscles; the term angle is applied to the most
prominent part of the curve. The ramus presents two surfaces, two borders, and
two extremities. The external surface is smooth and slightly convex from edge
to edge on the horizontal part; at the junction with the body it presents the mental
foramen (Foramen mentale), which is the external opening of the mandibular or
mnferior dental canal. On the vertical part it is somewhat concave and presents a
number of rough lines for the attachment of the masseter muscle. The internal
surface of the horizontal part is smooth, and presents a shallow longitudinal de-
pression in its middle; above this there is often a faint mylo-hyoid line for the at-
tachment of the muscle of like name. At the lower part of the junction with the
body there is a small fossa for the attachment of the genio-hyoid and genio-glossus
muscles. On the vertical part the surface is concave, and is marked in its lower and

!} In the Stuttgart Nomenclator Anatomicus (S. N. A.) the body (Corpus) is the part which

bears the teeth, and is divided into a pars incisiva and a pars molaris. The ramus is the rest
of the bone.
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posterior part by rough lines for the attachment of the internal pterygoid muscle.
In front of its middle is the mandibular or inferior maxillary foramen (Foramen
mandibulare), which is the posterior orifice of the mandibular or inferior dental
canal (Canalis mandibule). The canal curves downward and passes forward
below the cheek teeth, opening externally at the mental foramen; it is continued
into the body of the bone as a small canal (Canalis alveolaris incisivus), which
carries the vessels and nerves to the incisor teeth. The superior or alveolar border
forms anteriorly part of the interalveolar space; here it is thin. Behind this it is
thick and is excavated by six alveoli for the lower cheek teeth. Behind the last
alveolus it curves sharply upward and is narrow and rough. In the young foal
there is commonly a small alveolus for the vestige of the first premolar (*‘wolf
tooth”) close to the first large one. The inferior border of the horizontal part is
nearly-straight; it is thick and rounded in the young horse, becoming narrower and
sharp in old subjects. At its posterior part there is a smooth impression (Incisura
vasorum) where the facial vessels and parotid duct turn round the bone. Behind
this point the border curves sharply upward, forming the angle (Angulus mandi-
bule); this part is thick and has two roughened lips, internal and external, sep-
arated by a considerable intermediate space; near the condyle it becomes narrower.
The anterior extremity joins the body. The superior extremity comprises the
coronqld Process in front and the condyle behind, the two being separated by the
sigmoid notch (Incisura mandibule), through which the nerve to the masseter
muscle passes. The coronoid process (Processus coronoideus) is thin transversely
and curved slightly inward and backward. It projects upward in the temporal
fossa, and furnishes insertion to the temporal muscle. The condyle (Capitulum
mandibulz) lies at a much lower level than the end of the coronoid process. It is
elongated transversely and articulates with the squamous temporal through the
medium of an articular disc. The part below the condyle is usually termed the
neck (Collum mandibul@); on its antero-internal part is a depression (Fovea
pterygoidea) for the attachment of the external pterygoid muscle. The middle of
the vertical part of the ramus consists to a large extent of a single plate of compact
substance which may be so thin in places as to be translucent.

Development.—The mandible develops from two chief centers in the connec-
tive tissue which overlies the paired Meckel’s cartilages. At birth it consists of
two symmetrical halves which meet at a median symphysis. Fusion usually occurs
in the second or third month.

Age changes.—These are associated largely with the growth and later with the reduction
of the teeth. In the young horse, in which the teeth are large and are in great part embedded
in the bone, the body is thick and strongly curved, and the horizontal part of the ramus is also
thick. Later, as the teeth are extruded from the bone, the body becomes flattened and narrower,
and the horizontal part of the ramus is thinner, especially in its lower part; the angle and the
impression in front of it are more pronounced.

THE Hyomp BoNE

The hyoid bone (Os hyoideum) is situated chiefly between the vertical parts
of the rami of the mandible, but its upper part extends somewhat further back.
It is attached to the petrous temporal bones by rods of cartilage, and supports the
root of the tongue, the pharynx, and larynx. It consists of a body, a lingual process,
and three pairs of cornua.

The body or basihyoid (Basis ossishyoidei) is a short transverse bar, compressed
dorso-ventrally. The upper surface is concave and smooth in its middle, and pre-
sents at each end a convex facet or tubercle for articulation with the small cornu.
The lower surface is slightly roughened for muscular attachment. The anterior
border carries medially the lingual process. The posterior border is concave and
smooth in its middle, and carries on either side the thyroid cornu. The body, the
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lingual process, and the thyroid processes are fused together, and may be compared
to a spur or a fork with a very short handle.

The lingual process (Processus lingualis) projects forward medially from the
body, and is embedded in the root of the tongue during life. It is compressed
laterally and has a blunt-pointed free end. The lateral surfaces are slightly con-
cave. The upper border is narrow, the lower thick and irregular.

The thyroid cornua or thyrohyoids (Cornua laryngea)' extend backward and
upward from the lateral parts of the body. They are compressed laterally (except
at their junction with the body), and their posterior ends are connected with the
anterior cornua of the thyroid cartilage of the larynx.

The small cornua or keratohyoids (Cornua minora) are short rods which are
directed upward and forward from either end of the upper surface of the body.
Each is somewhat constricted in its middle part and has slightly enlarged ends.
The lower end has a small concave facet which articulates with the body. The
upper end articulates with the great cornu, or with the middle cornu when present.

The great cornua or stylohyoids are much the largest parts of the bone. They
are directed upward and backward,
and are connected above with the
base of the petrous temporal bones.
Each is a thin plate, seven or eight
inches (ca. 18 to 20 cm.) long, which
is slightly curved in its length, so
that the external surface is concave
and smooth. The internal surface
is convex and smooth. The borders
are thin. The upper extremity is
large and forms two angles; the
upper angle is connected by a rod
of cartilage with the hyoid process
of the petrous temporal bone; the
lower angle is somewhat thickened
and rough for muscular attachment.
The lower extremity is small, and Fro. 32.—Hrow Boxre or Horse, Viewep yrox THE SIDE
articulates with the small or the AND SOMEWHAT FROM 1N FRONT.

. a, Body; b, lingual process; ¢, thyroid cornu; ¢, car-
middle cornu. tilage of ¢; d, small cornu; e, middle cornu; f. great cornu;

The middle cornua or epihyoids F’. muscular angle of great cornu; g, cartilage of great cornu.
are small wedge-shaped pieces or (Ellenberger-Baum, Anat. d. Haustiere.)
nodules interposed between the
small and great cornua. They are usually transitory, and unite with the great
cornua in the adult.

Development.—The hyoid ossifies in the cartilages of the second and third
visceral arches. Each part has a separate center, except the lingual process, which
ossifies by extension from the body. The latter has primarily two centers (Martin).

THE SKULL AS A WHOLE

The skull of the horse has the form of a long four-sided pyramid, the base of
which is posterior. It is convenient to exclude the mandible and hyoid from present
consideration. The division between the cranium (Cranium cerebrale) and the face
(Cranium viscerale) may be indicated approximately by a transverse plane through
the anterior margins of the orbits.

The superior or frontal surface (Norma frontalis) is formed by the upper part
of the occipital, the interparietal, parietal, frontal, and nasal bones. It may be

1 These correspond to the great cornua of man.
5
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divided into parietal, frontal, nasal, and premaxillary regions. The parietal region
extends from the occipital crest to the parieto-frontal or coronal suture. It is
marked medially by the external sagittal crest, which bifurcates in front, the
branches becoming continuous with the frontal crests. The latter curve outward
to the root of the supraorbital process. The frontal region is the widest part of
the surface, and is smooth and almost flat. It is bounded in front by the naso-
frontal suture. On either side of it is the root of the supraorbital process, pierced

F16. 33.—CraxiaL axp OrBrrat. Recions oF SkriL oF Hornk, LaTeraL View. THE ZYGOMATIC ARCH AND
SUPRAORBITAL PRrocexsks Have BEeEN Sawx OFr.

1, Occipital condyle; 2, condyloid fosa; 3, paramastoid or styloid process; 4, occipital crest; 35, external
occipital protuberance; 6, external auditory meatus; 7, mastoid process; 8, hyvoid process; 9, stylomastoid fora-
men; 10, muscular prucess; 11, foramen lacerum anterius; 12, postglenoid process; 13, glenoid cavity; 14, tem-
poral condyle; 13, Vidian groove; 106, alar canal of pterygoid provess indicated by arrow; 17, temporal foramen;
18, ethmoidal foramen; 19, optic foramen; 20, foruinen lucerum orbitale; 21, maxillary foramen; 22, spheno-
palatine foramen; 23, posterior palatine foramen; 24, supraorbital fornmen (opened); 25, lacrimal fossa: 286,
depression for arigin of obliquus oculi inferior; 27, facial crest; 28, maxillary tuberosity; 28, alveolar tubero~ity;
30, hamulus of pterygoi:l bone; S.o., supraoccipital; P, parietal; S, squamoun temporal; B.o., basioccipital;
B.s., basicphenoid; A.t., temporal wing of sphenoid; A.o., orbital wing of sphenocid; Pt.p., pterygoil process of
sphenoid; P.p., perpendlicular part of palate bone; F.F’, facial and orbital parts of frontal bone: L,L’, orbital
and facial parts of lacrimal hone; M, facial part of malar bone; M.r., maxilla; a. parieto-occipital suture; b,
parieto-temporal or squamous suture; ¢, d, spheno-squarnous ruture; e, palato-frontal suture; f, fronto-lacrimal
suture.

by the supraorbital foramen. The nasal region is convex from side to side, wide
behind, narrow in front. Its profile is in some cases nearly straight; in others it
is undulating, with a variably marked depression about its middle and at the an-
terior end. The premaxillary region presents the osseous nasal aperture (Apertura
nasalis ossea) and the foramen incisivum.

The lateral surface (Norma lateralis) may be divided into cranial, orbital, and
maxillary or preorbital regions.
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The cranial region presents the temporal fossa, the zygomatic arch, and the
outer part of the petrous temporal bone.

The temporal fossa is bounded internally by the sagittal and frontal crests,
externally by the temporal crest and the zygomatic arch, and behind by the occipital
crest. Its upper and middle parts are rough for the attachment of the temporal
muscle. In its lower posterior part are several foramina which communicate with
the parieto-temporal canal. Thé fossa is continuous in front with the orbital cavity.

The zygomatic arch is formed by the zygomatic processes of the temporal,
malar, and maxilla. Its ventral face presents the condyle and glenoid cavity for
articulation with the lower jaw, through the medium of the articular disc. Behind
the glenoid cavity is the post-glenoid process.

The external auditory process projects outward through a deep notch in the
lower margin of the squamous temporal below the temporal crest. A little
further back is the mastoid process, crossed in its upper part by a groove for the
mastoid artery.

The orbital region comprises the orbit and the pterygo-palatine fossa.

The orbit is a cavity which incloses the eyeball, with the muscles, vesscls, and
nerves associated with it. It is not separated in the skeleton from the temporal
fossa. The long axis of the cavity, taken from the optic foramen to the middle of
the inlet, is directed forward, outward, and slightly upward. The inner wall
(Paries medialis) is complete and extensive. It is concave and smooth, and is
formed by the frontal and lacrimal and the orbital wing of the sphenoid. In its
extreme anterior part is the fossa for the lacrimal sac. Behind this is a small de-
pression in which the inferior oblique muscle of the eye arises; here the plate which
separates the orbit from the maxillary sinus is very thin. The upper wall (Paries
superior) is formed by the frontal and to a small extent by the lacrimal bone. It
presents the supraorbital foramen, which perforates the root of the supraorbital
process. The lower wall (Paries inferior) is very incomplete, and is formed by the
malar, the zygomatic process of the temporal, and to a small extent by the maxilla.
The external boundary (Paries lateralis) is the supraorbital process. At the ex-
treme posterior part is the orbital group of foramina. Four are situated in front
of the pterygoid crest. Of these, the uppermost is the ethmoidal or internal
orbital foramen, which transmits the ethmoidal vessels and nerve. The optic
foramen is situated a little lower and further back; it transmits the optic nerve.
Immediately below the optic is the foramen lacerum orbitale, which transmits the
ophthalmic, third, sixth, and sometimes the fourth nerve; commonly there is a
vury small trochlear or pathetic foramen in the crest for the last named nerve.
The foramen rotundum is below the foramen lacerum, from which it is separated
by a thin plate; it transmits the superior maxillary nerve. The alar canal opens
in common with the foramen rotundum, and the anterior opening of the pteryvgoid
or Vidian canal is also found here. The temporal foramen (For. alare parvum) is
just behind the pterygoid crest and on a level with the foramen lacerum. It is
the upper opening of a canal which leads from the alar canal, and through it the
anterior deep temporal artery emerges. The inlet of the orbital cavity (Aditus
orbite) is circumscribed by a complete bony ring, which is nearly circular. Its
antero-inferior part (Margo infraorbitalis) is smooth and rounded; the remainder
{ Margo supraorbitalis) is rough and irregularly notched. During life the cavity is
completed by the periorbita or ocular sheath, a conical fibrous membrane, the apex
of which is attached around the optic foramen.

Below the orbital cavity is the pterygo-palatine fossa. Its wall is formed by
the ptervgoid process, the perpendicular part of the palate bone, and the tuber
maxillare. Its deep anterior part (maxillary hiatus) contains threc foramina. The
upper one, the maxillary foramen, is the entrance to the infraorbital canal, which
transmits the infraorbital nerve and vessels. The spheno-palatine foramen trans-
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mits vessels and nerves of like name to the nasal cavity. The lower foramen, the
posterior palatine, transmits the palatine artery and nerve to the palatine canal.
The upper part of the fossa is smooth, and is crossed by the internal maxillary
artery and the maxillary nerve. The lower part is chiefly roughened for the attach-
ment of the internal pterygoid muscle, but is crossed in front by a smooth groove
in which the palatine vein lies.

The maxillary or preorbital region is formed chiefly by the maxilla, but also by
the premaxilla, and the facial parts of the lacrimal and malar bones. Its contour
is approximately triangular, the base being posterior. It offers two principal
features. The facial crest extends forward from the lower margin of the orbit,
and ends abruptly at a point about an inch and a half (3 to 4 em.) above the third
or fourth cheek tooth;' its inferior aspect is rough for the attachment of the masse-
ter muscle. The infraorbital foramen is situated in a transverse plane about an
inch (ca. 2 to 3 em.) in front of the end of the crest and about two inches (5 ¢cm.)
above it. The foramen opens forward, and through it the infraorbital artery and
nerve emerge. The surface over the premolar teeth varies greatly with age, in
conformity with the size of the embedded parts of the teeth. In the young horse
the surface here is strongly convex, the outer plate of bone is thin and even defective
sometimes in places, and the form of the teeth is indicated by eminences (Juga
alveolaria). In the old animal the surface is concave on account of the extrusion
of the teeth from the bone. The downward curve of the premaxilla is pronounced
in the young subject, very slight in the aged.

The inferior or basal surface (Norma basalis), exclusive of the mandible,
consists of cranial, guttural, and palatine regions.

The cranial region (Basis cranii externa) extends forward to the vomer and
pterygoid processes (Fig. 28). At its posterior end is the foramen magnum, flanked
by the occipital condyles. External to the latter is the condyloid fossa, in which
is the hypoglossal foramen, which transmits the hypoglossal nerve and the con-
dyloid artery and vein. Further outward are the paramastoid or styloid proc-
esses (Processus jugulares) of the occipital bone. Extending forward centrally is
a prismatic bar, formed by the basilar part of the occipital and the body of the
sphenoid bone; at the junction of these parts are tubercles for the attach-
ment of the ventral straight muscles of the head. On either side of the basilar
part of the occipital is the foramen lacerum basis cranii, bounded externally by
the base of the petrous temporal bone. In front of these the region becomes very
wide on account of the lateral extension of the zygomatic processes, bearing on the
ventral aspect the condyle and glenoid cavity for articulation with the mandible.
Beyond this the process turns forward and joins the zygomatic process of the malar,
completing the zygomatic arch and the surface for the attachment of the masseter
muscle. On either side of the body of the sphenoid is the infratemporal fossa,
formed by the temporal wing and the root of the pterygoid process of the sphenoid
bone. It is bounded in front by the pterygoid crest, which separates it from the
orbit and the pterygo-palatine fossa. In it is the pterygoid or alar foramen, which
transmits the internal maxillary artery. A little lower is the entrance to the ptery-
goid (Vidian) canal.

The guttural region presents the pharyngeal orifice of the nasal cavity. Thisis
elliptical and is divided in its depth medially by the vomer into two posterior
nares or choang. It is bounded in front and laterally by the palate and pterygoid
bones, behind by the vomer. It is flanked by the hamular process of the pterygoid
bones. The plane of the opening is nearly horizontal, and the length is about
twice the width.

The palatine region comprises a little more than balf of the entire length

! This relation varies with age; in the young horse the third tooth, in the old subject the
fourth, lies below the end of the crest.
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of the base of the skull (Fig. 31). The hard palate (Palatum durum) is
concave from side to side, and in its length also in the anterior part. It
is formed by the palatine processes of the premaxille and maxille, and the
horizontal parts of the palate bones. It is circumscribed in front and
laterally by the superior alveolar arch, in which the upper teeth are im-
planted. The interalveolar space (Margo interalveolaris) is that part of the arch
in which alveoli are not present. Behind the last alveolus is the alveolar
tuberosity, and internal to this is a groove for the palatine vein. In the middle
line is the median palatine suture (Sutura palatina mediana). In the line of the
suture, a little behind the central incisors, is the foramen incisivum, through which
the palato-labial artery passes. On either side, parallel with the alveolar part of
the maxilla, is the palatine groove (Sulcus palatinus), which contains the palatine
vessels and nerve. It is con-
tinuous at the anterior pala-
tine foramen with the palatine
canal, which is situated be-
tween the maxilla and the pal-
ate bone. The palatine cleft
(Fissura palatina) is the nar-
row interval along the outer
margin of the palatine process
of the premaxilla; it is closed
in the fresh state by cartilage.
Scattered along each side of
the palate are several vascular
foramina. The transverse
palatine suture (Sutura pala-
tina transversa) is about half

an inch from the posterior bor-
der. The latter is in a plane
through the last molar teeth,
and is concave and free.

The posterior or nuchal
surface (Norma occipitalis) is
formed by the occipital bone.
It is trapezoidal in outline,
wider below than above, con-
cave dorso-ventrally, convex
transverselv. It is separated
from the superior surface by
the occipital crest, and from

the lateral surfaces by the superior curved lines (Linex nucha superiores).

F1o. 34.—CRraNIAL CaviTy oF HORSE A8 SEEN ON SacITTAL SEC-
TION OF SKULL.

0, Frontal sinus; r, sphenoidal sinus; ¢, cerebral compartment
of cranium; 1-3, ridges (juga) corresponding to fissures of lateral
surface of cerebrum; 4, groove for middle cerebral artery; 5, en-
trance to for. lacerum orbitale; 8, entrance to optic foramen; 7, 8,
grooves on sphenoid boue; 9, incisura spinosa; 9/, groove for middle
meningeal artery; 10, fossa for pyriform lobe of cerebrum; 11,
incisura ovalis; 12, incisura carotica; 13, internal auditory meatus;
14, foramen lacerum basis eranii; 15, hypoglossal foramen; 16,
petrous temporal; 17, orifice of aquaductus vestibuli; 18, orifice
of aquarductus cochlew; 19, foramen magnum; 20, petrosal crest;
21, two plates of frontal bone; 22, supraoccipital; 23, basioccipital;
24, tentorium osseum; 25, body of sphenoid. (After Ellenberger-
Baum, Top. Anat. d. Pferdes.)

Below

the erest are two rough areas for the attachment of the complexus muscles. A little
lower is a eentral eminence on the sides of which the ligamentum nuche is attached.
At the lowest part centrally is the foramen magnum, at which the brain and spinal
cord meet; this is bounded laterally by the occipital condyles, which are flanked by
the paramastoid or styloid processes (Processus jugulares).

The apex of the skull is formed by the bodies of the premaxille and mandible,
carrying the incisor teeth.

THE CRANIAL CAVITY

This cavity incloses the brain, with its membranes and vessels.
small and is ovoid in shape.

It is relatively
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The superior wall or roof (Calvaria) is formed by the supraoccipital, inter-
parietal, parietal, and frontal bones. In the middle line is the internal sagittal
crest, which joins the crista galli in front, and furnishes attachment to the falx
cerebri. Posteriorly the crest is continued by the sharp anterior margin of the
tentorium osseum, which projects downward and forward into the cavity, and gives
attachment to the tentorium cerebelli by its sharp lateral edges. Behind this the
roof is grooved centrally for the middle lobe or vermis of the cerebellum. Trans-

F16. 35.—FLoor or Cranial Cavity or HoORsk.

The roots of the cranial nerves are shown on the left side
and are designated by number. [/, Anterior cranial fossa; [/,
middle cranial fossa; ///, posterior cranial fossa; a, ethmoidal
fossa; b, ethmoidal foramen; ¢, foramnen for nasal branch of
ophthalmic artery; d, orbital wing of sphenoid bone; e, optic
fossa; f, sclla turcica; g, spheno-occipital crest; A, &', dotted line
indicating contour of pituitary body; A", slight elevation repre-
senting dorsum selle; i, k, grooves for nerves and cavernous
sinus; [, depression for pyriform lobe of cerebrum; m, groove
for middle meningeal artery; n, depression for pons; o, foramen
lacerum anterius; p, foramen lacerumn posterius; ¢, incisura
carotica: ¢, incisura ovalis; ¢”, incisura spinosa; r, depression
for medulla oblongata; s, hypoglossal foramen; ¢, internal audi-
tory meatus; «, foramen magnum; v, frontal sinus; w, zygomatic
process of temporal bone; =z, section of petrous temporal; y,
section of occipital bone; gz, eriata galli; 1, 1/, 17, dotted lines
indicating position of olfactary tracts and peduncle. (After
Ellenberger-Baumn, Top. Anat. d. Pferdes.)

verse grooves pass from the base
of the tentorium osseum to the
parieto-temporal canals. The
anterior part of the roof is hol-
lowed by the frontal sinus. The
occipital part is very thick and
strong.

The lateral walls are formed
by the occipital, parietal, tem-
poral, and frontal bones, and in
part by the orbital wings of the
sphenoid. Each is crossed ob-
liquely by the petrosal crest,
which concurs with the project-
ing margin of the parietal hone
and the tentorium osseum in
dividing the cavity into cerebral
and cerebellar compartments.
Behind the crest is a depression
for the lateral lobe (hemisphere)
of the cerebellum. Below this
are the internal auditory meatus
and the openings of the aque-
ductus vestibuli and aquaductus
cochleze.

The roof and lateral walls
are marked by digital impres-
sions and vascular grooves.

The inferior wall or floor
(Basis cranii interna) may be
regarded as forming three fosse.
The anterior fossa (Fossa cranii
anterior) supports the frontal and
olfactory parts of the cerebrum.
It is formed chiefly by the pre-
sphenoid, and lies at a higher
level than the middle fossa. In
front the fossa is divided medi-
ally by the crista galli, lateral to
which are the deep ethmoidal or
olfactory fossee for the olfactory

lobes. The ethmoidal or internal orbital foramen perforates the cranial wall
at the outer side of these foss@. Further back the central part of the surface

is slightly elevated, and is flanked by shallow depressions which support the ol-
factory peduncles. Posteriorly is a bony shelf which covers the entrance to the
optic foramina ; the edge of this shelf and the posterior borders of the orbital wings
of the sphenoid may be taken as the line of demarcation between the anterior and

~
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middle fossee. The middle fossa (Fossa cranii media) is the widest part of the
cavity. It extends backward to the internal spheno-occipital and petrosal crests,
thus corresponding to the post-sphenoid. In its middle is a small fossa, the sella
turcica, in which the pituitary body, or hypophysis cerebri, is situated. On either
side are two grooves for nerves; the inner one transmits the ophthalmic, third,
and sixth nerves to the foramen lacerum orbitale; the outer one leads to the foramen
rotundum, and lodges the maxillary nerve. External to the grooves is a depression
for the pyriform lobe of the cerebrum. The posterior fossa (Fossa cranii posterior)
corresponds to the basilar part of the occipital bone. It contains the medulla,
pons, and cerebellum. In front is a median depression (Fossa pontis) for the pons.
The surface behind this is concave transversely and slopes gently downward to the
foramen magnum; it supports the medulla. On either side are the foramen
lacerum basis cranii and the hypoglossal foramen.

The anterior or nasal wall is formed by the cribriform plate of the ethmoid,
which separates the cranium from the nasal cavity. It is perforated by numerous
foramina for the passage of the olfactory nerve-bundles.

Fic. 36.—MEbniaN SrerioN oF Skvin o Horse WiTHouT TRE MANDIBLE.

The septum nusi is removed, but the mucous membrane on the turbinal bones is retained. a, a’, Superior
turbinal bone, dotted line indieating limit between anterior coiled part and posterior uncoiled part; b, b’, superior
turbinal folds, inclosing bars of cartilage; ¢, fold of mucous membrane formed by union of b and b’; d, d’, anterior
coiled and posterior uncoiled part of inferior turbinal, dotted line indicating septum between them; e, f, inferior
turbinal folds, former (alar fold) inclosing bar of cartilage; g, A, 7, superior, middle, inferior meatus; o, ¢, frontal
sinus; partial septum between o and ¢’; ¢, nasal part of frontal sinus (nasal sinus); r, lateral mass of ethmoid
boue: s, sphenoidal sinus; {, cranial cavity; u, opening made in superior turbinal bone at point where drainage
of frontal sinus may be obtained. (After Ellenberger, in leisering’s Atlas.)

THE NASAL CAVITY

The nasal cavity (Cavum nasi) is a longitudinal passage which extends through
the upper part of the face. It is divided into right and left halves by a median
septum nasi. The lateral walls are formed by the maxilla, premaxilla, and the
perpendicular part of the palate bones. Attached to them are the turbinal bones,
which subdivide each nasal fossa into three meatuses (Meatus nasi). This wall
is crossed obliquely by the canal and groove for the naso-lacrimal duct, and its
posterior part is perforated by the spheno-palatine foramen. The superior wall
or roof is formed by the frontal and nasal bones. It is concave from side to side,
and nearly straight longitudinally, except in the posterior part, where it curves
downward. It presents a median elevation, the nasal crest. The inferior wall
or floor is formed by the palatine processes of the premaxille and maxille, and the
horizontal parts of the palate bones. It is wider but considerably shorter than the
roof. It is concave transversely, and nearly horizontal from before backward,
except in the posterior third, where there is a slight declivity. The anterior part
presents a median groove for the cartilaginous septum, and a furrow for the organ
of Jacohson on either side. On either side of the palatine processes of the premax-
illee is the palatine cleft.



72 THE SKELETON OF THE HORSE

1t is formed by the
In the fresh

The septum nasi is incomplete in the macerated skull.
perpendicular plate of the ethmoid behind, and the vomer below.
state it is completed by a plate of cartilage.

The superior meatus (Meatus nasi superior) is a narrow passage between the
roof and the superior turbinal bone. It ends at the cribriform plate of the ethmoid.
The middle meatus (Meatus nasi medius) is the space between the two turbinal
bones. In its posterior part is the very narrow opening into the maxillary sinus.
The inferior meatus (Meatus nasi inferior) is the channel along the floor which is
overhung by the inferior turbinal bone. It is much the largest and is the direct

path between the anterior and posterior nares.
The external aperture is bounded by the nasal bones and the premaxille.

Fi1s. 37.—Cross-8rcT10N OF NABSAL REGION OF SkULL
or llorsk; THE SkcrioNn Passks THROUGH
THE ANTERIOR Exp oF THE FaciaL Crest,
AND Brrwrex THE THirRb AND Fourt CHEEK
TrETH.
a, Superior, b, inferior turbinal bone; ¢, d, cavi-
tiea of a and b; e, common meatus; f, g, A, superior,

Fi16. 38.—CroRs-8rction oF NaaaL RrGronN or Skrit
ofF Homrse: THE Sretion 18 Cur AvotrT HaLr-
WAY BETWEEN THE ORBIT AND THE ANTHRIOR
Exp or THE FaciaL CREST, AND Pamars pE-
TWEEN THE Firt AND Stx™ Cukek Terry,
a, Superior, b, inferior turbinal bone; ¢, d, cavi-
ties of @ and b; e, common meatus; f, superior, g,

middle, A, inferior mentus; ¢, placed over ridge in
maxillary sinus; &, communication between outer and
inner (turbinal) part of maxillary sinus; {, naso-
maxillary opening. m, naso-lacrimal canal; n, infra-
orbital canal. (After Lllenberger, in Leisering’s Atlax.)

middle, inferior meatus; ¢, k., passuges to cavities of
turbinal bones; [, naso-lacrimal duct; m, infraorbital
canal; n, anterior end of maxillary xinus; o, septal
cartilage. (After Ellenberger, in Leisering’s Atlas.)

The posterior extremity or fundus is separated from the cranial cavity by the
cribriform plate of the cthmoid, and is largely oceupied by the lateral masses of
that bone.

THE PARANASAL SINUSES

Connected directly or indirectly with the nasal cavity, of which they are diver-
ticula, are four pairs of air-sinuses (Sinus paranasales), viz., maxillary, frontal,
spheno-palatine, and ethmotdal.

The maxillary sinus (Ninus maxillaris) is the largest. Its external wall is
formed by the maxilla, the lacrimal, and the malar. It is bounded internally by
the maxilla, the inferior turbinal, and the lateral mass of the ethmoid bone. It
extends backward to a transverse plane in front of the root of the supraorbital
process, and its anterior limit is indicated approximately by a line drawn from the
anterior end of the facial crest to the infraorbital foramen. Its upper boundary
corresponds to a line drawn backward from the supraorbital foramen parallel to
the facial crest.  The floor is formed by the alveolar part of the maxilla; it is very
irregular and is crossed by bony plates running in various directions. The last
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three cheek teeth project up into the cavity to an extent which varies with age;
they are covered by a thin plate of bone. The cavity is divided into anterior and
posterior parts by an oblique septum. The outer margin of the septum is commonly
about one and a half to two inches (ca. 3.5 to 5 cm.) from the anterior end of the
facial crest; from here it is directed inward, backward, and upward. The upper
part of the septum (formed by the posterior end of the inferior turbinal bone) is
very delicate and usually cribriform.

The position of the septum is quite variable. It is not rare to find it further forward, and
in some cases it is further back than is stated above. In the recent state, 1. ¢., when covered by
the mucous membrane on both surfaces, it is nearly always complete, but in very exceptional
cases there is an opening of variable size in the upper part.

The anterior compartment, often called the inferior maxillary sinus, is partially
divided by the infraorbital canal into an external maxillary part and an internal
smaller turbinal part. The latter communicates with the middle meatus by a very
narrow slit situated at its highest part. The posterior compartment, often called
the superior maxillary sinus, is also crossed by the infraorbital canal, internal to
which it opens freely into the spheno-palatine sinus. It communicates dorsally

Fio. 39.—8kvLL oF Horsr, LareraL Vierw wrthovr ManpiaLe. Tar Sinvars ARz OPENED TP,

a. Posterior part, b and ¢, anterior part of frontal sinus; d, roof of superior meatus; e, lateral mass of eth-
moid bone; [, f’, naso-lacrimal duct, exposed in its posterior part; g, A, posterior and anterior compartments
of maxillary sinus (also designated as superior and inferior maxillary sinuses); ¢, septum between ¢ and A; k,
lower limnit of upper thin and partly membranous portion of septum; /[, infraorbital canal: m, turbinal part of
maxillary sinus; n, bullous prominence of inferior turbinal; o, orbit; p, infraorbital foramen: ¢, continuation
of infraorbital eanal to premaxilla; r, limit of maxillary sinus. (After LEllenberger, in Leisering’s Atlas.)

with the frontal sinus through the large oval fronto-maxillary opening, situated at
the level of the osseous lacrimal canal and the corresponding part of the inner wall
of the orbit; the orifice is commonly about one and a half to two inches (ca. 4 to
5 em.) long and an inch or more (2 to 3 em.) wide. Just in front of this, and covered
by a thin plate, is the narrow naso-maxillary fissure (Aditus naso-maxillaris), by
which the sinus opens into the posterior part of the middie meatus.

The foregoing statements refer to the arrangement in the average adult animal. In the
foal the cavity (with the exception of its turbinal part) is largely occupied by the developing
teeth. In horses five to six years of age the maxillary part of the sinus is still ﬁflod up to a large
degree by the embedded parts of the teeth.  As the teeth are extruded to compensate the wear,
more and more of the cavity becomes free, until in old age only the short roots project up in the
floor, covered by a layer of hone. Other facts in this connection will be given in the description
of the teeth. In exceptional cases the posterior part of the inferior turbinal is smaller than
usual and leaves a considerable interval, through which the maxillary sinus communicates with
the nasal cavity.

The frontal sinus (Sinus concho-frontalis) consists of frontal and turbinal parts.
The frontal part is bounded chiefly by the two plates of the frontal bone, but its
floor is formed in part by the lateral mass of the ethmoid. It extends forward to a
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plane through the anterior margins of the orbits, backward to one through the tem-

poral condyles, and outward into the root of the supraorbital process.

Vi 40,
wing MiNusks Exposkn By Re-
Mavat, OF THE OUTER PLATE oF
Hone,

Sk et of Horark, Doraar View,

1, ¥rontal bone; 2, nasal bone; 8,
Ineilmal hone; 4, maxilla; @, poaterior
wwut of frontal sinus; @', middle part of
fvoninl winus; b, anterior (turbinal) part of
frantal winun; ¢, luteral mass of ethmoid
Vinn; o, roof of superior meatus; e, fronto-
v iilsry opening: f, naso-maxillary open-
tug bolow plate which forms the anterior
wargln of ¢, p. b, posterior and anterior
vounpnrtments of maxillary  sinus—often
valleed the aaperior und inferior maxillary
winuaea, ¢, meptum between g and h; k,
wiiat; I, point nt which superior turbinal
Lione mny be perforated to oblain drainage
into namal eavitv,  (After Ellenberger, in
§ einering's Atlan )

hone, where it gradually subsides.
und in great part subcutaneous.

-

1t is separ-
ated from the sinus of the opposite side by a
complete septum. It is partially subdivided by
a number of bony plates. The turbinal part is
situated in the posterior part of the superior tur-
binal bone, roofed in by the nasal and lacrimal
bones. It extends forward to a transverse plane
about half-way between the anterior margin of
the orbit and the end of the facial crest. Be-
hind it is in free communication with the
frontal part over the lateral mass of the eth-
moid. It is separated from the nasal cavity
by the thin turbinal plate. The frontal and
maxillary sinuses communicate through the
large opening described above.

The spheno-palatine sinus (Sinus spheno-
palatinus) consists of two parts which communi-
cate under the lateral mass of the ethmoid.
The sphenoidal (posterior) part is excavated in
the body of the pre-sphenoid. The palatine (an-
terior) part is between the two plates of the per-
pendicular part of the palate bone, under the
lateral mass of the ethmoid; it communicates
freely with the maxillary sinus. The septum
between the right and left sinuses is not usually
median in the sphenoidal part.

In about one-third of the cases (according to Paulli)
the sphenoidal and palatine parts are separated by a trans-
verse septum, and the sphenoidal part then communicates
only with the lower ethmoidal meatuses.

The term ethmoidal sinus is often applied
to the cavity of the largest ethmo-turbinal. It
communicates with the maxillary sinus.

THE BONES OF THE THORACIC LIMB
THE SCAPULA

The scapula is a flat bone, situated on the
anterior part of the lateral wall of the thorax,
and extending obliquely from the vertebral end
of the seventh or cighth rib to the sternal end of
the first rib. It is curved slightly and slopes
outward in adaptation to the form of the
thoracic wall. It is triangular in outline, and
has two surfaces, three borders, and three
angles.

The external surface or dorsum (Facies
lateralis s. dorsalis) is divided into two fossa
by the spine (Spina scapul®), which extends
from the vertebral horder to the neck of the

The free edge of the spine is thick, rough,
A little above its middle is a variable promi-
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nence, the tubercle of the spine (Tuber spin®), to which the trapezius muscle
is attached. The supraspinous fossa (Fossa supraspinata) is situated in front of
the spine, and the infraspinous fossa (Fossa infraspinata) behind it. The former
is much the smaller of the two; it is smooth and is occupied by the supraspinatus
muscle. The infraspinous fossa lodges the infraspinatus muscle; it is wide and
smooth in its upper part, narrower below, where it is marked by several rough lines
for the attachment of the teres minor muscle; near the neck is the nutrient foramen,
and a little lower is a vascular groove.

The costal surface or venter (Facies costalis) is hollowed in its length by the

Cervical angre —
— Duorsal angle
Infraspinous fossa
Vascular groore
Supraspinous fossa
i Posterior border
Anderior border
Tuberele of spine
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Tuberosity

A .7 8
\ Glenoid carity

F1G6. 41.—LEerr Scarvra oy Homsy, ExTERNAL ViEw. (After Schmaltz, Atlas d. Anat. d. Pferdes.)

subscapular fossa( Fossa subscapularis); this occupies nearly the whole of the lower
part of the surface, but is pointed above and separates two rough triangular areas
(Facies serrata), to which the serratus magnus is attached. In the lower third
there is a vascular furrow with several branches.

The anterior or cervical border (Margo cranialis) is convex and rough above,
concave and smooth below.

The posterior or dorsal border (Margo caudalis) is slightly concave. Itis
thick and rough in its upper third, thin in its middle, and thickens again below.

The superior or vertebral border (Margo dorsalis s. basis) carries the scapular
cartilage (Cartilago scapule). In the young subject the edge of the bone is thick,
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and is pitted by impressions into which the cartilage fits. The cartilage is the
unossified part of the fcetal scapula. Its lower edge fits the depressions and eleva-
tions of the bone. It thins out toward the free edge, which is convex and lies
alongside of the upper parts of the vertebral spincs. In front it continues the line
of the scapula, but behind it forms a rounded projection. The lower part of the
cartilage undergoes more or less ossification, so that the vertebral border of the
bone in old subjects is thin, irregular, and porous.

The anterior or cervical angle (Angulus cranialis) is at the junction of the

Dorsal angle

Subscapular fossa

Anlerior border
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F1o. 42.—LEerFr ScaroLa or Horsk, CosTaL SURFACE.—(After Schmaltz, Atlns d. Apat. d. Pferdes.)

anterior and vertebral borders and lies opposite to the second thoracic spine. It is
relatively thin and is about a right angle.

The posterior or dorsal angle (Angulus caudalis) is thick and rough; its
position can be determined readily in the living animal.

The inferior or articular angle (Angulus glenoidalis) is joined to the body of
the bone by the neck of the scapula (Collum scapule). It is enlarged, especially
in the sagittal direction. It bears the glenoid cavity (Cavitas glenoidalis) for articu-
lation with the head of the humerus. The cavity is oval in outline, and its margin
is cut into in front by the glenoid notch (Incisura glenoidalis), and is rounded off
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externally; just above its postero-external part is a tubercle to which a tendon of
the teres minor is attached. The bicipital tuberosity or tuber scapulse is the
large rough prominence in front, to which the tendon of origin of the biceps brachii
is attached; projecting from its inner side is the small coracoid process (Processus
coracoideus), from which the coraco-brachialis muscle arises.

Development.—The scapula has four centers of ossification, viz., one each
for the body of the bone, the bicipital and cora-
coid processes, the anterior part of the glenoid
cavity, and the tuber spinz. The last ossifies
after birth and fuses with the spine about the
third year. The bicipital tuberosity and coracoid
fuse with the body of the bone about the end of
the first year.

In old subjects the spo substance disappears at the
middle part of the fosse, so that the bone consists here of
a thin layer of compact substance. Considerable ossifica-
tion of &e cartilage is usual, the borders become much
rougher, the muscular lines are more pronounced, and a
medullary cavity may appear in the neck. Much varia- Fic.43.—Dmstan Exp or Lerr Scarura

tion occurs in dimensions and slope. The average ratio or Horse, ENp Vizw. (After
between the length and breadth (scapular index) is about Schmalts, Atlas d. Anat. d.
1:0.5 but in many cases the base is relatively wider. Pferdes.)

The inclination on a horizontal plane varies from 50 to 65

degrees. Exceptionally the coracoid process reaches a .

length of an inch or more (214 to 3 cm.), and the chief nutrient foramen may be on the pos-
terior border or in the subscapular fossa.

THE HUMERUS

The humerus is a long bone which extends from the shoulder above, where it
articulates with the scapula, to the elbow below and behind, where it articulates
with the radius and ulna. It is directed obliquely downward and backward, form-
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Frc. 44.—ProxiMar Exp or Lerr Humeros oF Horse, Exp View,  (After Schmaltz, Atlas d. Anat. d. Pferdes.)

ing an angle of about 55 degrees with a horizontal plane. It may be divided into a
shaft and two extremities.

The shaft or body (Corpus humeri) is irregularly cylindrical and has a twisted
appearance. It may be regarded as having four surfaces. The external surface
is smooth and is spirally curved, forming the musculo-spiral groove (Sulcus musculi
brachialis), which contains the brachialis muscle; the groove is continuous with the
posterior surface above and winds around toward the front below. The internal
surface is nearly straight in its length, rounded from side to side, and blends with
the anterior and posterior surfaces. Just above its middle is the internal or teres
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tubercle (Tuberositas teres), to which the tendon of the latissimus dorsi and teres
major muscles is attached. The nutrient foramen is in the lower third of this sur-
face. The anterior surface is triangular, wide and smooth above, narrow and
roughened below. It is separated from the external surface by a distinct border,
which bears on its upper part the deltoid tuberosity (Tuberositas deltoidea).
From the latter a rough line curves upward and backward to the outer surface of
the neck, and gives origin to the external head of the triceps muscle. Below the

Ezternal

Internal tuberosity

tuberosity

Curred line

Delloid
tubcrosity

Internal
Luberel

Musculo-spiral
groote

Ezxternal con-

dyloid crest -
Internal

gp.l-'umt'_q'f-.'
Coronoid fussa

(lecranon fossa

Internal External
epicond le Internal condyle External
condyle epicondyle
Fra. 45.—Lerr HuMrerus ofF Hores, In- Fig. 46.—Lerr llumrenia or Horse, EXTERNAL SURFACE.
TERNAL SURFACE. (After Schmaltz, (After Schmaltz, Atlas d. Anat. d. Pferdes.)

Atlas d. Apat. d. Pferdes.)

tuberosity the border inclines forward, becomes less salient, and ends at the coronoid
fossa. The posterior surface is rounded from side to side and smooth.

The proximal extremity consists of the head, neck, two tuberosities, and the
bicipital groove. The head (Caput humeri) presents an almost circular convex
articular surface, which is about twice as extensive as the glenoid cavity of the
scapula, with which it articulates. In front of the head is a fossa, in which are
several foramina. The neck (Collum humeri) is well defined behind, but is prac-
tically absent elsewhere. The external tuberosity (Tuberculum majus) is placed
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antero-externally, and consists of two parts; the anterior part forms the outer
boundary of the bicipital groove and gives attachment to the external branch of
the supraspinatus muscle; the posterior part gives attachment to the short inser-
tion of the infraspinatus, while its outer surface is coated with cartilage, over which
the chief tendon of the same muscle passes to be inserted into a triangular facet on
the outer aspect of the anterior part. The internal tuberosity (Tuberculum minus)
is less salient, and consists of anterior and posterior parts; the anterior part forms
the inner boundary of the bicipital groove, and furnishes insertion to the inner
branch of the supraspinatus above, and the posterior deep pectoral muscle below;
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Fic. 47.—Lerr Hexerus or Horsk, ANTERIOR ViEW. (After Schmaltz Atlas d. Anat. d. Pferdes.)

the posterior part gives attachment to the subscapularis muscle. The bicipital
or intertubercular groove (Sulcus intertubercularis) is situated in front; it is
bounded by the anterior parts of the tuberosities, and is subdivided by an inter-
mediate ridge. The groove is covered in the fresh state by cartilage, and lodges
the tendon of origin of the biceps brachii muscle. Just below the intermediate
ridge is a small fossa in which several foramina open.

The distal extremity has an oblique surface for articulation with the radius
and ulna, which consists of two condyles of very unequal size, separated by a ridge.
The internal condyle (Condylus medialis) is much the larger, and is erossed by a
sagittal groove, on the anterior part of which there is usually a synovial fossa. Pos-
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teriorly the groove extends upward considerably above the rest of the articular
surface and reaches the olecranon fossa, and this part articulates with the semilunar
notch of the ulna. The external condyle (Condylus lateralis) is much smaller and
is placed somewhat lower and further back, giving the extremity an oblique ap-
pearance; it is marked by a wide shallow groove. The coronoid fossa (Fossa coro-
noidea) is situated in front above the groove on the internal condyle; it furnishes
origin to part of the extensor carpi, and external to it is a rough depression from
which the anterior or common extensor of the digit arises. Behind and above the
condyles are two thick ridges, the epicondyles. The internal or flexor epicondyle
(Epicondylus medialis s. flexorius) is the more salient; it furnishes origin to flexor
muscles of t?le carpus and digit, and presents internally a tubercle for the attach-
ment of the Internal lateral ligament of the elbow joint. The external or extensor
epicondyle (l:]plcondylus lateralis s. extensorius) bears externally the external
supracondyloid crest (Crista condyloidea lateralis), which forms here the outer
boundary of the musculo-spiral groove, and gives origin to the extensor carpi.
Below this is a rough excavation in which the external lateral ligament is attached.
The lower bord.er of the epicondyle gives attachment to the flexor carpi externus.
Between the epicondyles is the deep olecranon fossa (Fossa olecrani).
Development.—The humerus ossifies from six centers, viz., three primary
centers .for the shaft and epiphyses, and three secondary centers for the external
tuberosity, the deltoid tuberosity, and the internal condyle. The proximal end

fuses with the shaft at about three and one-half years, the distal at about one and
a half years of age.

THE RADIUS

The rgdius is much the larger of the two bones of the forearm in the horse.
It extends in a vertical direction from the elbow, where it articulates with the hum-
erus, to the carpus below. It is gently curved, the convexity being anterior. It
consists of a shaft and two extremities.

The shaft (Corpus radii) is curved in its length, somewhat flattened from before
backward, and expanded at its ends. It presents for description two surfaces and
.two borders. The anterior surface (Facies dorsalis) is smooth, slightly convex in
its length, and rounded from side to side. The posterior surface (Facies volaris)
18 correspondingly concave in its length and is flattened in the transverse direction.
At its upper part there is a smooth shallow groove, which concurs with the ulna in
Phe formation of the interosseous space of the forearm; the nutrient foramen is
in the lower part of this groove. Below this there is in the young subject a narrow,
Fough, triangular area to which the ulna is attached by an interosseous ligament;
m.the adult the two bones are fused here. A variable rough elevation below the
middle of the surface and close to the internal border gives attachment to the
superior check ligament. The internal border (Margo medialis) is slightly con-
cave In its length and is largely subcutaneous; at its proximal end there is a
smooth area on which the tendon of insertion of the brachialis muscle lies, and a
small rough area just below gives attachment to that muscle and the long internal
lateral ligament of the elbow-joint. The external border (Margo lateralis) is more
strongly curved, but presents no special features.

The proximal extremity or head (Capitulum radii) is flattened from before
backward and wide transversely. It presents an articular surface (Fovea capituli)
which corresponds to that on the distal end of the humerus; it is crossed by a
central sagittal ridge, which has a synovial fossa on its posterior part, and ends in
front at a prominent lip, the coronoid process (Processus coronoideus). Just
below the posterior border there are two concave facets for articulation with the
ulna, and between these and the interosseous space is a quadrilateral rough area
at which the two bones are united by an interosseous ligament. At the inner side
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of the anterior surface is the bicipital tuberosity (Tuberositas radii), into which
the biceps tendon is inserted. The internal tuberosity is continuous with the pre-
ceding eminence, and furnishes attachment to the short part of the internal lateral
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ligament. The external tuberosity is more salient; it gives attachment to the
external lateral ligament and to the anterior and lateral extensor muscles of the
digit.
The distal extremity is also compressed from before backward. It presents
6
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the carpal articular surface (Facies articularis carpea) which consists of three parts.
The inner facet is the largest, is quadrilateral, concavo-convex from before back-
ward, and articulates with the radial carpal bone (or scaphoid); the middle one is
somewhat similar in form but smaller, and articulates with the intermediate carpal
bone (or semilunar); the outer facet is smaller, is convex, and articulates below
with the ulnar carpal (or cuneiform) and behind with the accessory carpal (or pisi-
form). The anterior surface presents three grooves, separated by ridges. The
middle one is vertical and gives passage to the tendon of the extensor carpi radialis;
the outer one is similar and contains the tendon of the anterior extensor of the
digit; the inner one is small and oblique and lodges the tendon of the extensor carpi
obliquus. The posterior aspect is crossed by a rough ridge, below which are three
depressions, On either side is a tuberosity (Tuberculum ligamenti) to which the
lateral ligament is attached. The outer one is marked by a small vertical groove
for the passage of the lateral extensor tendon.

Development.—The radius ossifies from four centers, viz., one each for the
shaft, the two extremities, and the outer part
of the distal end; the last is morphologically
the distal end of the ulna which has fused
with the radius, and the line of fusion is often
Processus indicated by a distinct groove on the carpal
@hconus articular surface. The proximal extremity
Semilunar notlch  unites with the shaft at about one and a
half years, the distal end at about three
and a half years.

THE ULNA

Ricipital The ulna of the horse is a reduced long
tuberosity bone situated behind the radius, with which
it is partially fused in the adult.

The shaft (Corpus ulne) is three-sided
and tapers to a point below. The anterior
surface (Facies dorsalis) i3 applied to the pos-
terior surface of the radius, and below the
interosseous space the two bones are fused in

Fio. 50—U1 . the adult. The surface which entersinto the
1. 50.—U'ppER HaLr oFP Rapius AND ULNa OF . .
Hons, INTERNAL ViEw. (AfterSchmaltz, fOrmation of the spaceis smooth and usually
Atlas d. Anat. d. Plerdes.) presents a small nutrient foramen, directed
upward. Above the spage it is rough and is
attached to the radius by an interosseous ligament which is usually permanent. The
internal surface (Facies medialis) is smooth and slightly concave. The external
surface (Facies lateralis) is flattened. The internal and external borders are thin
and sharp, except at the interosseous space. The posterior border is slightly
concave in its length and is rounded. The lower end is pointed and is usually a
little below the middle of the radius. It is commonly continued by a fibrous cord
to the distal external tuberosity of the radius, but this band may be replaced in
part or entirely by bone.

The proximal extremity is the major part of the bone. It projects upward
and somewhat backward behind the lower end of the humerus, and forms a lever
arm for the extensor muscles of the elbow. The internal surface is concave and
smooth. The external surface is convex and is roughened above. The anterior
border hears on its middle a pointed projection, the processus ancongeus or
“beak,” which overhangs the semilunar notch or sigmoid cavity (Incisura semilu-
naris). The latter is triangular in outline, concave from above downward, and
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articulates with the humerus; in the middle of its lower part is an extensive
synovial fossa. Just below the notch are two convex facets which articulate with
those on the posterior aspect of the proximal end of the radius. The posterior
border is nearly straight, and is thick and rounded. The free end or summit is
a rough tuberosity, the olecranon, which gives attachment to the triceps brachii
and other muscles.

The primitive distal extremity has, as previously stated, fused with the radius.

Development.—The ulna ossifies from three centers, of which one is for the
main part of the bone, one for the olecranon, and one for the distal end. The
cartilaginous embryonic ulna extends the entire
length of the forearm. The lower part of the
shaft is usually reduced to a small fibrous band
or may disappear entirely; in some cases a vari-
able remnant of it ossifies. The distal extremity
fuses early with the radius. The olecranon unites
with the rest of the bone at three to three and a
half years. A medullary canal appears to occur
constantly in the adult—contrary to the state-
ments of some authors.

THE CARPUS

The carpus of the horse consists of seven or
eight bones (Ossa carpi) arranged in two rows,
proximal or antibrachial, and distal or metacar-
pal. The (abbreviated) names and relative posi-
tions of the bones of the left carpus as seen from
in front are indicated below.

Prozimal Row:
Radial  Intermediate  Ulnar  Accessory

Distal Row:
First Second Third Fourth

THE RADIAL CARPAL BONE

The radial carpal bone (Os carpi radiale,
scaphoid) is the largest bone of the upper row; it
is somewhat compressed laterally, and is clearly
six-sided. The superior or proximal surface is
convex in front, concave behind, and articulates g §1.—SicirTar Secriox oF Usprn
with the inner facet on the distal end of the radius.  Parr or Ravivs axp Urxa or lHogse.
The inferior or distal surface is also convex in front Cm, Medullary cavity of ulna.
and concave behind; it articulates with the second
and third carpal bones. The external surface bears upper and lower facets on its
anterior part for articulation with the intermediate; between and behind these it. is
excavated and rough. The anterior or dorsal surface is rough and slightly convex.
The internal surface and the posterior or volar surface are rough and tuberculate.

THE INTERMEDIATE CARPAL BONE
The intermediate carpal bone (Os carpi intermedium, semilunar, lunar) is

somewhat wedge-shaped, wider in front than behind. The superior or proximal
surface is saddle-shaped, and articulates with the middle facet on the distal end of
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the radius. The inferior or distal surface is smaller, convex in front, concave be-
hind, and articulates with the third and fourth carpal bones. The internal surface
has upper and lower facets for articulation with the radial carpal, and between
these it is excavated and rough. The external surface is similar to the preceding
and articulates with the ulnar carpal. The anterior or dorsal surface is rough and
slightly convex. The posterior or volar surface bears a tuberosity on its lower part.

THE ULNAR CARPAL BONE

The ulnar carpal bone (Os carpi ulnare, cuneiform) is the smallest and most
irregular bone of the upper row. The superior or proximal surface is concave, and
fits the lower part of the outer facet on the distal end of the radius. The inferior
or distal surface is oblique and undulating for articulation with the fourth carpal
bone. The internal surface has upper and lower facets for articulation with the
intermediate. The anterior or dorsal and external surfaces are continuous, convex,
and rough. The posterior or volar surface is oblique, and bears a concave facet
for articulation with the accessory carpal bone; below this is a tubercle.

‘Fic. 52.—LErFr Carrar Bones oF Horse, with Dis- Frg. 53.—Lerr CarraL Bones or Horse, wrrr
TAL END oF Rapius anp ProxiMaL ExNp oF AnJAceENT ENpe oF RADIUB AND METACARPUS;
METACARPUS; INTERNAL VIEW. ExXTERNAL ViEW.

Ca, Accessory carpal bone; Cr, radial carpal; Ci, intermediate carpal; Cu, ulnar carpal; CI-4, first to
fourth carpals; Mec. 11, 111, 1V, metacarpal bones; I, groove for tendon of extensor earpi obliquus; £, groove for
lateral extensor tendon; 3, groove for tendon of flexor carpi externus; 4, metacarpal tuberosity. (After Schmalts,
Atlas d. Anat. d. Pferdes.)

THE ACCESSORY CARPAL BONE

The accessory carpal bone (Os carpi accessorium, pisiform) is situated behind
the ulnar carpal bone and the outer part of the distal end of the ulna. It is discoid
and presents for description two surfaces and a circumference. The internal
surface is concave and forms the outer wall of the carpal groove. The external
surface is convex and rough; a smooth groove for the outer tendon of the flexor
carpi externus crosses its anterior part obliquely downward and slightly forward.
The anterior border bears two facets; the upper one is concave and articulates with
the back of the outer facet on the distal end of the radius; the lower one is convex
and articulates with the ulnar carpal bone. The remainder of the circumference is
rounded and rough.

The accessory does not dircetly hear weight, and may be regarded as a sesamoid bone
interposed in the coursc of the tendons of the middle and external flexors of the carpus, which
it enables to act at a mechanical advantage. The posterior border furnishes attachment to
the transverse carpal ligament, which completes the carpal canal for the flexors of the digit.
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THR FIRST CARPAL BONE

The first carpal bone (Os carpale primum, trapezium) is a small inconstant
bone, commonly about the size and shape of a pea, which is situated in the lower
part of the internal lateral ligament behind the second carpal bone.

This bone appears to be absent on both sides in about half of the cases; in a good many
subjects it is present on one side only. In size it varies from a minute nodule to a discoid mass
10 to 12 mm. in length. In exceptional cases it articulates with both the second carpal and the
second (inner) metacarpal bone, in other cases with the former only, but in the majority of
specimens no articular facet is present.

THE SECOND CARPAL BONE

The second carpal bone (Os carpale secundum, trapezoid) is the smallest con-
stant bone of the lower row, and is irregularly hemispherical in shape. The su-
perior or proximal surface is a convex
facet which is continued upon the pos-
terior or volar surface and articulates
with the posterior part of the radial
carpal. The external surface faces ob-
liquely outward and forward, and bears
three facets for articulation with the
third carpal bone. The anterior or
dorsal and the internal surface bear a
tuberosity to which the lateral ligament
is attached. The inferior or distal

Fra. 54.—CarraL Boves or Homsr, WITR ADJACENT F1a. 55.—CARPAL ARTICULAR SURFACE or Rapivs

Exps or Rapits AND METACARPUS; ANTERIOR AND PROXIMAL ARTICULAR SURFACES OF CAR-
View. THE AccessoRY AND FIRsT CarpaL PAL AND METACARPAL Boxks, Lerr Sipe.
Boxes ARt Nor SHowN. THE AcCesBORY AND FIRsT CARPAL BONES ARE

NOT SHowN.

Cr, Radial carpal; Ci, intermediate carpal; Cu, ulnar carpal; C2, C3, ("4, second, third, and fourth car-
pals; Mc.ll, second or inner emall metacarpal bone; Mec./ll, third or large metacarpal bone; MeclV, fourth or
onter small metacarpal bone; /. 2, grooves for tendons of anterior extensor and extensor carpi radialis; 3, meta-
carpal tuberosity. Arrows indicate relations of facets. Short arrow points to facet on ulnar carpal for articu-
lation with accessory carpal. (After Schmaltz, Atlas. d. Anat. d. Pferdes.)

surface is articular and consists of a large flattened facet for the inner (second)
metacarpal bone, and a small one for the large (third) metacarpal bone. Some
specimens have a small facet on the lower part of the posterior surface which
articulates with the first carpal bone.
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THE THIRD CARPAL BONE

The third carpal bone (Os carpale tertium, os magnum) is much the largest
bone of the lower row, forming more than two-thirds of the width of the latter. It
is flattened from above downward, and is twice as wide in front as behind. The
superior or proximal surface consists of two facets separated by an antero-posterior
ridge; the inner facet is concave and articulates with the radial carpal; the outer
facet—for the intermediate carpal—is concave in front and convex behind, where it
encroaches on the posterior surface. The inferior or distal surface is slightly un-
dulating, and articulates almost entirely with the large (third) metacarpal bone,
but it usually bears a small oblique facet at its inner side for the inner (second) meta-
carpal, and there is commonly a non-articular depression externally. The internal
surface faces backward and inward, and bears three facets for articulation with
the second carpal, between which it is excavated and rough. The external surface
has two facets for articulation with the fourth carpal, and is depressed and rough
in its middle. The anterior or dorsal surface is convex and is crossed by a rough
transverse ridge. The posterior or volar surface is relatively small, and is rounded;
its upper part is encroached upon by the superior articular surface, below which
it is rough.

THE FOURTH CARPAL BONE

The fourth carpal bone (Os carpale quartum, unciform) is somewhat wedge-
shaped, and is readily distinguished from the second by its greater size and its
posterior tubercle. The superior or proximal surface articulates with the inter-
mediate and ulnar; it is convex and curves outward, backward, and downward,
encroaching on the external and posterior surfaces. The inferior or distal surface
bears two inner facets for the large (third) metacarpal and an outer one for the ex-
ternal (fourth) metacarpal bone. The internal surface has two or three facets for
articulation with the third carpal, between which it is excavated and rough. The
anterior or dorsal surface is convex and rough. The external surface is small,
being encroached upon by the superior articular surface. The posterior or volar
surface bears a tubercle on its lower part.!

THE CARPUS AS A WHOLE

The bones of the carpus, exclusive of the accessory, form an irregular quadran-
gular mass, the width of which is about twice the height or the antero-posterior
diameter. The anterior or dorsal surface is convex from side to side, depressed
along the line of junction of the two rows, and prominent below. The posterior
or volar surface is in general slightly convex, but very irregular. It forms with the
accessory the carpal groove (Sulcus carpi), which in the recent state is rendered
smooth by the posterior ligament; it is converted into the carpal canal (Canalis
carpi) for the flexor tendons by the transverse carpal ligament, which stretches
across from the accessory bone to the inner side. The proximal surface is widest in-
ternally and is elevated in front, concave behind; it is entirely articular and adapted
to the carpal articular surface of the radius. The distal surface is also articular and
is irregularly faceted in adaptation to the surfaces of the metacarpal bones; each
of the lower bones usually articulates with two metacarpal bones, but sometimes
the third does not bear on the inner metacarpal bone. The lateral surfaces are
both irregular and rough, the internal one being the wider. With the exception of
the accessory, ulnar, and second, each bone articulates with two bones of the other
TOW.

Development.—Each ossifies from a single center.

' This bone is probably equivalent to the fourth and fifth carpals of forms in which five
carpal elements are present in the lower row.
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THE METACARPUS

Three metacarpal bones (Ossa metacarpalia) are present in the horse. Of
these, only one, the third or large metacarpal bone, is fully developed and carries a
digit; the other two, the second and fourth, are much reduced, and are commonly
called the internal and external small metacarpal or “splint”’ bones.
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TERIOR ViEw, LeFr Sipe.

The fourth (external) metacarpal bone is wrongly
aumbered as I. (After Schmaltz, Atlas. d. Anat. d.
Plerdes.)

THR LARGE METACARPAL BONE

This (Os metacarpale tertium) is a very strong long bone, placed vertically
between the carpus above and the first phalanx below. It consists of a shaft and
two extremities.
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The shaft (Corpus) is semicylindrical, and presents two surfaces and two
borders. The anterior or dorsal surface is smooth, convex from side to side, and
nearly straight in its length. The posterior or volar surface is somewhat convex
from side to side and, with the small bones, forms a wide groove which lodges the
suspensory ligament. On either side of its upper two-thirds it is roughened for the
attachment of the small metacarpal bones. The nutrient foramen occurs at the
junction of the upper and middle thirds. The lower third is wider and flattened.
The borders are rounded.

The proximal extremity (Basis) bears an undulating articular surface adapted
to the lower row of carpal bones. The greater part supports the third carpal bone;
the oblique outer part, separated from the preceding by a ridge, articulates with
the fourth, and a small facet for the second is usually found at the postero-internal
angle. On either side is a notch separating two small facets which articulate with
the proximal ends of the small metacarpal bones. Toward the inner side of the
anterior surface is the metacarpal tuberosity, into which the extensor carpi radialis
is inserted. The posterior surface is roughened for the attachment of the sus-
pensory ligament.

The distal extremity (Trochlea s. Capitulum) presents an articular surface
for the first phalanx and the proximal sesamoid bones, which is composed of two
condyles, separated by a sagittal ridge; the inner condyle is slightly the larger.
On either side is a small fossa, surmounted by a tubercle, for the attachment of the
lateral ligaments of the fetlock joint.

The large metacarpal is one of the strongest bones in the skeleton. The compact substance

is specially thick in front and internally. The medullary canal extends further toward the ends
than in most of the long bones of the horse and there is little spongy bone.

THR SMALL METACARPAL BONES

These are situated on either side of the posterior surface of the large metacarpal
bone, and form the sides of the metacarpal groove. Each consists of a shaft and
two extremities.

The shaft (Corpus) is three-sided and tapers to the distal end. 1t is variably
curved, convex toward the middle line of the limb. The anterior surface is flattened
and is rough, except in its lower part; it is attached to the large metacarpal bone
by an interosseous ligament, except near the distal end. The abaxial surface is
smooth and rounded from side to side above, grooved below. The axial surface is
smooth and concave from edge to edge, except below, where it forms a rounded
edge.

The proximal extremity or head (Basis) is relatively large. In the case of the
inner bone it usually bears two facets above which support the second and third
carpal bones, while the outer bone has here a single facet for articulation with the
fourth carpal bone. Each has also two facets for articulation with the large meta-
carpal, and is elsewhere roughened for the attachment of ligaments and muscles.
The inner bone may present a small facet behind for the first carpal bone.

The distal extremity (Capitulum) is usually a small nodule, which projects to
a variable extent in different subjects, and is easily felt in the living animal. 1t is
situated two-thirds to three-fourths of the way down the region.

The small metacarpal bones vary much in length, thickness, and curvature. In the ma-
jority of cases the inner bone is the longer; in other subjects the outer one is the longer or there
18 no material difference. Sometimes the curvature is very pronounced, so that the distal end
causes a decided projection. The distal end is very variable in size and may be a mere point.

Development.—The large metacarpal bone ossifies from three centers. The
proximal extremity unites with the shaft before birth, the distal extremity toward

the middle of the second year. The small metacarpal bones ossify from two cen-
ters, one of which is for the proximal extremity. Their distal ends are cartilaginous
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at birth. Fusion of the middle part of the shaft with the large metacarpal bone is
common.

THE PHALANGES
THE FIRST PHALANX

The first phalanx (Phalanx prima)' is a long bone, situated between the large
metacarpal bone above and the second phalanx below. It is directed obliquely
downward and forward, forming an angle of 50 to 55 degrees with the horizontal
plane in well-formed limbs. It consists of a shaft and two extremities.

The shaft (Corpus) is wider and much thicker above than below, and presents
two surfaces and two borders. The anterior or dorsal surface is convex from side
to side and smooth. The posterior or volar surface is flattened, and bears a triangu-
lar rough area, bounded laterally by ridges which begin at the tuberosities above
and converge below; this area furnishes attachment to the inferior sesamoidean
ligaments. The borders, internal and external, are rounded and have a rough area
or a tubercle on their middle parts.

The proximal extremity (Basis) is relatively large. It bears an articular sur-
face adapted to the distal end of the large metacarpal bone, consisting of two glen-
oid cavities separated by a sagittal groove; the inner cavity is a little larger than
the outer one. The posterior angles are formed by buttress-like tuberosities for
ligamentous attachment. The anterior surface has a slight elevation for the at-
tachment of the lateral extensor tendon.

The distal extremity is smaller, especially in its antero-posterior diameter.
It presents a trochlea for articulation with the second phalanx, consisting of a
shallow central groove and two lateral convex areas or condyles; the inner area is a
little the larger. On either side, just above the margin of the articular surface, is a
depression surmounted by a tubercle, to both of which the lateral ligament is at-
tached. Behind the tubercle is a distinct facet to which the superficial flexor ten-
don is attached.

Development.—The first phalanx ossifies from three centers. The distal end
unites with the shaft before birth, the proximal end early in the first year.

The first phalanx contains a small medullary canal in the middle of the shaft. It may be

remarked that the bone is twisted slightly; when Flaced volar surface down on the table, it
touches the latter by three points only, the proximal tuberosities and the internal condyle.

THE SECOND PHALANX

The second phalanx (Phalanx secunda)’® is situated between the first and
third phalanges, its direction corresponding to that of the first phalanx. It is
flattened from before backward, and its width is greater than its height. It may
be described as possessing four surfaces.

The upper or proximal surface presents two glenoid cavities separated by a
low ridge, and articulates with the first phalanx. The middle of the anterior border
is elevated and roughened in front for the attachment of the anterior or common
extensor tendon. The posterior border is thick and overhanging; in the fresh
state its middle part is covered with cartilage, over which the deep flexor tendon
passes. On either side there is an eminence, to which the lateral ligament and the
superficial flexor tendon are attached.

The inferior or distal surface is trochlear, and articulates with the third phal-
anx and third sesamoid bone. It resembles somewhat the trochlea of the first
phalanx, but is more extensive and encroaches more on the anterior and posterior
surfaces.

The anterior or dorsal surface is convex from side to side and smooth in its

1Tt ia also called the large pastern bone or os suffraginis.
3This bone is also called the small pastern bone or os corone.
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middle; on its lower part are lateral rough depressions, surmounted by tuberosities,
to both of which ligaments are attached.

The posterior or volar surface is smooth, flattened, and slopes obliquely down-
ward and forward. The borders which separate the anterior and posterior surfaces
are concave from above downward, rounded from before backward.

Development.—The second phalanx ossifies like the first, but the proximal
end unites with the shaft two or three months earlier.
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Fi1o. 58.—PrALANGES axh THIRD Spsamoip oF Horae, DomsaL AspecT.

THE THIRD PHALANX
The third or ungual phalanx (Phalanx tertia)' is entirely inclosed by the hoof,
to which it conforms in a general way. It presents for examination three surfaces,
three borders, and two angles or wings.
_ The articular surface (Facies articularis) faces upward and backward, and is
chiefly adapted to the distal surface of the second phalanx, but a narrow flattened
Area along the posterior border articulates with the third sesamoid. The an-

! This bone i= also called the os pedis or coffin bone.
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terior or coronary border forms a central eminence, the extensor (or pyramidal)
process (Processus extensorius), to the front of which the anterior extensor tendon
is attached. On either side is a depression for the attachment of the lateral liga-
ment.

The dorsal or wall surface (Facies dorsalis) slopes downward and forward.
The angle of inclination on the ground plane is about 45 to 50 degrees in front.
Laterally the height diminishes, and the slope becomes steeper, especially on the
inner side. From side to side the curvature is almost semicircular. The surface
is rough and porous, resembling pumice stone somewhat. It is perforated by nu-
merous foramina of various sizes; a series of larger ones is situated on or near the
lower border. On either side the dorsal (or preplantar) groove (Sulcus dorsalis)
passes forward from the wing and ends at one of the larger foramina. In the fresh
state this surface is covered by the matrix of the wall of the hoof. The inferior or
distal border is thin, sharp, and irregularly notched; there is commonly a wider
potch in front.

The volar or inferior surface (Facies volaris) is arched, and divided into two
unequal parts by a curved rough line, the semilunar crest (Crista semilunaris).
The larger anterior area is crescent-shaped, concave, and comparatively smooth;
it corresponds to the sole of the hoof, and may be termed the sole surface. The
posterior part is much smaller, and is semilunar; it is related to the deep flexor
tendon, and is hence called the flexor or tendon surface (Facies flexoria). It
presents a central prominent rough area, on either side of which is the volar (or
plantar) foramen (Foramen volare), to which the volar (or plantar) groove (Sulcus
volaris) conducts from the wing. The foramina lead into the semilunar canal
within the bone, from which small canals lead to some of the foramina of the wall
surface. The deep flexor tendon is inserted into the semilunar crest and the
central rough area behind it.

The volar grooves and foramina transmit the terminations of the digital arteries into the
semilunar canal, where they meet and form a terminal arch, from which branches pass through
canals in the bone and emerge through the foramina on the wall surface.

The angles or wings (Anguli) are prismatic masses which project backward on
either side; the inner one is usually the shorter. Each is divided into upper and
lower parts by a notch, or is perforated by a foramen which leads to the vascular
groove on the side of the wall surface.' The upper border carries the lateral carti-
lage.

The lateral cartilages (Cartilagines ungule) are rhomboid curved plates,
which surmount the wings on either side. They are relatively large and extend
above the margin of the hoof sufficiently to be distinctly palpable. The abaxial
surface is convex, the axial concave. The upper border is convex and thin; the
lower is thicker and is in part attached to the wing. The anterior end is attached
by ligament to the side of the second phalanx. The posterior end curves toward
its fellow at the heel, and is perforated by numerous foramina for the passage of
veins. The central part is mainly hyaline, the periphery mainly fibrous.

It will be no*ed that the size and form of the wings vary much in different specimens. In
the new-born foal the wing is a small, pointed projection. Later the process of ossification

invades the lower part of the cartilage to a varying extent. In some cases the greater part of
the cartilage is ossified—a condition commonly termed “sidebone.”

Development.—The ossification of the terminal phalanx is peculiar. While
the proximal articular part is still cartilaginous, a perichondrial cap of bone is
formed in relation to the hoof. Later the process extends into the upper part.

Structure.—The interior of this bone is channeled by numerous canals for

' The upper and lower divisions of the wing are sometimes termed the basilar and retrossal
processes respectively.
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vessels, most of which radiate from the semilunar canal to the wall surface; these
are not canals for nutrient vessels of the bone, but transmit arteries to the matrix
of the hoof. Thick layers of compact substance are found at the articular and
flexor surfaces and the extensor process, t. e., at the points of greatest pressure and
traction.

THE SESAMOID BONES

The two proximal or great sesamoids (Ossa sesamoidea phalangis prims) are
situated behind the distal end of the large metacarpal bone, and are closely at-
tached to the first phalanx by strong ligaments. Each has the form of a three-
sided pyramid. The anterior or articular surface conforms to the corresponding
part of the distal end of the large metacarpal bone. The posterior or flexor
surface is flattened and oblique; in the fresh state it is covered by a layer of carti-
lage which also fills the interval between the opposed borders of the two bones, and
forms a smooth groove for the deep flexor tendon. The abaxial surface is concave,
and gives attachment to part of the suspensory ligament; it is separated from the
posterior surface by a rough everted border. The base faces downward, and
furnishes attachment to the inferior sesamoidean ligaments. The apex is directed
upward and is rounded.

The third sesamoid or navicular bone (Os sesamoideum phalangis tertiz) is
shuttle-shaped, and is situated behind the junction of the second and third phal-
anges. Its long axis is transverse, and it possesses two surfaces, two borders, and

two extremities. The articular surface

— . . (Facies articularis) faces upward and

C I ‘;i%?fxez;d forward; it consists of a central emi-

] . phalanz nence, flanked by concave areas, and

Articular surface for third articulates with the distal end of the

_—— . second phalanx. The flexor or tendon

. . q au‘/ Diatal border surface (Facies flexoria) is directed

16. 59.—TuirD SesaMoID OR NAVICULAR )BONE or dOWﬂWB.l‘d a.nd backward. It resem-

Horsx. (After Schmaltz, Atlas d. Anat. d. I’ferdes.) bles the articular surface in form, but

is more extensive and not so smooth.

In the fresh state it is coated with cartilage and the deep flexor tendon plays over

it. The proximal border (Margo liber) is wide and grooved in its middle, narrower

and rounded on either side. The distal border (Margo ligamenti) bears in front a

narrow facet for articulation with the third phalanx. Behind this is a groove, which

contains a number of relatively large foramina, and is bounded behind by a promi-
nent edge. The extremities are blunt-pointed.

Development.—It ossifies from a single center.

THE BONES OF THE PELVIC LIMB

The pelvic girdle consists of the ossa coxwe, which unite ventrally at the sym-
physis pelvis, and articulate with the sacrum dorsally.

OS COXXE

The os coxz (or os innominatum) forms the skeleton of the hip or haunch, and
is the largest of the flat bones. It consists primarily of three parts, the ilium,
ischium, and pubis, which meet to form the acetabulum, a large cotyloid cavity for
articulation with the head of the femur. These parts are fused at about one year
of age, but it is convenient to describe them separately.
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THE ILIUM

The ilium (Os ilium) is the largest of the three parts. It is irregularly triangu-
lar and presents two surfaces, three borders, and three angles.

The gluteal surface (Facies gluteea) faces upward, backward, and outward. It
is wide and concave in front, narrower and convex behind. The wide part is crossed
by the curved gluteal line (Linea glutza), which extends from the middle of the
inner border toward the external angle. This surface gives attachment to the
middle and deep gluteal muscles.

The pelvic surface (Facies pelvina) faces in the opposite direction; it is convex,

Croi

F1a. 60.—Os8a CoxarusM or MaRe, DomrsaL ViEw.

0.1l., llium; O.p., pubis; O.ia., ischium; A.0.i., wing of ilium; C.o.1., shaft of ilium; Cr.o.f., anterior
border (crest) of ilium; I, obturator foramen; 2, acetabulum; 3, internal angle of ilium; 4, external angle of
ilium; 3, gluteal line; 6, psoas tubercle; 7, 8, acetabular and symphyseal branches of pubis; 8, 10, acetabular
and symphynseal branches of ischium; 12, lesser sciatic notch; 13, ischial arch; 14, great sciatic notch; 15, sym-
physis pelvis; 17, ilio-pectineal eminence; 13, anterior borders of pubic bones; 19, posterior gluteal line. (Struska,
Anat. d. Haustiere.)

and consists of two distinet parts. The inner triangular part (Pars articularis)
is roughened for ligamentous attachment, and bears an irregular facet, the auricu-
lar surface (Facies auricularis), for articulation with the sacrum. The outer quad-
rilateral part (Pars iliaca) is in general smooth. It is crossed by the ilio-pectineal
line (Crista iliopectinea), which begins below the auricular surface and is continued
on the shaft of the bone to join the anterior border of the pubis. The line is inter-
rupted by furrows for the iliaco-femoral vessels, and below these it bears the psoas
tubercle (Tuberculum psoadicum), which gives attachment to the psoas minor mus-
cle. The iliacus muscle is attached to the surface external to the ilio-pectineal line.
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The anterior border or crest (Crista iliaca) is concave, thick, and rough.

The internal border is deeply concave; its middle part forms the lower bound-
ary of the great sciatic foramen, and it is continuous behind with the superior
ischiatic spine.

The external border is concave and in great part rough. Its fore part is
crossed by ‘grooves for the ilio-lumbar vessels, which are continued on the pelvic
surface. The nutrient foramen is usually situated on or near the posterior part of
this border.

The internal or sacral angle (Tuber sacrale) curves upward and a little back-

c.

Fig. 61.—Osaa Coxarum oF Marr, VENTRAL VIEWw,

D, Tlium; Sch., pubis; S, ischium; a, anterior border (crest) of ilivm; b, internal angle of ilium; ¢,
external angle of ilium; d, great sciatic notch; e, external border of ilium; f, iliac surface; g, linea arcuata; &,
rough ligamentous area; 7, auricular surface; k, ilio-pectineal line; !/, proas tubercle; m. transverse branch, and
n. symphyseal branch of pubis; o, o/, symphysis pelvis; p, anterior border of pubis (pecten); ¢, tuberculum pubi-
cum; r, ilio-pectineal eminence; s, tuber ischii; f, ischial arch; wu, lesser sciatic notch; », acetabular branch, and
w, symphyseal branch of ischium; z, obturator fornmen; y, articular surface of acetabulum; 2 fossa acetabuli;
1, groove for ilio-lumbar artery; 2, groove for ilinco-femoral artery; 8, subpubic groove; 4, depression for inner
tendon of origin of rectus femoris; §, rough area for attachment of adductor muscles. (Ellenberger-Baum, Anat.
d. Haustiere.)

ward close to the first sacral spine, and forms here the highest point of the skeleton.
It is somewhat thickened and rough.

The external or coxal angle (Tuber cox#) forms the basis of the point of the
hip. It is a large quadrangular mass, narrow in its middle, and enlarged at either
end, where it bears a pair of tuberosities. It is roughened for muscular attachment.

The posterior or acetabular angle meets the other two bones at the acetabu-
lum, of which it forms about two-fifths. Its prominent upper border forms part
of the superior ischiatic spine, which is roughened externally, smooth internally.
Two depressions above and in front of the acetabulum give attachment to the
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tendons of origin of the rectus femoris muscle. This angle is connected with the
ala or wide part of the bone by a constricted part, often termed the shaft. The
latter is of three-sided prismatic form. Its external surface is convex and rough,
and gives attachment to the deep gluteus muscle. Its pelvic surface is smooth and
is grooved for the obturator vessels and nerves. Its ventral surface is crossed by
vascular grooves, below which is a rough area, bounded internally by the psoas
tubercle.

THE ISCHIUM

The ischium (Os ischii) forms the posterior part of the ventral wall or floor of
the bony pelvis. It slopes a little downward and inward, but is practically hori-
zontal in the longitudinal direction. It is irregularly quadrilateral, and may be
described as having two surfaces, four borders, and four angles.

The superior or pelvic surface (Facies pelvina) is smooth and slightly concave
from side to side.

The inferior surface (Facies externa) is nearly flat, and is in great part rough-
ened for the attachment of the adductor muscles.

The anterior border forms the posterior margin of the obturator foramen,

The posterior border is thick and rough. It slopes obliquely inward and for-
ward to meet the border of the other side, forming with it the ischial arch (Arcus
ischiadicus).

The internal border meets the opposite bone at the symphysis.

The external border is thick and rounded, but concave in its length; it forms
the lesser sciatic notch, the lower boundary of the lesser sciatic foramen.

The antero-internal angle or symphyseal branch (Ramus symphyseos) meets
the pubis, with which it forms the inner boundary of the obturator foramen.

The antero-external angle or acetabular branch joins the other two bones at
the acetabulum, of which it forms more than half. Superiorly it bears part of the
superior ischiatic spine (Spina ischiadica), and internally it is grooved for the ob-
turator vessels,

The postero-external angle is a thick three-sided mass, the tuber ischii (Tuber
ischiadicum); its lower border is the inferior ischiatic spine, to which the biceps
femoris and semitendinosus muscles are attached.

THE PUBIS

The pubis (Os pubis) is the smallest of the three parts of the os coxe. It
forms the anterior part of the pelvic floor, and may be described as having two
surfaces, three borders, and three angles.

The superior or pelvic surface (Facies pelvina) is convex in the young subject
and the stallion, concave and smooth in the mare and usually in the gelding also-
The urinary bladder rests on it.

The inferior or ventral surface (Facies externa) is convex, and in great part
rough for muscular attachment. Near the anterior border it is crossed by the
subpubic groove, the inner part of which is occupied by a large vein, the outer part
by the pubo-femoral ligament.

The anterior border is thin in its inner part (except in the young subject and
the stallion), forming the pecten ossis pubis. Externally it bears the rough ilio-

i eminence (Eminentia iliopectinea), beyond which it is continuous with
the ilio-pectineal line.

The internal border joins the opposite bone at the symphysis pubis.

The posterior border forms the anterior margin of the obturator foramen, and
ta marked externally by the obturator groove.

The internal angle meets its fellow at the anterior end of the symphysis. This
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part is very thick in the young subject and the stallion, but in the mare; and usually
in the gelding also, it becomes thin with advancing age.

The external or acetabular angle joins the ilium and ischium at the acetabu-
lum,

The posterior angle joins the ischium, with which it forms the inner boundary
of the obturator foramen.

The pubis may conveniently be regarded as consisting of two branches which
meet at a right angle; these are termed the transverse or acetabular branch
(Ramus acetabularis) and the longitudinal or symphyseal branch (Ramus sym-
physeos).

The acetabulum is a cotyloid cavity which lodges the head of the femur. It
faces downward and outward, and consists of an articular and a non-articular part.
The articular part (Facies lunata) is crescentic, and is cut into internally by the
non-articular part, which lies at a lower level, and is termed the acetabular fossa
(Fossa acetabuli). The inner part of the rim is correspondingly cut into by the
acetabular notch (Incisura acetabuli), which is converted into a foramen by the
transverse ligament in the fresh state, and transmits the pubo-femoral and round
ligaments to the head of the femur.

The obturator foramen (Foramen obturatum) is situated between the pubis
and ischium. It is oval in outline, the
longer axis being directed forward and

/‘\ outward. Its margin is grooved antero-

N \ 4 - externally for the obturator nerve and
/L, L vessels.
¥ . Development.—Each division of the os

coxz ossifies from one chief center. The
center for the ilium appears first near the
acetabulum, followed quickly by one for
the ischium, and a little later by the
pubic center. Secondary centers appear
for the crest and external angle of the
ilium, the tuber and posterior border of
the ischium, and the acetabular part of
B O e oo boa Dy the pubis. The pubis and ischium are
far Kinstler.) united at birth or soon after, but are
not fused with the illum until the second
year. The epiphyseal parts fuse with the main mass at four and a half to five
years of age.

The acetabular part of the pubis ossifies from a separate center. It is most distinet in the
embryo at three months, and is often called the os acetabuli. Martin says that the ilium has a
center for the acetabular part, one for the shaft and wing, and a third for the crest. He also
states that thereis a specia? center for the acetabular part of the ischium, and a transitory nucleus
in the symphyseal part of the pubis.

THE PELVIS

The bony pelvis is composed of the ossa coxarum, the sacrum, and the first
three coccygeal vertebre. The dorsal wall or roof is formed by the sacrum and
first three coccygeal vertebrz, and the ventral wall or floor by the pubic and ischial
bones. The lateral walls are formed by the ilia and the acetabular part of the
ischia. The defect in the skeleton here is supplied in the fresh state by the sacro-
sciatic ligaments and semimembranosus museles.

The anterior aperture or inlet (Apertura pelvis cranialis) is bounded by the
terminal line (Linea terminalis) or brim, composed of the base of the sacrum dor-
sally, the ilio-pectineal lines laterally, and the anterior border of the pubis ventrally.
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It is almost circular in the mare, semi-elliptical in the stallion, and faces ob-
liquely downward and forward. It has two principal diameters. Of these, the
conjugate or sacro-pubic diameter (Conjugata) is measured from the sacral prom-
ontory to the anterior end of the symphysis. The transverse diameter (Diameter
transversa) is Ineasured at the greatest width, i. e., just above the psoas tubercle.

The posterior aperture or outlet (Apertura pelvis caudalis) is much smaller
and is very incomplete in the skeleton. It is bounded above by the third coccygeal
vertebra and below by the ischial arch; in the fresh state it is completed laterally
by the sacro-sciatic ligament and the semimembranosus muscle.

The axis of the pelvis is an imaginary line drawn through the centers of the
inlet, cavity, and outlet.

Sexual Differences.—Marked differences exist in the size and form of the pel-
vis in the two sexes. The average conjugate diameter is about 914 inches (ca. 23 to
24 cm.) in the mare, 714 inches (ca. 18 to 20 cm.) in the stallion. The transverse
diameter of the inlet averages about 9 inches (ca. 22 to 23 em.) in the mare, and 8
inches (ca. 20 ¢cm.) in the stallion. The obliquity of the inlet is greater in the female;
the difference is indicated by the fact that a vertical plane from the pecten cuts
the fourth sacral segment in the female, the second in the male. The outlet is
also larger in the mare, the ischial arch being about one-third wider than in the
stallion. The cavity is much more roomy in the female; the transverse diameter
between the middles of the superior ischiatic spines is about 8 inches (20 cm.)
in the mare, 6 inches (15 cm.) in the stallion. The pubic part of the floor in the
female is concave and lies considerably lower than the ischiatic part, which is wide
and relatively flat. In the stallion the pubis is very thick centrally, and this part
of the floor is convex, while the ischial part is relatively narrow, and is concave from
side to side. The obturator foramina are correspondingly larger in the female.
The ilium is shorter, and the greater sciatic notch deeper and narrower in
the male. The pelvis of the gelding, when castration has been performed early,
resembles that of the mare; otherwise the male characters appear to be retained
to a large degree.

THE FEMUR

The femur or thigh bone (Os femoris) is the largest and most massive of the
long bones. It extends obliquely downward and forward, articulating with the
acetabulum above and the tibia and patella below. It presents for examination a
shaft and two extremities.

The shaft or body (Corpus femoris) is in general cylindrical, but flattened
behind, and larger above than below. The anterior and lateral surfaces are con-
tinuous and strongly convex from side to side; there is often a central vertical
rough line on the proximal part, but otherwise these surfaces are smooth. They
are covered by the quadriceps femoris muscle. The posterior surface is wide, flat,
and smooth in its proximal fourth. Below this part there is a rough elevation
externally for the attachment of the femnoral tendon of the biceps femoris, and a
rough line internally to which the quadratus femoris is attached. The middle
third is narrower, and is rough for the attachment of the adductor muscle. Just
below this area an oblique groove crosses the surface, indicating the position of the
femoral vessels. The internal border bears on its proximal part the internal
trochanter or trochanter minor, a thick rough ridge, to which the ilio-psoas muscle
is attached. From this a rough line curves up to the front of the neck and indicates
the limit of the attachment of the vastus internus muscle. A narrow rough area
about the middle gives attachment to the pectineus muscle, and the nutrient
foramen is usually found just in front of this mark. The supracondyloid crest is
gsituated below the groove for the femoral vessels, and gives origin to the inner head
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Fro. 63-’3“"'T FEMUR o Homrsr, Fr1c. 64.—R1GHT FEMrr or Horstk, Pon- Fia. 65.—Rigut FEMvr ofF Hossr, In-
EXTERNAL Vipw, TERIOR VIew, TERNAL View.

1. A’}“’""' Part, 1’ posterior part of trochanter major; 2, neck; 3, fovea capitis; 4, crest; 5, trochanteric fosua; 6. ex-
ternal oF third trochanter: 7. trochanter minor: 8, eminence for attachment of biceps femoris; 9. internal border: 10, nutrient
foramen;: 11, &roove for femoral vessels; 12, supracondyloid erest: 73. supracondyloid fossa: 14, trochlea; 15, external epicon-
dyle: 76, external condyle; 17, extensor fossa; 18, internal condyle; 79, internal epicondyle; 20, intercondyloid fossa. (After
Schralts AUa d. Anat. d. Perdes.)

Digitized by GOOS [C
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of the gastrocnemius. The external border is prominent in its upper part, and
bears at the junction of its proximal and middle thirds the external or third tro-
chanter (Trochanter tertius); this process is curved forward, and furnishes in-
sertion to the tendon of the superficial gluteus muscle. At the lower part is found
the supracondyloid or plantar fossa (Fossa plantaris), in which the superficial
flexor arises; it is bounded externally by a thick
rough margin, to which the outer head of the gastroc-
nemius muscle is attached.

The proximal extremity (Extremitas proximalis)
is large and consists of the head, neck, and great tro-
chanter. The head (Caput femoris) is placed at the
inner side and is directed inward, upward, and some-
what forward. It is approximately hemispherical
and articulates with the acetabulum. It is cut into
internally by a deep notch, the fovea capitis, in which
the pubo-femoral and round ligaments are attached.
The articular surface is surrounded by a distinct mar-
gin. The neck (Collum femoris) is most distinct in
front and internaily. The great trochanter (Tro-
chanter major) is situated externally; it presents
threc features. The anterior part or convexity is
situated opposite to the head and rises little above
the level of the latter; it gives attachment to the
deep gluteus muscle, and in the fresh state its outer
surface is coated with cartilage, over which a tendon
of the middle gluteus passes, to be inserted into the
crest, which is placed below and behind the convex-
ity. The posterior part or summit is separated from
the convexity by a notch; it is situated behind the
plane of the head and rises to a much greater height.
It furnishes insertion to part of the middle gluteus
muscle. Its posterior border is continued downward
as the trochanteric ridge, which forms the outer wall
of the trochanteric fossa. A number of foramina are
found in the concave area internal to the con-
vexity.

The distal extremity (Extremitas distalis) is
large in both directions and comprises the trochlea
in front and two condyles behind. The trochlea
consists of two ridges separated by a groove, and
forms an extensive surface (Facies patellaris) for ’
articulation with the patella. It is very unsym- Fic. 66.—Froxrtat Srcrion of Lerr
metrical; the inner ridge or lip is much wider, Femur or llorse, ANTERIOR

. . View,

more prominent, and extends up higher than the ex- The figure shows that the me-
ternal one, and the two converge below. The con-  gullary cavity is traversed for the mast
dyles, internal and external (Condylus medialis, part by fine bony trabeculs.
lateralis), are separated by the deep intercondyloid

fossa (Fossa intercondyloidea), and articulate with the condyles of the tibia and the
gemilunar cartilages of the stifle joint. A ridge connects cach condyle with the lower
part of the corresponding lip of the trochlea. The intercondyloid fossa lodges the
spineof the tibia and the crucial ligaments of the stifle joint, which are attached here.

The condyles are obliquely placed, with their long axes directed downward, for_wzml, and
inward. The articular surface of the external condyle is more strongly convex from side to side
than that of the inncr one, and the ridge which connects it with the trochlea is much narrower.
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The internal epicondyle (Epicondylus medialis) is a rounded prominence on
the internal surface of the internal condyle, to which the internal lateral ligament
and the adductor muscle are attached. The corresponding external epicondyle
(Epicondylus lateralis) is less distinct; it presents a mark where the lateral liga-
ment is attached, below and behind which there is a depression (Fossa musculi
poplitei) in which the popliteus muscle arises. Between the external condyle and
trochlea is the extensor fossa (Fossa extensoria), in which the tendon of origin of
the anterior extensor and peroneus tertius is attached.

Development.—The shaft and the distal end each ossify from one center, but
the proximal end has two centers, one of which is for the great trochanter. The
edge of the external trochanter also has a separate center. The proximal end fuses
with the shaft at three to three and a half years, the distal at about three and a
half years.

mnner r'r-frlh
Trochlea

ter ridge

EI[( nsor I_'-—r.»_-.u.‘
Internal epicondyle
External ¢ picondyle
Depression for origin of
poplitcus
External condyle Internal condyle

It Jru}.r!_;_,l,’.n}f Jossa

Fic 67.—DistaL ExtrEMITY OF RiGHT FEMUR oF Horse, Exp Virw,

THE TIBIA

The tibia is a long bone which extends obliquely downward and backward
fromn the stifle to the hock. It articulates above with the femur, below with the
tarsus, and externally with the fibula. It possesses a shaft and two extremities.

The shaft or body (Corpus tibiz), large and three-sided above, becomes smaller
and flattened in the sagittal direction below, but widens a little at the distal end.
It presents for notice three surfaces and three borders. The internal surface
(Facies medialis) is broad above, where it furnishes insertion to the internal lateral
ligament and the sartorius and gracilis muscles; below this it is convex and sub-
cutaneous. The external surface (Facics lateralis) is smooth and somewhat spiral.
It is wide and concave in its upper part, below which it hecomes narrower and
slightly convex, and winds gradually to the front of the bone; near the distal end
it widens a little, becomes flat, and faces forward. The posterior surface (Facies
posterior) is flattened, and is divided into two parts by the rough popliteal line,
which runs obliquely from the upper part of the external border to the middle of
the internal border. The triangular area above the line is occupied by the popliteus
muscle, while the area below is marked by rough lines (Linez musculares) to which
the deep flexor muscle of the digit is attached; the lines fade out below, where the
surface is smooth and flat. The nutrient foramen is situated on or near the
popliteal line. The anterior border is very prominent in its upper third, forming
the tibial crest (Crista tibiz); below it is reduced to a rough line, which ends at a
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small elevation near the distal end of the bone. The internal border (Margo medi-
alis) is rounded in its upper half, to which the popliteus muscle is attached, and a
tubercle is found on this part. The lower part is a rough line on well-marked bones.
The external border (Crista interossea) is concave in its upper part apd concurs
with the fibula in the formation of the interosseous space of the leg; a smooth im-
pression indicates the course of the anterior tibial vessels through the space to the
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front of the leg. Lower down the border divides and incloses a narrow triangular
surface.

The proximal extremity (Extremitas proximalis) is large and three-sided. It
bears two lateral eminences, the internal and external condyles (Condylus medialis,
lateralis). Each presents a somewhat saddle-shaped surface for articulation with
the condyle of the femur and the semilunar cartilage. The spine or intercondy-
loid eminence (Eminentia intercondyloidea) is the central prominence, upon which
the articular surfaces are continued; it consists of a high inner part and a lower
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outer part (Tuberculum intercondyloideum mediale, laterale). On, before, and
behind the spine are the anterior and posterior intercondyloid fossse, in which
the anterior crucial ligament and the semilunar cartilages are attached. The
condyles are separated behind by the deep popliteal notch (Incisura poplitea), on
the inner side of which is a tubercle for the attachment of the posterior crucial
ligament. The external condyle has an overhanging outer margin, below which is
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u facet for articulation with the fibula. The large anterior eminence is the tu-
berosity of the tibia (Tuberositas tibiz). It is marked in front by a groove, the
lower part of which gives attachment to the middle patellar ligament, and the
groove is flanked by rough areas for the attachment of the internal and external
putellar ligaments. A semicircular smooth notch (Sulcus muscularis) separates the
tuberosity from the external condyle, and gives passage to the tendon of origin of
the unterior extensor and the peroneus tertius.
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The distal extremity (Extremitas distalis) is much smaller than the proximal;
it is quadrangular in form and larger internally than externally. It presents an
articular surface (Cochlea tibiz), which is adapted to the trochlea of the tibial
tarsal bone (astragalus), and consists of two grooves separated by a ridge. The
ridge and grooves are directed obliquely forward and outward, and are bounded
laterally by the malleoli, to which the lateral ligaments of the hock joint are at-
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tached. The internal malleolus (Malleolus tibialis) is the more prominent of the
two, and forms the anterior boundary of a groove for the tendon of the inner
head of the flexor perforans. The external malleolus (Malleolus fibularis) is
broader, and is marked by a vertical groove for the passage of the lateral extensor
tendon.

Development.—The tibia has the usual three chief centers of ossification and
supplementary ones for the tuberosity and the external malleolus. The latter is
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really the distal end of the fibula; it is a separate piece at birth, and the line of
union is commonly quite evident in the adult in the external articular groove. The
proximal end unites with the shaft at about three and a half years, and the distal
end at about two years of age.

THE FIBULA

The fibula of the horse is a much reduced long bone, situated along the outer
side of the tibia.

The shaft or body (Corpus fibulz) is a slender rod which forms the outer bound-
ary of the interosseous space; it usually terminates below in a pointed end about
one-half to two-thirds of the way down the external border of the tibia.

The proximal extremity or head (Capitulum fibule) is relatively large, and is
flattencd transversely. Its internal surface presents a narrow area along the upper
border for articulation with the tibia. The external surface is rough and gives
attachment to the cxternal lateral ligament of the stifle joint. It has rounded
anterior and posterior borders.
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Imternal condyle
External condyle -

External and internal
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l.ca., Lep., Depressions for attachment of anterior and posterior crucial ligaments; 1, m, m, depressions for at-
tachment of semilunar cartilages.

The distal extremity is fused with the tibia, constituting the external malleolus.

Development.—This resembles that of the ulna. The embryonic cartilaginous
fibula extends the entire length of the leg, but does not articulate with the femur.
The lower part of the shaft is usually reduced to a fibrous band. Three centers of
ossification appear, one each for the shaft and the extremities. The distal end
unites early with the tibia, forming the external malleolus.

It is interesting to note that in some cases the entire shaft of the fibula develops, a reversion
to the condition in the Miocene ancestors of the present horse.

THE PATELLA

The patella is a large sesamoid bone which articulates with the trochlea of
the femur. It presents for description two surfaces, two borders, a base, and an
apex. ,

The anterior or free surface (Facies libera) is irregularly quadrilateral, convex,
and rough for muscular and ligamentous attachment.

The posterior or articular surface is smaller and is triangular in outline. It
presents a vertical rounded ridge, which corresponds to the groove on the trochlea
of the femur, and separates two concave areas. Of the latter, the inner cavity is
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much the larger, and is not very well adapted to the inner lip of the trochlea; in
the fresh state, however, it is completed and rendered more congruent by the

curved accessory fibro-cartilage.

The lateral borders converge to the apex below, and
each forms a prominence or angle at the base. The inner
angle and the adjacent part of the border give attach-
ment to the fibro-cartilage of the patella, which increases
the articular surface. The external border is rounded
and its angle is less prominent.

The base (Basis patelle) faces upward and back-
ward, and is convex transversely, concave frema before
backward.

The apex forms a blunt point direcced downward.

Development.—The patella develops as a sesamoid
bone from a single center in a cartilaginous deposit in
the tendon of the quadriceps femoris muscle.

THE TARSUS

The tarsus or hock of the horse usually comprises
six short bones (Ossa tarsi), but exceptionally seven are
present.

THE TiBlAL TARSAL BONE

The tibial tarsal bone (Os tarsi tibiale, astragalus,
or talus) is the inner bone of the proximal row. It is
extremely irregular in form, but may be considered as
offering six surfaces for description.

The superior and the anterior or dorsal surface are
continuous, and form a trochlea for articulation with the
distal end of the tibia. The trochlea consists of two
oblique ridges with a deep groove between theni, which
curve spirally forward, downward, and outward. Therc
is usually a shallow synovial fossa in the groove. The
inferior surface is convex from before backward, and
most of it articulates with the central tarsal; externally
it has an oblique facet for the fourth tarsal, and a non-

F.. 72.—FRoNTAL SEcCTION OF
RiaHT Tinta or Honsk,
ANTERIOR VIEW.

articular groove cuts into the surface to its middle. The posterior or plantar
surface is oblique and extremely irregular; it presents four facets for articulation
with the fibular tarsal bone; the facets are separated by rough excavated areas, and
the largest fossa (Sulcus tali) forms with a corresponding one on the fibular
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tarsal a cavity termed the sinus tarsi. The internal surface bears on its lower part
a Jarge tuberosity, and on its upper part a small one for the attachment of the
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internal lateral ligament. The external surface is smaller than the internal, and
is marked by a wide rough fossa in which the external ligament is attached.

THE FIBULAR TARSAL BONE

The fibular tarsal bone (Os tarsi fibulare, calcaneum, os calcis) is the largest
bone of the hock. It is elongated, flattened from side to side, and forms a lever
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for the muscles which extend the hock joint. It consists of a body and an inner
process, the sustentaculum tali.
The body (Corpus calcanei) is enlarged at its proximal end to form the tuber
Facets for fibular tarsal
Groove of trochlea
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or erlernal Surface for for inlernal Depression for
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calcis or “point of the hock.”” The posterior part of this eminence gives attach-
ment to the tendon of the gastroenemius, while in front and laterally it furnishes
insertion to tendons of the flexor perforatus, biceps, and semitendinosus muscles.
The inferior extremity hears a concave facet for articulation with the fourth tarsal
bone. The internal surface has on its lower part a strong process, the sustentacu-
lum tali, which projects inward. The process has a large, oval, slightly concave
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facet in front for articulation with the tibial tarsal, and sometimes a small articular
surface below for the central tarsal bone. Its plantar surface forms with the smooth
inner surface of the body a groove for the deep flexor tendon (Sulcus musculi flexoris
hallucis longi). Its inner surface has a prominence on the lower part for the at-
tachment of the lateral ligament. The external surface of the body is flattened,
except below, where there is a rough prominence for the attachment of the lateral
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ligament. The anterior or dorsal border is concave in its length, smooth and
rounded in its upper part. About its middle is a blunt-pointed projection (Pro-
cessus cochlearis) which bears facets on its inner and lower surfaces for articulation
with the tibial tarsal bone, and is roughened outwardly for ligamentous attachment.
Below this are two facets for the tibial tarsal, and an extensive rough fossa which
concurs in the formation of the sinus tarsi. The posterior or plantar border is
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straight and thick, and widens a little at either end; it is rough, and gives attach-
ment to the long plantar ligminent.

THE CENTRAL TARSAL BONE
The central tarsal bone (Os tarsi centrale, scaphoid, or navicular) is irregularly
quadrilateral, and is situated between the tibial tarsal above and the third tarsal
below. It is flattened from above downward, and may be described as having two
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surfaces and four borders. The superior surface is concave from before backward,
and almost all of it articulates with the tibial tarsal; a non-articular depression
cuts into its outer part, and sometimes there is a facet for the fibular tarsal bone on
the posterior angle. The inferior surface is convex, and is crossed by a non-articu-
lar groove, which separates facets for articulation with the third and the first and
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second (fused) tarsals. The anterior or dorsal border and the internal border
are continuous, eonvex, and rough. The posterior or plantar border bears two prom-
inences, separated by a notch.  The external border is oblique, and beg.rs anterior
and posterior faccts for articulation with the fourth tarsal, between which it is ex-

cavated and rough.

.
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FIRST AND SECOND TARSAL BONES

The first and second tarsal bones (Os tarsale primum et secundum, cuneiform
parvum) are usually fused in the horse, forming a bone of very irregular shape, situ-
ated in the inner and posterior part of the lower row, below the central and behind the
third tarsal. It is the smallest of the tarsal bones, and may be described as having
two surfaces, two borders, and two extremities. The internal surface faces back-
ward and inward, and is convex. Its anterior part is ridged, and gives attach-
ment to the internal lateral ligament, and its posterior part bears an imprint where
the inner tendon of the tibialis anterior is inserted. The external surface is marked
by a deep notch which indicates the division between the first and second tarsal
elements; it bears on its anterior part a large concave facet for the central
tarsal. The superior border is convex. The inferior border is broad in front,
where it articulates with the large and inner small metatarsal bones. The
anterior extremity has a small facet for articulation with the third tarsal, and
bears internally a ridge or tubercle. The posterior

ity is a blun int.
extremity is a blunt point Ezternal
melacarpal

In some cases the first and second tarsal bones remain bone

separate—a remarkable reversion to the condition in the early
ancestors of the horse. In such specimens the first tarsalis a
discoid bone, articulating above with the central, below with
the small metacarpal bone. The second tarsal is quadrangular , External
equivalent to the thick anterior part of the hone as described metatarsal
above, and overlapped by the anterior part of the first tarsal. bone

THE THIRD TARSAL BONE

The third tarsal bone (Os tarsale tertium, third or
great cuneiform) resembles the central, but is smaller P, 85c
and triangular in outline. It is situated between the S Muracanmar oy Mrar
central above and the large metatarsal bone below. It TARsAL Bones or Homse.
possesses two surfaces and three borders. (Aftor Schmaltz, Atlas d.

. . . nat. d. Pferdes.)

The superior surface is concave, and is crossed by
a non-articular depression which divides it into two
unequal facets; it articulates with the central tarsal. The inferior surface is
slightly convex, and rests on the large metatarsal bone; it has an extensive
central rough excavation. The anterior or dorsal border is convex and bears a
rounded ridge on its inner part. The internal border is deeply notched and has
a amall facet for the second tarsal on its anterior part. The external border is
also divided by a notch into two parts, and bears two diagonally opposite facets
for articulation with the fourth tarsal. In some cases there is a facet for the inner
small metatarsal bone.

THE FOURTH TARSAL BONE

The fourth tarsal bone (Os tarsale quartum, cuboid) is the outer bone of
the lower row, and is equal in height to the central and third together. It is
cuboid in shape and presents six surfaces.

The superior surface is convex from side to side, and articulates chiefly with
the fibular tarsal, but to a small extent with the tibial tarsal also. The inferior
surface rests on the large and external small metatarsal bones. The internal
surface bears four facets for articulation with the central and third tarsal bones.
It is crossed from before backward by a smooth groove, which by apposition with
the adjacent bones forms the canal of the tarsus (Canalis tarsi) for the passage of
the perforating tarsal vessels. The anterior or dorsal, external, and posterior or
plantar surfaces are continuous and rough. A tuberosity behind gives attachment
to the plantar ligament.
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Development.—The fibular tarsal bone has two centers of ossification, one for
the main mass and the other for the tuber calcis; the latter fuses with the rest of the
bone at about three years of age. The first and second tarsals have separate cen-

ters, but fusion usually occurs before birth. Each of the other bones ossifies from
a single center.
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THE METATARSUS

The metatarsal bones (Ossa metatarsalia), three in number, have the same
general arrangement as the metacarpal bones, but present some important differ-
ences. Their direction is slightly oblique, downward and a little forward

The large or third metatarsal bone is about one-sixth longer than the corre-
spondingmetacarpal; inan animal of medium size the difference isabout two inches.
The shaft is more eylindrical, and is almost circular on cross-section, except in its
lower part. At the upper part of its external surface there is a groove, which is
directed obliquely downward and backward, and is continued by the furrow formed
by the apposition of the external metatarsal bone; it indicates the course of the
great metatarsal artery. A faint impression in a similar place on the inner side
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marks the position of the corresponding vein. The nutrient foramen is relatively
higher than on the metacarpal bone. The proximal extremity is much wider from
before backward than that of the metacarpal bone. Its articular surface is slightly
concave, and is marked by a large central non-articular depression, continued out-
ward by a deep notch. The greater part of the surface articulates with the third
tarsal, but there is an outer facet for the fourth, and usually a small facet postero-
internally for the second tarsal bone. Posteriorly there are two pairs of facets for
articulation with the small metatarsal bones. The front is crossed by a rough ridge
for insertion, which becomes larger and turns downward on the outer side behind the
vascular groove. The distal extremity closely resembles that of the corresponding
metacarpal bone.

In some cases the lower part of the shaft is bent backward somewhat. The articular sur-
face extends a little higher behind than in the case of the metacarpal bone. The large metatarsal
bone is even more strongly constructed than the metacarpal. The shell of compact substance is
very thick in the middle of the shaft, especially in front and internally.

The small metatarsal bones are a little longer than the corresponding meta-
carpals. The external (fourth) metatarsal is relatively massive, especially in its
upper part. The head is large and outstanding, and bears two facets above for the
fourth tarsal, and two in front and internally for articulation with the large meta-
tarsal; elsewhere it is roughened for attachment. The internal (second) meta-
tarsal is much more stender than the outer one, especially in its upper part. The
head bears two facets above for the first and second tarsals, and sometimes one for
the third tarsal.

THE PHALANGES AND SESAMOIDS

The axis of the phalanges of the hind limb is about five degrees less oblique
than that of the fore limb, and the chief differences in the form and size of the bones
are as follows:

The first phalanx is a little shorter, wider above, and narrower below.

The second phalanx is narrower and slightly longer.

The third phalanx is narrower, the angle of inclination of the wall surface is a
little (ca. 5 degrees) greater, the sole surface is more concave, and the wings are
less prominent and closer together.

The proximal sesamoids are a little smaller, except in thickness. The third
sesamoid or navicular bone is narrower and shorter.
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VERTEBRAL COLUMN

The vertebral formula is C,T | ,L S, Cy,; .0

The cervical vertebree are much shorter than those of the horse and are smaller
in their other dimensions. The articular processes arc smaller than in the horse,
and a plate of bone connects each two of the same side. The transverse processes
of the third, fourth, and fifth are double; the upper part projects backward, and
is short and stout; the lower part is directed downward and forward, and is longer
and more plate-like. The lower part of the sixth transverse process is a large,
thick, quadrilateral and almost sagittal plate, directed downward. The seventh
transverse process is single, short, and thick, and presents no foramen transversa-
rium; it is in series with the upper part of the preceding processes. The spinous
processes are well developed, and increase in height from before backward. They
are directed upward and forward, with the exception of the last, which is nearly
vertical and is about four or five inches (ca. 10 to 12 cm.) in height. The summit of
that of the third bone is usually bifid. The ventral spines arc prominent and thick
in their posterior part; they are absent on the last two.

The atlas has a large rough tuberosity on its dorsal arch. The ventral arch
is very thick. The wings are less curved than in the horse, and the foramen trans-
versarium (posterior foramen) is absent. The cavities for the occipital condyles
are divided into upper and lower parts by a non-articular area, and are separated
by a narrow interval below. The posterior articular surfaces are flattened behind
and are continued into the vertebral canal, forming an extensive area for the odon-
toid process of the axis.

The axis is short. The spine projects a little in front, and increases in height
and thickness behind; its posterior border descends abruptly. The odontoid
process {dens) is wide, and its upper surface is deeply concave from side to side.
The intervertebral foramen is circular and not so close to the anterior border of the
arch as in the horse. The posterior notches are not so deep. The transverse
processes are stouter, but the foramen transversarium is small and sometimes
absent.

The thoracic vertebree, thirteen in number, are larger than those of the horse.
The bodies are longer and are distinctly constricted in the middle. They bear a
thin-edged ventral crest. The arches—in addition to the usual notches, which are
shallow—are perforated in the posterior part by a foramen. The transverse
processes are thick and strong, and bear rounded mammiliary processes (except
at the posterior end of the series); the last two, although prominent, do not always
articulate with the ribs. The spinous processes are long. The first is much higher
than in the horse, the next two are usually the most prominent, and behind this
there is a very gradual diminution in height. The backward slope, slight at first,
increases to the tenth; the last is vertical and lumbar in character. The summit
is usually pointed on the first, and the thickening on those further back is less than
in the horse. The width diminishes from the fifth to the eleventh usually. Both
borders of the spines are in general thin and sharp, but the last three or four some-
times have thick posterior margins.

The lumbar vertebree, six in number, are much longer than in the horse. The
bodies are much constricted in the middle, expanded at either end, and bear rudi-
mentary ventral crests. The fourth and fifth are usually the longest. The
intervertebral foramina are often double in the anterior part of the series, and are
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very large further back. The articular processes are large, and their facets are
more strongly curved than in the horse. The transverse processes all curve
forward. They are separated by considerable intervals, and form no articulations
with eac}} other or with the sacrum. Their borders are thin and irregular, and often
})ear projections of variable size and form. The first is the shortest and the length
Increases to the fifth, the last being considerably shorter. The spinous processes
are relatively low and wide, the last being the smallest; their summits are moder-
ately thickened.

The sacrum is longer than that of the horse. It consists originally of five
segmet}ts, but fusion is more complete and involves the spinous processes, which
are united to form a median sacral crest, with a convex thick and rough margin.
A lateral crest is formed by the fusion of the articular processes. The pelvic
surface is concave in both directions, and is marked by a central groove, which
indicates the eourse of the middle sacral artery. The inferior sacral foramina are
large. The wings are quadrangular, short, compressed from before backward,
and high dorso-ventrally. They have an extensive anterior surface, which is
concave from side to side, and non-articular. The posterior surface is rough, and
bears a triangular area below for articulation with the ilium. The body of the
first segment is very wide, and the entrance to the sacral canal correspondingly
wide and low. The anterior articular processes are large, and are concave and
semi-cylindrical in curvature internally. The lateral borders are thin, sharp, and
irregular. The apex is wider than in the horse, and the posterior end of the crest
forms a pointed projection over the opening of the sacral canal.

The coccygeal vertebree are longer and better developed than in the horse.
The first five or six have complete arches and spinous processes. The transverse
processes are relatively large in the anterior part of the series, in which there are
also anterior articular processes (which do not articulate), and a pair of ventral
spines which form a heemal groove for the middle coccygeal artery.

Vertebral curves: The cervical curve is very slight and is concave dorsally. The thoracic
and lumbar regions form a gentle curve, concave ventrally. The promontory is more pronounced
than in the horse, especially in subjects in which the sacrum is inc)i’incd upward behind. Another
promontory occurs at the junction of the sacrum and first coccygeal vertebre.

Length: The following table gives the lengths of the regions of a shorthorn cow of medium

size:
Cervical. ... ... . e 47 cm
ThOPACIC. . ..o 75 em
Lumbar. ... ... . e 40 cm
Sacral. ... . . 24 cm
Coceygenl. ..o 75 cm
261 cm.

Variations: Sometimes fourteen thoracic vertebre and fourteen pairs of ribs are present;
reduction to twelve with the normal number of lumbar vertebrm is very rare. According to
Franck, therc are somectimes seven lumbar vertebre with the normal number in the thoracie
region. The number of coccygeal vertebre may vary from sixteen to twenty-one.

THE RIBS

Thirteen pairs of ribs are normally present, of which eight are sternal and five
asternal. They are in general longer, wider, flatter, less curved, and less regular
in form than in the horse. The eighth, ninth, and tenth are the longest and widest.
The width of most of the ribs increases considerably in the middle, and the breadth
of the intercostal spaces is correspondingly diminished. The neck is long, and forms
(except in the posterior part of the serics) a smaller angle with the shaft than in the
horse. The articular surface of the tubercle is concave transversely, except on the
last two or three, where the facet is small and flat or absent. The lower ends of the
second to the tenth or eleventh inclusive form diarthrodial joints with the costal
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cartilages. The first costal cartilages are very short; they articulate by their
internal surfaces with the sternum, but not with each other.

The presence of a fourteenth rib is not very rare. It is usually floating and may correspond
to an additional thoracic vertebra or to the first lumbar. Reduction of the thirteenth is more
common. The eighth cartilage often does not reach the sternum, but articulates with the seventh.

The sternum consists of seven sternebraz, most of which are developed from
two lateral centers. It is wider, flatter, and relatively longer than in the horse,
and the ventral crest or “keel” is absent. The manubrium is somewhat wedge-
shaped and laterally compressed. Its base forms a diarthrodial joint with the
body of the bone, and laterally it bears extensive facets for articulation with the
first pair of costal cartilages. The body widens from before backward, but behind
the last pair of costal facets it becomes much narrower. The ventral surface is
prominent on the second and third segments, concave further back. The lateral
borders are notched for the passage of vessels. The cariniform cartilage is absent.
The xiphoid cartilage is like that of the horse but is smaller.

THE THORAX

The bony thorax is shorter than in the horse. The inlet is higher. The roof
is short, and the floor wider and relatively longer. The transverse diameter is
wider in the posterior part. The summits of the spinous processes are almost in a
straight line from the second thoracic to the middle of the lumbar region.

BONES OF THE SKULL
BONES OF THE CRANIUM

The occipital bone is situated in the lower part only of the posterior surface of
the skull, and is separated from the highest part (the frontal eminence) by the
parietal and interparietal bones. The supraoccipital, interparietals, and parietals
fuse before birth or soon after, and the mass so formed is separated from the lateral
parts of the occipital bone by a transverse suture in the skull of the calf. Above
this suture is a central tuberosity, to which the ligamentum nuche is attached, and
the surface on either side is depressed and rough for muscular attachment. Below
the suture the bone is much wider than that of the horse. The foramen magnum
is wide, so that the condyles are further apart except below. The paramastoid
processes are short and wide and are bent inward. Two constant foramina are
found in the condyloid fossa; the anterior one is the hypoglossal, the other (some-
times double) conducts a vein from the condyloid canal. The latter passes upward
from a foramen on the inner side of the condyle and opens into the parieto-temporal
canal. The cranial surface of the supraoccipital presents a central depression, and
above this is a variable but never very pronounced eminence, which corresponds
to the tentorium osseum of the horse. On either side is a groove leading to the
parieto-temporal canal. The basilar process is short and wide; its cranial surface
iz deeply concave, and the internal spheno-occipital crest is prominent. Two large
tubercles below mark the junction with the sphenoid. The foramen lacerum is
short and very narrow. In the adult animal the bone is excavated to contain an
air-cavity which is regarded as a part of the frontal sinus.

The sphenoid bone is short. The cranial surface of the body presents a deep
sella turcica, in front of which it rises abruptly. The high anterior part bears a
central ridge (Rostrum sphenoidale), which joins the crista galli of the ethmoid.
Two foramina occur on either side. Of these, the large anterior one is equivalent
to the foramen rotundum, lacerum orbitale, and patheticum of the horse. The
posterior one is the foramen ovale, which transmits the inferior maxillary nerve.
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The orbital wing is thick and is overlapped by the frontal in such manner as to
appear externally to divide into two branches; the anterior part joins the ethmoid
close to the sphenopalatine foramen, and contains a small sinus which communi-
cates with an ethmoidal meatus. The temporal wing is small, but forms a promi-
nent thick pterygoid crest. The pterygoid process is wide, and the pterygoid or
alar foramen is absent. The sphenoidal sinus is absent in the calf and small in

Fra. 89.—SkuvLL AND ATLAS OF Ox, LATERAL VIEW.

9, Zygomatic arch; 11, coronoid process: I2, supraorbital process; 18/, paramastoid or styloid process:
18", occipital condyle: 14, parietal boue; 15, froutal bone; 16, squamous temporal bone; 17, external audi-
tory meatus; 18, temporal condyle; 19, orbital surface of lacrimal bone; 20, malar bone; £7, facial surface of
lacrimal bone; £2, nasal bone; 23, nasal process of premaxilla; 24, incisor teeth; 26, maxilla; 27, facial tuber-
osity; infraorbital foramen in front of 27;! 28", molar part of ramus of mandible; 30, broad vertical part of ramus;
30, angle of jaw; 3!, condyle of mandible; 32, atlas; =z, wing of atlas. (After Ellenberger-Baum, Anat. fir
Kiinstler.)

the adult; it communicates by one or two small openings with an ethmoidal meatus,
and so with the nasal cavity.

The ethmoid bone has an extensive perpendicular plate. The lateral mass
consists of five endoturbinals and eighteen ectoturbinals (Paulli). The largest
ethmoturbinal is so extensive as to be termed a third or middle turbinal bone; it
projects forward between the upper and lower turbinals. The lamina papyracea
appears to a small extent externally in the pterygo-palatine fossa, forming part
of the upper margin of the sphenopalatine foramen.

The interparietals are primitively paired, but unite before birth. As already
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mentioned, fusion occurs before or shortly after birth with the parietals and supra-
occipital. No distinct tentorium osseum is present.

The parietal bones do not enter into the formation of the roof of the cranium.
They constitute the upper part of the posterior wall, and bend sharply forward

Fro. 80.—SkuLL or Ox, BasaL View, Wrrarour ManDiBLE.

F, Pterygoid bone; G, horizontal and G’, perpendicular part of palate bone; H, occipital bone; J, malar
bone; K, sphenocid bone; O, maxilla; F, vomer; Sch., squamous temporal; &t., frontal bone; Z, premaxilla;
1, for. magnum; 2, occipital condyle; 3, paramastoid (styloid) process of occipital; 4, hypoglossal and condy-
loid foramina; 5, for. lacerum; &, pharyngeal tubereles; 7, bulla ossea; 8, muscular process (left one is removed
to expose for. ovale); 9, hyoid process; 0, ext. auditory meatus; I, zygomatic process; 12, external opening of
parieto-temporal canal; 13, postglenoid process; 14, temporal condyle; 14, for. ovale; 16, for. lac. orbitale +
for. rotundum; 17, optic foramen; I8, ethmoidal foramen; 19, orbital opening of supraorbital canal; £0, ptery-
goid crest; 21, hamulus of pterygoid bone; 22, lacrimal bulla; 23, temporal process of malar; 24, pterygoid
process of maxilia; £6, sphenopalatine foramen: 26, maxillary foramen; 27, posterior palatine foramen; 28,
anterior palatine foramen; 29, accessory palatine foramina; 30, palate process of maxilla; 37, interalveolar
bondler; 32, palatine cleft; 33, palate process of premaxilla; 84, fissurn incisiva; 86, facial tuberosity; 36, pos-
terior pares. (Eilenberger-Baum, Anat. d. Haustiere.)

along the lateral wall, forming part of the wall of the temporal fossa. The line of
inflection is marked by the prominent parietal crest, which is continuous with the
temporal crest below. The parietals are excavated to form part of the frontal
sinuses in the adult animal.
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The condition in the young subject is as follows: The two parietals are united with each other
and also with the interparietal and supraoccipital. The resulting mass is somewhat horseshoe-
shaped. Its occipital part (Planum occipitale) forms the greater part of the posterior wall of
the cranium and bears about its center the tuberosity for the attachment of the ligamentum
nuchz. From either side of this a line curves outward, and divides the surface into an upper
smooth area and a lower area which is rough for muscular attachment. The upper border joins
the frontal bone and concurs in the formation of the frontal eminence. The temporal parts
(Plana temporalia) are much smaller and are concave externally; they join the frontal above and
the squamous temporal below.

Fra. 91.—8koLL or Ox, DorsaL View (witH MANDIBLE).

18, Supraorbital process; 14, parietal bone; 15, frontal bone; I8, squamous temporal bone; /8, orbit; £0,
malar bone; 27, lacrimal bone; 22, nasal bone; 23, premaxilla; 26, maxilla; 27, facial tuberosity; £4, incisor
teeth. (After Ellenberger-Baum, Anat. f. Kiinstler.)

The frontal bones are very extensive, forming about one-half of the entire
length of the skull, and all of the roof of the cranium. The posterior borders
form with the parietals a large central frontal eminence (Torus frontalis), the
highest point of the skull. At the junction of the posterior and the lateral borders
are the processus cornu or ‘“horn-cores,” for the support of the horns. These
processes are of elongated conical form, and vary greatly in size, length, curvature,
and direction. The external surface is rough and porous, marked by numerous
grooves and foramina; in the fresh state they are covered by the matrix of the horns.
The base has a constriction, the neck. The interior is excavated to form a number
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of irregular intercommunicating spaces, divided by bony septa, and communicat-
ing with the frontal sinus. In the polled breeds these processes are absent, the
skull is narrower in this region, and the frontal eminence more pronounced. The
supraorbital process is situated about half-way between the anterior and posterior
margins; it is short and joins the frontal process of the malar bone. The supra-
orbital foramen (often double) is situated about an inch inward from the root of
the process; it is the external orifice of the supraorbital canal (Canalis supraorbi-

i 3
. . L4 Ty
Wing of atlas {5 \\‘:p ..-,“_ e 2

External auditory
mealus
Squamous temporal bone

Z_ljgum-‘!l'n‘ arch —

Angle of jaw—i%p
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Ramus of mandible
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T
Fia. 92 —Sxvin axp Areas oF Ox, Vextran View

13, Basi-occipital; 13", paramaxtoid or styloid process: 137, occipital condyle; 24, incisor teeth; 28,
borty of mandible; 3!, condyle of mandible; 32, veutral tubercle of atlas. (After lillenberger-Baum, Anat. fur
Kaunstler.)

talis), which passes downward and forward into the orbit. The foramen is in the
course of the supraorbital groove (Sulcus supraorbitalis), which marks the course
of the frontal vein. The anterior ends of the naso-frontal parts form a notch which
receives the nasal bones, and sutural or Wormian bones are often found at this
junction (naso-frontal suture). The orbital part is extensive; it is perforated
behind by the orbital opening of the supraorbital canal, and below by the ethmoidal
or internal orbital foramen. It does not articulate with the palatine, from which
it is separated by the orbital wing of the sphenoid. The temporal part is also more
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extensive than in the horse. The frontal sinus is very extensive, being continued
into the parietals and occipital, and the horn processes when present.

The squamous and petrous parts of the temporal bone fuse early—in fact,
union is nearly complete at birth. The squamous part is relatively small. Its
external surface is divided into two parts by the prominent temporal crest, which is
continuous with the parietal crest above and turns forward below, ending at a
tubercle above the external auditory meatus. The part behind the crest faces
backward, and is partly free, partly united with the occipital. The area in front
of the crest is concave and enters into the formation of the temporal fossa; it is
perforated by foramina which communicate with the paricto-temporal canal.
The zygomatic process is much shorter and weaker than in the horse, and articu-
lates with the malar only. The condyle is convex in both directions. The post~
glenoid process is less prominent, and behind it is the chief external opening of the
parieto-temporal canal. The internal surface is almost completely overlapped by
the parietal and sphenoid. The petrous part proper is small, but the tympanic
part is extensive. The external auditory meatus is smaller than in the horse and is
directed outward. From it a plate projects downward and helps to inclose the
deep depression in which the hyoid process is placed. Behind this plate is the stylo-
mastoid foramen. The muscular process is large and often bifid at its free end.
The bulla ossea is large and laterally compressed. It is separated from the occipi-
tal bone by a narrow opening which is equivalent to part of the foramen lacerum
basis cranii of the horse. The paricto-temporal canal is formed entirely in the
temporal bone. The facial canal, on the other hand, is bounded partly by the occi-
pital bone.

BoNES OF THE FACE

The maxilla is shorter but broader and relatively higher than in the horse.
Its external surface bears instead of the facial crest a rough facial tuberosity
(Tuber malare), placed above the third cheek tooth; a rough curved line often
extends from it to the upper part of the malar bone. The infraorbital foramen—
often double—is situated above the first cheek tooth. The tuber maxillare is
small, laterally compressed, and usually bears a small pointed process (Processus
pterygoideus). The zygomatic process is very small. The interalveolar border is
concave, and there is no alveolus for a canine tooth. The palatine process is wider,
but somewhat shorter than in the horse. It incloses a large air-space, which is
continuous behind with a like cavity in the horizontal part of the palate bone, form-
ing the palatine sinus. This communicates externally (over the infraorbital canal)
with the maxillary sinus; in the macerated skull it communicates with the nasal
cavity by a large oval opening, which is closed by mucous membrane in the fresh
state. A median septum separates the two palatine sinuses. The alveoli for the
cheek teeth increase in size from before backward. The maxillary sinus proper is
small and is undivided. The maxillary foramen is a narrow fissure, deeply placed
at the inner side of the lacrimal bulla. The maxilla takes no part in the formation
of the palatine canal. Sutural (or Wormian) bones may be found at its junction
with the lacrimal and malar bones.

The body of the premaxilla is thin and flattened, and has no alveoli, since
the canine and upper incisor teeth are absent. A deep notch takes the place of
the foramen incisivum. The nasal process is short, convex externally, and is not
closely attached to the nasal bone; the space between the two processes is greater
than in the horse. The palatine process is narrow and is grooved on its nasal sur-
face for the septal cartilage and the vomer. The palatine cleft is very wide.

The palatine bone is very extensive. The horizontal part forms one-fourth or
more of the hard palate. The anterior palatine foramen opens near the junction
with the maxilla, about half an inch from the median palatine suture and crest.
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Accessory palatine foramina are also present. The palatine groove is usually not
very distinct. The palatine canal is formed entirely in this part, and there is no
articulation with the vomer. A rounded ridge occurs on the nasal side of the
median suture. The interior is hollow, forming part of the palatine sinus. The
perpendicular part is an extensive, quadrilateral, thin plate, which forms the pos-
terior part of the lateral wall of the nasal cavity and in part bounds the narrow pos-
terior nares. Its internal surface is nearly flat, and is smooth and free, except
behind, where it is overlapped by the pterygoid bone. The external surface is
attached to a small extent to the pterygoid process behind, and is free elsewhere.
The spheno-palatine foranien is a long elliptical opening, formed by a deep notch in
the upper edge of the palate bone and completed by the ethmoid and sphenoid.
The edge behind this foramen articulates with the orbital wing of the sphenoid,
not the frontal as in the horse.

The pterygoid bone is wider than in the horse, and forms the greater part of the
lateral boundary of the posterior nares. Its outer surface is almost entirely united

Fia. 93.—MrpiaN Section oF SxuLL oFr Ox, WiTHOUT TEE MANDIBLE.

The mueous membrane is retained. The septum nasi is removed. a, Superior meatus; b, middle meatus,
with & and b, its upper and lower divisions; ¢, inferior meatus; d, superior turbinal; e, superior turbinal fold;
J, infenior turbinal; g, alar fold; A, inferior turbinal fold; i, lateral mass of ethmoid (ethmoturbinals); J*, large
ethmoturbinal or middle turbinal; k, frontal sinus; !, sphenoidal sinus; m, cranial cavity; n, palatine sinus:
o, nasal bone; ¢, parietal cartilage; p, palate process of maxilla; ¢. palate bone (horizontal part); I, sphenoid
bone; 2, 3, inner and outer platea of frontal bone; 4, 4’, outer and inner plates of parietal bone; 5, &, occipital
bone; &%, condyloid and hypoglossal foramina; 6, paramastoid or styloid process; 6, occipital condyle; 7,
petrous temporal bone; 7, internal auditory meatus; 8, squamous temporal bone; 9, muscular process; 10,
pterygoil bone (hamulus). (After Ellenberger, in Leisering’'s Atlas.)

to the palate bone and the pterygoid process, but a small part is free in the pterygo-
palatine fossa. The hamulus is distinctly hook-like, thin, and sharp.

The nasal bone is little more than half the length of that of the horse. It is
straight in its length, but strongly curved from side to side. It does not fuse later-
ally with the adjacent bones, cven in old age. The posterior extremity is pointed
and fits into the notch hetween the frontal bones. The anterior end is broader,
and is divided into two parts by a deep notch. In old animals there is a small
extension of the frontal sinus into this bone.

The lacrimal bone is very large. The extensive facial part is concave in its
length, and bears no lacrimal tubercle. The orbital margin is marked by several
notches. The orbital part forms below the remarkable lacrimal bulla; this is a
large and very thin-walled protuberance, which bulges backward into the lower
part of the orbit, and contains an extension of the maxillary sinus. The lacrimal
fossa is small, and is just behind the orbital margin.

The malar bone is relatively long. The facial surface is extensive; it bears a
curved crest (Crista facialis) just below the orbital margin, and below this it is
concave from above downward. The zygomatic process divides into two branches;
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of these, the frontal process turns upward and backward and joins the supraorbital
process of the frontal bone; the temporal process continues backward, and is over-
lapped by the zygomatic process of the temporal bone, completing the zygomatic
arch,

The superior turbinal bone is less cribriform and fragile than in the horse, and
is thickest in its middle, small at either end. It is attached to the turbinal crest
of the nasal bone, and curves downward, outward, and upward to be applied out-
wardly to the frontal and lacrimal bones. It thus incloses a cavity which communi-
cates with the middle meatus nasi. (In the macerated skull it opens into the frontal
sinus, but this communication is closed by mucous membrane in the fresh state.)

The inferior turbinal bone is shorter but much broader than in the horse. It
is attached to the maxilla by a basal lamella about an inch (ca. 2 to 3 em.) wide,
which slopes downward and inward. At the inner edge of this it splits into two
plates which are rolled in opposite directions, and inclose two separate cavities,
subdivided by several septa. The upper one opens into the middle meatus, the
lower one into the inferior meatus
nasi.

The vomer forms a wider and
decper groove than in the horse. Its
anterior end rests in a groove formed
by the ends of the palatine processes
of the premaxille. The anterior third
of its thin lower edge fits into the
nasal crest of the maxilla; behind
this it is free and separated by a
considerable interval from the nasal
floor.

The two halves of the mandible
do not fuse completely even in ad-
vanced age. The symphyseal sur-
faces are extremely rough and are
marked by reciprocal projections and

Fic. 94.—Hroro Boxe or Ox. cavities. The body is shorter, wider,
e Body: b, lingual process; ¢, thyroid cornu and and flatter than in the horse, and has
cartilage, ¢’; d, small cornu; ¢, middie cornu; f, great cornu; . . !
g, muscular angie of f. (Ellenberger-Baum, Anat. d elght round and relatl\'ely shallow
Haustiere.) alveoli for the lower incisors. The
interalveolar border is long, curved,
thin and sharp. There are no alveoli for the canine tecth, which are absent.
The anterior part of the ramus constitutes a long narrow neck. The mental
foramen is further forward than in the horse, and is in the posterior end
of a fossa. The rami diverge more, so that the submaxillary space is wider
than in the horse. They are also more strongly curved, and the angle is more
pronounced. The molar part is not so high, especially in its anterior part. Its
lower border is convex in its length.  Its upper border bears six alveoli for the
lower check teeth; the first is quite small, and they increase in size from before
backward. The vertical part is much smaller than in the horse and its posterior
border is relatively thin below, concave and wider above. The mandibular fora-
men is about in the middle of its inner surface, and a groove for the lingual nerve
curves downward and forward from it. The condyle projects inward further than
in the horse, and is concave from side to side.  The coronoid process is extensive
and curves backward.

The hyoid bone has a short tuberous lingual process. The middle cornua
are almost as large as the swnall cornua, The great cornua are narrow, except
at the ends. The upper end divides into two branches, which correspond
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to the two angles of that of the horse. The thyroid cornua do not fuse with
the body.

SKULL OF THE OX AS A WHOLE

The skull of the ox is more clearly pyramidal than that of the horse, and is
shorter and relatively wider. The cranium is quadrangular and larger externally
than in the horse; its large size is due mainly to the great extent of the frontal sinus,
and does not affect the cranial cavity, which is smaller than in the horse.

The superior or frontal surface is formed by the frontals, nasals, and pre-
maxille. The frontal part is quadrilateral and very extensive, the greatest width
being at the orbits. It presents a central depression on its anterior part, and on
either side are the supraorbital grooves and foramina. Behind is the median frontal
eminence, and at the lateral angles the ‘ horn-cores”” project in horned cattle. The
nasal part is very short. The osseous nasal aperture is wide. The premaxille
do not bend downward as in the horse; they are relatively thin and weak, and are
separated by an interval which has a wide anterior part in place of the foramen
incisivum.

The lateral surface is more triangular than in the horse. The temporal fossa
is confined to this surface. It is deep and narrow, and its boundaries are more
complete. It is limited above by a crest which extends from the postero-external
angle of the frontal to the supraorbital process, and is analogous to the sagittal
orest of the horse. Behind it is bounded by the temporal crest. It is clearly
marked off from the orbit by the rounded posterior orbital ridge and the pterygoid
crest. The zygomatic process is short, weak, and flattened, and is formed by the
temporal and malar only. Its condyle is convex and is wide from before backward.
The glenoid cavity and postglenoid process are small. The orbit is encroached
upon below by the lacrimal bulla, and presents the orifice of the supraorbital canal
behind. The margin is completed behind by the frontal process of the malar; its
lower part is prominent and rough, not smooth and rounded as in the horse. The
pterygo-palatine fossa is much larger, deeper, and more clearly defined. It has a
long narrow forward extension (maxillary hiatus) between the vertical plate of
the palate bone internally and the maxilla and lacrimal bulla externally; thus the
sphenopalatine and maxillary foramina are deeply placed. The preorbital region
is short but relatively high. A tuberosity and curved line take the place of the
facial crest. The infraorbital foramen is situated above the first cheek tooth and is
often double.

The basal surface is short and wide, especially in its cranial part. The occipi-
tal condyles are limited in front by transverse ridges. The tubercles at the junec-
tion of the occipital and sphenoid are large. The condyloid fosse contain two
foramina, the hypoglossal below and in front, and the condyloid above and behind;
other inconstant ones occur. The paramastoid processes are short and convergent.
The foramen lacerum is slit-like. The bulla ossea is a large, laterally compressed
prominence. The muscular processes are usually longand narrow triangular plates,
with one or two sharp points. The external auditory process is directed almost
straight outward. A curved plate extends downward from it and joins the bulla
ossea internally, completing the deep cavity which receives the articular angle of
the hyoid bone. The chief external opening of the temporal canal is in front of
this plate, and an accessory one lies behind it. The infratemporal fossa is small,
and presents the foramen ovale. The posterior nares are very narrow, and the
vomer does not reach to the level of their margin. The hard palate is wide, and
forms about three-fifths of the entire length of the skull. A small central part
only of its posterior border enters into the formation of the posterior nares; the
lateral parts are notched and just above them are the posterior palatine foramina.
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The anterior palatine foramina are an inch or more from the posterior margin,
and about the same distance apart. The palatine grooves are distinet for a short
distance only. Just beyond the cheek teeth the palate narrows and becomes con-
cave; beyond this it widens and flattens.

The posterior or nuchal surface is extensive and somewhat pentagonal in
outline in the adult. About its center is the eminence for the attachment of the
ligamentum nuche. From this a median crest extends toward the foramen mag-
num, and laterally two lines (Linez nuchz superiores) curve outward, marking the
upper limit of the area which is roughened for muscular attachment. The surface
above the lines is relatively smooth, and is covered only by the skin and the thin
auricular muscles in the living animal. It is separated from the cranial roof by a
thick border, which forms centrally the frontal eminence, and bears at its extremi-
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Fia. 85.—Cross-arcrion or SkuLL oF Ox. SecTiON

F1a. 96.—CRross-8EcTION OF SKuLL oF Ox. SecTioN
Panses Turousr Frrru Cuerx TooTH.

Passts THROUGH Srconp CHeErk Toorn.

a, b, ¢, Superior, middle, inferior meatus: b, communication between middle meatus and cavity of upper
part of inferior turbinal; ¢, communication between inferior meatus and lower part of inferior turbinal; d, cavity
of superior turbinal; e, [, outer and inner walls of d; g, k, upper and lower cavities of inferior turbinal bone; {1,
busul lamolia of inferior turbinal; i, i"’, upper and lower divisions of inferior turbinal bone; &, floor of nasal cav-
"){i m, Incrimal sinus; n, maxillary sinus; p, palatine ginus; ¢, septum between maxillary and palatine sinuses;
7, infruorbital canal; , septum between palatine sinuses; {, common menatus; u, nuso-lacrimal canal; +, floor of
nusal envity and roof of palatine sinus; !, septumn nasi; 2, posterior part of seeond cheek tooth; 3, posterior
purt of fifth cheek tooth; 4, hard palate. (After Ellenberger, in Leisering’s Atlas.)

ties the processus cornu—exeept in the polled breeds. The condyles are further
apart, and the articular surfaces are more clearly divided into upper and lower parts
thun in the horse.

"l‘he cranial cavity is shorter and its long axis is more oblique than in the horse,
hut it ig relatively high and wide. The anterior fossa lies at a much higher level
than the rest of the floor. The olfactory fosse are smaller, and the sella turcica is
much deeper than in the horse. A deep groove leads from the petrous temporal
forward over the foramen ovale to the foramen rotundum. Behind the sella there
is often a distinet prominence (Dorsum sellz). The internal sagittal crest is promi-
nent anteriorly, but absent further back. A faintly marked elevation takes the
place of the tentoriumn osseum. The small petrous temporal bone projects into
the envity luterally, The ridges and digital impressions are very pronounced.
I'he parieto-temporal canal is formed entirely in the temporal bone, and opens at
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the apex of the petrous, where it is joined by the condyloid canal. The foramen
lacerum is divided into two parts (For. lacerum anterius et posterius).

The nasal cavity is incompletely divided by the septum, which does not reach
the floor posteriorly. The floor is relatively long, and is more concave from side to
side than in the horse. In the dry skull it has a large oval opening into the palatine
sinus, which is closed during life by mucous membrane. The middle meatus is
divided behind into upper and lower branches by the great ethmoturbinal. The
posterior nares are narrow and oblique.

F16. 97.—8kuLL oF Ox, DorsalL Virw,

The outer plate of bone has been removed to show the sinuses. a, Frontal sinus; &', cranial plate of
frontal bone ; @”, anterior part of frontal sinus, which is separated from remainder by a septum (b); ¢, ¢,
communications between frontal sinus and nasal cavity; d, supraorbital foramen; e, supraorbital canal; f, cavity
of superior turbinal bone, and g, its opening into the nasal cavity; 4, lacrimal sinus, ¢, its communication
with the maxillary sinus; &, maxillary sinus; I, orbit; 1, frontal hone; 1’, processus cornu; 2, nasal bone; 3,
premaxilla (nasal process); 4, maxula; 5. lacrimal hone; 6, malar bone; 7, dotted line indicating course of naso-
lacrimal duct. (After Ellenberger, in Leisering’'s Atlas.)

The frontal sinus is very large. 1t involves almost all of the frontal bone and
a large part of the posterior wall of the cranium. It also extends for a variable dis-
tance into the horn processes when these are present. A complete median septum
separates the right and left sinuses. The anterior limit is indicated by a transverse
plane through the middle of the orbits. It extends externally to the crest which
limits the temporal fossa above, and into the root of the supraorbital process. At
the highest part of the cranial cavity and at the tuberosity on the posterior surface
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the two plates of the bone come together. The cavity is very irregular and is sub-
divided into numerous spaces by ridges and partial septa. This multilocular
character is most marked in the anterior part, and here several small spaces appear
to be cut off from the main cavity (Baum). The supraorbital canal passes through
the sinus. Several small openings lead from the sinus to the ethmoidal meatuses,
and thus indirectly to the upper division of the middle meatus nasi. The communi-
cations with the cavity of the superior turbinal and with the lacrimal part of the
maxillary sinus which are seen in the macerated skull are closed in the fresh state
by mucous membrane.

The maxillary sinus is excavated chiefly in the maxilla, lacrimal, and malar,
and is not divided by a septum as in the horse. It extends forward as far as the
facial tuberosity, or a little further in old animals. Its upper limit is indicated
approximately by a line drawn from the infraorbital foramen to the upper margin of
the orbit. It is continued directly backward into the lacrimal bulla to a point
nearly opposite to the bifurcation of the zygomatic process of the malar. It also
extends upward and backward through a large opening into a cavity formed by the

Fra. 98.—SxvuiL oF Ox, LAaTErRAL VIEW wWrTROUT MANDIBLE,

The maxillary, lacrimal, and turbinal sinuses have been opened, and a portion of the orbit removed. a,
('uvity of superior turbinal bone; b, lacrimal sinus; ¢, maxillary sinus; d, communication between maxillary and
pulutine winumes; e, opening between maxillary and lacrimal sinuses; f, thin osseous buila; g, lacrimal bulla;
h, orhit; 1-8, cheek teeth; 7, nasal bone; 8, premaxilla (nasal process); 8, maxilla; &, infraorbital foramen;
10, frontal bone; 11, lacrimal bone; 2, malar bone; I3, fissure between nasal bone and maxilla; 14, temporal
hone (mpuamous); 15, external auditory meatus; 16, styloid or paramastoid process; 17, occipital condyle;
14, pulate bone (perpendicular part); 19, pterygoid bone (hamulus); £0, tympanic part of temporal; 20, mus-
cutar procoss of petrous temporal. (After Ellenberger, in Leisering’s Atlas.)

lnerimald, frontal, ethmoid, and turbinal bones, at the inner side of the orbit.!
‘T'hes Hoor of the cavity is irregular and the roots of the last three or four cheek
teeth project up into it, covered by a plate of bone. The sinus communicates with
the puluting sinun freely over the infraorbital canal through an oval opening about
Lwo Lo three inches (ca. 5 to 7.5 cm.) long. Above this it communicates by a
shiorter wnd much narrower opening with the middle meatus nasi.

‘I'hs palatine sinus is excavated in the hard palate, and is separated from that
of the opponite side by & median septum. It extends from the posterior border of
tes pidutes Lo plane an inch or more (2.5 to 3 cm.) in front of the first cheek tooth.
Ac tientioned ghove, there is a large communication with the maxillary sinus over
thesiutrsorhitel canal, so that the cavity is sometimes regarded as a part of that sinus.
b turge defeet in the bony roof of the sinus is closed by two layers of mucous
s birigue in the fresh state.  The palatine canal passes obliquely through the
jretenior purt of the sinus,

i ae terpand e lnerimal sinus by some authors. It is similar in location and in the posi-

foear s 1~ oot to the turhinal part of the frontal sinus of the horse, with the important difference
0t 1 b not eommunieate with the frontal sinuses in the ox.
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The sphenoidal sinus is almost entirely in the sphenoid bone and does not
communicate with the palatine and maxillary sinus. It has one or two openings
into the ventral ethmoidal meatuses. There is no cavity in the perpendicular part
of the palate bone. :

There are several small air-cavities between the lateral mass of the ethmoid
and the anterior part of the frontal sinus, which communicate separately with
ethmoidal meatuses.

BONES OF THE THORACIC LIMB

The scapula is more regularly triangular than in the horse, relatively wider at
the vertebral end and narrower at the lower end. The scapular index is about
1:0.6. The spine is more prominent and is placed further forward, so that the
supraspinous fossa is narrow and does not extend to the lower part of the bone.
The spine is sinuous, bent backward in its middle, forward below. Its free border
is somewhat thickened in its middle, but bears no distinct tubercle. Instead of
subsiding below as in the horse the spine becomes a little more prominent, and is
prolonged by a pointed projection, the acromion, from which part of the deltoid
muscle arises. The subscapular fossa is shallow. The areas for the attachment
of the serratus muscle are not very distinct. The nutrient foramen is usually in
the lower third of the posterior border. The glenoid cavity is almost circular and
without any distinct notch. The tuberosity is small and close to the glenoid
cavity. The coracoid process is short and rounded. The cartilage resembles
that of the horse.

The humerus has a shallow musculo-spiral groove. The deltoid tuberosity
is less prominent than in the horse, and the curved line running from it to the neck
bears a well-marked tubercle on its upper part. The nutrient foramen is usually
in the lower third of the posterior surface. The external tuberosity is very large,
and rises an inch or more (ca. 3 cm.) above the level of the head. Its anterior part
curves inward over the bicipital groove, and below it externally there is a promi-
nent circular rough area for the insertion of the tendon of the supraspinatus. The
anterior part of the internal tuberosity has a small projection which curves over
the groove. The groove is undivided. The distal articular surface is decidedly
oblique, and the grooves and ridge are very well marked. The coronoid and
olecranon fosse are deep and wide. The external condyloid erest is represented by
a rough raised area. The proximal end unites with the shaft at three and one-half
to four years, and the distal at about one and one-half years.

The radius is short and relatively broad. It is somewhat oblique, the lower
end being nearer the median plane than the upper. The curvature is more pro-
nounced below than above. The shaft is prismatic in its middle part and has
anterior, external, and posterior faces. There is a marked increase in width and
thickness below. The proximal articular surface presents a synovial fossa which
extends inward from the deep groove between the two glenoid cavities. The
bicipital tuberosity is represented by a slightly elevated rough area. The posterior
facets for the ulna are larger than in the horse. The two bones commonly fuse
above the proximal interosscous space and always fuse below it, except near the
distal end, where there is a small distal interosseous space. A groove connects
the two spaces externally.  The distal extremity is large, and is thickest internally.
Its articular surface is oblique in two directions, 7. ¢., from within upward and
backward. The grooves for the extensor tendons are shallow. The proximal end
unites with the shaft at onec to one and one-half years, and the distal at three and
one-half to four years.

The approximation of the lower ends of the forearms and the earpi gives the “knock-kneed”
appearance in cattle. The obliquity of the joint surfaces produces lateral deviation of the lower
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part of the limb in flexion. The facets for the radial and intermediate carpals are narrower than
in the horse and run obliquely forward and outward. The surface for the ulnar carpal is extensive
and saddle-shaped; its outer part is furnished by the uina.

The ulna is more fully developed than in the horse. The shaft is complete,

Ezternal tuberosity of humerus

. f Ezxternal tuberosity of radius

/

/

Shaft of radius

i

Ulnar carpal bone
I'ntermediale carpal bone
Fourth carpal bone
Metacarpal tuberosity

Radial carpal bone
Fused second and third carpal bones

Anlerior groove of large metacar pal bone

First phalanz

Fro. 99.—SkeLETON OF LEFT FORE LiMn oF OXx, PRoOM SHOULDER DOWNWARD, ANTERIOR VIEW. (After Ellen-
berger-Baum, Anat. [ir Kiinstler.)

three-sided, and strongly curved. It is fused with the radius in the adult, except
at the two interosseous spaces mentioned above. Its upper part contains a medul-
lary canal which extends somewhat into the proximal end. The olecranon is
large and bears a rounded tuberosity above. The distal end is fused with the
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radius; it projects below the level of the latter, forming the styloid process (Processus
styloideus ulnz), which furnishes part of the facet for the ulnar carpal. The proxi-
mal and distal ends unite with the shaft at three and one-half to four years.

The carpus consists of six bones, four in the upper row, and two in the lower.
The upper row is oblique in conformity with the carpal articular surface of the
radius. The radial and intermediate resemble in general those of the horse, but

Ezxternal condyle of humerus

Olecranon
Ezternal tuberosity of radius

Proximal interosseous space

Distal inlerrosseous space
Styloid process of ulna
Distal end of radius

Intermediate carpal bone
Radial carpal bone
Fused second and third carpal bones

Metacarpal tuberosity -

¥ Fourth carpal bone
Small metacarpal bone

Large metacarpal bone

Proximal sesamoid
First phalanz

Second phalanz
B —— Distal scsamoid
— Third phalanz

F1o. 100.—8xrrLrrox or Lerr Fore Livr or Ox, Frox Erpow Dowxwarp, EXTERNAL Virw. (After Ellen-
berger-Baum, Anat. fir Kinstler.)

are less regular in shape, and their long axes are directed obliquely backward and

inward. The radial is narrower than in the horse and curves upward behind. The

intermediate is constricted in its middle, and wider behind than in front. The

ulnar is large and very irregular. Its proximal surface is extensive and sinuous a:nd

articulates with both radius and ulna. Behind is a large oval facet for art.lculat.lon

with the accessory carpal. The accessory is short, thick, and rounded; it articu-
9
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lates with the ulnar carpal only. The first carpal is absent. The second and third
carpals are fused to form a large quadrilateral bone. The fourth carpal is a smaller
quadrilateral bone.

The metacarpus consists of a large metacarpal and an external small meta-
carpal bone. The large metacarpal bone (Mec. 3 + 4) results from the fusion of the
third and fourth bones of the feetus, and bears evidences of its double origin even
in the adult state. The shaft isshorter than in the horse, and is relatively wider and
flatter. The anterior surface is rounded, and is marked by a vertical vascular
groove connecting two canals which traverse the ends of the shaft from before
backward. The posterior surface is flat and presents a similar but much fainter
groove. The borders are rough in the upper third. The proximal end bears two
slightly concave facets for articulation with the bones of the lower row of the car-
pus; the inner area is the larger, and they are separated by a ridge in front and a
notch behind. The outer angle has a facet behind for the small metacarpal bone.
The inner part of the extremity has anterior and posterior tuberositics. The distal
end is divided into two parts by a sagittal notch. Each division bears an articular
surface similar to that in the horse, but much smaller. The medullary canal is
divided into two parts by a vertical septum which is usually incomplete in the adult.

The small metacarpal bone (Mec. 5) is a rounded rod about an inch and a
half (ca. 3.5 to 4 cm.) in length, which lics against the upper part of the outer border
of the large bone. Its upper end articulates with the latter, but not with the carpus.
The lower end is pointed.

Four cartilaginous metacarpals are present in the carly fartal state, viz., the second, third,
fourth, and fifth. The second commonly cither disappears or unites with the third; sometimes
it develops as a small rod of bone.  The third and fourth gradually unite, but can be cut apart

at birth. Each huas three centers of ossification; the proximal epiphysis fuses with the shaft
before birth, the distal at two to two and one-half years

Four digits are present in the ox. Of these, two—the third and fourth—are
fully developed and have three phalanges and three sesamoids each. The second
and fifth are vestiges and are placed behind the fetlock; each contains one or two
sinall bones which do not articulate with the rest of the skeleton.

The first phalanges are shorter and narrower than in the horse and are three-
sided. The interdigital surface is flattened and its posterior part bears a promi-
nence for the attachment of the interdigital ligaments. The proximal extremity is
relatively large, and is somewhat compressed from side to side. The articular
surface is concave from before backward and is divided by a sagittal groove into
two areas, of which the abaxial one is the larger and higher. Behind these are
two facets for articulation with the sesamoid bones.  The posterior surface bears
two tuberosities separated by a deep depression.  The distal extremity is smaller
than the proximal, especially in the antero-posterior direction. Its articular
surface is divided by a sagittal groove into two convex facets, of which the abaxial
one is decidedly the larger. There are depressions on either side for ligamentous
attachment. The bone consists at birth of two picces—the distal end and the fused
shaft and upper extremity.  Union oceurs at one and one-half to two years.

The second phalanges are about two-thirds of the length of the first and are
distinetly three-<ided. The proximal articular surface is divided by a sagittal
ridge into two glenoid cavities, of which the abaxial one is much the larger.  There
is a central prominence in front and two lateral tubereles behind.  The distal ex-
tremity is smaller than the proximal. Its articular surface encroaches consider-
ably on the anterior and posterior surfaces, and is divided into two lateral parts by
a groove. There is a deep depression for ligamentous attachment on the inter-
digital side. The bone contains a small medullary eanal. The distal end unites
with the rest of the bone about the middle of the second year.

The third phalanges resemble in a general way one-half of the bone of the horse.
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Each has four surfaces. The dorsal or wall surface is marked in its lower part by a
shallow groove, along which there are several foramina of considerable size; the
posterior one of the series is the largest, and conducts to a canal in the interior of
the bone. Below the groove the surface is prominent, rough, and porous. Near
and on the extensor process are several relatively large foramina. The slope of the
surface is very steep posteriorly, but in front it forms an angle of 25 to 30 degrees
with the ground plane. The articular surface is narrow from side to side, and
slopes downward and backward. It is also oblique transversely, the interdigital
side being the lower. 1t is adapted to the distal surface of the second phalanx, with
the exception of a facet behind for the distal sesamoid. The extensor process is
very rough. The volar or sole surface is narrow and slightly concave, and presents
two or three foramina of considerable size. It is separated from the wall surface
by a border which is sharp in front, rounded behind. There is no semilunar crest,
since the deep flexor tendon is attached to the thick posterior border of the sole
surface. The interdigital surface is smooth and grooved below, rough and porous
above. At the upper angle it is perforated by a large foramen, which is equivalent
to the volar foramen of the horse and leads to a cavity in the middle of the bone.
The surface is separated by a rounded border from the wall surface, and by a sharp
edge from the sole surface. The wing or angle is very short and blunt, and there
is no lateral cartilage.

Four proximal sesamoids are present, two for each digit. They are much
smaller than in the horse. The bones of each pair articulate with the correspond-
ing part of the distal end of the large metacarpal bone by their anterior surfaces,
with each other and with the first phalanx by small facets.

The two distal sesamoids are short and their ends are but little narrower than

the middle.

BONES OF THE PELVIC LIMB

The ilia are almost parallel to each other and are also less oblique with regard
to the horizontal plane than in the horse. They are relatively small. The gluteal
line is prominent and is nearly parallel to the external border; it joins the superior
ischiatic spine. A rounded ridge separates the two parts of the ventral surface.
The surface for articulation with the sacrum is triangular. The internal angle is
truncated, does not extend as high as the vertebral spines, and is separated from
the opposite angle by a wider interval than in the horse. The external angle is
relatively large and prominent; it is not so oblique as in the horse, and is wide in
the middle, smaller at either end. The shaft is short and compressed from side
to side.

The ischium is large. Its long axis is directed obliquely upward and back-
ward, forming an angle of about 45 to 50 degrees with the horizontal plane. The
transverse axis is oblique downward and inward at a similar angle, so that this
part of the pelvic floor is deeply concave from side to side. The middle of the
ventral surface bears a rough ridge or imprint for muscular attachment. The
superior ischiatic spine is high and thin, and bears a series of almost vertical rough
lines externally. The tuber ischii is large and three-sided, bearing upper, lower,
and external tuberositics. The ischial arch is narrow and deep. The symphysis
bears a ventral ridge, which fades out near the ischial arch.

The acetabular branch of the pubis is narrow, and is directed outward and a
little forward. The anterior border is marked by a transverse groove which ends
below the rough ilio-pectineal eminence. The longitudinal branch is wide and
thin.

The acetabulum is smaller than in the horse. The rim is rounded and is
usually marked by two notches. One of these is postero-internal and is narrow
and deep; it leads to the deep acetabular fossa and is commonly almost converted
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into a foramen by a bar of bone. The other notch is antero-internal, small, and
sometimes replaced by a foramen or absent.

The obturator foramen is large and elliptical.

Its inner border is thin and
sharp.

External condyle of femur
External tuberosity of tibia

Int 1 malleol
Ezxternal malleolus riernat maseotus

Fibular tarsal bone Tibial tarsal bone

Central + fourth larsal bone
Second tarsal bone

First tarsal bone
Small melatarsal bone

Prorimal sesamnoid

First phalanz

Second phalanz
Distal sesamoid
Third phalanz

Fig. 101.—SKELETON OoF Lrrr Hino LiMs or Ox, rroM MinpLe oF Tmich Downwarp, POsTERIOR VIiEw.
21, Tibia; £4, tuber calcis; 27, large metatarsal bone.

(After Ellenberger-Baum, Anat. fiir Kiinstler.)

The pelvic inlet is elliptical and is more oblique than in the horse. In a cow
of medium size the conjugate diameter is about nine and a half inches (ca. 23 to 24
cm.), and the transverse about seven inches (ca. 18 em.). The anterior end of the
symphysis lies in a transverse plane through the junction of the third and fourth
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sacral segments. The roof is concave in both directions. The floor is deeply con-
cave, particularly in the transverse direction. The cavity is narrower and its axis
isinclined strongly upward in the posterior part. The distance between theacetab-
ulum and the external angle of the ilium is only a little (ca. 3 to 4 em.) more than
the distance between the former and the tuber ischii.

The femur has a relatively small shaft, which is cylindrical in its middle, pris-
matic below. The trochanter minor has the form of a rough tuberosity, and is
situated higher up than in the horse and encroaches on the posterior surface. The
trochanteric ridge (Crista intertrochanterica posterior) connects it with the tro-

Fii;. 102.—FRronTAL Srcrtony or Lerr Femur or Ox,  Fia. 103.—I"roNTaL SkcTtion oF Lerr Tisia or Ox,
FronxT VieEw. ANTERIOR VIEW.
Theee figures show the internal architecture of these bones, and especially the great extent of the medullary cav-
ity as compared with those of the horse (Figs. 67 nnd 72).

chanter major. The third trochanteris absent. The supracondyloid (plantar) fossa
is shallow. The proximal extremity is very wide. The head is smaller than in the
horse and the articular surface extends considerably on the upper surface of the
neck. Instead of the notch there is a small depression on the middle of the head
for the attachment of the round ligament. The neck is well defined except above.
The trochanter major is very massive and is undivided; its external surface is
very rough. The trochanteric fossa is deep, but does not extend so far downward as
in the horse. The distal end presents no very striking differential features, but the
lips of the trochlea arc less oblique than in the horse, and converge very slightly
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below. The proximal extremity unites with the shaft at about three and one-half
vears, the distal at three and one-half to four years.

The tibia resembles that of the horse rather closely. but is somewhat shorter.
The zhaft is distinetly curved. so that the inner side is convex. The posterior
surfaee 1s not divided into two areas. and the line musxculares are fewer and extend
up higher than in the horse. The articular grooves and ridge of the distal end are
almost sagittal in direction, and present an extensive but shallow synovial fossa.
The external groove is separated by a sharp ridge from an outer area which is for
articulation with the external malleolus. The anterior part of the internal malle-
olus is prolonged downward and has a pointed end. The groove behind it is broad
and well defined.  Externally there is a deep narrow groove which separates two
prominences.  The proximal extremity fuses with the shaft at three and one-half
to four vears, the diztal at two to two and one-half yvears.

The fibula usually consists of the two extremities only. The head is fused with
the external condyle of the tibia and bears a small blunt-pointed prolongation
below. The distal end remains separate and forms the external malleolus (some-
times called the os malleolare). It is quadrilateral in outline and compressed from
side to side. The proximal surface articulates with the distal end of the tibia, and
bears a small spine which fits into the groove on that bone. The distal surface
rests on the fibular tarsal, and the inner articulates with the external ridge of the
tibial tarsal bone. The outer surfaece is rough and irregular.

The early cartilaginous fibula is complete, but later the shaft is reduced and is
usgually represented by a fibrous cord which connects the two ends.  In some cases,
however, the upper part undergoes partial ossification, forming a slender rod which
is usually united with the outer border of the tibia and is joined to the head by
fibrous tis=ue.

The patella is long, narrow, and very thick. The anterior surface is strongly
convex and very rough and irregular. The articular surface is convex from side
to side and nearly straight in the vertical direction. The large prominence on the
inner side for the attachment of the accessory cartilage allows prompt determina-
tion of the side to which the bone belongs. The apex is more pointed than in the
horse.

The tarsus consists of five pieces; the central and fourth, and the second and
third tarsal bones are fused.

The tibial tarsal bone is relatively long and narrow, and is somewhat flattened
from before backward. It bears a trochlea at either end.  The groove and ridges
of the proximal troclhlea are not spiral, but almost sagittal; the outer ridge is the
wider, and articulates with both tibia and fibula. The distal trochlea consists
of two condyles divided by a groove, and articulates with the combined central
and fourth tarsals, The posterior surface bears a large oval facet for articulation
with the fibular tarsal; this occupies most of the surface, and is convex and grooved
fromn above downward. The outer surface presents two facets for articulation with
the fibular taral, and is excavated and rough clzewhere. The inner surface bears
a tuberozity at its upper part, and is flattened below.

The fibular tarsal bone is longer and more slender than in the horse. The
distal part of the body is compressed laterally. and bears a projection in front which
articulates with the external mmalleolus.  The tuber caleis is marked posteriorly by
a wide shallow groove, which i coated with cartilage in the fresh state.

The central and fourth tarsals are fused to form a large bone (s centrotarsale
quartum, seapho-cuboidy, which extends acros=s the entire width of the tarsus and
articulates with all of the other bones.  The greater part of the upper surface is
molded on the di=tal trochlea of the tibial tarsal, and its inner part rises high above
the rest posteriorly,  Externally there is a narrow undulating surface for articula-
tion with the diztul end of the fibular tarcal bone.  The posterior surface bears two
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tuberosities, of which the outer one is rounded, the inner more prominent and nar-
rower.

The first tarsal bone is quadrilateral and small. It articulates with the central
above, the metatarsus below, and the second tarsal in front.

The second and third tarsals are fused to form a rhomboid piece. The proxi-
mal surface is concavo-convex, and articulates with the central component. The
distal surface is undulating and rests on the metatarsus. The external surface
bears a small facet in front for the fourth tarsal component, and the posterior sur-
face a very small one for the first tarsal bone.

The large metatarsal bone is about one-seventh (ca. 3 cm.) longer than the
corresponding metacarpal. Its shaft is compressed laterally and is distinctly

Tibial tarsal bone
Central + fourth tarsal bone

First tarsal bone Second + third tarsal bone

Proximal sesamoid ‘J .

Distal sesamoid

F16. 104.—S8KELETON OF DistAL PART 6F LEFT 1liND LiMB oF Ox, INTERNAL VIEW.

24, Tuber calcis; 25, large metatarsal bone; 30, first phalanx; 81, second phalanx; 3¢, third phalanx. (After
Ellenberger-Baum, Anat. fir Kiinstler.)

four-sided. The groove on the anterior surface is deep and wide. The posterior
surface is marked by variable grooves. The upper foramen on this surface does
not perforate the shaft, but passes obliquely through the extremity, opening on the
posterior part of its proximal surface. The postero-internal angle of the proximal
end bears a facet for articulation with the small metatarsal hone.

The small metatarsal bone is a quadrilateral disc a little less than an inch in
width and height. Its anterior face bears a facet for articulation with the large
metatarsal bone.

The large metatarsal bone is usually regarded as consisting of the fused third and fourth
metatarsal bones. The medullary cavity is subdivided like that of the large metacarpal bone.
Bome anatomists, however, consider that the ridges at the upper end of each border represent the
second and fifth metatarsals (Roscoberg and Retterer). On this basix the small bone would be
the first metatarsal.



136 SKELETON OF THE PIG

The phalanges and sesamoids resemble those of the thoracic limb so closely
as to render separate description unnecessary.

SKELETON OF THE PIG
VERTEBRAL COLUMN

The vertebral formula is C.T,,_,,L,.,S,Cy,o,s

The cervical vertebrege are short and wide. The bodies are elliptical in cross-
section, the long diameter being transverse. The anterior articular surfaces are
slightly convex from side to side and concave dorso-ventrally; the posterior ones
are slightly concave. A ventral crest is not present. The arches are wide from
side to side, but the lamine are narrow, so that a considerable interval (Spatium
interarcuale) separates adjacent arches dorsally.  The pedicles are perforated by a
foramen on cither side in addition to the usual intervertebral foramina. The

i\ e

Fia. 105.—SKkeLETON OF P16, LaTeRAL VIEW.

a, Cranium; b, upper jaw; ¢, lower jaw; [}, 7M. cervieal vertebra:; [R.w., first thoracic vertebra; I3
R w., thirteenth thoracic vertebra (next to last); /L., first lumbar vertebrs; 6/.., «ixth lumbar vertebra (next
to last usunlly); K., sacrum; N., coceygeal vertebra; [R., it rib; 141t last rib; R.kn., costal cartilages; St.,
sternum; d, supraspinous fossa of scapula; o, infraspinous fossa; /1, spine of scapula; 2, neck of scapula; e,
humeruge; 3, head of humerux; 4, tuberosities of humerus: 6, deltoid tuberosity; 6, external epicondyle of
humerus; f, radius; g, ulna; 7, olecranon; A, carpus; 18 -23, carpal bones; 1 -, metacarpus; k-k*'", proximal
phalangex; -, middle phalanges; m-m""’, distal phalanges; n, o, sesamoids; p, ilium; 8, external augle of
ilium (tuber coxwe); @, internal angle of ilium (tuber sacrale); /v, superior ischiatic spine; g, ischium; 11/, tuber
ixchil; r, pubis; 12, acetabulum; &, femur; 14, trochanter major; 74, trochanter minor; /5, external epicondyle;
t, putella: wu, tibia; 16, crest of tibia; /7, external condvle of tibia; r, fibula; v, tanus; 26- 38/, tarsal bones;
257, tuber ealeis.  (After Ellenberger, in Leisering's Atlas))

transverse processes divide into two branches, both of which increase in size from
the third to the sixth. The upper branch projects outward and backward; it
is short and is thickened at its free end.  The lower braneh is a quadrilateral plate
directed ventrally; each overlaps the succeeding one to a small extent, and the
series forms the lateral boundary of a deep and wide groove bencath the bodies.
The spines inerease in height from the third to the last; the anterior ones are in-
clined backward, the posterior ones forward.  The last cervical is recognized by
the great length of its spine (ca. 10 em. in the adult), the absence of the ventral
plate of the transverse process, and the flatness of the body, which bears a pair of
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small facets on its posterior margin for the heads of the first ribs. It has foramina
transversaria, and usually two foramina in either side of the arch.

The dorsal arch of the atlas bears a large tuberosity. The ventral tubercle is
long, compressed laterally, and projects back under the axis. The wing is flattened
and bears a posterior tuberosity. The foramen transversarium passes through the
posterior border of the wing to the fossa under the latter, and is not visible dorsally;
it is sometimes very small or absent. The sides of the vertebral foramen bear
two lateral projections which partially divide it into a ventral narrow part, which
receives the odontoid process, and a dorsal larger part for the spinal cord. In the
fresh state the division is completed by the transverse ligament, which is attached
to the projections.

The axis has a large spinous process, which is directed upward and backward.
The odontoid process is a thick eylindrical rod. The transverse process is very
small and the foramen transversarium is often incomplete.

The thoracic vertebree are often fifteen in number.  Their bodies are relatively
long, constricted in the middle, and without ventral crests. Their extremities are

Fic. 106.—A71Las oF PiGg, Dorsar ViEw. Fi1c. 107.—Ax1s or Pic, LEFr LATERAL ViEW,
a, Wing; b, ventral tuberele; ¢, foramen transver- a, Odontoid process (dens); b, spinous process;
sanum; d, alar foramen; e, intervertebral foramen; f, dor- ¢, anterior articular process; d, posterior articular pro-

aal tuberosity; g, articular surface corresponding to that of  cewses; e, transverse process; f, foramen transversar-
poaterior articular process of typicul vertebra; h, facet on  ium: g, bar of bone which bounds k. intervertebral
ventral arch for odontoid proeess. (Ellenberger-Baum, foramen: ¢, vertebral foramen. (LEllenberger-Baum,
Anat. . Haustiere.) Anat. d. Haustiere))

elliptical, depressed in the middle and prominent at the periphery. The arch is
perforated by a foramen on either side, and in most of the series there is also a
foramen in the posterior part of the root of the transverse process which communi-
cates with the former or with the posterior intervertebral foramen. Sometimes
there is a foramen in the anterior part of the process also. There are manmmillary
processes except on the first two; in the posterior five or six vertebre they project
from the anterior articular processes. The facet for the tubercle of the rib is
absent or fused with that for the head in the last five or six. The last transverse
process is lumbar in character, plate-like, and about an inch (2 em.) long. Small
accessory processes occur in the posterior part of the region. The first spinous
process is broad, very high, and inclined a little forward. The others diminish
very gradually in length to the tenth, beyond which they are about equal. The
second to the ninth are inclined backward, the tenth is vertical (anticlinal), and the
rest incline forward. The width decreases decidedly from the fourth to the tenth,
hevond which there is a gradual increase.  The summits are slightly enlarged and
lie almost in a straight line.
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The occurrence of fifteen thoracic vertebre appears to be quite common, and some observers
have recorded the existence of sixteen and even seventeen; a reduction to thirteen is rare.

The lumbar vertebrae are six or seven in number. The bodies are longer than
in the thoracic region and bear a ventral crest. They become wider and flatter
in the posterior partof the series. The arches are deeply notched, and are separated
by an increasing space dorsally. The mammillary processes project outward and
backward. The transverse processes are bent downward and ineline a little for-
ward. Their length increases to the fifth and is much diminished in the last. They
form no articulation with each other or with the sacrum. The posterior edge of the
root of the process is marked by a notch in the anterior part of the series, a fora-
men in the posterior part. The spines
are broad and incline forward, with the
exception of the last, which is narrow
and vertical.

Lesbre states that six and seven lumbar
vertebre occur with almost equal frequency.
The number may be reduced to five, and the
number of presacral vertcbr® varies from
twenty-six to twenty-nine.

The sacrum consists usually of four
vertebrse, which fuse later and less com-
pletely than in the other domesticated
animals. It is less curved than in the
ox. The spines are absent, excepting
small rudiments on the last two seg-
ments. The middle of the dorsal surface
is flattened and smooth, and presents
openings into the sacral canal between
adjacent arches (Spatiainterarcualia). On
either side are the superior sacral fora-
mina, and tubercles which indicate the
fused articular processes. The wings re-
semble those of the ox. The anterior

a, Wing; b, dorsal sacral foramina; ¢, articular artlc'ular processes arc very large' The
process; [-4, segments or sacral vertebre. (Llen- p(’l\"l(‘ surface resembles that of the oX,
berger-Buum, Anat. d. Huustiere.) but is not so strongly curved, and the

transverse lines are very distinct.

The coccygeal vertebree are specially characterized by the presence of func-
tiona] articular processes on the first four or five, bevond which these processes
become non-articular and smaller.  The arches of the first five or six are complete.
The transverse processes are broad and plate-like in the anterior part of the series
and diminish very gradually.

F1a. 108.—Sacrvm or Pra, Doraan View.

The numerical variation here is twenty to twenty-six according to the observation of several
anatomists. Lexbre states that he has found twenty-three most frequently.

Curves.—The cervical region is praetically straight. The thoracic and lumbar
regions form a gentle curve, concave ventrally, the highest point of which is at the
junction of the two regions.  The sacral promontory is not so pronounced as in the
ox, and the sacral curve is flatter.

THE RIBS

The ribs number fourteen or fifteen pairs, of which seven are sternal and seven
or eight asternal usually. They are in general strongly curved in the improved
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breeds, so that there is a fairly distinct angle, except toward the end of the series.
The backward slope of the posterior ribs is slight. The first rib is prismatic, has a
large sternal end, and a very short cartilage. The width is greatest in the third
to the sixth, and the length in the sixth and seventh usually. The tuberosity fuses
with the head on the last five or six. The second to the fifth form diarthrodial
joints with their cartilages, which are wide and plate-like.

THE STERNUM

The sternum consists of six segments and resembles that of the ox in general
form. The first segment (Manubrium) is long, flattened laterally, and bears a
blunt-pointed cartilage on its anterior end; its posterior end forms a diarthrodial
joint with the body. The latter is flattened, wide in its middle, narrow at either
end. The widest segments are formed of two lateral parts, which are not com-
pletely fused in the adult. The last segment has a long narrow part which bears
the xiphoid cartilage.

The thorax is long and is more barrel-shaped than in the horse or ox, since the
ribs are more strongly curved and differ less in relative length.

Occipital Parietal
bone bone Frontal
' bone ,\"J.r]rn‘ahlr'h.r'frl'{
1 process

I/ Laerimal

| .-’; foramina Lacrimal
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Fi1o. 109.—SxvuLL or P16, LaTeraL ViEw wrtHour MaNDIBLE.

1, Occipital condyle; £, paramastoid or styloid process; 3, bulla ossea; 4, external auditory meatus,
§. sygomatic process of temporal bone; 6, sphenoid bone; 7, orbital opening of supraorbital canal; 8, malar
bone; 9, pterygoid bone; 10, pterygoid process of sphenoid; 11, pterygoid process of palate bone; I7-3, incisor
teeth; C, canine tooth; Pl-4, premolars; MJ7-3, molars.

BONES OF THE SKULL
CRANIUM
The occipital bone has an extensive squamous part or supraoceipital, which
forms a very broad and prominent crest. The latter is concave, and is thick and
rough above, where it forms the highest part of the skull; laterally it Decomes
thinner, turns downward, and is continuous with the temporal crest. Two diver-
gent ridges pass upward from the foramen magnum, and the surface between them
is concave and smooth. The greater part of the inner (or anterior) surface of the
supraoccipital is united with the parietal bones, but a lower concave area faces
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into the cranial cavity. The foramen magnum is almost triangular, and is
narrow above, where it is flanked by two small tuberosities. The paramastoid
processes are extremely long and project almost straight downward. The hypo-
glossal foramen is at the inner side of the root of the process. The basilar
part is short and wide; its lower surface bears a thin median ridge and two
lateral imprints or tubercles which converge at the junction with the sphenoid

bone.
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Fre. 110.—8kuLn or Pic, Dorsan View.

The interparietal fuses before birth with the occipital. The tentorium osseum
is ahsent.

The parietal is overlapped by the occipital bone behind and concurs in the
formation of the occipital crest. Its external surface is divided by the parietal
crest into two parts.  The inner part (Planum parietale) faces upward and forward,
and is flattened and smooth. Itsinner border is short and straight and unites early
with the opposite bone. Its anterior border is concave and joins the frontal bone.
The outer part (Planum temporale) faces outward and is more extensive; it is
concave, forms a large part of the temporal fossa, and is overlapped below by the
squamous temporal. The parictal crest extends in a curve from the occipital crest
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forward and outward to the supraorbital process. The internal surface is concave

and is marked by digital impressions.

The lower border projects into the cranial

cavity and forms a crest which separates the cerebral and cerebellar compartments

laterally.
parieto-temporal canal.

The interior forms part of the frontal sinus in the adult.

There is no

The frontal bone is long. The frontal surface slopes downward and forward,

the inclination varying in different subjects.

The anterior part is concave and is

marked by the supraorbital foramen and the groove leading forward from the

foramen to the nasal bone. The supraorbital
canal opens into the orbit at the upper part of
the inner wall of the latter. The supraorbital
process is short and blunt-pointed, and is not
connected with the zygomatic arch. The gap
in the orbital margin is closed by the orbital
ligament in the fresh state. The orbital part
is extensive and forms the greater part of the
inner wall of the orbit. Its upper part is per-
forated by the orbital orifice of the supraorbital
canal, in front of which is the distinct fovea
trochlearis. The ethmoidal or internal orbital
foramen is situated in the lower part near the
junction with the orbital wing of the sphenoid.
The temporal part is very narrow and is separ-
ated from the orbital plate by a ridge which
joins the pterygoid crest below. The interior
of the bone is excavated by the frontal sinus in
practically its entire extent in the adult. In
the young subject the cavity is confined to the
anterior part and the rest of the bone is thick.

The temporal bone has a general resem-
blance to that of the ox. The zygomatic pro-
cess is short and stout and is bent at a right
angle. The upper border of the processis thin;
traced from before backward it curves sharply
upward and forms a high prominence in front
of the external auditory meatus; beyond this
it drops rather abruptly and is then continued
upward to the occipital crest. The anterior
part of the lower border joins the zygomatic
process of the malar, which is deeply notched.
The condyle is concave in the transverse direc-
tion. The postglenoid process is absent, but
the articular surface is bounded behind and in-
ternally by a crest. There is no parieto-tem-
poral canal. The external auditory canal is very

\YZ4;

Fio. 111.—BasAL SURFACE OF SKULL OF
Younc Pig, wWITHOUT TRE MANDIBLE.

8q.0., Supraoccipital; F.o., exoccipital;
B.o., basioccipital; B.s., body of sphenoid;
Nq., squamous temporal bone; V, vomer; Mz.,
maxilla; Pa., horizontal part of palate bone;
P.p., palate proceas of maxilla; Z., malar bone;
J, premaxilla; D.c., canine tooth; JI-3, iu-
cisor teeth; O, temporal fossa; 7, occipital crest;
2, for. magnum; 3, occipital condyle; 4, para-
mastoid (styloid) process; &, bulla ossea; 6,
for. lncerum basis cranii; 7, pterygoid process
of sphenoid; 8, posterior nares; 8, anterior
palatine foramen; 10, palatine cleft. (Struska,
Anat. d. Haustiere.)

long and is directed upward and outward. The bulla ossea is large, compressed
laterally, and bears a pointed muscular process in front. A narrow space intervenes
between the bulla and the basilar part of the occipital bone, so that the foramen
lacerum resembles that of the horse. The small hyoid process is situated in a deep
depression in front of the root of the paramastoid process, and the stylo-mastoid
foramen is immediately external to it. The petrous part presents no important
differential features. The squamous part (including the root of the zygomatic
process) contains an air-cavity, which is continuous with the sphenoidal sinus.
The sphenoid bone is short and resembles that of the ox in general.  The body
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= TAAXTOV The pituitary fossa is very deep, and is limited behind by a prominent
:jorsum selle; the dorsum bears lateral projections, the posterior clinoid processes.
T he foramen ovale is absent, being included in the foramen lacerum anterius.
e other foramina are like those of the ox. The pterygoid process is broad and
< Wist,cd. Its bas_e is not perforated and its free edge is thin and sharp. It concurs
= ¢ the pterygoid anq palate bones in the formation of the pterygoid fossa, which
O‘ - pens backward anq 1s not present in the horse or ox. The sphenoidal sinus is
wery large and occupies the body, the temporal wings, and a great part of the ptery-
goid processes in the adult; it is continued into the temporal bone as mentioned
Ove.
alb The ethmoid bone has a relatively long perpendicular plate, which is marked
ridges corresponding to the ethmoidal meatuses. The cribriform plate is ex-
rensive apd very obliqpe, so that it and the crista galli are almost in line with the
basi—cramal axis. A linear series of relatively large foramina is found on either
side of the crista. The lateral mass consists of five endoturbinals and eighteen

ect,oturbinals _(Paulli). The lamina papyracea concurs in the formation of the
pterygo'pﬂlatme fossa.

Face

The maxilla is extensive. Its external surface forms a longitudinal groove,
whichis contim.xed upon the premaxilla in front and the facial parts of the lacrimal
and malar behind.  The infraorbital foramen—sometimes double—is large and
s situated above the third or fourth cheek tooth. The alveolus for the canine
tooth produces a ridge at the anterior end which is very pronounced in the boar.
1 he facial crest extends forward from the root of the zygomatic process and fades

out beh‘ind the infraorbital foramen; in some specimens it is prominent and thin-

edged, in others it is rounded and projects little. The zygomatic process is short

but stout and buttress-like; it is overlapped externally by the malar. The maxil-

lary tuberosity forms in the young subject a long bulla, which occupies most of the

pterygo-palatine fossa and contains the developing permanent molars; after the

eruption of the teeth the tuberosity flattens and joins the vertical part of the palate

pone. The palatine process is very long and is marked in its anterior part by trans-

verse ridges corresponding with those of the mucous membrane of the palate.

The anterior palatine foramen is near the junction with the palate bone; from it the

palatine groove can be traced distinctly along the entire length of the process.

The alveolar border presents a large alveolus for the canine tooth at its anterior

end; behind this are seven alveoli for the cheek teeth, which increase in size from

" first to last. The maxillary foramen and infraorbital canal are very large. The

maxillary sinus is small.

) The body of the premaxilla is narrow and prismatic. It presents three alveoli

' for the incisor teeth, which are separated by short intervals and diminish in size

from before backward. As in the ox, a narrow space separates the right and left

pbones and takes the place of the foramen incisivum. The palatine process is long

. and narrow. The nasal process is very extensive and is somewhat rhomboid in

outline. Its upper border forms a very long suture with the nasal bone, and the

x lower articulates to about the same extent with the maxilla. The palatine fissure
is relatively wide.

The horizontal part of the palate bone forms a fourth to a fifth of the length of

: the palate; its palatine surface is triangular, the apex being anterior; its nasal

i surface is deeply grooved and smooth. A pterygoid process (processus pyramidalis

of man) projects backward and downward, and its thick rounded end is received

between the pterygoid process of the sphenoid and the pterygoid bone. The

perpendicular part is largely overlapped externally by the maxilla and coneurs in

forming part of the palatine canal. Superiorly the two plates scparate and inclose
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an air-cavity which opens into an ethmoidal meatus. The inner plate curves
inward and unites with the vomer and ethmoid to form a horizontal plate (Lamina
transversalis), which divides the posterior part of the nasal cavity into an upper
olfactory part and a lower respiratory part.

The pterygoid bone is nearly vertical in direction, and is narrow in its middle,
wide at each end. The external surface is free below and forms the inner wall of
the pterygoid fossa. The lower end is notched and forms a distinct hamulus.

The nasal bone is very long and its width is almost uniform, except at the
anterior end, which is pointed and reaches almost as far forward as the premaxilla.
The facial surface is flattened from side to side. In profile it is nearly straight in
some subjects, variably concave in others. The external border is free to a small
extent in front only; otherwise it is firmly connected with the premaxilla and
maxilla. In the adult the frontal sinus extends into the posterior part of the bone.

The lacrimal bone is very sharply bent. Its facial surface presents a deep
depression, surmounted by a ridge or tubercle. On or close to the orbital margin
are two lacrimal foramina which lead to the lacrimal canals. The orbital surface
presents a fossa in which the inferior oblique muscle of the eyeball arises, and its
lower part bears a crest, which is crossed obliquely by a vascular furrow. The
upper border articulates with the frontal only. The bone concurs in the formation
of the maxillary sinus.

The malar bone is strongly compressed from side to side. Its facial surface
is small and presents a fossa which is continuous with the depressions of the maxilla
and lacrimal. The orbital surface is still smaller and is smooth and deeply grooved.
The zygomatic process is very extensive, especially in the vertical direction. Its
external surface is convex and free, and bears a rough eminence in its middle. Its
internal surface is concave; it is overlapped in front by the maxilla, and in the
remainder of its extent is free and smooth. The upper border is thick and rounded
in front, where it forms the lower part of the orbital margin; behind this it forms
an extensive notch which receives the zygomatic process of the temporal. (It
might be regarded as dividing into frontal and temporal branches.) The lower
border is convex and becomes thinner behind.

The turbinal bones resemble those of theox. Thesuperiorturbinalis, however,
relatively longer, less fragile, and more firmly attached to the nasal bone. There
is no middle turbinal.

The vomer isverylong. The anterior extremity reaches to the body of the pre-
maxilla or very close to it. The lower border is received into a groove formed by
the nasal erest of the maxille and palate bones and in front by the palatine processes
of the premaxille. The posterior border is concave, thin, and sharp.

The os rostri (or prenasal bone) is situated in the snout between the nostrils.
It has the forin of a short three-sided prism. The upper surface is convex and is
notched at each end. The lateral surfaces are concave, smooth, and converge
below, forming a grooved lower border. The posterior surface is triangular,
notched centrally, and rough laterally. The anterior surface is deeply pitted and
is surrounded by an irregular sharp border.

The mandible is very strong, and differs very much from that of the horse or
ox. The body narrows decidedly in front; the lingual surface is deeply concave;
the mental surface is strongly convex, slopes downward and backward, and forms
a distinct prominence at the point of divergence of the rami. Above this promi-
nence is a pair of foramina. The alveolar border presents six alveoli for the in-
cisor teeth, and a little further back two large cavities for the canine teeth. There
are two pairs of mental foramina of considerable size and a variable number of
smaller ones. The rami diverge more than in the horse or ox, and the upper part
is somewhat incurved. The horizontal part is very thick and strong. Its outer
surface is strongly convex from above downward. The inner surface is prominent
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over the roots of the molar teeth and overhangs the concave lower part. The
alveolar border is thin in front and widens behind; it does not follow the axis of
the ramus, but runs nearly straight and produces the marked overhang noted above.
There are seven alveoli for the lower cheek teeth, which increase in size from before
backward. The first is small, not always present in the adult, and is separated by
short spaces from the second and the canine alveolus. The vertical part is rela-
tively wide above. The condyle is convex in both directions, wide in front, narrow
and declivitous behind. The very small and thin-edged coronoid process is not
quite so high as the condyle, from which it is separated by a very wide notch. The
mandibular foramen is large. The two halves of the bone unite soon after birth
in the improved breeds.

The body of the hyoid bone is broad from before backward, short transversely,
and bears on its ventral aspect a very short pointed lingual process. The thyroid
cornua are wide and curved, concave and grooved dorsally; their ends are attached
to the thyroid cartilage of the larynx by rather long bars of cartilage. The small
cornua are short, wide, and flattened dorso-ventrally; they are attached to short
bars which project from the junction of the body and thyroid cornua. The middle
) cornu is a little longer than the
small cornu, but is relatively
slender; it is largely cartila-
ginous in the young subject
and does not ossify at either
end. The great cornu is a
very slender rod, slightly en-
larged at either end; the upper
extremity is attached to the
hyoid process of the temporal
by a rather long and wide bar
. of cartilage.

F16. 112.—Mann1BLE oF Pia.

a, Body of mandible; b, horizontal part of ramus; f, vertical THE SKULL AS A WHOLE

part of ramus; ¢, iunteralveolar horder; ¢, interval between canine

and corner incisor; ¢*, interval between first and second premolars; The lengf_h and the proﬁle
d. mental foramina; e, vascular imprersion; g, coronoid process; to tly i lif
h. condyle; i, sigmoid notch; k, mandibular foramen; [-7, cheek contour vary grea ) l.n' an-
teeth, 8, canine tooth; 8, 10, II, incisors. (Ellenberger-Baum, ferent subjects. Primitively
Anat d. llaustiere.) the skull is long—especially in

its facial part—and the frontal
profile is almost straight. The condition is very pronounced in wild or semi-feral pigs,
and exists also in the improved breeds during extreme youth. Most of the latter are
decidedly brachycephalic when fully developed; the face is “dished” in a pro-
nounced fashion. The frontal region slopes sharply upward, and the nasal region
is shortened, and in some specimens even distinctly concave in profile. The supra-
orbital foramina are about midway between the orbital margin and the frontal
suture. The supraorbital grooves extend forward from the foramina to the nasal
region and turn outward and downward toward the infraorbital foramina over the
ridges which separate the nasal and lateral regions.

The lateral surface is triangular when the mandible is included. The tem-
poral fossa is entirely lateral and its long axis is almost vertical. It is bounded
above by the occipital crest, behind by the temporal crest, in front by the parietal
crest, and is marked off from the orbital cavity by the supraorbital process and a
curved crest which extends from it to the root of the pterygoid process. The
zygomatic arch is strong, high, and flattened from side to side. Its root is notched
above and bears a projection below. It curves sharply upward bhehind and forms
a pointed recurved projection above and in front of the external auditory meatus.
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Theorbitis small. Its margin is deficient behind in the dry skull, thick and rounded
in front and below. The cavity is limited below by a ridge on the frontal and
lacrimal bones, and is separated by a crest from the temporal fossa. The inner
wall is perforated above by the orbital opening of the supraorbital canal, and below
by the optic and ethmoidal foramina; on its antero-inferior part is the fossa in
which the inferior oblique muscle of the eye takes origin. Two lacrimal foramina
are found on or close to the anterior margin. The pterygo-palatine fossa is well
defined; its upper part forms a deep groove which leads from the large foramen
in the sphenoid (like that of the ox) to the very large maxillary foramen. The pre-
orbital region is deeply grooved in its length and is clearly marked off by a ridge
from the nasal and frontal regions. The facial crest is short, usually thin-edged,
and lies above the fifth and sixth cheek teeth. A little (ca. 2 em.) in front of it is
the infraorbital foramen. There is a ridged prominence over the canine alveolus.
In some skulls the anterior part of the upper jaw is inclined upward.

The most striking features of the basal surface are as follows: The paramas-
toid processes are extremely long, less flattened than in the horse and ox, and nearly
vertical. At the inner side of the root of each is the hypoglossal foramen, and in
front of it are the stylo-mastoid foramen and a deep cavity in which the hyoid
process is concealed. The bulla ossea is long, compressed laterally, and bears a
sharp, short, muscular process. The basioccipital is wide and flattened; it bears
a median crest and two lateral tubercles. The posterior nares are small and are
wider below than above. On either side of them is the tuberosity of the palate
bone, and above this is the pterygoid fossa. The palate is remarkably long and is
relatively narrow. It constitutes about two-thirds of the entire length of the skull.
It is widest hetween the canines and premolars and narrow at each end. It is
marked by a crest medially and by the palatine foramen and groove laterally.
The anterior part bears transverse ridges. It is moderately arched from side to
side. In some specimens it is nearly straight or slightly concave in its length;
in others it curves upward to a variable degree in front. The posterior end always
slopes upward more or less.

The posterior or nuchal surface is remarkable for its height and the breadth
of the occipital crest. The central part above the foramen magnum is smooth and
concave from side to side, and is bounded laterally by ridges, which converge below
and end on two tubercles at the upper margin of the foramen magnum. The sur-
face is separated from the temporal fosse by the temporal crests, which curve
downward and outward and blend with the external auditory canals. The mastoid
process has the form of a plate which overlaps the root of the paramastoid process
and bears a crest on its anterior part.

The cranial cavity is small, in spite of the great size of the cranium; the
discrepancy is due to the enormous development of the frontal sinuses in the adult.
It is relatively longer, but much lower than that of the ox. Its width is greatly
diminished between the orbits. The olfactory foss® are extensive and very oblique.
The floor resembles that of the ox, but the foramen ovale is absent, the dorsum
selle is more developed, and the foramen lacerum basis cranii is like that of the
horse. Two oblique lateral crests clearly mark the limit between the cerebral and
cerebellar compartments. The tentorium osseum and the parieto-temporal canals
are absent.

The nasal cavity is very long. Its posterior part is divided by a horizontal
plate into olfactory and respiratory parts. The olfactory part or fundus is above,
and contains the ethmoturbinals and ethmoidal meatuses. The lower part is
continuous with the inferior meatus and leads to the pharyngeal orifice; hence it is
sometimes called the naso-pharyngeal meatus. The bony roof is almost complete
in front on account of the great length of the nasal bones.

The frontal sinus is a vast excavation in the aduit animal. It involves all of

10
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the roof and almost all of the sides of the cranium, and extends forward into the
roof of the nasal cavity a variable distance—sometimes as far as a transverse plane
" through the infraorbital foramina. The septum between the right and left sinuses
is usually deflected in an irregular manner in its middle part, but is practically
median at either end. Each sinus is subdivided by numerous septa, some of which
are complete. Thus the sinus is divided into compartments, each of which com-
municates with an ethmoidal meatus.

In the young pig the sinus is small and is confined to the anterior part of the frontal bone.
Later it extends backward, outward, and to a less extent forward. In the old subject it penetrates
laterally into the supraorbital process and the root of the zygomatic process of the temporal bone,
and behind almost down to the foramen magnum and the occipit;a{> condyles. It then consists
of 8ix to eight compartments usually.

The maxillary sinus is relatively small. Its anterior end is a little less than
an inch (ca. 2 em.) behind the infraorbital foramen, and it extends upward into
the lacrimal and backward into the malar bone. The infraorbital canal passes
along its floor, and the roots of the molar teeth do not project up into it. It does
not communicate with the frontal and sphenoidal sinuses, but with the posterior
part of the middle meatus by means of a considerable orifice.

The sphenoidal sinus is very large. It involves the body, pterygoid processes,
and temporal wings of the sphenoid bone, and extends into the squamous temporal.
It communicates with the ventral ethmoidal meatus.

There is a small sinus in the perpendicular part of the palate bone which com-
municates with an ethmoidal meatus.

BONES OF THE THORACIC LIMB

The scapula is very wide, the index being about 1:0.7. The spine is tri-
angular and is very wide in its middle, which curves backward over the infra-
spinous fossa and bears a large tuberosity. Its lower part bears a small projection
(rudimentary acromion). The anterior border is strongly convex in profile, sinuous
when viewed from the front, and thick and rough in its middle. The posterior
border is wide, slightly concave, and bears an outer rough lip. The vertebral
border is convex, and the cartilage is not so extensive as in the horse and ox. The
cervical angle is thin and bent inward a little. The dorsal angle is thick and is
about a right angle. The neck is well defined. The rim of the glenoid cavity is
rounded and not notched. The tuberosity is just above the antero-internal part
of the glenoid cavity and bears no distinct coracoid process.

The humerus has an appearance in profile somewhat like an italic f minus the
cross-bar; this is due to the marked backward and forward inclination of the prox-
imal and distal ends respectively. The shaft is decidedly compressed from side to
side. The internal surface is extensive and flattened; it is separated from the
anterior surface by a distinet border, and bears no teres tubercle. The musculo-
spiral groove is shallow. The deltoid tuberosity is small, and there is a larger
rounded eminence midway between it and the external tuberosity. The nutrient
foramen is on the posterior surface below its middle. The head is more strongly
curved and the neck better marked than in the horse or ox. The external tuber-
osity is very large and extends upon the front of the extremity. It is divided into
two high prominences by a wide deep groove. There is a third eminence below
and externally for the attachment of the supraspinatus muscle. The bicipital
groove is at the front of the inner side; it is undivided and is almost converted into
a canal. The outer groove on the distal articular surface is so shallow as to give
the appearance of two condyles of similar size. The olecranon fossa is very deep,
and the plate of bone which separates it from the coronoid fossa is thin and some-
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times perforated. The proximal end unites with the shaft at three and a half

years, the distal at one year.

The radius is short and narrow, but thick. The shaft
increases in size from above downward. The greater part
of the posterior surface is in apposition with the ulna; this
part is marked by a vascular furrow which runs downward
from the upper interosseous space, and has the nutrient
foramen at its proximal end. The bicipital tuberosity is
represented by a rough area. The distal end is relatively
large. Its carpal surface consists of concavo-convex facets
for the radial and intermediate carpal bones. There is a
wide shallow groove on the middle of the front. The
proximal end fuses with the shaft at one year, the distal
at three and a half years.

The ulna is massive. It is much longer and con-
siderably heavier than the radius. The shaft is curved.
The anterior surface is convex and most of it is rough
and attached to the radius by the interosseous liga-
ment. There is a smooth area on the upper third,
which concurs with the radius in forming the upper
interosseous space, and is marked in its upper part
by the nutrient foramen. From this space a vascular
furrow passes downward to the lower part of the shaft,
where there is often a distal interosseous space for
the passage of vessels. The internal surface is exten-
sive, concave, and smooth. The external surface is
slightly convex, and its upper part is marked by an
oblique rough line or ridge. The proximal extremity is
large and is bent inward somewhat; its length is more
than one-third of that of the entire bone. The distal ex-
tremity is relatively small; it articulates with the ulnar
and accessory carpal bones, and is notched in front to
accommodate the ridge on the radius. The bone contains
a considerable medullary canal. The bone is consolidated
at three to three and a half years.

The carpus comprises eight bones, four in each row.
The bones of the proximal row resemble those of the ox,
with the exception of the accessory, which is more like
that of the horse, but has no external groove. The first
carpal is small, elongated from before backward, rounded,
and articulates in front with the second carpal. The latter
is high and narrow, and articulates with the second and
third metacarpal bones below. The third carpal articu-
lates with the radial and intermediate above, the third
metacarpal bone below. The fourth is the largest bone
of the row; it articulates with the intermediate and ulnar
above, the fourth and fifth metacarpals below, and bears
a tuberosity on its volar aspect.

Four metacarpal bones arc present. The first is
absent, the third and fourth are large and carry the chief
digits, while the second and fifth are much smaller and
bear the accessory digits. Their proxiral ends articulate

with each other and with the carpus as indicated above.

solidated at about two years of age.

Fie. 113. — SKELETON OF
FOoREARM aAND Manus
or Pis, ANTERO-EX-

TERNAL VIew,

a, Radius; b, ulna; ¢,
radial carpal; d, intermediate
carpal; e, ulnar carpal; f, ac-
cessory carpal; g, first carpal;
h, second carpal; 1, third car-
pal; &, fourth ecarpal; l-o,
rsecond to fifth metacarpal
bones; p-s, second to hfth dig-
its; I, olecranon; 2, beak of
ulnn (proc. anconeux); 3, semi-

lunar notch; 4, styloid process
of ulnn; 5, styloid procexs of
radius; A, distal epiphysenl
lines; 7. first phalanx; &, «econd
phatanx; 9, third phalany.

(Ellenherger-Baum, Anat. d.

Haustiere.))

The bones are con-
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he third and fourth :
e('if Mose together. The!(lfstacarpals are flattened from before backward, three-sided, and

1acC : tal end of each bears a trochlea for articulation with the first
phala,nx :ngf t}}‘]‘é i‘:;’:;’:lds- The third is the wider of the two, and articulates with all of the

ower 0 except the first. The fourth articulates with the fourth carpal chiefly,
but h:ﬁeacﬁl!’;?lu:g:? f?{" the third. The second and fifth metacarpals are placed further back

thﬁnl aed articul he fifth is considerably the thicker of the two. The proximal ends are

ate with the correspondi i i
mall Js h ponding carpal and metacarpal bones. The distal end is
2elatwely large; its articular surface is condyloid in front, trochzligr behind.

Each chief digit com

1 el prises three phalanges and three sesamoids. The bones
of the chief digits resemb

cl ! le those of the ox in form, but there is no foramen on the
interdlgltal. side of the extensor process and the proximal sesamoids are narrow and
ridged behl.nd.‘ The phalanges of the accessory digits (which do not reach the
ground ordinarily) are similar in form but much smaller.

BONES OF THE PELVIC LIMB

The 0s Coxee is long and narrow. The ilium and ischium are almost in line

with each other and sagittal in direction. The wing of the ilium bends outward
much l_ess than in the horse or ox. The gluteal surface is divided into two fosss
by a ridge, which is continuous with the superior ischiatic spine behind. The
inner ?‘"‘fﬂce presents an extensive rough area behind, which is in apposition with
the wing of the sacrum. The smooth iliac area is narrow, and is bounded above
by & r}dge. The crest or anterior border is convex, and is thick, rough, and prom-
inent in"1ts middle, which forms the highest point of the bone. The internal angle
is lower than the crest, is directed backward, and articulates internally with the
sacrum. The external angle is lower still and is very little thickened. The
jschia in the female are somewhat divergent and flattened behind. The tubera
are everted and bear three prominences. There is a crest or tuberosity on the
ventral surface. The superior ischiatic spine is like that of the cow, but is slightly
incurved and the muscular ridges on its outer face are more pronounced. The
gymphyseal part of the pubis is thick and the two bones are almost in a horizontal
plane.d The ilio-pectineal eminence is prominent and the psoas tubercle is well
marked. ! ’

The acetabulum is placed a little further back than in the ox. The rim is
thick and is cut into posteriorly by a narrow fissure, which leads into the deep fossa
acetabuli. The three pieces of the os coxz are fused by the end of the first year,
but the crest and the ischial tubera are partially separate till the sixth or seventh
year. The symphysis does not usually undergo complete anchylosis. Interischial

; bones are present.

{ The inlet of the pelvis is elliptical and very oblique. In a sow of full size the
f conjugate diameter is about five to six inches (10 to 12 em.) and the transverse
) about three and a half to four inches (ca. 8.75 to 10 em.). In the female the floor
is relatively wide and flattened, especially at the outlet, where the tubera are
everted; it also has a decided downward inclination behind. The pelvic axis
is therefore correspondingly oblique. The ischial arch is wide. In the boar the
pubis i3 much thicker and the ischia are not everted posteriorly. The inlet is
smaller. The floor is concave from side to side and slopes decidedly less than in
the sow. The superior ischiatic spines are more incurved, and the ischial arch is
much narrower and deeper.

The femur has a relatively wide and massive shaft, on which four surfaces might
be recognized. The principal nutrient foramen is situated in the proximal third
of the anterior surface. The posterior surface is wide, and is limited outwardly
by a ridge which extends from the trochanter major to the large external supra-
condyloid crest. There is no supracondyloid (plantar) fossa. The head is strongly
curved, and is marked toward the inner side by a rather large depression for the
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attachment of the round ligament. The neck is distinct. The trochanter major,
although massive, does not extend up as high as the head. The trochanteric
ridge and fossa resemble those of the ox. The external (third) trochanter is absent.
The ridges of the trochlea are similar and almost sagittal.

The shaft of the tibia is slightly curved, convex internally. The tuberosity
is grooved in front, and a narrow sulcus separates it from the external condyle.
The facet for the fibula is on the posterior border of the latter, and is bounded
internally by an eminence. The upper part of the crest is very prominent and
curves outward. The distal end resembles in general that of the ox, but is rela-
tively narrower transversely and thicker from before backward.

The fibula extends the entire length of the region, and is separated from the
tibia by a wide interosseous space. The shaft is flattened from side to side;
the proximal part is wide and deeply grooved externally; the lower part is narrower
and thicker. The proximal end is flattened, grooved externally, and articulates
internally with the external condyle of the tibia. The distal end forms the external
malleolus. It is grooved
externally, and articulates
with the tibia and tibial
tarsal internally, with the
fibular tarsal bone (is-
tally.

The patella is very
much compressed laterally
and presents three sur-
faces.

The tarsus comprises
seven bones.  The tibial
and the fibular tarsal re-
semble in general those of
the ox. The axis of the
tibial is, however, slightly

li d d di Fi16. 114.—Coxal Bonrs oF Pig, Lrrr PosTERIOR View.
Ob 1que OW.ﬂWB.l‘ " and - a, Wing, b, shaft, ¢, external angle, d, anterior border, ¢, internal
ward, and its distal end angle, /. gluteal line of ilium; g, great sciatic notch; A, smooth, 7, rough

bears a doub]e trochlea for Port of ventral surface of ilium; k, psoas tubercle; !, ilio-pectineal emi-
. . . nence; m, acetabular branch, n, symphyseal branch of pubis; o, obtur-
artlculatlon Wlth the cen- ator foramen; p, p’, ischium; gq, ¢’, tuber ischii; r, symphysis; s, ischial

tral and fourth tarsals. arch; ¢, ¢, superior ischiatic spine; n, acetabulum; ¢, epiphysenl line.

(Ellenberger-Baum, Anat. d. Haustiere.)

The tuber calcis is deeply
grooved posteriorly. The
central tarsal is narrow transversely and thick. Its proximal surface is deeply
_concave, and the posterior bears a large tubercle. The first tarsal is high and
narrow; it articulates with the central and second tarsals and the second metatarsal
bone. The second tarsal is small and somewhat prismatic; it articulates with
the central above, the third in front, the first behind, and the second and third
metatarsals below. The third tarsal is much larger, and is compressed from above
downward, wide in front, narrow behind. It articulates with the central tarsal
above, the third metatarsal below, the sccond tarsal internally, and the fourth tarsal
externally. The fourth tarsal is large. Its external face is crossed by an oblique
groove for the tendon of the peroneus longus. The internal surface articulates
with the central and third tarsals. The proximal surface supports the tibial and
fibular tarsal bones, and the distal surface rests on the fourth and fifth metatarsals.
It ossifies from two centers.
The four metatarsal bones resemble the corresponding bones of the fore limb,
but are somewhat longer. The proximal ends of the third and fourth each have a
considerable projection behind; the process on the third has a facet for articulation
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with a discoid sesamoid bone. The second and fifth are placed more on the pos-
terior aspect of the large bones than is the case in the fore limb.

The first and second phalanges are a little longer and narrower than those of
the fore limb.

SKELETON OF THE DOG

VERTEBRAL COLUMN

The vertebral formula is C, T, J.,,S,Cy ;029

The cervical vertebre are relatively longer than in the ox and the pig. The
bodies of the typical vertebre diminish in length from first to last and are com-
pressed dorso-ventrally. The anterior extremity is moderately convex and the
posterior slightly concave; both are oblique. The median ridge and lateral grooves
on the upper surface of the body are very well marked. The second, third, and
fourth have distinet ventral spines. The spinous process of the third has the
form of a long low crest; in the remainder it is higher, blunt-pointed, and inclined
forward. The transverse processes of the third, fourth, and fifth project downward
and backward, and divide into two branches; of these, the anterior one is thin,
and the posterior is thick and tuberculate at its free end. The process of the
sixth has two parts; one of these is an extensive quadrilateral plate directed down-
ward and outward and ridged on its inner surface; the other part is short and blunt,
and is directed outward and a little backward and upward. The seventh is readily
distinguished by its shortness, the length of its spine, and the single transverse
process. The posterior articular processes bear tubercles which are large on the
third, fourth, and fifth.

The ventral arch of the atlas is narrow from before backward, and bears a
small tubercle posteriorly. The upper surface of the dorsal arch is strongly
convex and rough centrally. The wings arc wide, flattened, and almost horizontal.
The upper surface is rough. There is an alar notch (Incisura alaris) on the anterior
border instead of the anterior foramen. The foramen transversarium is present.

The body of the axis is flattened dorso-ventrally, especially in front. The
odontoid process is rounded and relatively long, reaching almost to the occipital
bone; it is inclined upward a little. The articular surfaces which flank it are
condyloid in form and very oblique. The inferior surface is wide, and is divided
by a median crest into two foss®. The transverse processes are single, pointed,
directed backward and outward, and perforated by relatively large foramina
transversaria.  The spinous process is thin and of moderate height, but very long;
it is prolonged forward so as to overhang the dorsal arch of the atlas, and is ter-
minated behind by a tuberosity which is connected by two crests with the posterior
articular processes.  The anterior notches are large and are never converted into
foramina.

The bodies of the thoracic vertebrae are wide and compressed dorso-ventrally,
especially at each end of the region. Their convex anterior surfaces are depressed
in the middle. The posterior facets for the heads of the ribs are absent on the
last three or four. The transverse processes resemble those of the horse. They
bear mammillary processes except at the anterior end of the region. The facets
for the tubercles of the ribs are large and concave in the anterior part of the series,
and become smaller and slightly convex further back. The last three have acces-
sory processes also. The first three or four spinous processes are about equal
in length. Behind this they become gradually shorter to the tenth, and then remain
equal.  The backward slope is most marked in the ninth and tenth.  The eleventh
is practieally vertical (anticlinal vertebra) and the last two incline slightly forward.
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The bodies of the lumbar vertebree are decidedly flattened dorso-ventrally,
and increase in width from first to last. The length increases to the sixth. The
transverse processes are plate-like and are directed forward and downward. Their
length increases to the fifth and sixth. They form no joints with each other or
with the sacrum. Their extremities are enlarged, with the exception of the last.
The accessory processes project backward over the posterior notches of the first
five. The anterior articular processes are large, compressed laterally, and bear

L
AN
Fi1G. 115.—SkELETON OF DoG, LATERAL ViEWw,

a, Cranium; b, face; ¢, mandible; IH-7H, cervical vertebre; I13B, last thoracic vertebra; IL-7L,lumbar
vertebrx; K, sacrum; 8, coccygeal vertebrie; IR-I3R, ribs; R.kn., costal cartilages; St., sternum; d, scapula; d',
supraspinous fossa; d”, infraspinous fossa; I, spine of scapula; 2, acromion; 9, tuberosity of scapula; 3, articular
end of scapula; e, humerus; 4, head of humerus; 5, external tuberosity of humerus; 5, deltoid ridge; 6, 6’, epicon-
dyles of humerus; 7, external condyloid crest; 7’, coronoid fossa; f, radius; g, ulna; 8, olecranon; 8, **beak’ of
ulna; A, carpus; ¢, metacarpus; &, proximal phalanges; I, middle phalanges; m, distal phalanges; n, sesamoid; p,
ilium; 10, wing of ilium; 11, shaft of ilium; 12, crest of ilium; I3, external angle of ilium (tuber coxa); 14, inter-
nal angle of ilium (tuber sacrale); 15, superior ischiatic spine; ¢, pubis; r, ischium; /8, tuber ischii; 17, acetabulum;
S, femur; 18, head of femur; [9, trochanter major; 20, trochanter minor; 2/, trochanter tertius; 22, 23, con-
dyles; 24, 23, epicondyles; £8, trochlea; ¢, patella; u, tibia; 27, tuberosity of tibia: 25, 28, condyles of tibia;
30, internal malleolus; r, fibula; 37, external malleolus; 32, head of fibula; w, tarsus; r, metatarsus; v, phal-
anges; 83, occipital bone; 34, paramastoid (styvloid) process; 35, parietal bone: 36, frontal bone; 37, lacrimal
bone: 38, malar bone; 39, squamous temporal; 40, maxilla; 4¢’, infraorbital foramen; 4/, premaxilla; 42,
nasal bone; 43, external auditory meatus; 44, canine tooth; 46, masseteric fossa; 46, angular process of man-
dible. (After Ellenberger, in Leisering’s Atlas.)

mammillary processes. The spinous processes are broad below, narrower above,
and with the exception of the last, incline a little forward. Their height diminishes
behind the fourth.

The sacrum results from the early fusion of three vertebrz. It is short,
wide, and quadrangular. The spines are fused to form a median crest, which is
notched, however, between the summits of the spines. On either side are two
tubercles, vestiges of the fused articular processes. The pelvic surface is deeply
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concave and presents two pairs of foramina. The wings are prismatic and very
high. Their lateral surfaces are extensive, face almost directly outward, and bear
an auricular surface on the lower part. The anterior surface of the body of the
first vertebra is extensive, depressed in its middle, and bears a prominent lip below.
The anterior articular processes are large and have extensive, slightly concave

F16. 116.—ATLAS or Dog, VIEWED FROM ABOVE AND -
BemiNp.
a, Wing; b, dorsal arch and tubercle; ¢, ventral -
tubercle; d, intervertebral foramen; e, foramen trans-
versarium; f, articular surface for axis. (Ellenberger- '’

Baum, Anat. d. Hundes.) .

Fra. 117.—Axi1s or Doa, Lrrr LaTemaL ViEw.
a, Odontoid process: b, articular surface for atlas;
¢, transverse process; d; foramen transversarium; d’, pos-
terior opening of d: ¢, spine; f, posterior articular pro-
cess. (Elenberger-Baum, Anat. d. Hundes.)

facets which face upward and inward. The posterior articular processes are small.
The transverse processes of the last vertebra project backward and may articulate

or fuse with those of the first coccygeal.
dorso-ventrally.

The sacral canal is strongly compressed

The coccygeal vertebrae are fully developed in the anterior part of the region.

The arch is complete in the first six
usually. The first three or four have
well developed articular processes at
each end. Behind this the posterior
pair quickly disappears, and the an-
terior ones become non-articular and
gradually reduced in size. The trans-
verse processes of the first five or six

Fis. 118.—Sixtn Crrvicat VerTEBRA OF Doa, Lrrr
View.

a, Ventral plate, b, lateral part of transverse
process; ¢, foramen transversariutn; d, anterior artic-
ular process; f. BOCENROTY Process; g, spinous process;
h. articular head of body.  (Fillenberger-Baum, Anat.
d. Hundes)

are relatively large; behind this they quickly disappear.

F1a. 119.—Fouvrti THORACIC VERTEBRA oF Do, Lerr
View,

a, Uead; b, glenoid cavity; ¢, facet for head of
rib; d, transverve process; r, facet for tubercle of rib;
f. mammillary process; g. posterior articular process;
h. spinous (Ellenberger-Baum, Anat. d.
Hundes.)

Process,

Hsemal arches (or

chevron bones) in the forn of a V or Y occur ventrally at the intercentral

junctions of the third, fourth, and fifth usually.

They transmit the middle

cocevgeal artery, which passes between pairs of ventral tubercles further back.
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Curves.—A gentle curve, convex ventrally, is formed by the cervical and the
anterior part of the thoracic region. The posterior thoracic and the lumbar
vertebree form a second curve, concave ventrally. The sacral promontory is well
marked. The sacrum and the anterior part of the coccygeal region constitute
a third and more pronounced curve, concave ventrally. In long-tailed dogs the
sacro-coccygeal region is somewhat S-shaped.

Variations.—Numerical variations are not common except in the coccygeal
region. The number of thoracic vertebre may be twelve or fourteen, with or
without compensatory change in the lumbar region. Girard recorded a case with
eight lumbar and the usual number of thoracic vertebre. Six lumbar with fourteen
thoracic vertebrz have been met with. The first coccygeal sometimes unites
with the sacrum.

THE RIBS

Thirteen pairs of ribs are present, of which nine are sternal and four asternal.
They are strongly curved, narrow, and
thick. Those in the middle of the
series are the longest. The first eight
or nine increase in width in their lower
part. The last rib is usually floating.

L=

Fi:. 120.—FourtH LuMBar VERTEBRA oF Doc, Lerr Fra. 121.—Sacrem oF Do, Dorsar View.
,
View. a, Dorsal sacral foramina; b, articular surface
a, b, Articular surfaces of body: ¢, transverse of body of first segment; ¢, d, anterior articular pro-
process; d, accessory proceéss; e, anterior articular pro- cesses; e, wing; f, rudiments of articular processes;

ce~s; ¢, mammillary process; f, posterior articular pro- g. lateral part; A, spinous processes. (Ellenberger-
ce~~: g, 8pinous process. (LEllenberger-Baum, Anat. d. Baum, Anat. d. Hundes.)
Hundes.))

The costal cartilages are long and curve forward; the length and curvature of
the first pair is a striking special feature.

THE STERNUM

This is long, laterally compressed, and consists of eight sternebre, which fuse
only in exceptional cases and in extreme old age. The first segment is the longest;
its anterior end is blunt-pointed and bears a short conical cartilage. It widens
at the point of articulation of the first pair of cartilages. The last segment is
also long, thinner than its predecessors, wide in front, and narrow behind, where it
bears a narrow xiphoid cartilage.

The thorax is distinctly barrel-like and is not decidedly compressed anteriorly
like that of the horse and ox. The inlet is oval and is relatively wide on account
of the marked curvature of the first pair of ribs and cartilages.

BONES OF THE SKULL

. In the following descriptions of the separate bones an intermediate type—e. ¢., a fox terrier—
is selected, and the most striking differences in the brachycephalic and dolichocephalic breeds
will be considered in the scction on the skull as a whole.
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CRANIUM

The occipital bone is similar in position to that of the horse. The crest is
prominent, angular, and directed backward. Just below the crest are two rough

Fia. 122.—Basr or SkuLL or DoG, WITHOUT MANDIRLE.

1, Occipital; 11, tympanic part of temporal; /la, squamous part of tempornl; //b, mastoid part of tem-
poral; 171, sphenoid; IV, pterygoid; V, pulate bone; VI, vomer; V7ZI, malar; V71, eygomatic arch; IX, inner
wall of orbit; X, palatine process of maxilla; X7, premaxilla; X7/, orbital cavity: [, I, tubercles above foramen
magnum: 2, foramen magnum; 3, oceipital condyle: 4, noteh between occipital condyles: 8, condyloid fossa;
6, hypoglosanl foramen; 7, paramastoid («tyloid, jugular) process; 8, for. lacerum and posterior opening of carotid
canal; 9, petro-occipital svnchondrosis; 10, petro-tympunic fissure; 11, tubercle; 12, bulla ossea; 13, muscular
process of petrous; 14, carotid foramen; 15, osseous Fustuchian tube; 16, poxtglenoid process: 17, glenoid
cavity; [, for. ovale; 19, posterior opening of alar canal; 2u, external opening of parieto-temporal canal; 2/,
styvlomastoid foramen: 22, external auditory meatus; 24, temporal crest; 24, zygomatic process of temporal
bone; 23, bady of postsphencid; 25, body of presphenoid: 27, anterior opening of alar canal; 29, for. lacerum
orbitale; 29, optic foramen: 30, hamulus of ptervgoid; 37, horizoutal part of palate bone: 32, perpendicular
part of palate bone; 34, median palatine suture: 34, palato-manillary suture; 35, posterior naxal spine; 36,
anterior palatine foramen: 37, palatine groove: 39, alveolar border of maxilla; 39, palatine process of maxilla;
40, pterygoid proces« of maxilla; 41, palatine fiscure; 22, hady of premanilln: 43, palatine process of premaxilla;
44, alveolar border of premanilia: 45, supraorbital process of frontal bone  (Ellenberger-Baum, Aunat. d. Hundes.)

imprints or tubercles for muscular attachment.  The surface below these is convex
from side to side and concave from above downward. Oneither side, at the junction
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with the squamous, there is a foramen which communicates with the parieto-

temporal canal.
above; at the inner side of each
is a short condyloid canal, which
opens into the parieto-temporal
canal. The paramastoid processes
are very short. The basilar part
is wide and joins the bulla ossea on
either side; its lower surface is
flattened and the tubercles are at
the junction with the bulla. The
hypoglossal foramen is small and
is close to the foramen lacerum
posterius; the latter is bounded in
front by the bulla ossea, behind and
internally by the occipital bone.

The interparietal bone fuses
with the occipital before birth.
It forms the high posterior part of
the sagittal crest, and is wedged in
between the two parietal bones.
The tentorium osseum is thin and
curved, concave ventrally. Its base
concurs with the occipital and parie-
tal bones in the formation of a trans-
verse canal which is continuous with
the parieto-temporal canals.

The parietal bone is rhomboid
in outline and is strongly curved. It
is extensive and forms the greater
part of the roof of the cranial cavity.
At the junction of the right and left
bones there is a prominent sagittal
crest which is continued upon the
frontal bones. The lower border
articulates with the temporal wing
of the sphenoid by its anterior part
and with the squamous temporal in
the remainder of its extent. The
external surface enters into the for-
mation of the temporal fossa. The
internal surface is marked by digital
impressions, and by grooves for the
middle meningeal artery and its
branches.

The external surface of the
frontal bone is crossed by a
frontal crest, which extends in a
curve from the sagittal crest to the
supraorbital process, and separates
the frontal and temporal parts.

The condyles are somewhat flattened and are widely separated

L2y

- J}
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Fra. 123.—Sxurr of Doag, DorsaL VIEW.

1, Occipital; 11, parietal; /77, frontal; /V’, lacrimal;
V', malar; V/, squamous temporal; V//, nasal; V' 11/, max-
illa; 1X, premaxilla; I, supraoccipital, 2, interparietal; 3,
parieto-occipital suture; 4, occipital crest; 6, sagittal crest;
6, parieto-frontal suture; 7, squamous suture; 8, parietal emi-
nence; 9, antero-external angle of parietal bone; 10, frontal
crest; 11, 14, orbital margin; 12, supraorbital process; 13,
frontal foasa; 15, temporal part of frontal bone; /6, nasal
process of frontal bone; 17, frontal suture; 18, lacrimal fora-
men; /9, maxillary process of frontal bone; 20, lacrimo-maxil-
lary suture; 2/, frontal process of malar bone; 22, lacrimal
process of malar; £3, zygomatic process of malar; 24, zrygo-
matic process of squamous temporal; 24’, posterior end of
nasal bone; 25, nasal suture; 26, anterior end of nasal bone;
27, infraorbital foramen; 29, canine tooth; 29, cheek tooth;
30, frontal process of maxilla; 37, body, 32, nasal process,
33, palatine process of premaxilla; 33, pulatine fissure; 35,
incisor teeth. (kllenberger-Baum, Anat. d. Hundes.)

The frontal parts of the two bones form a central depression and slope downward
and forward. The supraorbital process is very short, so that the orbital margin

is incomplete as in the pig. The supraorbital foramen is absent.

In front there
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is a narrow pointed nasal part which fits in between the nasal bone and the maxilla.
The orbital and temporal parts are relatively extensive. Two ethmoidal foramina
are commonly present. The frontal sinus is confined to the frontal bone.

The parts of the temporal bone fuse early. The zygomatic process curves
widely outward and forward. Its anterior part is beveled below and articulates
extensively with the corresponding process of the malar. The articular surface
for the condyle of the mandible consists of a transverse groove which is continued
upon the front of the large postglenoid process. Behind the latter is the lower
opening of the parieto-temporal canal. There is no condyle. The mastoid part
is small, but bears a distinct mastoid process. The external auditory meatus is
large and the canal very short, so that one can see into the tympanum in the dry
skull. The bulla ossea is very large and is rounded and smooth; the inner side
is united to the basioccipital. Above this Junctlon and roofed in by the union
of the petrous part and the basi-
occipital is the petro-basilar
canal (Canalis petrobasilaris);
this transmits a vein from the
floor of the cranmm to the
foramen lacerum posterius.
The latter is in reality a de-
pression and is situated behind
the bulla ossca. In its pos-
terior part is a foramen which
transmits the ninth, tenth, and
eleventh cranial nerves. The
carotid canal branches off from
the petrobasilar, passes forward
external to it through the inner
part of the bulla ossea, and

Fig. 124.—CRANIAL CavITY oP Doa, a8 SEEN ON SAGITTAL SkC-
TION OF SKULL.

1, Roof of eranium; /1, base of cranium; //1, poxterior wall
of cranium; anterior wall of eranium; .1, anterior cranial fossa;
B, middle crdhial fossa; C, posterior craninl foxsa; a, body of pre-
sphenoid: a’, body of postsphenoid; ¢, palate bone; d, vomer; e,
oceipital; f. occipital condyle: g, nagittal crest; A, frontal sinus;
A’, cranial plate of frontal bone; i, cribriform plate of ethmoid bone;
1’, ethmoidal fornmen; &, ethmoturbinals; I, panetal bone; I, I,
sqquamous temporal bone; ’, temporal wing of sphenoid bone;
m, sella turcica; m’, dosum rellw; n, optic fornmen; o, foramen
lacerum orbitale; p, fornmen rotundum; ¢, fornmen ovale; r, 7,
carotid foraming; &, tentorium onseum; ¢, foramen Iacerum; u, v’
orifices of parieto-temporal canal; r, condyloid cunal; 1z, canal for
trigeminal nerve; r, internal auditory menatus; y, i/, orifices of canal
for inferior oecipital sinus; 2z, floceulur fossa.  (After Ellenberger,
in Lei~ering’s Atlas.)

fossa above the internal auditory meatus.

nervi trigemini).

The body of the sphenoid bone is flattened dorso-ventrally.

opens in front at the carotid
foramen; it transmits the in-
ternal carotid artery. The Eu-
stachian opening is immedi-
ately external to the carotid
foramen. The muscular and
hyoid processes are extremely
rudimentary. The petrous part
projects into the cranial cavity
and forms a sharp prominent
petrosal crest. The inner sur-
face presents a deep floccular

The anterior surface is also free.
The anterior angle is perforated by a canal for the fifth cranial nerve

(Canalis

The sella turcica

is shallow, but the dorsum selle is well developed and bears posterior clinoid

processes.

A pair of anterior clinoid processes project back from the roots of the

orbital wings. The latter are relatively small and are crossed externally by a

erest, which is continued forward upon the palate bone.
extensive and articulate above with the parietals.

The temporal wings are
Perforating the roots of the

wings are the following foramina, named from before backward: The optic passes
through the orbital wing. The foramen lacerum orbitale is a little lower and is

at the junction of the wings.

The foramen rotundum opens into the alar canal,

which passes through the root of the short but wide pterygoid process. The
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foramen ovale is near the posterior border of the temporal wing. There is no
sphenoidal sinus.

The ethmoid bone is highly developed. The cribriform plate is extensive,
and the olfactory fosse are very deep. The crista galli is little developed, and often
incomplete. The perpendicular plate is long. The lateral masses are greatly
developed and bulge upward into the frontal sinus. There are four large endo-
turbinals and six ectoturbinals. The lamina papyracea is extensive and forms
the inner wall of the maxillary sinus. Its lower border joins the palatine process
of the maxilla and the horizontal part of the palate bone. A shelf-like plate extends
inward from its lower part and concurs with the similarly incurved part of the
palate bone in forming the transverse lamina (Lamina transversalis), which divides
the olfactory fundus of the nasal cavity from the naso-pharyngeal meatus.

Face

The maxilla is short, but very high posteriorly. The facial crest is absent.
The infraorbital foramen is over the alveolus for the third premolar. The frontal
process fits into a deep notch between the nasal and orbital parts of the frontal
bone, and the middle part of the posterior border lies along the orbital margin.
There are more or less pronounced ridges, juga alveolaria, over the canine and
molar teeth. The zygomatic process is short and thin; it is completely overlapped
outwardly by the malar, and is perforated by a number of foramina (Foramina
alveolaria). A maxillary tuberosity is not present in the adult, but there is a
pointed projection, the pterygoid process, behind the last alveolus. The internal
surface bears a short turbinal crest on its anterior part, behind which it is deeply
concave and forms the outer wall of the maxillary sinus. The palatine process is
short, wide behind, and moderately arched from side to side. The anterior palatine
foramen is situated at or close to the transverse palatine suture about midway
between the median suture and the alveolar border. The palatine groove is
distinct. The large alveolus for the canine tooth is completed by the premaxilla.
The small alveolus for the first premolar is separated from the preceding one by a
small interval. The next two consist of anterior and posterior parts the roots
of the teeth. The fourth and fifth are much larger and are divided into three
parts. The last is small and consists of three divisions. The infraorbital canal is
short.

The body of the premaxilla is compressed dorso-ventrally, and contains three
alveoli for the incisor teeth, which increase in size from first to third; it also com-
pletes the inner wall of the large alveolus for the canine tooth. The foramen
incisivum is very small except in large skulls. The interalveolar border is wide
and very short. The nasal process is wide at its origin and tapers to a sharp point
behind; the anterior part curves upward, backward, and a little inward, and forms
the lateral margin of the osseous nasal aperture; the posterior part extends back-
ward a long distance between the nasal bone and the maxilla. The palatine process
turns upward and outward, forming with its fellow a wide groove for the septal
cartilage; the posterior end is pointed and fits into a notch between the palatine
processes of the maxille, and supports the end of the vomer. The palatine fissure
is short but wide.

The horizontal part of the palate bones is extensive, forming about one-third
of the hard palate. It presents a variable number of lesser palatine foramina.
There is usually a pointed posterior nasal spine at the end of the median suture.
The palatine canal is sometimes formed entirely in this bone. The perpendicular
part is even more extensive. Its external surface is chiefly free and forms most of
the inner wall of the large pterygo-palatine fossa. The maxillary foramen is
situated in a deep recess between this bone and the zygomatic process of the maxilla.
Just above it there is commonly another foramen which. opens into the nasal
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cavity. The posterior palatine and spheno-palatine foramina are situated further
back and a little lower; the former is immediately below the latter. A horizontal
plate extends from the inner surface, meets that of the opposite bone and com-
pletes the lamina transversalis spoken of in the description of the ethmoid bone.
There is no palatine sinus.

The pterygoid bones are very wide and short. They form a considerable part
of the lateral boundaries of the posterior nares. The lower and posterior borders
are free and at their angle of junction there is a variable hamulus.

The nasal bones are (in most breeds) long and wider in front than behind.
The external surface is variably concave in its length and is inclined toward the
median suture so as to form a central groove. The inner borders turn downward
and form an internal nasal crest which becomes very prominent behind. The pos-
terior parts fit into a notch formed by the frontal bones. The anterior ends form
an almost semicircular nasal notch.

The lacrimal bone is very small. The facial part extends very little or not
at all beyond the orbital margin. The orbital surface is small and triangular,
and presents the entrance to the lacri-
mal canal.

The large zygomatic process con-
stitutes the bulk of the malar bone.
It is very long and is strongly curved.
The upper border is convex, free in
front, where it forms part of the orbital
margin, beveled behind for articulation
with the similar process of the temporal
bone. Between these it bears an emi-
nence, the processus frontalis, to which
the orbital ligament is attached. The
body of the bone may be considered to
Fie. 125—MaxniBLE oF Dog, RiGRT ANTERIOR VIEW. consist of a lacrimal process directed

a, Right ramus; b, left ramus; ¢, body; d, alveolar Upward and fitting in between the lacri-
border; e, processus angularis; f, condyle; g, coronoid mal and maxilla, and a maxillary pro-

process; A, masseteric fosea; i, k, crests which form the H . 3
upper and lower boundaries of fossa; !, mandibular fora- cess directed downward. The facial

men; m, mental foramina; n, masseteric line; o, sigmoid surface is convex.

notch. (Ellenberger-Baum, Anat. d. Hundes.) The superior turbinal bone is in its
anterior part a simple plate, attached

by one edge to the nasal bone; it curves downward and inward, and its free border

is thickened and everted. The posterior part is wider and resembles the ethino-

turbinals, with which it is connected.

The inferior turbinal bone is short and very complex. It is attached to the
nasal surface of the maxilla by a basal lamina, which divides into two secondary
lamellee. The latter detach numerous tertiary lamelle, which are coiled and have
thick free edges (Fig. 373).

The vomer is not in contact with the posterior part of the floor of the nasal
cavity, and does not divide the posterior nares. The posterior end is narrow and
deeply notched. Near the posterior nares the two plates curve outward and join
the palate bones and assist in forming the lamina transversalis.

The two halves of the mandible do not fuse completely even in old age. The
body presents six alveoli for the incisor teeth and two for the canines.  The incisor
alveoli increase in size from first to third. The canine alveoli extend deeply down-
ward and backward. There are usually two or more foramina on the mental
surface. The rami diverge less than in the pig. The inferior border of the hori-
zontal part is convex in its length and is thick and rounded. The alveolar Lorder
is slightly concave in its length and is a little cverted, especially in its middle;
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it presents seven alveoli for the lower cheek teeth, which resemble those of the
upper jaw except that the fourth and sixth are much smaller and the fifth is like
the fourth of the upper serics. The interalveolar space is very short or even absent.
There are two or three mental foramina on either side. The vertical part is
relatively small. Its external surface presents a decp masseteric fossa which
encroaches on the coronoid process and is limited by ridges in front and below.
The internal surface is convex and is marked by the usual foramen. At about the
same level as the latter is the rough angular process (Processus angularis), which
projects backward from the posterior horder, and is equivalent to the angle of the
other animals. The condyle is placed very low—not much higher than the apex
of the canine tooth when the bone is resting on a flat surface. It is long trans-
versely and the inner part of the articular surface is much the wider and extends
over the posterior surface.  Its long axis is a little oblique, the inner end being
inclined somewhat downward and forward. The coronoid processis very exten-
sive and is bent slightly outward and backward.

The body of the hyoid bone is a slightly curved transverse rod; it is compressed
from before backward, and bears no lingual process. The thyroid cornua are
permanently attached to the body by cartilage; they diverge widely, curve inward,
and are compressed laterally. The small cornua are short, prismatic, and strong.
The middle cornua are commonly a little longer than the great cornua; they arc
compressed laterally, and are slightly enlarged at the ends, which are joined by
cartilage to the adjacent cornua. The great cornua are bent outward and are
somewhat twisted.

THE SKULL AS A WHOLE

The different breeds of dog display great variations in the form and size of
the skull. Those which have a long narrow skull {e. g., greyhound, collie) are
designated dolichocephalic. Other dogs (e. g., bulldog, small spaniels, pugs) have
very broad, short skulls and are termed brachycephalic. Intermediate forms
(e. g., fox terrier, dachshund) are mesaticephalic.

The length is usually measured from the occipital crest to the anterior end of the premaxil-
lary suture, and the breadth between the summits of the zygomatic arches. The cephalic index
is the relation of the breadth to the length, assuming the latter equal 100; the formula is:
bﬂl;:n;l—l—mo— = cephalic index. The index of extreme dolichocephalic breeds is about 50 or
even less, as in the greyhound, and that of brachycephalic specimens may be as high as 90, as in
the bulldog and pugs. Among the mesaticephalic types are the fox terrier, with an index of about
70, and the white ?omcranian, with one about 72 to 75. The cranio-facial index is the relation
of the distance from the occipital crest to the fronto-nasal suture to that between the latter and
the nasal notch. It varies from 10 : 3 in extreme brachycephalic breeds to 10 : 7 in extreme
dulichocephalic subjects.

The superior surface shows the wide outward curve of the zygomatic arches,
and the great extent of the temporal fosse. The latter are separated by the sagittal
crest, which in the larger breeds is very strong and prominent, and is continued by
the diverging frontal ridges to the supraorbital processes. The frontal and nasal
regions are centrally depressed, and are more or less concave in profile. The nasal
region is narrow and is terminated in front by a nasal notch. In the extreme
brachycephalie breeds the differences are very striking. The cranium is strongly
convex in both directions and is considerably longer than the face. The sagittal
crest is more or less effaced and is formed by the interparietal only. The parieto-
frontal crests are separated by an interval behind and diverge to the supraorbital
processes, so that the temporal fossie are widely separated.  The frontal region is
wide, strongly convex, and has a shallow central depression.  The nasal region is
very short, relatively wide, and centrally depressed.  In profile there is a marked
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depression at the fronto-nasal junction, producing what is termed by fanciers the
“stop’’ of the face.

On the lateral surface the great extent of the temporal fossa is seen. The
orbit communicates freely with the fossa, the posterior part of the orbital margin
being absent in the dry skull. The axis of the orbital cavity forms a much smaller
angle with the median plane than in the horse and ox. A distinct crest marksthe limit
between the orbital cavity proper and the extensive pterygo-palatine fossa. The
preorbital region is somewhat triangular, concave in its length, and convex from
above downward. The infraorbital foramen is on its lower part above the third
cheek tooth. In extreme brachycephalic breeds the orbit is relatively very large
and the preorbital region
extremely short but high.
In the bulldog the lower
jaw protrudes beyond the
upper—a condition known
as prognathism. The op-
posite condition, brachy-
gnathism, is seen in the
dachshund.

Striking features on
the basal surface of the
cranium are the width and
flatness of the basioccipi-
tal, the small size of the
paramastoid processes, the
large size and rounded
shape of the bulla ossea,
and the grooved form of
the articular surfaces for
the mandible. The pos-
terior nares are long and
narrow and are not divided
by the vomer. The hard
palate is usually about half
the length of the skull. It
is commonly marked by a
median crest or rough line,
and on each side are the
anterior and accessory
palatine foramina and the
palatine grooves. The
Fro. 126.—SxuLL of BracmYCEPnALIC Doo, DomrsaL VIEW wITHOUT width is greate.St between

MANDIBLE. the fourth pair of cheek

teeth, and here there is in

most skulls a pronounced depression on either side. The length, width, and
contour vary greatly in different breeds.

The angle of divergence of the rami of the mandible varies from 25 to 30
degrees; it is smallest in the greyhound, largest in extreme brachycephalic types,
e. ¢., bulldog, pug.

The posterior or nuchal surface is somewhat triangular, with the base helow.
The summit is formed by the oceipital crest, which projects very strongly backward
in the large breeds. Below it there are two very distinct rough imprints for
muscular attachment. In some skulls there is a thin median crest, in others a
rounded elevation. Laterally are the temporal crests and the mastoid processes.
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There is usually a foramen in the temporo-occipital suture above the root of the
paramastoid process. The foramen magnum varies greatly in form; most often
the transverse diameter is the greater, but in some skulls it is equaled or exceeded
by the vertical diameter.

The cranial cavity (Fig. 124) corresponds in form and size with the cranium,
specially in those breeds in which the various crests are more or less effaced and the
frontal sinuses are small. The basi-cranial axis is almost parallel with the palate,
and the floor is flattened. The anterior fossa is narrow and is only slightly higher
than the middle one. The olfactory fossz are very deep and the crista galli is little
developed. The sella turcica is variable in depth, and the dorsum sell® is relatively
high and bears clinoid processes laterally. The cerebral and cerebeliar compart-
ments are well marked off latcrally by the petrosal crests and above by the ten-
torium osseum. The base of the latter is traversed by a canal which connects
the two parieto-temporal canals. The anterior angle of the petrous temporal is
perforated by a canal for the fifth cranial nerve.

The nasal cavity (Fig. 373) conforms to the shape of the face. Its anterior

Fra. 127.—8guvre or Bracrycepiaric Do, LATERAL VIEW wrTHOUT MANDIBLE.

aperture is large and nearly circular in most dogs. The complex inferior turbinals
occupy the anterior part of the cavity to a large extent, except near the aperture.
Behind the inferior turbinals is the large opening of the maxillary sinus. Behind
this the cavity is divided by a horizontal plate (Lamina transversalis) into a large
upper olfactory region or fundus nasi and a lower naso-pharyngeal canal. The
fundus is occupied largely by the ethmoturbinals. The posterior nares are undi-
vided and are in general long and narrow, but vary with the shape of the skull.

The frontal sinus is of considerable size in the large breeds, but is confined to
the frontal bone. It is usually divided into a small anterior and a mnuch larger
posterior compartment, each of which opens into the superior ethmoidal meatus.
The sinus is very small in extreme brachycephalic types.

The maxillary sinus is small, and is in such free communication with the
nasal cavity as to make it rather a recess than a true sinus. It is bounded
internally by the lainina papyracea of the ethmoid, and its outer wall is
crossed obliquely by the lacrimal canal. The roots of the molar teeth do

not project up into it.
11
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BONES OF THORACIC LIMB

The clavicle is a small, thin, irregulatly-triangular bony or cartilaginous plate.
It is embedded in the mastoido-humeralis muscle in front of the shoulder-joint
and forms no articulation with the rest of the skeleton. (It is nearly an inch long
in a large cat and is a slender curved rod.)

The scapula is relatively long and narrow. The spine increases gradually
in height from above downward and divides the external surface into two nearly
equal foss®. Its free edge is thick and rough above, and at the lower part is thin
and bent backward. The acromion is short and blunt and is opposite the rim of
the glenoid cavity. The subscapular fossa is very shallow and is marked by rough
lines. The rough area above it for the attachment of the serratus magnus is large
and quadrilateral in front, narrow and marginal behind. The anterior border is
thin, strongly convex, and sinuous. The posterior border is straight and thick.
The vertebral border is convex and thick and bears a band of cartilage. The
cervical angle is rounded. The dorsal angle is thick and square. The neck is well
defined and bears a rough eminence posteriorly. The glenoid cavity is continued
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Fi1G6. 128.—RiGHT Scarura oF DoG, EXTERNAL VIEW,

a, Supraspinous fossa; b, infraspinous fossa;
¢, spine; d, upper broad end of spine; e, acromion;
/. wlenoid cavity: g, tuberosity; h, vertebral border;

Frg. 120.—LeFr Scarura oF Dog, CosTaL Sumrace.

a, Subscapular foesa; b, b, b, muscular lines;
¢, ¢, limiting line between subscapular fos«a and serra-
tus area; d, glenoid cavity; e, f, tuberosity: g, nutri-

i, posterior angle; k, scapular notch. (Ellenberger-
Baum, Anat. d. Hundes.)

ent foramen. (Ellenberger-Baum, Anat. d. Hundes.)

forward upon the lower face of the scapular tuberosity, which is blunt and bears
no distinct coracoid process. There is a rough eminence on the posterior surface
of the neck, from which the long head of the triceps arises. The cervical angle is
opposite the first thoracic spine, the dorsal angle lies above the vertebral end of
the fourth rib, and the articular angle at a point just in front of the sternal end
of the first rib in the ordinary standing position. The shoulder has a great range
of movement on the chest wall.

The humerus is relatively very long, rather slender, and has a slight spiral
twist. The shaft is somewhat compressed laterally, especially in its upper two-
thirds; this part is curved in varying degree, convex in front. The deltoid tuber-
osity has the form of a low ridge, and it is continued by a crest which runs upward
and backward and bears a tubercle on its upper part. Another line runs from it
down the anterior aspect and forms the inner boundary of the very shallow musculo-
spiral groove. The nutrient foramen is about in the middle of the posterior
surface. A slight elevation on the proximal third of the inner surface represents
the teres tuhercle. The head is long and strongly curved from before backward.
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The neck is better marked than in the horse. The undivided external tuberosity
is placed well forward and extends little above the level of the head. The internal
tuberosity is small. The bicipital groove is undivided and is displaced to the inner
side by the extension forward of the external tuberosity. The distal end bears
an oblique trochlear articular surface for articulation with the radius and ulna,
the outer part of which is the more extensive and is faintly grooved. The epi-
condyles are prominent. The coronoid and olecranon foss® often communicate
through a large supratrochlear foramen.

The two bones of the forearm are relatively long and articulate with each
other at either end in such a manner as to allow of slight movement. A narrow
interosseous space separates their shafts. The radius is flattened from before
backward and increases in size from above downward. The shaft forms two
curves; one of these, an anterior convexity, involves the whole shaft; the other,

Fro. 130.—Lerr Humerus of DoG, EXTERNAL View.

a, Head; b, neck; ¢, crest; d, external tuber-
osity; e, mark for insertion of infraspinatus tendon;
J. external condyle; g, external condyloid crest; A,

Fia. 131.—Lerr Rabtus anp Urna oF DoG, ANTERO-
EXTERNAL VIEW.

A, Radius; B, ulna; a, groove for tendon of

extensor carpi radialis; b, groove for common exten-

sor tendon; ¢, proximal articular surface of radius;
d, olecranon; e, beak (proc. anconeus) of ulna; f,
semilunar notch; g, coronoid process; A, facet for
radius; 1, groove for lateral extensor tendon: &,
groove for tendon of extensor carpi obliquus. (Ellen-
berger-Baum, Anat. d. Hundes.)

ecorvnoid fossa; 1, olecranon fossa. (Ellenberger-
Baum, Anat. d. Hundes.)

an inner convexity, affects the upper part. The anterior surface is convex in both
directions and is marked by a groove for the oblique extensor of the carpus. The
posterior surface presents the nutrient foramen in its upper third, and bears a
rough line (Crista interossea) externally for the attachment of the interosseous
ligament. The proximal end (Capitulum radii) is relatively small and is supported
by a distinet neck (Collum radii). It bears a concave surface (Fovea capituli)
above for articulation with the humerus, and a convex marginal area (Circumfer-
entia articularis) behind for the ulna. The bicipital tuberosity is small. There
is a large external tuberosity and below this a rough eminence. The distal ex-
tremity is much wider. It has an extensive concave carpal articular surface.
Its inner border projects downward, forming the styloid process of the radius.
Externally there is a concave facet (Incisura ulnaris radii) for the ulna. In front
are three distinet grooves for the extensor tendons. The ulna is well developed,
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but diminishes in size from above downward. It crosses the posterior surface of
the radius from within outward. The shaft is large and three-sided in its upper
two-thirds, smaller and more rounded below. Its anterior surface is in general
rough. The nutrient foramen is near the proximal end. A vascular groove
descends from it and indicates the course of the interosseous artery. The proximal
end is relatively short. It is concave and smooth internally, convex and rough ex-
ternally. The olecranon is grooved and bears three prominences, of which the pos-
terior one is large and rounded. The semilunar notch is wide below and completes
the surface for articulation with the trochlea of the humerus. Below it is a concave
surface (Incisura radialis) which articulates with the back of the head of the radius,
and below this is a fossa, which receives a tuberosity of the radius. The distal
end (Capitulum ulng) is small and is produced to a blunt point (Processus sty-
loideus ulnz). It articulates with the ulnar carpal
below, and has a convex facet on its antero-internal
aspect for the radius.

The carpus comprises seven bones, three in
the proximal row and four in the distal. The
numerical reduction in the upper row is appar-
ently due to the fusion of the radial and inter-
mediate, constituting a large bone which articu-
lates with almost all of the distal surface of the
radius and with the bones of the lower row. It
projects prominently on the posterior surface of
the carpus. The ulnar carpal is long; it articu-
lates with the radius and ulna above and the acces-
sory behind; below it rests on the fourth carpal and
is prolonged downward to articulate with the fifth
metacarpal also. The accessory is eylindrical, con-
stricted in its middle and enlarged at each end; the
anterior extremity articulates with the ulna and
ulnar carpal bone. The first carpal is the smallest
bone of the lower row; it articulates with the second
carpal externally and the first metacarpal distally.
Fio. 132.—Skreton or Distar Part L he second carpal is wedge-shaped, the base being

or Tuoracic Liwe or Doo, posterior; its upper surface is convex, and its lower

ExTERNAL ViEw. .

4. Radial + intermediate car. 1S CODCAVE an'd rests on the §econd metacarpfil. The
pal bone; &, ulnar carpal; 6, accessory  third carpal is somewhat like the second; its lower
carpal; 7, second carpal; 8, third ear-  surface is concave and articulates chiefly with the
P ot b e third metacarpal. The fourth carpal is the largest
18, second phalanx; 17, third phalanx,  Of the row; it articulates with the fourth and fifth
(After Leisering’s Atlas.) metacarpals below. Two small bones or cartilages

may be found at the junction of the two rows
behind, and a third small bone articulates with the inner side of the radio-
intermediate.’

Five metacarpal bones are present. The first is much the shortest; the third
and fourth are the longest, and are about one-fifth longer than the second and fifth.
The fifth is the widest at the proximal end and is slightly shorter than the second.
They are close together above, but diverge somewhat below; the first is separated
from the second by a considerable interosseous space. They are so arranged as to
form a convex dorsal surface, and a concave volar surface, which corresponds to
the hollow of the palm of the hand inman. Each consists of a shaft and two extremi-
ties. The shaft is compressed from before backward. In the third and fourth it

! This third hone was termed the phacoid in the cat by Strauss-Durckeim, and is regarded by
some authors as the vestige of an additional digit, the prepollex.
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is almost four-sided, in the second and fifth three-sided, in the first rounded.
The proximal ends (Bases) articulate with each other and with the corresponding
carpal bones. The carpal articular surface formed by them is concave from side
to side, convex from before backward. The distal ends (Capitula) have articular
surfaces of the nature of a head, but bear a sagittal ridge behind, except the first,
which is grooved.

The five digits have three phalanges each, except the first, which has two.
The third and fourth digits are the longest; the first is very short and does not come
in contact with the ground in walking. The first phalanges of the chief digits
have four-sided shafts, which are slightly curved forward. The proximal end
of each has a concave surface for articulation with the metacarpal bone and is
deeply notched behind. The distal end has a trochlea for articulation with the
second phalanx, and lateral depressions for ligamentous attachment. The
second phalanges are about two-thirds of the length of the first phalanges.
The proximal articular surface consists of two cavities separ-
ated by a sagittal ridge. The distal extremity is wider and
flatter than that of the first. The third phalanges correspond
in general to the form of the claws. The base has an articu-
lar surface adapted to the second phalanx and is encircled
by a collar of bone. The volar surface bears a wing or tuber-
osity, and on either side of this is a foramen. The ungual
part is a curved rod with a blunt-pointed free end. It is
rough and porous. Its base forms with the collar previously
mentioned a deep groove, into which the proximal border of
the claw is received. The two phalanges of the first digit
resemble in arrangement the first and third phalanges of the

other digits.

Nine volar sesamoids are usually present. Two are
found at each metacarpo-phalangeal joint of the chief digits.
They are high and narrow, articulate with the distal end of
the metacarpal bone in front, and have a small facet on the
base for the first phalanx. On this joint of the first digit
there is usually a single flattened sesamoid, but exceptionally
two are present. The distal volar sesamoids remain cartila-

Fi1g. 133.—SECOND AND
THiIRD PHALANGES
or Doa.

a, Wing of third
phalanx; b, coronary ridge;
¢, foramen for digital ar-
tery; d, ungual surface of
third phalanx; e, second
phalanx; [, first phalanx;
g, elastic dormal ligaments.
(From leisering’s Atlas.)

ginous. A nodular dorsal sesamoid occurs in the anterior
part of the capsule of the metacarpo-phalangeal joints,
and cartilaginous nodules are found in a similar position in connection with
the joints between the first and second phalanges.

BONES OF THE PELVIC LIMB

The ilium is nearly parallel with the median plane and its axis is only slightly
oblique with regard to the horizontal plane. The gluteal surface is concave. The
iliac surface is almost flat. The auricular surface faces almost directly inward,
and in front of it there is an extensive rough area. The ilio-pectineal line is very
distinet and is uninterrupted. The anterior border or crest is strongly convex,
thick, and rough. The internal angle is represented by a thickened part which
bears two eminences, homologous with the posterior superior and posterior inferior
iliac spines of man. The external angle also has two prominences, which are
equivalent to the two anterior spines present in man. The shaft is almost sagittal
and is compressed laterally. Above it is smooth and rounded, and below it bears a
crest externally which terminates at a tuberosity in front of the acetabulum.

The ischium has a twisted appearance owing to the fact that its acetabular
part is nearly sagittal while the posterior part is almost horizontal. The two bones
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also diverge behind and the.tubera are flattened and everted. The superior
ischiatic spine is low and thick; its posterior part is marked by transverse grooves

Fi1G6. 134.—Ossa Coxarum or Dog, LeErr PostERiOR ViEw,

a, Crest; b, ¢, internal angle: d, great sciatic notch; e, f, external angle; g, posterior gluteal line; A, gluteal
fossa of wing; 1, shaft of ilium; k, anterior gluteal line; I, auricular surface; m, ilio-pectineal line; n, depression
for origin of rectus femoris; o, acetabulum; p, acetabular, and ¢, symphyseal branch of pubis; r, psoas tubercle;
s, obturator foramen; &', obturator notch; ¢, line for origin of coceygeus; u, superior ischiatic spine; v, external
border of ischium; w, tuber ischii; z, ischial arch. (Elleuberger-Baum, Anat. d. Hundes.)

Fio. 135.—Lrrr Frmer or Doa, ANTERIOR VIEW. F1a. 136.-—Lrrr TiBia aAnD FiBuLA or Dog, ANTERO-

a, Head; b, neck: e, trochanter major; d, tro- YXTERNAL VIEW.
chanter minor; e, rudimentary trochanter tertius; A, Tibia; B, fibula;
f. rough line; . trochlea; 4, 1, condyles; k, supra-
patellar fowsa. (Ellenberger-Baum, Anat. d. Hundes.)

a, external condyle of
tibia; b, spine; c. crest of tibia; d, muscular notch;
e, internal malleolus; f, head of fibula; g, interoaseous
space; A, external tnalleolus (distal end of fibula); 1,
groove for tendon. (Ellenberger-Baumn, Anat. d.
Huades)

and has a prominent outer lip. There is no lesser sciatic notch. The ischial arch
is relatively small and is semi-elliptical.
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The symphyseal part of the pubis is thick and fuses late with the opposite bone.
There is no subpubic groove.

The acetabulum is about twice as far from the external angle of the ilium as
from the tuber ischii. The fossa acetabuli is deep, and is bounded internally by a
flat plate of bone; its floor is 8o thin as to be translucent. There is a small notch
behind.

The obturator foramen resembles in outline an equilateral triangle with the
angles rounded off.

The inlet of the pelvis is very oblique. It is almost circular in the female,
but in the male it is elliptical and the con-
jugate diameter is the tonger. The cavity is
narrowest between the acetabula, and very
wide behind. The floor is concave and rela-
tively narrow in front, wide and flat behind.

The femur is relatively much longer than
in the horse or ox. The shaft is regularly
cylindrical, except near the extremities, where
it is wider and compressed from before back-
ward. It is strongly curved in its lower two-
thirds, convex in front. The posterior surface
is flattened transversely, narrow in the middle,
and widens toward each end. It is bounded
by two rough lines (Labium laterale, inediale)
which diverge toward the extremities. The
third trochanter and the plantar (supracondy-
loid) fossa are absent. There are two supra-
condyloid crests, the inner one being small.
The nutrient foramen is in the upper third of
the posterior surface. The head is a little more
than a hemisphere and has a shallow depression
behind and external to its center. The neck is
well defined. The trochanter major does not
extend as high as the head; a thick ridge runs

. . . FiG. 137.—SkreLETON OF DisTaL PaARrT or
from its anterior surface to the neck. The in- PeLvic Livs oF Doc, EXTERNAL ViEw.

ternal trochanter has the form of a blunt tuber- 6, Tibial tarsal bone; 7, fibular tarsal;

osity. The trochanteric fossa is round and 3 central tamal; 9, second tarsal; 10, third
tarsal; 11, fourth tarsal; /2, metatarsal

deep. The ridges of the trochlea are practi- pones: 13 first phalanx. The first tarsal
cally sagittal in direction and are almost similar. bone is not visible in the figure. (After
The intercondyloid fossa is wide. Just above lelsering’s Atlas)

each condyle posteriorly there is a facet for

articulation with the sesamoid (of Vesal), which is developed in the origin of the
gastrocnemius muscle.

The tibia is about the same length as the femur. The shaft forms a double
curve; the upper part is convex internally, the lower part externally. The proximal
third is prismatic, but is compressed laterally and is long from before backward.
The remainderis almost regularly cylindrical. The crest isshort but very prominent.
The nutrient foramen is usually in the upper third of the external border. The
tuberosity is not grooved, but bears a distinct mark where the ligamentum patelle
is attached. There is a small facet for the fibula on the postero-external part of
the external condyle, and a small sesamoid bone in the tendon of origin of the
popliteus is in contact with the posterior angle of the latter. The distal end is
quadrangular and relatively small. The articular grooves and ridge are almost
sagittal. There is a facet externally for articulation with the fibula. There is a
vertical groove internally and a shallower one behind—both for tendons.
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The fibula extends the entire length of the region. It is slender, somewhat
twisted, and enlarged at either end. The upper part of the shaft is separated from
the tibia by a considerable interosseous space, but the lower part is flattened and
closely applied to the tibia. The proximal end is flattened and articulates with
the external condyle of the tibia. The distal end is somewhat thicker and forms
the external malleolus. It articulates internally with the tibia and the tibial tarsal
bone. Externally it bears two tubercles.

The patella is long and narrow. The anterior surface is convex in both direc-
tions. The articular surface is convex from side to side and slightly concave from
above downward.

The tarsus comprises seven bones. The tibial tarsal consists of a body, neck,
and head, like the bone in man. The body presents a trochlea above for articula-
tion with the tibia and fibula. The posterior surface has three facets for articulation
with the fibular tarsal bone. The head is directed a little inward and articulates
with the central. The fibular tarsal has a long anterior process or ‘‘beak,” but
the inner process (sustentaculum) is short. The tuber calcis is grooved from
before backward. The central has a concave proximal surface adapted to the head
of the tibial tarsal. Its distal surface articulates with the first, second, and third
tarsals. It bears two tubercles posteriorly. The first tarsal is flattened and ir-
regularly quadrangular; it articulates above with the central and below with the
first metatarsal. The second tarsal is the smallest and is wedge-shaped; it articu-
lates below with the second metatarsal bone. The third tarsal is also wedge-
shaped, the base being in front; it articulates with the third metatarsal below.
The fourth tarsal is remarkably high, and resembles a quadrangular prism; it
articulates with the fibular tarsal above, the fourth and fifth metatarsal below, and
the central and third tarsal bones internally. A groove for the tendon of the pero-
neus longus crosses its outer and posterior surface, and above it are one or two
tubercles.

Five metatarsal bones are present. The first is commonly very small and has
the form of a blunt cone, somewhat compressed laterally. It articulates with the
first tarsal and furnishes insertion to the tibialis anterior muscle. In some cases
it fuses with the first tarsal; when the first digit is well developed, its metatarsal
may resemble the others (except in size) or be reduced in its proximal part to a
fibrous band. The other metatarsals arg a little longer than the corresponding
metacarpals. Their proximal ends are elongated from before backward and have
posterior projections, which in the case of the third and fourth usually bear faccts
for articulation with two small rounded sesamoid bones. In other respects they
resemble the metacarpals.

The first digit is often absent. When present, its development varies and it
contains one or two phalanges. In other cases the digit is double. The phalanges
of the other digits resemble those of the fore limb.



ARTHROLOGY
THE ARTICULATIONS OR JOINTS

An articulation or joint is formed by the union of two or more bones or carti-
lages by other tissue. Bone is the fundamental part of most joints; in some cases
a bone and a cartilage, or two cartilages, form a joint. The uniting medium is
chiefly fibrous tissue or cartilage, or a mixture of these. Union of parts of the
skeleton by muscles (Synsarcosis), as in the attachment of the thoracic limb in
the horse, will not be considered in this section.

Joints may be classified—(a) anatomically, according to their mode of develop-
ment, the nature of the uniting media, and the form of the joint surfaces; (b)
physiologically, with regard to the amount and kind of movement or the absence
of mobility in themn; (c) by a combination of the foregoing considerations.

The classification of joints is still in a very unsatisfactory state, and, unfortunately, the same
term is used in various senses by different authors. The two main subdivisions proposed by Hep-
burn are: (1) Those in which the uniting medium is coextensive with the opposed joint surfaces,
and in which a direct union of these surfaces is therchy effected. (2) Those in which the uniting
medium has undergone interruption in its structural continuity, and in which a cavity of greater
or less extent is thus formed in the interior of the joint. This distinction is of considerable im-
portance clinically.

Three chief subdivisions of joints are usually recognized—viz., synarthroses,
diarthroses, and amphiarthroses.

SYNARTHROSES

In this group the segments are united by fibrous tissue or cartilage, or a mix-
ture of the two in such a manner as practically to preclude movement; hence they
are often termed fixed or immovable joints. There is no joint cavity. Many of
these joints are temporary, the uniting medium being invaded by the process of
ossification, with a resulting ankylosis or synostosis. The chief classes in this
group of joints are as follows:

(1) Suture.—This term (Sutura) is applied to those joints in the skull in which
the adjacent bones are closely united by fibrous tissue—the sutural ligament. In
many cases the edges of the bones have irregular interlocking margins, forming the
sutura serrata, e. g., the frontal suture. In others the edges are beveled and
overlap, forming the sutura squamosa, e. g., the parieto-temporal suture. If the
edges are plane or slightly roughened, the term sutura harmonia is applied to the
joint, e. g., the nasal suture.

(2) Synchondrosis.—In these the two bones are united by cartilage, e. g.,
the joint between the basioccipital and the sphenoid bone. Very few of these
joints are permanent.

(3) Symphysis.—This term is usually limited to a few median joints which
connect symmetrical parts of the skeleton, e. g., symphysis pelvis, symphysis
mandibulz. The uniting media are cartilage and fibrous tissue. In some cases
a cleft-like rudimentary joint cavity occurs.

(4) Gomphosis.—This term is applied to the implantation of the teeth in the

alveoli.
169
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DIARTHROSES

These joints are characterized by the presence of a joint cavity and by their
mobility. They are often called movable or true joints. The structures which
enter into their formation are:

1. The joint surfaces (Facies articulares), which are usually more or less ex-
panded. They are in most cases smooth, and vary much in form. They are
formed of specially dense bore, which differs histologically from ordinary compact
substance. In certain cases (vide Osteology) the surface is interrupted by non-
articular cavities known as synovial fosse.

2. The articular cartilages (Cartilagines articulares), usually hyaline in type,
form a covering over the articular surfaces of the bones. They vary in thickness
in different joints; they are thickest on the areas of the greatest pressure, and
usually tend to accentuate the curvature of the bone, i. e., on a concave surface
the peripheral part is the thickest, while on a convex surface the central part is the
thickest. The articular cartilages are non-vascular, very smooth, and have a

bluish tinge in the fresh state. They diminish the
effects of concussion and greatly reduce friction.

3. The joint capsule (Capsula articularis) is, in
its simplest form, a sac, the margins of which are
attached around the articulating surfaces. It con-
sists of two lavers—an external one, composed of

A ot fibrous tissue (Stratum fibrosum), and an internal
}cﬁ}:w one, the synovial layer or membrane (Stratum syno-
viale). The fibrous layer, sometimes termed the
capsular ligament, is attached either close to the
margins of the articular surfaces or at a variable
distance from them. Its thickness varies greatly in
different situations: in certain places it is extremely

thick, and sometimes cartilage or bone develops in

Fio. 138.—Ducran or Srcmioy or  jf: in other places it is practically absent, the cap-

. Pi:':';:‘:‘r‘“” synovial sule then consisting only of the syno.vial membrane.
layer of joiat cmu,z ‘Fhe amicular  Parts of the capsule may undergo thickening and so
cartilages are white, bones dotted,and  form ligaments, which are not separable, except
the joint cavity black in the figure.  grtificially, from the rest of the capsule. The syno-

vial layer lines the joint cavity except where this
is bounded by the articular cartilages; it stops normally at the margin of the latter.
It is a thin membrane, and is richly supplied by close networks of vessels and
nerves. It frequently forms folds (Plicze synoviales) and villi (Villi synoviales),
which project into the cavity of the joint. The folds commonly contain pads of
fat which fill up interstices and vary in form and position in various phases of
movement. The synovial membrane secretes a fluid, the synovia, which resembles
white-of-egg and lubricates the joint.! In many places the membrane forms extra-
articular pouches, which facilitate the play of muscles and tendons.

The joint cavity (Cavum articulare) is inclosed by the synovial membrane and
the articular cartilages. Normally, it is, strictly speaking, only a potential cavity,
which contains nothing but a small amount of synovia.

ol

The student must guard against a false conception of the joint cavity which may result from
dissections and diagrams, in which an actual cavity of considerable extent appears to exist.
A correct idea of the intimate apposition of the parts is best obtained from the study of
frozen sections. It is also instructive to examine joints which have been injected so as to distend
the capsule fully. It is then seen that the cavity is often of much greater potential extent than

tIt is doubtful whether the synovia is a true secretion or a transudate containing products of
friction. The view given above is that which i8 more commonly accepted.
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one might suppose, and that the capsule is often very irregular in form, 1. e., forms a variety of
sacculations.

The foregoing are constant and necessary features in all diarthroses. Other
structures which enter into the formation of these joints are ligaments, articular
discs or menisci, and marginal cartilages.

4. Ligaments.—These are strong bands or membranes, usually composed
of white, fibrous tissue, which bind the bones together. They are pliable, but
practically inelastic. In a few cases, however, e. g., ligamenta flava, ligamentum
nuche, they are composed of elastic tissue. They may be subdivided, according
to position, into periarticular and intraarticular. Periarticular ligaments are fre-
quently blended with or form part of the fibrous capsule; in other cases they are
quite distinct. Strictly speaking, intraarticular ligaments, though within the
fibrous capsule, are not in the joint cavity; the synovial membrane is reflected
over them. The term seems justifiable, however, on practical grounds. Liga-
ments which connect directly opposed surfaces of bones are termed interosseous.
The special names are based usually on their position, form, and attachments, e. g.,
lateral or collateral, cruciate, sacro-iliac, etc. In many places muscles, tendons,
and thickenings of the fasciz function as ligaments and increase the security of the
joint. Atmospheric pressure and cohesion play a considerable part in keeping the
joint surfaces in apposition.

5. Articular discs or menisct are plates of fibro-cartilage or dense fibrous tissue
placed between the articular cartilages, and divide the joint cavity partially or
completely into two compartments. They render certain surfaces congruent,
e. g., femoro-tibial joint, allow greater range or variety of movement, and diminish
concussion.

6. A marginal cartilage (Labrum glenoidale) is a ring of fibro-cartilage which
encircles the rim of an articular cavity. It enlarges the cavity and tends to pre-
vent fracture of the margin.

Vessels and Nerves.—The arteries form anastomoses around the larger joints,
and give off branches to the extremities of the bones and to the joint capsule. The
synovial membrane has a close-meshed network of capillaries; the latter form loops
around the margins of the articular cartilages, but do not usually enter them.
The veins form plexuses. The synovial membrane is also well supplied with lymph-
atics. Nerve-fibers are especially numerous in and around the synovial membrane
and there are special nerve-endings, e. g., Pacinian bodies and the articular end-
bulbs described by Krause.

Movements.—The movements of a joint are determined chiefly by the form
and extent of the joint surfaces and the arrangement of the ligaments. They are
usually classified as follows:

1. Gliding.—This refers to the sliding of one practically plane surface on
another, as in the joints between the articular processes of the cervical vertebre.

2. Angular Movements.—In these cases there is movement around one or
more axes. Motion which diminishes the angle included by the segments forming
the joint is termed flexion, while that which tends to bring the segments into line
with each other is called extension.

With reference to the joints of the lower parts of the limbs, it seems advisable
to employ the terms dorsal and volar or plantar flexion, since these joints can be
‘““overextended.” Similarly, the terms dorsal and ventral flexion should be applied
to the corresponding movements of the spinal column. The meaning of the term
lateral flexion is evident. These movements are all rotations around axes which
are approximately either transverse or vertical. Depression, elevation, and lateral
movement of the lower jaw fall in this category.

3. Circumduction.—This designates movements in which the distal part of
the limb describes a circle or a segment of one. In man such movement is easily
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periored. it in iadrspeds I is peesit @ 1o 8 I ed epve 20y, and 15 to be
regartod welallv as an nlwtion of diease.

4. Rotation.— A=z a matier of U-nvr'_;r:::»?. tois ter IS Mrd to Indicate
refac.on of ore et arind (e vngtliinal ar. of ke iier segrent forming

the joint. It is s+n tiplcallv in the atantoaxa) oint.

5. Addncnon and abduction desiznate m_:m-‘.:vel_\' roverest of a hmb to-
ward ard away from the melan pane. of of a 221 tewand az-d away from the
axi: of the imb.

Classification.—T1.3s iz }ased on 8¢ form of the Joint surfaces ard the move-
ments which oceur. The following elie] classes nusy te ren eriread:

1. Arthrodia, or giiing joint. In ttese the sirfaces xre practioxlly flat ad-
mitting of giling movement. Exampli<: carpo-meiacama joinis: joints be-
tween the articular processe= of the o-nviaal and thorscic vertel ne.

2. Ginglymus, or hinge-joint. In this class the joint surfaces consist usuaslly
of two condyles. or of a segment of a c_\‘u..ucr or coze. wilch sre recvived by cor-
re<ponding cavities.  In typical cuses the movemenis are fexion and extension,
1. ¢, around a single transverse axis. Exampls: ecipito-atiantal and elbow-
jomnts,

3. Trochoid, or pivot joint. In theze the movenent is Himited to rotation of
one segment around the longitudinal axis of the other. Example: atianto-axial
jomnt,

4. Enarthrosis, or ball-and-ocket joint.  These are formesl 1y a surface of
approximately spherical curvature, received into a corresponding eavity.  They
are multiaxial, and allow of the greatest variety of movement. ¢. ¢.. flexion. ex-
tension. rotation, alxuction. adduction. circumduction.  Examples: hip and
shoulder joints.

AMPHIARTHROSES

These joints, as the name indicates. share some charaeters with both of the
preceding groups. In them the segments are directly united by a plate of fibro-
cartilage, and usually by ligaments alzo. The amount and kind of movement are
determined by the shape of the joint surfaces and the amount and pliability of the
uniting medium.? These joints are sll medial in position. and are best illustrated
by the joints between the bodies of the vertebre. There is usually no joint cavity,
but in certain situations a rudimentary one exists.

THE ARTICULATIONS OF THE HORSE

JOINTS AND LIGAMENTS OF THE VERTEBRAE

The movable vertebra form two sets of articulations, viz.. those formed by the
bodics, and those formed by the articular processes of adjacent vertebre;
the former are termed intercentral, and the latter, interneural. Associated with
these are ligaments uniting the arches and processes; some of these are special,
1. e, confined to a single joint, while others are common, 1. e., extend along the entire

'This elasification makes no elaims to seientifie acenraey, but is simply a statement of the
termain general use. A grouping based on mechanieal prine iples seems desirable, hut appears to
be almost upossible on secount of the great variety and irregnlarity of form of the articular
surfuces,

*The movements in xome of these joints are more extensive and varied than in some diar-
throw< To illustriate this we may compare the movements of the cervieal or cocevgeal vertebre
with those possible in the carpo-metacarpal or the sacro-ile joints,
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vertebral column or a considerable part of it. The joints between the atlas and
axis and between the former and the skull require separate consideration.

INTERCENTRAL ARTICULATIONS

These are amphiarthroses, formed by the junction of the extremities of the
bodies of adjacent vertebrze. The articular surfaces in the cervical region consist
of a cavity on the posterior end of the body of the anterior vertebra, and a cor-
responding convexity or head of the succeeding vertebra. In the other regions the
surfaces are much flattened. The uniting media are:

1. The intervertebral fibro-cartilages (Fibrocartilagines intervertebrales).
Each of these is a disc which fits into the space between the bodies of two adjacent
vertebree, to which it is intimately attached. The dises are thinnest in the middle
of the thoracic region, thicker in the cervical and lumbar regions, and thickest in
the coccygeal region. Each consists of a dense fibrous peripheral part (Annulus
fibrosus), and a soft pulpy
central part (Nucleus pUI- Supraspi-

; 5=
us). nous liga- ;
pos S) mend \ )

The fibrous ring consists
of lamine of fibrous tissue and
fibro-cartilage, which pass ob-
liquely between the two verte-
br® and alternate in direction,
forming an X-sha‘)cd arrange-
ment. The central part of the
ring is largely cartilaginous, and
gradually assumes the character
of the pulpy center. The latter
is very elastic and is compressed,
so that it bulges considerably
from the surface of sections; it
consists of white and elastic
fibers, connective-tissue cells,
and peculiar clear, transparent Fig. 139.—Saarrran Sction or Last Two Tuoracic Anxp Fast
cells of various sizes. It is a LuMBAR VERTEBRE, BHOWING LIGAMENTS AND SpPiNaL Comb
remnant of the notochord. (MepuLLA). (After Schmaltz, Atlas d. Anat. d. Pferdes.)
There are joint cavities in the
cervical intercentral joints, and
in those between the last cervical and the first thoracic, and between the last lumbar and the
sacrum. In the latter the cavity is coextensive with the extremities of the bodies; in the former,
it is usually not so extensive.

2. The inferior common ligament (Ligamentum longitudinale ventrale) lies
on the ventral surface of the bodies of the vertebre and the intervertebral fibro-
cartilages, to which it is firmly attached. It begins about the fourteenth or fifteenth
thoracic vertebra, and is at first a narrow, thin band. Further back it becomes
gradually thicker and wider, and terminates on the pelvic surface of the sacrum
by spreading out and blending with the periosteum. It is strongest in the lumbar
region, where the tendons of the crure. of the®diaphragm fuse with it.

3. The superior common ligament (Ligamentum longitudinale dorsale) lies on
the floor of the vertebral canal from the dens or odontoid process to the sacrum.
It is narrow over the middles of the vertebral bodies, and widens over the inter-
vertebral fibro-cartilages, to which it is very firmly attached.

This ligament is in relation with the spinal veins on either side, and in the middle of each
vertebra a transverse anastomotic branch passes under the ligament.

INTERNEURAL ARTICULATIONS

Each typical vertebra presents two pairs of articular processes, which fo;‘m
diarthroses with the two adjacent vertebr. The articular surfaces are extensive,
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flat, and oval in the cervical region, small and flat in the thoracic region, while in
the lumbar region the anterior ones are concave and the posterior convex. The
joint capsule is strong and ample in the cervical region, in conformity with the large
size and greater mobility of these joints in the neck. In the thoracic and lumbar
regions the capsule is small and close. These joints arc arthrodia.

Associated with these joints are the ligamenta flava, which connect the arches
of adjacent vertebree. They are membranous and consist largely of elastic tissue.

The supraspinous ligament extends medially from the occipital bone to the
sacrum. From the withers backward it consists of a strong cord of fibrous tissue,
attached to the summits of the vertebral spines. In the neck and withers it is

First thoracic -~
verlebra

Fia. 140.—LicamenTUM Nucu£ oF HoRsE.

1, Scapula; I, cartilage of scapula; 4, lamellar part of ligamentum nuche; z, wing of atias.  (After Ellenberger-
Baum, Anat. fiir Kiinstler.)

remarkably modified to form the ligamentum nuchs, which requires more extended
notice.

The ligamentum nuchee is a powerful elastic apparatus, the principal function
of which is to assist the extensor muscles of the head and neck. It extends from
the occipital bone to the withers, where it is directly continuous with the supra-
spinous ligament. It consists of two parts—funicular and lamellar. The funic-
ular part (Pars occipitalis) arises from the external occipital protuberance and the
fossa below it, and is inserted into the summits of the vertebral spines at the
withers. Two bursee are usually found under it in the adult. The supra-atloid
bursa lies between the ligament and the dorsal arch of the atlas, The supra-
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spinous bursa occurs usually over the fourth thoracic spine, but may be over the
third and may extend to the fifth.! In the neck the funicular part consists for the
greater part of two bands closely applied and attached to each other. Near and at
the withers it broadens greatly, forming an expansion three to five inches (ca. 8 to
12.5 cm.) in width, the lateral margins of which are thin and overlie the trapezius
and rhomboideus muscles. Behind the higher spines it becomes narrower and
thinner, and is continued by the white fibrous lumbo-dorsal ligament.? A mass
of fat and elastic tissue lies upon the ligament as far back as the withers. It
varies greatly in amount in different subjects, and is most developed in stallions of
draft breeds, in which it forms the basis of the ‘crest.”” The lamellar portion (Pars
cervicalis) consists of two lamina separated medially by a layer of loose connective
tissue. Each lamina is formed of digitations which arise from the second and third
thoracic spines and from the funicular portion, are directed downward and forward,
and end on the spines of the cervical vertebra, except the first and last. The digita-
tion which is attached to the spine of the axis is very thick and strong. Behind
this they diminish in size and strength; that to the sixth cervical is quite thin and
feeble, or may be absent.

The interspinous ligaments (Ligamentainterspinalia)extend between the spines
of contiguous vertebre. In the cervical region they are narrow elastic bands, and
in the thoracic and lumbar regions they consist of white fibers directed obliquely
downward and forward.

The intertransverse ligaments (ngamonta mtertransvcrsana) are membranes
which connect adjacent transverse processes in the lumbar region.

INTERTRANSVERSE ARTICULATIONS

These joints (peculiar to equide) are diarthroses formed by the transverse
processes of the last two lumbar vertebre and the ale of the sacrum. A similar
joint between the fourth and fifth lumbar processes is frequently present. The
articular surfaces have an elongated oval form, the anterior one being concave and
the posterior one convex. The capsule is tight, and is reinforced ventrally.

SACRAL AND COCCYGEAL ARTICULATIONS

In the foal the bodies of the five sacral vertebre form joints which resemble
somewhat those in the posterior part of the lumbar region. These joints are in-
vaded by the process of ossification early, so that the consolidation of the sacrum
is usually complete, or nearly so, at three years.

The coccygeal vertebre are united by relatively thick intervertebral fibro-
cartilages, which have the form of biconcave discs. Special ligaments are not
present, but there is a continuous sheath of fibrous tissue. The movement in this
region is extensive and varied. In old horses the first coccygeal vertebra is often
fused with the sacrum.

MOVEMENTS OF THE VERTEBRAL COLUMN

The movements of the spine, exclusive of those at the atlanto-axial joint, are
dorsal, ventral, and lateral flexion, and rotation. The range of movement at a
single joint is verv small, but the sum of the movements is considerable. The

' In dissecting-room subjects these burse and the adjacent structures are commonl_v the seat
of (hologlc al changes. They appear to be the starting-point of “poll evil” and “fistulous
withers.

* No natural line of demarcation exists between the ligamentum nuchse and the lumbo-dorsal
continuation of the supraspinous ligament, since the change from the purely elastic to the white
fibrous structure is gradual.
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movements are freest in the cervical and coccygeal regions. Rotation is extremely
limited in the thoracic and lumbar regions.

ATLANTO-AXIAL ARTICULATION

This is a trochoid or pivot joint, of a rather peculiar character. The articular
surfaces are: (1) On the lateral masses of the atlas,
two somewhat saddle-shaped facets, which are usually
confluent ventrally; (2) on the axis, reciprocal saddle-
shaped surfaces which extend upon the odontoid pro-
cess and are confluent on its ventral aspect. It will be
observed that the joint surfaces are not at all accur-
ately adapted to each other, so that only limited areas
are in confact at any time.

The joint capsule is attached around the margins
of the articular surfaces. It is loose and ample enough
laterally to allow extensive movement.

The superior atianto-axial ligament (Ligamentum
interarcuale) is membranous and reinforces the capsule
dorsally.

The interspinous ligament (Ligamentum inter-
spinale) consists of two elastic bands which extend
from the dorsal arch of the atlas to the spine of the
axis.
The inferior atlanto-axial ligament (Ligamentum
dentis externum) arises from the ventra! tubercle of the
atlas and is attached by two branches on the ventral
spine of the axis.

The odontoid ligament (Ligamentum dentis in-
ternum) is short, very strong, and somewhat fan-
shaped. It extends from the rough concave dorsal
surface of the dens or odontoid process, widens in
front, and is attached to the transverse rough area on
Fio. 141.:.?““0-03::::: the inner surface of the ventral arch of the atlas.

or Honas, Dorsst. Visw Movements.—The atlas and the head rotate upon

arTer Removan or Don-  the axis; the axis of rotation passes through the center

BAL ARCH OF ATLAS. of the odontoid process and body of the axis.
a, Joint capsule of left part

of atlanto-occipital joint; b, lat-

eral ligament of same; ¢, ¢, odon-

toid ligament; d, atlanto-occipital THE ATLANTO-OCCIPITAL ARTICULATION

joint capaule; e, joint capsule of s e e .
articulation between axis and This JOlnt may be classed as a glnglymus- The

third cervical vertebra; f, inter- articular surfaces of this joint are: (1) On the atlas,
spinous ligament; I, occipital . \ 1ties* 1€ COIr H S
e a5, asiv: 4 toind two deep f)\{al cavmes, (2) the corresponding condyles
cervical vetrebra. (Ellenberger- of the Occmlta] one.

Baum, Anat. d. Haustiere.)

The joint surfaces arc oblique, coming very close to the
. median line ventrally, but separated by a considerable interval
dorsully.] Posteriorly, a triangular rough area cuts into the middle of cach articular surface
on the atlas.

There are two roomy joint capsules, which sometimes communicate ventrally,
especially in old subjects.

The superior atlanto-occipital membrane extends from the dorsal arch of the
atlas to the upper margin of the foramen magnum. It is blended with the capsules
and contains many elastic fibers.

The inferior atlanto-occipital membrane extends from the ventral arch of the
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atlas to the lower margin of the foramen magnum. It is narrower and thinner than
the superior membrane, and also fuses with the joint capsules.

The lateral ligaments are two short bands which are partially blended with
the capsules. Each is attached to the border of the wing of the atlas near the
intervertebral foramen, and to the outer surface of the paramastoid or styloid
process of the occipital bone.

Movements.—These are chiefly flexion and extension. A small amount of
lateral oblique movement is also possible.

ARTICULATIONS OF THE THORAX
COSTO-VERTEBRAL ARTICULATIONS

Each typical rib forms two joints with the vertebral column, one by its head,
and one by its tubercle. They are termed respectively costo-central and costo-
transverse joints.

I. The costo-central articulations (Articulationes capitulorum) are trochoid
or rotatory joints, formed by the
junction of the head of the rib
with the bodies of two adjacent
vertebre and the intervertebral
fibro-cartilage. The two facets
on the head of the rib are separ-
ated by a non-articular groove,
and correspond to the two con-
cave facets (Foves costales) on
the vertebral bodies. The cap-
sules are rather tight, and are
covered by the accessory liga-
ments, which are as follows: 1.
The radiate ligament (Ligamen-
tum capituli coste radiatum) ex-
tends ventrally from the neck of
the rib to spread out on the
vertebral bodies and the inter-
vertebral fibro-cartilage. 2. The
con!ugal hgament (ngamentum Fia. 142.—CO8TO-VERTEBRAL ARTICULATION, ANTERIOR VIEW,
conjugale)-—absent from the first (After Schmaltz, Atlas d. Anat. d. Plerdes.)
joint—is attached to the groove
on the head of the rib, passes transversely into the vertebral canal, and divides
under the superior common ligament into two branches; one of these is
attached to the body of the anterior vertebra; the other is continued across
to the head of the opposite rib, and is attached to the intervertebral fibro-
cartilage. The joint cavity is divided into two compartments by the conjugal
ligament. 3. The ligament of the neck of the rib (Ligamentum colli cost®) is
a strong band which crosses the joint dorsally. It is attached on the vertebra
above the costal facet and on the neck of the rib.

11. The costo-transverse articulations. These occur between the facets on
the tubercles of the ribs and those on the transverse processes of the vertebree.
They are gliding joints. The capsule is reinforced by the superior costo-trans-
verse ligament (Ligamentum costo-transversarium dorsale), a distinet strong band
which arises on the transverse process and ends on the non-articular part of the
tubercle. It is covered by the levator coste muscle, and begins to be quite distinet

at the fifth joint.
12

Articular processes
o Transrerse process

\
Costo-trans-
verse ligament

igamend of neck N

‘onjugal ligament
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The cavity for the head of the first rib is formed by concave facets on the bodies of the last
cervical and first thoracic vertebre. The conjugal ligament is absent, but the ligament of the
neck is short and strong. The radiate ligament is very strong, and consists of two bands. In
the case of the last two or three ribs the costo-central and costo-transverse joints are confluent,
and the various structures are correspondingly modified.

Movements.—The chief movement is rotation around an axis which connects
the centers of the head and tubercle of the rib. The movement is very limited in
the anterior part of the series of joints, but very considerable in the posterior part.

In the case of the first rib, the movement is evidently extremely limited. The facet for the
tubercle of the rib is deeply concave, and the axis of rotation is almost transverse. Further back
the facets on the transverse processes become flat, and the axis of rotation gradually approaches a
longitudinal direction. This, in connection with the mobility of the ventral ends of the asternal
ribs and their elasticity, allows a great increase here in the range of movement, the effect of which
is to enlarge (chiefly) the transverse diameter of the thorax.

COSTO-CHONDRAIL ARTICULATIONS

The costo-chondral junctions are synarthroses. The rib has a concave surface
which receives the convex end of the cartilage. They are united by the continuity
of the strong periosteum and perichondrium.

CHONDRO-STERNAL ARTICULATIONS

These joints (Articulationes sternocostales) are diarthroses formed by the
junction of the cartilages of the sternal ribs with the sternum. The articular ends
of the cartilages (except the first) are somewhat enlarged, and present surfaces of
cylindrical curvature. The articular surfaces on the sternum for the first pair of
cartilages are placed close together on the dorsal border of the cariniform cartilage
(Manubrium sterni); the other seven are placed laterally at the junction of the
segments. The capsules are strong and tight; the first pair of joints has a common
capsule, and the cartilages articulate with each other medially. The lower ends
of the first pair of ribs are firmly attached to each other by dense fibrous tissue,
which is prolonged forward along the upper margin of the cariniform cartilage and
is continuous behind with the sternal ligament. Each of the other capsules is
reinforced dorsally by the superior costo-sternal ligament (Ligamentum sterno-
costale radiatum), composed of radiating fibers which blend with the sternal liga-
ment. The movement is rotation around a nearly vertical axis, except in the case
of the first pair of joints.

INTERCHONDRAL LIGAMENTS

The eighth and ninth costal cartilages are firmly united by fibrous tissue. The
chondro-xiphoid ligament attaches the ninth costal cartilage to the xiphoid carti-
lage. The remaining cartilages are rather loosely attached to each other by clastic
tissue.

STERNAL ARTICULATIONS

In the new-born foal the sternum has seven bony segments (Sternebre),
united by persisting cartilage. The last two segments coalesce within a few weeks
after birth. In old subjects there is more or less ossification of the intersegmental
cartilage, which may lead to partial fusion of adjacent segments. especially pos-
teriorly. The sternal ligament (Ligamentum sterni proprium internum) lies on the
thoracic surface of the sternum. It arises on the first segment, and divides oppo-
site the second chondro-sternal joint into three bands. The median band passes
backward and spreads out on the last segment and the xiphoid cartilage. The
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lateral branches—thicker and wider—lie along the lateral borders above the chon-
dro-sternal joints, and end at the cartilage of the eighth rib; they are covered by
the transversus thoracis muscle.

THE ARTICULATIONS OF THE SKULL
TEMPORO-MANDIBULAR ARTICULATION

This joint (Articulatio mandibularis) is the only diarthrosis formed between
bones of the skull.

The articular surfaces are dissimilar in form and size. That on the squamous
temporal bone is concavo-convex, and the long axis is directed outward and some-
what forward; it consists of a glenoid cavity, which is continued upon the post-
glenoid process behind, and a condyle in front. The mandible presents a trans-
versely elongated condyle.

The articular disc is placed between the joint surfaces, which it renders con-
gruent. Its upperand lower surfaces are molded upon the temporal and mandibular
surfaces respectively, and its circumference is attached to the joint capsule; thus
it divides the joint cavity into upper and lower compartments, the former being
the more roomy.

The joint capsule is strong and tight. It is reinforced by two ligaments. The
external ligament (Ligamentum laterale) extends obliquely across the anterior
part of the outer surface of the capsule, from which it is not distinctly separable.
The posterior ligament (Ligamentum posterius) is an elastic band which is attached
above to the postglenoid process, and below to a line on the posterior face of the
neck of the mandible.

Movements.—The chief movements take place around a transverse axis pass-
ing through both joints. Associated with this hinge-like action is slight gliding
movement, as in opening and shutting the mouth. When the mouth is shut,
the condyle lies under the glenoid cavity. When the mandible is depressed,
the condyle moves forward under the articular eminence of the temporal bone,
carrying the disc with it. In protrusion and retraction of the lower jaw the gliding
movement just described occurs without the hinge-like rotation of the condyle.
These movements are similar in both joints. In the lateral movements (as usually
performed in mastication) the action consists of rotation of the condyles around a
vertical axis, while the disc glides forward on one side and backward on the other.

THE SYNARTHROSES OF THE SKULL

Most of the bones of the skull are united with the adjacent bones by sutures;
a few are united by cartilage. The difference in the uniting medium depends on
the fact that most of these bones are developed in membrane, but some are pre-
formed in cartilage. Most of these joints are temporary, and are obliterated at
various periods during development and growth. Their importance rests on the
fact that so long as they persist, continuous growth is possible. They are usually
designated according to the bones which enter into their formation, e. g., spheno-
squamous, naso-frontal, internasal, etc. Special names (borrowed from human
anatomy) are sometimes used; thus the interparietal, the parieto-occipital, and
the parieto-frontal sutures are often called the sagittal, lambdoid, and coronal re-
spectively.

Detailed description of the sutures has not sufficient clinical value to justify much addition
to the statementsImade in the osteology in this connection. The obliteration or closure of the
sutures is, however, worthy of brief mention. The cranial sutures are usually all closed at seven
years, but the apex only of the petrous temporal is fused with the occipital and squamous temporal.
Most of the facial sutures are practically closed at ten years, although complete synostosis may in
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some be delayed for years or may not occur at all; the nasal suture, for example, often persista
even in advanced age, so far as its anterior part is concerned.

The principal synchondroses are: (1) That between the basioccipital and the
body of the sphenoid (Synchondrosis sphenooccipitalis); (2) that between the
presphenoid and postsphenoid (Synchondrosis intersphenoidalis); (3) those
between the parts of the occipital bone (Synchondroses intraoccipitales). The first
is usually ossified at four years, the second at three years, and the occipital bone is
consolidated at two years.

The symphysis of the lower jaw (Symphysis mandibule®) ossifies at one to six
months.

THE HYOIDEAN ARTICULATIONS

The temporo-hyoid articulation is an amphiarthrosis, in which the dorsal angle
of the proximal end of the great cornu (Stylo-hyal) is attached by a short bar of
cartilage to the hyoid process of the petrous temporal bone. The cartilage (Arthro-
hyal) is about half aninch (ca.1to 1.5 cm.) inlength. The chief movement is hinge-
like, the axis of motion passing transversely through both joints.

The intercornual articulation is an amphiarthrosis formed by the junction of
the distal extremity of the great cornu with the proximal end of the small cornu
(kerato-hyal). They are united by a very short piece of cartilage, in which there
is usually a small nodule of bone in the young subject. This nodule, the epihyal
or middle cornu, is usually fused with the great cornu in the adult. The chief
movement here is also hinge-like, the angle between the cornua being increased or
diminished.

The basi-cornual articulation is a diarthrosis formed by the junction of each
small cornu (kerato-hyal) with the body (basi-hyal). The small cornu has a con-
cave facet which articulates with the convex facet on either end of the dorsal sur-
face of the body. The capsule is ample enough to allow considerable movement,
which is chiefly hinge-like. The movements of the hyoid hone are concerned
chicfly in the acts of mastication and swallowing. In the latter the distal parts of
the hyoid bone are moved forward and upward, carrying the root of the tongue and
the larynx with them, and then return to their former position.

THE ARTICULATIONS OF THE THORACIC LIMB

In the absence of the clavicle the thoracic limb forms no articulation with the
trunk, unless we regard as such the union by muscles. The movement of the
shoulder on the chest-wall is chiefly rotation around a transverse axis passing
through the scapula behind the upper part of the spine.

THE SHOULDER JOINT

The shoulder or scapulo-humeral joint (Articulatio scapulo-humeralis) is
formed by the junction of the distal end of the scapula with the proximal end of
the humerus. The articular surfaces are: (1) On the scapula, the glenoid cavity;
(2) on the humerus, the liead. Both surfaces are approximately spherical and
similar in curvature, but the humeral surface is much more extensive than that of
the scapula.

The joint capsule is ample enough to allow the bones to he drawn apart about
aninch (ca. 2to3 cm.); but this requires a very considerable amount of force unless
air is admitted into the joint cavity. The fibrous layer (or capsular ligament) is
not attached to the margin of the joint surfaces, but at a distance of one to two
centimeters from it. It is strengthened in front by two diverging elastic bands,
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which arise on the scapular tuberosity and end on the lips of the bicipital groove.
A pad of fat is interposed between the capsule and the tendon of the biceps.

Ligaments are absent from this joint, but the muscles and tendons around it
afford remarkable security, so that dislocation seldom or never occurs. The large
extent of the head of the humerus is also of importance in this regard.

The erincipal muscles which are attached around the joint and act as ligaments are: ex-
ternally, the supraspinatus, infraspinatus, and teres minor; internally, the subscapularis; in
front, the biceps and supraspinatus; behind, the triceps.

Movements.—While it is a typical enarthrosis in structure, and capable of the
various movements of the ball-and-socket joint, the chief normal movements are
flexion and extension. In the position of rest the angle formed between the scapula
and humerus posteriorly is about 110° to 120°; in flexion it is reduced to about 80°,
and in extension it is increased to about 145°. Adduction and abduction are very
restricted, the former being limited chiefly by the infraspinatus, the latter by the
subscapularis and the low insertion of the superficial pectoral muscles. Rotation
is somewhat freer, but does not exceed

33°, when all the muscles are removed
(Franck).

Olecranon
THE ELBOW JOINT :

This, the cubital articulation (Articu-
latio cubiti), is a ginglymus formed be-
tween the distal extremity of the humerus
and the proximal ends of the bones of the
forearm. External lateral
The articular surfaces are: (1) A ligament
trochlear surface formed by the condyles
of the humerus and the groove between
them; (2) the corresponding glenoid cavi-
ties and ridge on the proximal extremity
of the radius, together with the semilunar Transverse or
notch of the ulna. s

fossa

f:g,rr.'.w.u nl

The articular surface of the condyles does
not extend upon the back of the extremity, but
the groove which receives the semilunar notch
of the ulna extends up into the olecranon fossa.
In the fore part of the groove there is a synovial
foasa. Thesurface on the outer condyle is smaller
than that of the inner one, and is subdivided into two unequal parts by a shallow furrow. On
;he lower part of the semilunar notch and the adjacent part of the ridge on the radius are synovial
0S8,

Fi16. 143.—Lerr Erpow JointT of Horsk, Poste-
rRiorR View. Tur CareULE 1B REMOVED.
(After Schmaltz, Atlas d. Anat. d. Pferdes.)

The joint capsule is extremely thin behind, where it forms a pouch in the ole-
cranon fossa under the anconeus muscle and a pad of fat. In front it is strength-
ened by oblique fibers (Ligamentum obliquum or anterior ligament), and laterally
it fuses with the lateral ligaments. Small pouches of the synovial membrane
lubricate the origins of the flexors of the carpus and digit and the small radio-ulnar
joints. There are two lateral ligaments.

The internal lateral ligament (Ligamentum collaterale radiale) is attached
above to an eminence on the internal epicondyle of the humerus, and divides into
two parts: the long, superficial part ends on the inner horder of the radius, just
below the level of the interosseous space; the deep, short part is inserted into the
internal tuberosity of the radius. (The superficial part represents the pronator teres
muscle, which is only exceptionally present in the horse.)
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The external lateral ligament (Ligamentum collaterale ulnare) is short and
strong. It is attached above to a depression on the external epicondyle of the
humerus, and below to the external tuberosity of the radius, just below the margin
of the articular surface.

_Movements.—This joint is a typical ginglymus, the only movements being
flexion and extension around an axis which passes through the upper attachments
of the lateral ligaments. In the standing position the articular angle (in front) is
about 140° to 150°. The range of movement is about 55° to 60°. Complete ex-
tension is prevented chiefly by the tension of the lateral ligaments and the biceps

fnuscle.. (The axis of movement is slightly oblique, so that in flexion the forearm
1s carried somewhat outward.)

Ezxiernal dis- .
lal tuberosity ~ Internal dis-

"""" of radius tal tuberasity External di
of radius tarl tuberosit
_ . Accessory wdin
External carpal bone
lateral - -
ligament Inferior liga- Inlernal
-~ - ments of ac- . lateral
Metacarpal =7 cessory  car- ligament
tuberosity -- pal Metacarpal
tuberosity”
- ;l..‘ rlf' I‘."-'J.'I
metacarpal
External bone
.- -~ -melacarpal
bone
Fia. 144.—Lerr Carrar Jornts or Horse, Exrer-  Fi6. 145.—LrFr CanraL Joints or Homar, ANTERIOR
NaL ViIEwW View.
The capsule has been removed. g, Radius; 12, The capsule has been removed. The smaller liga-
large metacarpal bone. (After Ellenberger-Baum, ments are shown. (After Ellenberger-Baum, Anat.
Anat. {, Kiinstler.) f. Kilastler.)

THE RADIO-ULNAR ARTICULATION

In the foal the shaft of the ulna is attached to the radius above and below the
interosseous space by the interosseous ligament. Below the space the two bones
become fused before adult age is reached. Above the space the ligament usually
persists, but may undergo more or less ossification in extreme old age. The
transverse or arciform ligaments (Ligamentum transversum ulnare et radiale
ulnz et radii) consist of fibers which pass above the interosseous space from either
border of the shaft of the ulna to the posterior surface of the radius. The proximal
radio-ulnar articulation, formed by two small convex facets on the ulna and the
corresponding facets on the posterior surface of the proximal extremity of the radius,
is inclosed in the capsule of the elbow-joint and does not require separate consider-
ation. The distal extremity of the ulna fuses early with the radius, and is, there-
fore, regarded usually as a part of the latter.

Movement.—This is inappreciable, the forearm being fixed in the position of
pronation.
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THE CARPAL JOINTS

These joints taken together constitute the composite articulatio carpi, or what
is popularly termed the ‘“knee-joint” in animals.! This consists of three chief
joints, viz., (1) The radio-carpal joint, formed by the distal end of the radius and
the proximal row of the carpus; (2) the intercarpal joint, formed between the two
rows of the carpus; (3) the carpo-metacarpal joint, formed between the distal row
of the carpus and the proximal ends of the metacarpal bones. The proximal and
middle joints may be regarded as ginglymi, although they are not typical or pure
examples of hinge-joints. The distal joint is arthrodial. In addition there are
arthrodial joints formed between adjacent bones of the same row (Articulationes
interossez). All these constitute a very composite joint, with numerous ligaments.
The articular surfaces have been described
in the Osteology.

The joint capsule may be regarded,
80 far as the fibrous part is concerned, as
being common to all three joints. Itis
attached close to the margin of the articu-
lar surface of the radius above and the
metacarpus below; its deep face is also
attached to a considerable extent to the
carpal bones and to the small ligaments.
Its anterior part, the dorsal or anterior
common ligament, is rather loose, and
assists in forming the fibrous canals for
the extensor tendons. Its posterior part,
the volar or posterior common ligament,
is very thick and dense, and is closely
attached to the carpal bones. It levels
up the irregularities of the skeleton here,
and forms the smooth anterior wall of the
carpal canal. It is continued downward
to form the subcarpal or inferior check
ligament, which blends with the tendon of Fro. 146.—Faoxtat, Srcrion or C 5
the flexor perforans about the middle of T o (Riomr Suomy e morme or
the metacarpus. l.u., External, I.r., internal, lateral ligament;

The synovial membrane forms three Cr. radial carpal; 7, intermediate carpal; Cu, uloar
sacs corresponding to the three joints. :::‘::: cf:;;:’“;;‘:‘,f:::‘ﬂ‘d f;’,;,:::;’) ::‘t’:";‘l
The radio-carpal sac is the most volum-  Mcs, third (large) metacarpal; Mc4, fourth (exter-
inous; it includes the joints formed by the nal) metacamal.
accessory carpal bone, and also those be-
tween the proximal carpal bones as far as the interosseous ligaments. The
intercarpal sac sends extensions upward and downward between the bones of
the two rows as far as the interosseous ligaments; it communicates between
the third and fourth carpal bones with the carpo-metacarpal sac. The latter is
very limited in extent, and is closely applied to the bones; it incloses the carpo-
metacarpal joint, and lubricates also the lower parts of the joints between the
distal carpal bones and the intermetacarpal joints.

The external lateral ligament (Ligamentum carpi collaterale ulnare) is attached
above to the external tuberosity of the distal end of the radius. Its long superficial
part is attached below to the proximal end of the external small metacarpal chiefly,
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! The term is a very unfortunate one, since it is a distinct misapplication of the name as it is
used in regard to man. It is, however, very firmly established, and appears likely to persist in-
definitely in the absence of a convenient popular equivalent.
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but some fibers end on the large metacarpal bone. A canal for the lateral extensor
tendon separates a short deep band which ends on the ulnar carpal bone. Other
deep fibers connect the latter with the fourth carpal bone, and the fourth carpal
with the metacarpus.

The internal lateral ligament (Ligamentum carpi collaterale radiale) resembles
the preceding in general, but is stronger and wider distally. It is attached above
to the internal tuberosity of the distal end of the radius and ends below on the
proximal ends of the large and inner small metacarpal bones. Deep fasciculi are
detached to the radial and second carpal bones. The first carpal bone, when pres-
ent, is usually embedded in the posterior part of the distal end of the ligament.
The posterior part of the ligament is fused with the posterior annular ligament
(Ligamentum carpi transversum), and concurs in the formation of a canal for

the tendon of the flexor carpi in-
ternus.

A number of special short ligaments
connect two or more adjacent bones; only
s the most distinct of these will be described

g here.
g The accessory carpal bone is con-
nected with adjacent bones by three liga-
ments (Fig. 444). The proximal one i1sa
short band which extends from the acces-

Internal distal S0 Iin f :
h = ry carpal in front of the groove on its
l“bﬁomisﬁ outer face and is inserted into the distal

end of the radius behind the groove for
Accessory car- ; =4 the lateral extensor tendon. A middle

pal bone- 5 = band connects the accessory with the
4 Internal lat- ulnar carpal. The distal ligament consists
eral ligament  of two strong bands which pass from the
Inferior liga- . lower margin of the accessory to the fourth
ments of acces-- o carpal and the proximal end of the outer
sory carpal L\ | _ Metacarpal metaearpal bone; these bande transmit
Y tuberosity the action of the muscles, which are in-
serted into the accessory carpal bone.
The other bones of the proximal row are
Internal connected by two anterior or dorsal liga-
(second) mela- - ments, which are transverse in direction,
carpal bone and two interosseous ligaments. An ob-
lique ligament passes from an eminence
on the posterior surface of the radial car-
pal bone to a small depression on the
radius internal to the facet for the acces-

. sory carpal bone.
Fic. 147.—Lrrr Carpar Joints or Horar, INNFR ViEW. Two ligaments connect the proximal
g, Radius; 12, large (third) metacarpal bone. (After Ellen- 80d distal rows posteriorly. The inner
berger-Baum, Anat. fiir Kiinstler.) one joins the radial to the sccond and

third carpal, and the outer one attaches
the ulnar to the third and fourth carpals.

The bones of the distal row are connected by two strong transverse anterior or dorsal liga-
ments and two interosseous ligaments.

There are four carpo-metacarpal ligaments. Two oblique anterior bands connect the third
carpal with the large metacarpal. Two interosseous ligaments pass downward from the inter-
osseous ligaments of the distal row to end in depressions in the interstices between the proximal
ends of the metacarpal bones.

Movements.—Taking the joint as a whole, the chief movements are flexion
and extension. In the standing position the joint is extended. When the joint is
flexed, slight lateral movement and rotation can be produced by manipulation.
The anterior part of the capsule is, of course, tense during flexion, the posterior
part in extension.

The movement practically all occurs at the radio-carpal and intercarpal joints, the articular
surfaces of which are widely separated in front during flexion, but remain in contact behind. The
distal row remains in contact with the metacarpus. The intermediate and ulnar carpals move
together us one piece, but the radial does not move so far as the intermediate, so that the anterior
and interosseous ligaments connecting these bones become tense and oblique in direction.
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THE FETLOCK JOINT

This, the metacarpo-phalangeal articulation (Articulatio metacarpo-phalanges),
is a ginglymus formed by the junction of the distal end of the large (third) meta-
carpal bone, the proximal end of the first phalanx, and the proximal sesamoid
bones.

Articular Surfaces.—The surface on the large metacarpal bone is approxi-
mately cylindrieal in curvature, but is divided into two slightly unequal parts by a
sagittal ridge. This is received into a sort of socket formed by the first phalanx
below and the two sesamoids together
with the intersesamoid ligament be-
hind. The latter is a mass of fibro-
cartilage in which the sesamoid bones
are largely embedded. It extends
above the level of the sesamoids,
and is grooved to receive the ridge
on the metacarpal bone; its posterior
surface forms a smooth groove for the
deep flexor tendon.

The joint capsule is attached around
the margin of the articular surfaces. It

Branches of
suspensory ligament

Fi1a. 148.—8acrrTAL BECTION OF DisTAL PART OF LiMn
orF Horse.

1, Large metacarpal bone; 3, fetlock joint; 4,
proximal sesamoid bone; 5, first phalanx; 6, pnstern
joint; 7, second phalanx; &, coffin joint; 9, third phal-
anx; 10, distal sesamoid (navicular bone); /£, suspen-
sory ligament; 14, deep flexor tendon; 15, superficial
flexor tendon; 14, posterior annular ligament of fetlock;
20, inferior sesamoidean lignments; 2/, exteusor tendon;
24, plantar cushion; 23, periople; £3, wall of hoof; £9,
sole of hoof; A, navicular bursa, proximal part. (After

F1a. 149.—ARTICULAR SURFACFS or FIRsT PHALANX
AND SesaMOIn8 AT FETLOCK, WITH INTERBESA-
MOID AND SUSPENBORY LIGAMENTS.  (After
Schmaltz, Atlas d. Anat. d. Pferdes.)

is thick and ample in front; here a
bursa is interposed between it and
the extensor tendons, but the tendons
are also attached to the capsule. Pos-

Ellenberger-Baum, Anat. fir Kinstler.) teriorly it forms a thin-walled pouch

which extends upward between the
metacarpal bone and the suspensory ligament about as high as the point of
bifurcation of the latter. The capsule is reinforced by two lateral ligaments.

The lateral ligaments, external and internal (Ligamentum collaterale ulnare,
radiale) are partially divided into two layers: the superficial layer arises from the
eminence on the side of the distal end of the large metacarpal bone, and passes
straight to the rough lateral area below the margin of the articular surface of the
first phalanx; the deep layer, shorter and much stronger, arises in the lateral
depression on the distal end of the metacarpal bone, and passes obliquely downward
and backward to be inserted into the outer surface of the sesamoid and the proxi-
mal end of the first phalanx.
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The capsule is further strengthened by a layer of oblique fibers which pass over the lateral
ligament on either side and end on the extensor tendon and the proximal extremity of the first
phalanx. It may properly be regarded as fascia rather than ligament.

Movements.—These are of the nature of flexion and extension, the axis of
motion passing through the upper attachments of the lateral ligaments. In the
ordinary standing position the joint is in a state of partial dorsal flexion, the articu-
lar angle (in front) being about 140° to 150°. (In the hind limb it is about 5°
greater.) Diminution of this angle (sometimes termed ‘“‘overextension’) is nor-

Superficial flexor tendon
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F1G. 150.—Liocaments AND TENDONS OF DisTal Parr orF LiMs or Horae.

Mc.I11, Large metacarpal bone; Ph.I, first phalanx; Ph.11, second phalanx; Ph.I11, third phalanx; 1, deep flexor
tendon; 2, band from first phalanx to plantar cushion. (After Schmalts, Atias d. Apat. d. Pferdes.)

mally very limited on account of the resistance offered by the sesamoidean appara-
tus, but it varies considerably in amount in different subjects. Volar flexion is
limited only by contact of the heels with the metacarpus. During volar flexion
a small amount of lateral flexion is possible.

THE SESAMOIDEAN LIGAMENTS

Under this head will be described a number of important ligaments which are
connected with the sesamoid bones and form a sort of stay apparatus or brace.
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The intersesamoidean ligament (Ligamentum intersesamoideum) not only fills
the space between and unites the sesamoid bones, but also extends above them,
entering into the formation of the articular surface of the fetlock joint. Other
facts in regard to it have been given above.

The lateral sesamoidean ligaments, outer and inner (Ligamenta sesamoidea
ulnare et radiale), arise on the abaxial surface of each sesamoid bone, pass forward,
and divide into two branches, one of which ends in the depression on the distal end
of the large metacarpal bone, the other on the eminence on the proximal end of the

Large metacarpal bone

External small metacarpal bone
——— Bifurration of suspensory
ligament

Bifurcation of common digital arlery \ Capsule of fetlock joint (upper
\ pouch)

Duternal digital artery Sesamoid groove

— Dosterior annular ligament of
Jetloek (cut and reflected)

atteral gesamoid ligament
Stump of digital annular

Oblique or middle inferior sesamoid = == ligament
ligament 4 _ Ertensor branch of suspensory
Stratght or superficial inferior —— ligament

sesamord ligament __— Volur ligaments of pastern joint

Insertion of superficial flexor
lendon
Fibrous plate

Deep flexor tendon

__ Lateral ligament of pastern joint
_ Iistal end of digital sheath
Suspensory ligament of

naricular bone
Diorsal branch of digital artery

Volar branch of digital artery

Dnstal annular ligament of digit (cul __ :
and reflected) :

Fic. 151.—Drrp Dissection ofF DIARTAL PART oF RiGcHT Fore LimB or Horsr, SHOWING JOINTH AND LIGAMENTS,
PosTERIOR ViEW.

1, Lateral cartilage; 2, tendon surface of navicular bone; 3, inferior navicular or interosseous ligament;
4, insertion of deep flexor tendon. Small arrows point to openings made in capsules of pastern and coffin joints.
(After Schmalta, Atlas d. Auat. d. Pferdes.)

first phalanx. They are partly covered by the branches of the suspensory or
superior sesamoidean ligament.

The suspensory or superior sesamoidean ligament (Musculus interosseus
medius) lies for the greater part in the metacarpal groove, where it has the form of
a wide, thick band. It is attached above to the upper part of the posterior surface
of the large metacarpal bone and to the distal row of carpal bones. At the lower
fourth of the metacarpus it divides into two diverging branches. Each branch
passes to the abaxial face of the corresponding sesamoid, on which a considerable
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part is attached. The remainder passes obliquely downward and forward to the
anterior surface of the first phalanx, where it joins the extensor tendon. This
ligament possesses considerable elasticity, and is the highly modified interosseous
medius muscle. It consists mainly of tendinous tissue, but contains a variable
amount of striped muscular tissue, especially in its deep part and in young subjects.
Its principal function is to support the fetlock, 7. e., to prevent excessive dorsal
flexion of the joint when the weight is put on the limb. The branches which join
the common extensor tendon limit volar flexion of the interphalangeal joints in
certain phases of movement.

The inferior sesamoidean ligaments are three in number—superficial, middle,
and deep. The superficial or straight ligament (Ligamentum sesamoideum rec-
tum) is a flat band and is somewhat wider above than below.! It is attached above
to the bases of the sesamoid bones and the intersesamoid ligament, below to the
complementary fibro-cartilage of the proximal end of the second phalanx. The
middle ligament is triangular, with thick, rounded margins (Ligamenta obliqua) and
a thin central portion.> Its base is attached to the sesamoid bones and intersesa-~
moid ligament, and its deep face to the triangular rough area on the posterior
surface of the first phalanx. The deep or cruciate ligament (Ligamenta sesamoidea
cruciata) consists of two thin layers of fibers which arise on the base of the sesa-
moid bones, cross each other, and end on the opposite eminence on the proximal
end of the first phalanx.

The short sesamoidean ligaments (L.igamenta sesamoidea brevia) are best
seen by opening the joint in front and pushing the sesamoid bones backward; they
are covered by the synovial membrane. Each is a short band which extends from
the anterior part of the base of the sesamoid bone outward to the posterior margin
of the articular surface of the first phalanx.

The inferior sesamoidean ligaments may be regarded as digital continuations
of the suspensory ligament, the sesamoid bones being intercalated in this remark-
able stay apparatus by which the fetlock is supported and concussion diminished.

THE PASTERN JOINT

This, the proximal interphalangeal articulation (Articulatio phalangis se-
cunds), is a ginglymus formed by the junction of the distal end of the first phalanx
and the proximal end of the second phalanx.

The articular surfaces are: (1) On the first phalanx, two slightly unequal con-
vex areas with an intermediate shallow groove; (2) on the second phalanx, a cor-
responding surface, completed behind by a plate of fibro-cartilage.

The joint capsule is close-fitting in front and laterally, where it blends with the
extensor tendon and the lateral ligaments respectively. Behind it pouches upward
a little and is reinforced by the straight scsamoidean ligament and the branches of
the superficial flexor tendon.

There are two lateral and four volar ligaments.

The lateral ligaments, internal and external (Ligamentum collaterale radiale,
ulnare) are very short and strong bands which are attached above on the emi-
nence and depression on each side of the distal end of the first phalanx, and below
on the eminence on either side of the proximal end of the second phalanx. The
direction of the ligaments is about vertical and, therefore, does not correspond to
the digital axis.

The volar or posterior ligaments consist of central and lateral pairs of bands
which are attached below to the posterior margin of the proximal end of the second

1 This is often called the Y-shaped ligament—a rather undesirable name, since it is not
bifurcate.

2]t is also called the V-shaped ligament.
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phalanx and its complementary fibro-cartilage. The lateral pair is attached above
to the middle of the borders of the first phalanx, the central pair lower down and
on the margin of the triangular rough area.

These ligaments arc very commonly thickened as a result of chronic inflammation, and then
are not well defined. The central ones blend below with the branches of the superficial flexor
tendon and with the straight sesamoidean ligament.

Movements.—These are very limited, and consist of flexion and extension.
The axis of motion passes transversely through the distal end of the first phalanx.
In the standing position the joint is extended. A small amount of volar flexion is
possible, and in this position slight lateral flexion and rotation can be produced by
manipulation. Dorsal flexion is prevented by the lateral, volar, and straight sesa-
moidean ligaments.

THE COFFIN JOINT

This joint, technically termed the distal interphalangeal articulation (Articu-
latio phalangis tertie), is a ginglymus forined by the junction of the second and
third phalanges and the third sesamoid bone.

Articular Surfaces.—The surface on the distal end of the second phalanx is
convex from before backward,
concave transversely. The
articular surface of the third /
phalanx slopes sharply up- Lateral cartilage |
ward and forward; its cen- ¢
tral part is prominent, and is '
flanked by two glenoid cavi- t
ties. It is completed behind
by the articular surface of
the third sesmoid or navicular
bone. :
Joint Capsule.—This is A / Volar foramina
attached around the margins Bl £,
of the articular sur.faf'os._ In Fra. 152.—LATERAL Lm.\nr:NT::; PARTERN JOINT AND SURPEN-
front and latcrally 1t 18 tlght, 8ORY LIGAMENTS or Navicrrar Bonk. (After Schmaltz,
and is blended with the exten- Atlas d. Anat. d. Plerdes.)
sor tendon and the lateral liga-
ments respectively. Posteriorly, it forms a considerable pouch which extends
upward to about the middle of the second phalanx, where it is separated by a
fibrous membrane from the digital synovial sheath. Laterally small pouches pro-
ject outward (especially during volar flexion) against the lateral cartilages, just
behind the lateral ligaments.!

Ligaments.—The lateral ligaments, external and internal (Ligamentum colla-
terale ulnare, radiale), are short strong bands which are attached above in the
depressions on either side of the lower part of the second phalanx, under cover of
the lateral cartilage. They widen below and end in the depressions on either side
of the extensor proeess and on the anterior end of the lateral cartilages.

The suspensory navicular ligaments, external and internal (Ligamentum sesa-
moideum collaterale ulnare, radiale),® are strong, somewhat elastic bands, which
form a sort of suspensory apparatus for the third sesamoid. They are attached
superiorly in and above the depressions on either side of the distal end of the first

sensory liga-

of narici=

_ Tendon surface
of navicular
bone

Wings of third

phalanr

t This should be noted in regard to rescction of the lateral cartilage or other operations in
this vieinity.

? These are termed the postero-lateral ligaments by M'Fadycan. They may well be called,
a8 by German authory, the suspensory ligaments of the navicular bone.
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phalanx and are here partly blended with the lateral ligaments of the pastern joint.
They are directed obliquely downward and backward, and end chiefly on the
ends and proximal border of the third sesamoid, but detach a branch to the inner
surface of each lateral cartilage and wing of the third phalanx.

The inferior navicular ligament (Ligamentum phalangeo-sesamoideum) rein-
forces the capsule inferiorly. It is a stronglayer of fibers which extend from the
distal border of the third sesamoid to the tendon surface of the third phalanx,
near the posterior margin of the articular surface.

Movements.—The chief movements are flexion and extension. In the stand-
ing position the joint is extended. During volar flexion a very small amount of
lateral movement and rotation can be produced by manipulation. Dorsal flexion
is very limited.

Dorsal flexion appears to be checked mainly by the deep flexor tendon, since in cases of ru
ture of the latter the toe turns up. The slight mobility of the posterior part of the socket for the

secoxkxld halanx (formed by the third sesamoid) diminishes concussion when the weight comes
on the foot.

LIGAMENTS OF THE LATERAL CARTILAGES

In addition to the bands mentioned above, which attach the lateral cartilages
to the extremities of the navicular bone, there are three ligaments on either side
which attach the cartilages to the phalanges.

An ill-defined elastic band passes from the middle part of the border of the
first phalanx to the upper part of the cartilage, detaching a branch to the plantar
cushion.

A short strong band connects the anterior extremity of the cartilage with the
rough eminence on the second phalanx in front of the attachment of the lateral liga-
ment of the coffin joint.

The lower border of the cartilage is covered externally by fibers which attach
it to the wing of the third phalanx.

THE ARTICULATIONS OF THE PELVIC LIMB
THE SACRO-ILIAC ARTICULATION

This joint (Articulatio sacro-iliaca) is a diarthrosis formed between the auricu-
lar surfaces of the sacrum and ilium. These surfaces are not smooth in the adult,
but are marked by eminences and depressions, and are covered by a thin layer of
cartilage. The joint cavity is a mere cleft, and is often crossed by fibrous bands.

The capsule is very close fitting, and is attached around the margins of the
articular surfaces. It is reinforced by the ventral sacro-iliac ligament (Ligamentum
sacro-iliacum ventrale), which surrounds the joint, and is exceedingly strong ahove.

The movements are inappreciable in the adult—stability, not mobility,
being the chief desideratum.

The following ligaments may be regarded as accessory to the joint, although
not directly connected with it.

The dorsal sacro-iliac ligament (Ligamentum sacro-iliacum dorsale breve) is a
strong band which is attached to the internal angle (Tuber sacrale) of the ilium and
the summits of the sacral spines.

. The lateral sacro-iliac ligament (Ligamentum sacro-iliacum dorsale longum)
is a triangular, thick sheet which is attached in front to the internal angle and border
of the ilium above the great sciatic notch, and below to the lateral border of the
sacrum. It blends above with the dorsal sacro-iliac ligament, below with the
sacro-sciatie ligament, and behind with the coccygeal fascia.

The sacro-sciatic ligament (Ligamentum sacrospinosum et tuberosum) is a
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quadrilateral sheet which completes the lateral pelvic wall. Its upper border is
attached to the border of the sacrum and the transverse processes of the first and
second coccygeal vertebre. Its lower border is attached to the superior ischiatic
spine and tuber ischii. Between these it bridges over the external border of the
ischium and completes the lesser sciatic foramen. The anterior border is concave,
and completes the greater sciatic foramen. The posterior border is fused with the
vertebral head of the semimembranosus muscle.

The ilio-lumbar ligament (Ligamentum ilio-lumbale) is a triangular sheet which
attaches the ends of the lumbar transverse processes to the ventral surface of the
ilium below the attachment of the longissimus muscle (Fig. 184).
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Fie. 153.—Lerr OB CoxZ AND AWACENT PPARTR OF SacrRUM aAxD FrMtr or Horse., (After Schmaltz, Atlas
d. Anat. d. Pferdes.)

SYMPHYSIS PELVIS

The symphysis pelvis is formed by the junction of the two ossa coxarum at
the ventral median line. In the young subject the bones are united by a layer of
cartilage; in the adult the latter is gradually replaced by bone, the process beginning
in the pubic portion and extending backward. The union is strengthened by white
fibrous tissue above and below, and a transverse band also covers the anterior border
of the pubis (pecten). No appreciable movement occurs even before synostosis
takes place.

OBTURATOR MEMBRANE

This (Membrana obturatoria) is a thin layer of fibrous tissue which covers the
obturator foramen, leaving, however, a passage (Canalis obturatorius) for the
obturator vessels and nerve.
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THE HIP JOINT

This joint (Articulatio coxs) is an enarthrosis formed by the proximal end
of the f(?mur and the acetabulum.

- Articular Surfaces.—The head of the femur presents an almost hemispherical
articular surface, which is continued a short distance on the upper surface of the
neck. It is more extensive than the socket which receives it. Internally it is
cut into by a deep notch for the attachment of the round and pubo-femoral liga-
ments- The acetabulum is a typical cotyloid cavity. Its articular surface is
somewhat crescentic, being deeply cut into internally by the acetabular notch and

Fic. 154 —Privie LicamesTs axp Hir JorsT,

1, Dorsal sacro-iliac ligarnent; 2, lateral sacro-iliac ligament; 3, sacro-sciatic ligament; 4, greater sciatic
foramen; 5, lesser sciatic foramen; 6, line of attachment of intermuscular septum between biceps femoris and semi-
tendinosus; 7, capsule of hip joint; 8, rectus parvus or capsularis muscle; 9, outer tendon of origin of biceps
femoris; 10, internal, 11, external, angle of ilium; 12, shaft of ilium; 13, superior ischiatic spine; 14§, pubis; 15,

tuber ischii; 76, trochanter major; 17, semimembranosus; 18, fifth lumbar spine; 18, 20, firat and second coccygeal
vertebrm.

fossa. It is increased and decpened by a ring of fibro-cartilage, the cotyloid
ligament (Labrum glenoidale), which is attached to the bony margin; that part of
the ligament which crosses the notch is called the transverse ligament (Fig. 456).

The joint capsule is roomy. It is attached around the margin of the acetab-
ulum and the neck of the femur. It is thickest externally.

The attachment on the femur is about 1 em. from the margin of the articular surface, except
above, where 2 to 3 em. of the neck is intracapsular. A thin oblique hand corresponding in diree-
tion with the rectus parvus muscle reinforces the antero-external part of the ca{:sule; this appears
to be the feeble homologue of the very strong ilio-femoral ligament of man. The capsule is very
thin under the ilio-psoas. and is adherent to the muscle. Internally, its fibrous part 18 perforated
by the pubo-femoral and round ligaments and the articular vessels.



THE HIP JOINT 193

The round ligament (Ligamentum teres) is a strong band which is attached
in the subpubic groove close to the acetabular notch, passes outward, and ends
in the notch on the head of the femur (Fig. 456).

The pubo-femoral ligament (Ligamentum accessorium) does not occur in the
domestic animals other than the equide. It isa strong band detached from the
prepubic tendon of the abdominal muscles (Fig. 456). It is directed outward,
backward, and upward, passes through the acetabular notch above the transverse
ligament, and ends behind the round ligament in the notch on the head of the
femur. The origin of the pectineus muscle is perforated by the ligament, which
furnishes attachment to the greater part of the fibers of the muscle.

The synovial membrane is reflected over the intracapsular parts of these
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Fic. 155.—LerFr StirLr Joint oF Horar, EXTERNAL ViEw, IN ParmiaL FrLexion,

The capsules have been removed. 18, Femur; 2, patella; 2!, tibia; a’’, internal patellar ligament; b, external
femoro-patellar ligament; d, external semilunar cartilage. (After Ellenberger-Baum, Anat. fur Kiinstler.)

ligaments and covers the fossa acetabuli. A pouch also extends from the acetabular
notch for a variable distance along the subpubic groove above the pubo-femoral
ligament.

Movements.—This joint is capable of all the movements of a ball-and-socket
joint, viz., flexion, extension, abduction, adduction, rotation, and circurnduction.
The greatest range of movement is displayed in flexion and extension. When
standing at rest, the joint is partially flexed, the articular angle (in front) being
about 100° to 115°. The other movements oceur to a very limited extent in normal
action.

. Abduction appears to be checked by tension of the round ligament. The pubo-femoral
ligament is tensed most promptly by inward rotation of the thigh.
13
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THE STIFLE JOINT

This joint (Articulatio genu), which corresponds to the knee-joint of man,
is the largest and most elaborate of all the articulations. Taken as a whole, it
may be classed as a ginglymus, although it is not a typical example of the group.
In reality it consists of two joints—the femoro-patellar and the femoro-tibial.

The femoro-patellar articulation (Articulatio femoro-patellaris) is formed
between the trochlea of the femur and the articular surface of the patella.

Articular Surfaces.—The trochlea consists of two slightly oblique ridges,
with a wide and deep groove between them. The inner ridge is much the larger
of the two, especially at its upper part, which is wide and rounded. The outer
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Fic. 156.—Lerr StirLe Joint oF Horsk, LATERAL ViEw,
The capsules are distended and the external patellar ligament is removed.

ridge is much narrower, and is more regularly curved; its upper part lies about
an inch behind a frontal plane tangent to the inner ridge. The articular surface
of the patella is much smaller than that of the trochlea. It is completed internally
by a supplementary plate of fibro-cartilage (Fibrocartilago patellee), which curves
over the internal surface of the inner lip of the trochlea. A narrow strip of cartilage
is found along the outer border also. The articular cartilage on the trochlea
completely covers both surfaces of the inner ridge, but only a narrow marginal area
on the external surface of the outer ridge.

Joint Capsule.—This is thin and is very capacious. On the patella it is
attached around the margin of the articular surface, but on the femur the line of
attachment is at a varying distance from the articular surface. On the inner side
it is an inch or more from the articular cartilage; on the outer side and abhove,
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about half an inch. It pouches upward under the quadriceps femoris for a distance
of two or three inches, a pad of fat separating the capsule from the muscle.
Below the patella it is separated from the straight ligaments by a thick pad of
fat, but inferiorly it is in contact with the femoro-patellar capsules. The joint
cavity is the most extensive in the body. It usually communicates with the
inner femoro-tibial joint cavity by a slit-like opening situated at the lowest part
of the inner ridge of the trochlea. A similar, but smaller, communication with the
outer femoro-patellar capsule is often found at the lowest part of the outer ridge.

The inner communication appears to be constant in adult horses, but is liable to be over-
looked on account of the fact that 1t is covered by a valvular fold of the synovial membrane. It
is about half an inch wide, and lies under the narrow articular area which connects the trochlea
and internal condyle. The outer communication occurs in 18 to 25 per cent. of cases, according
to Baum. It is instructive to distend this capsule and thus obtain an idea of its potential capa-
city and relations (Fig. 156).

Accessory cartilage of pulclia
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Fia. 157.—LEerr StirLE JoiNT oF Horar, FroNT VIEW, IN EXTENRION.
The capsules are removed. 18, Femur; 20, patella; 21, tibia. (After Ellenberger-Baum, Anat. fiir Kiinstler.)

Ligaments.—The lateral femoro-patellar ligaments, external and internal
(Ligamentum femoro-patellare fibulare, tibiale), are two thin bands which reinforce
the capsule on either side. The external ligament is fairly distinct; it arises from
the external epicondyle of the femur just above the lateral femoro-tibial ligament,
and ends on the external border of the patella. The internal ligament is thinner
and is not distinct from the capsule; it arises above the internal epicondyle, and
ends on the patellar fibro-cartilage.

The patellar ligaments (Ligamenta patelle), also called the straight ligaments
of the patella, are three very strong bands which attach the patella to the tuberosity
of the tibia. The external patellar ligament is attached above to the outer part
of the anterior surface of the patella, and below to the outer part of the tuberosity.
It receives a strong tendon from the biceps femoris muscle. The middle patellar
ligament extends from the front of the apex of the patella to the lower part of
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the groove on the tuberosity of the tibia, a bursa being interposed between the

ligament and the upper part of the groove.

The internal patellar ligament is

attached above to the patellar fibro-cartilage, and ends on the tuberosity of the

tibia, internally to the groove.
gracilis and sartorius.

It is joined by the common aponeurosis of the
These so-called ligaments are, in reality, the tendons of

insertion of the quadriceps femoris muscle, and transmit the action of the latter
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F, Femoral ligament of external cartilage. (After Schmaltz, Atlas

to the tibia; they also func-
tion similarly for the other
muscles attached to themn as
noted above.

It will be noticed that the
upper attachments are further apart
than the lower ones, so that the liga-
ments converge below. The inner
ligament is especially oblique. The
middle ligament is more deeply

laced than the others, and there-
ore cannot usually be felt distinctly
in the living animal.

The femoro-tibial articu-
lation (Articulatio femoro-

d. Anat. d. Plerdes.) tibialis) is formed between the

condyles of the femur, the
proximal end of the tibia, and the interposed semilunar cartilages.

Articular Surfaces.—The condyles of the femur are slightly oblique in direc-
tion. The articular surface of the outer one is more strongly curved than that of
the inner one; the latter is confluent below with the inner ridge of the trochlea,
while the narrow ridge which connects the external condyle with the trochlea is
usually non-articular. The saddle-shaped surfaces of the condyles of the tibia are
not adapted to the femoral condyles, and
are in contact with only a small part of
them.

The semilunar cartilages (Meniscus
lateralis, medialis) are two C-shaped or
crescentic discs of fibro-cartilage which
produce congruence in the articular sur-
faces. Each has an upper eoncave sur-
face adapted to the condyle of the femur,
and a lower surface which fits the cor-
responding condyle of the tibia. The
external ecartilage does not cover the
outer and posterior part of the condyle,
over which the tendon of origin of the
popliteus muscle plays. The peripheral
border is thick and convex, the central
one very thin and concave. The fibrous
ends or cornua are attached to the tibia
in front of and behind the spine. The
external cartilage has a third attachment by means of an oblique band (Liga-
mentum femorale menisci lateralis) which passes from the posterior cornu to the
posterior part of the intercondyloid fossa of the femur.
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The cornua of the internal cartilage (Ligamenta tibize anterius et posterius menisci medialis)
are attached in front of and behind the inner eminence of the spine. The anterior rornu of the
external cartilage (Ligamentum tibie anterius menisei lateralis) ix attached in front of the outer
eminence of the spine. The posterior cornu bifurcates; the lower branch (Ligamentum tibise
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posterius menisci lateralis) is inserted at the popliteal notch, the upper (Ligamentum femorale
menisci lateralis) in a small fossa in the extreme posterior part of the intercondyloid fossa.
The joint capsule is attached to the margin of the tibial articular surface,
but on the femur the line of attachment is for the greater part about half an inch
from the articular margin. It is also attached to the convex borders of the semi-
lunar cartilages and to the crucial ligaments. It is strong posteriorly, but in front
it practically consists only of the synovial layer. There are two synovial sacs,
corresponding to the double nature of the articular surfaces; they do not usually
communicate, and each is partially divided into an upper and a lower compartment
by the semilunar cartilage. The inner sac pouches upward about half an inch
over the condyle of the femur. The external sac invests the tendon of origin of the
popliteus muscle, and also pouches downward about three or four inches (ca. 8
to 10 cin.) beneath the peroneus tertius and long extensor muscles (Fig. 156).
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Fra. 160.—Lrrr StirLe JOINT or HoRsE, INTERNAL VIEW IN EXTREME EXTENSION.!

18, Femur; £0, patella (base); £1, tibia; d, internal semilunar cartilage. (After Ellenberger-Baum, Anat. fir
Kilnstler.)

As stated above, the outer sac sometimes communicates with the femoro-patellar
joint cavity, and the inner sac usually, if not always, does so in the adult.

Ligaments.—There are four of these—two lateral and two crucial.

The internal lateral ligament (Ligamentum collaterale tibiale) is attached
above to the prominent internal epicondyle of the femur, and below to a rough
area below the margin of the internal condyle of the tibia.

The external lateral ligament (Ligamentum collaterale fibulare) is somewhat
thicker; it arises from the upper depression on the external epicondyle, and ends
on the head of the fibula. It covers the tendon of the origin of the popliteus
muscle, and a bursa is interposed between the lower part of the ligament and the
margin of the external condyle of the tibia.

'In this figure the patella is pushed up above the trochlea—a position which it docs not
occupy normally.
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The crucial ligaments are two strong rounded bands situated mainly in the
intercondyloid fossa of the femur, between the two synovial sacs. They cross
each other somewhat in the form of an X, and are named according to their tibial
attachments. The anterior crucial ligament (Ligamentum cruciatum anterius)
arises in the central fossa on the tibial spine, extends upward and backward,
and ends on the upper part of the inner surface of the external condyle of the femur.
The posterior crucial ligament (Ligamentum cruciatum posterius) is internal to
the preceding, and is somewhat larger. It is attached to an eminence at the
popliteal notch of the tibia, is directed upward and forward, and ends in the an-
terior part of the intercondyloid fossa of the femur.
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1, Anterior crucial ligament; 2, posterior crucial ligament; 3, posterior cornu of internal semilunar cartilage;
4, femoral ligament of external semilunar cartilage; &, articular artery; @, part of vastus internus.

It may be added that these ligaments do not lie in a sagittal plane, but are somewhat twisted
across cach other; outward rotation of the leg untwists and slackens them.

Movements.—The principal movements of the stifle joint as a whole are
flexion and extension. In the ordinary standing position the articular angle
(behind) is about 140° to 150°. Flexion is limited only by contact of the leg with
the thigh if the hock is also flexed. Extension is incomplete, 7. e., the femur
and tibia cannot be brought into the same straight line. Rotation is limited,
and is freest during semiflexion. The patella glides on the femoral trochlea up-
ward in extension, downward in flexion.

Extension is checked mainly by tension of the crueial and lateral ligaments. In extreme
extension, which is accompanied by slight outward rotation of the leg, the patella can be pushed
upward and inward so that its fibro-cartilage hooks over the upper end of the inner ridge of the
trochlea, but it will not remain there unless held in position.  When pressure is removed, the base
of the patella tips forward and the cartilage lies upon the most prominent part of the trochlear



TIBIO-FIBULAR ARTICULATION—THE HOCK JOINT 199

ridge. During flexion, which is accompunied by slight inward rotation of the leg, the condyles
of the femur and the semilunar cartilages glide backward on the tibia; the movement of the ex-
ternal condyle and cartilage is greater &an that of the inner one. In extreme flexion the patellar
and terior crucial ligaments are tense; the other liganments are relaxed. The movement of the
patella is gliding with coaptation, ¢. e., different parts of the opposing articular surfaces come into
contact successively. Only a narrow transverse strip (ca. 1.5 to 2 cm. wide) of the patella is in
contact with the trochlea at a time.

TIBIO-FIBULAR ARTICULATION

The head of the fibula articulates with a crescentic facet just below the outer
margin of the external condyle of the tibia. The joint capsule is strong and close.
The shaft of the fibula is attached to the external border of the tibia by the inter-
osseous membrane of the leg (Membrana interossea cruris); this is perforated
about an inch from its proximal end by an opening which transmits the anterior
tibial vessels to the front of the tibia. A fibrous cord usually extends from the
distal end of the shaft of the fibula to the external malleolus. The latter is the
distal end of the fibula which has fused with the tibia. No appreciable movement
occurs in this joint.
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View. View.
21, Tibia; £4, tuber calcis; 25, large metatamal bone; 47, long external lateral ligament; 6/, long internal lateral
ligament. (After Ellenberger-Baum, Anat. fir Kinstler.)

THE HOCK JOINT

This is a composite joint made up of a number of articulations (Articulationes
tarsi). These are: (1) The tibio-tarsal articulation; (2) the intertarsal articula-
tions; (3) the tarso-metatarsal articulation.

The tibio-tarsal articulation (Articulatio talo-cruralis) is a typical ginglymus
formed by the trochlea of the tibial tarsal bone (astragalus or talus) and the cor-
responding surface of the distal end of the tibia. The ridges and grooves of these
surfaces are directed obliquely forward and outward at an angle of about 12° to 15°,
with a sagittal plane. The trochlear surface is about twice as extensive as that
on the tibia, and its ridges have a spiral curvature. The other articulations are
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arthrodia, which have joint surfaces and ligaments of such a nature as to allow
only a minimal amount of gliding motion.

As in the case of the carpal joints, it is convenient to describe first the common
capsule and ligaments, which are the more important practically, and then to
consider very briefly the special ligaments.

The fibrous part of the joint capsule is attached around the margin of the
tibial articular surface above and the metatarsal surfaces below; it is also attached
in part to the free surface of the bones which it covers, and blends with the lateral
ligaments. Its anterior part (anterior ligament) is rather thin; in distention of the
capsule, as in “bog-spavin,” its antero-internal part, which is not hound down by
the tendons passing over the joint, forms a fluctuating swelling over the inner ridge
of the trochiea. The posterior part (posterior and tarso-metatarsal ligaments) is
very thick, and is intimately attached to the tarsal bones. Its superficial face is
in part cartilaginous, and forms a smooth surface for the perforans tendon. Su-
periorly, it pouches upward behind the distal end of the tibia for a distance of about
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F16. 164.—Lrrr Hock JoinT or Honsg, ANTERIOR VIEW.

21, Tibia; 22, trochlea of tibial tarsal bone; 25, large metatarsal bone; 50, dorsal or oblique ligament. (After
Ellenberger-Baum, Anat. fiir Kiinstler.)

two inches (ca. 5 cm.). Inferiorly, it is continued downward, forming the sub-
tarsal or check ligament, which unites with the perforans tendon about the middle
of the metatarsus.

There are four synovial sacs: 1. The tibio-tarsal sac lubricates the proximal
joint, and is much the largest and most important. It is chiefly involved in the
swelling produced by excess of fluid in the joint cavity, when the capsule bulges
antero-internally and postero-superiorly. 2. The first intertarsal sac lines the joints
formed by the tibial and fibular tarsal bones above, and the central and fourth
tarsals below; it communicates in front with the proximal synovial capsule. 3.
The second intertarsal sac lubricates the joints formed between the central tarsal
and the bones below and on either side. 4. The tarso-metatarsal sac lubricates
the joints formed between the tarsal and metatarsal hones, those between the
proximal ends of the metatarsal bones, and those formed by the third tarsal with
the bones on either side.

Common Ligaments.—The external lateral ligament (Ligamentum collaterale
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fibulare longum et breve) consists of two distinct bands which cross each other.
The long (superficial) ligament arises on the posterior part of the external malleolus,
is directed almost straight downward, and is attached to the fibular and fourth
tarsal bones and the large and external small metatarsal bones. It forms a canal
for the lateral extensor tendon. The short (deep) ligament arises on the anterior
part of the external malleolus, is directed chiefly backward, and ends on the rough
excavation on the external surface of the tibial tarsal and the adjacent surface of
the fibular tarsal bone.

The internal lateral ligament (Ligamentum collaterale tibiale longum et breve)
also consists of two parts which cross each other. The long ligament arises on the
posterior part of the internal malleolus, becomes wider below, and is attached on
the lower tuberosity of the tibial tarsal, the large and outer small metatarsal bones,
and the inner surface of the lower tarsal bones which it covers. The short ligament
lies largely under cover of the long one. It extends from the anterior part of the
internal malleolus runs backward and somewhat downward, and divides into two
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Fia. 185.—Lerr Hock Jornt or Horse, PosTERIOR VIEW.
21, Tibia; 24, tuber calcis. (After Ellenberger-Baum, Anat. fOor Kinstler.)

branches; one of these ends on the upper tuberosity on the inner surface of the
tibial tarsal bone, the other on the sustentaculum tali.

The plantar or calcaneo-metatarsal ligament (Ligamentum tarsi plantare) isa
very strong flat band which covers the outer part of the posterior surface of the
tarsus. It is attached to the posterior surface of the fibular and fourth tarsal
bonés and the proximal end of the external metatarsal bone.

The dorsal or oblique ligament (Ligamentum tarsi dorsale) is a triangular
sheet which is attached above to the lower tuberosity on the inner face of the tibial
tarsal bone, and spreads out below on the central and third tarsal bones, and the
proximal ends of the large and inner small metatarsal bones, to all of which it is
attached. .

Special Ligaments.—A considerable number of short bands which connect
adjacent bones of the tarsus and metatarsus are described by various authors;
some of these are quite distincet; others are difficult to isolate. Most of them are
not of sufficient importance to justify detailed description.
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(1) The tibial and fibular tarsal bones are united by four bands (astragalo-calcaneal liga-
ments). The internal ligament’extends from the sustentaculum tali to the adjacent part of the
tibia tarsal, blending with the short lateral ligament. The external ligament extends from the
anterior process of the fibular tarsal to the adjacent part of the external ridge of the trochlea.
The superior ligament extends from the posterior margin of the trochlea to the fibular tarsal.
The interosseous ligament is deeply placed in the sinus tarsi between the two bones, and is attached
in the rough areas of the opposefsurfaces.

(2) The smaller bones are attached to each other as follows: The central and third tarsal are
united by an interosscous and an oblique anterior ligament (scaphoido-cunean ligaments).
The central and fourth tarsal are united by an interosscous and a transverse external ligament
(cuboido-scaphoid ligament). The third and fourth tarsals are similarly connected (cuboido-
cunean ligaments). The third tarsal is joined by an interosseous (intercunean) ligament to the
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(fused) first and second tarsals; the latter are conncoted with the fourth tarsal by a transverse
posterior ligament.

(3) The smaller bones are connected with the upper row as follows: The central is attached
to the tibial tarsal by posterior and interosscous (astragalo-scaphoid) ligaments, and to the fibular
tarsal by a short oblique (calcaneo-scaphoid) band. The fourth is attached to the fibular tarsal
by interosseous and posterior (calcaneo-cuboid) ligaments. The (fused) first and seeond tarsals
are connected with the fibular tarsal by a posterior (calcaneo-cunean) ligament. :

(4) The lower tarsal bones are connected with the metatarsus by tarso-metatarsal ligaments,
which are not distinct from the common ligaments, except in the case of the interosseous ligament
between the third tarsal and metatarsal bones.

Movements.—These are flexion and extension, which take place at the tibio-
tarsal joint. The movements between the tarsal bones, and between the latter
and the metatarsus, are so limited as to be negligible so far as the action of the joint
as a whole is concerned. In the standing position the articular angle (in front)
is about 150° to 160°. Complete extension is prevented by tension of the lateral
ligaments. Flexion is checked only by contact of the metatarsus with the leg,
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provided the stifle joint is also flexed. Owing to the fact that the axis of motion
is slightly oblique, the lower part of the limb deviates somewhat outward during
flexion.

The movements of the hock joint must correspond with those of the stifle on account of the
tendinous bands in front and behind (peroneus tertius and flexor perforatus), which extend from
the lower part of the femur to the tarsus and metatarsus.

The remaining joints differ in no material respect from those of the thoracic
limb.

COMPARATIVE ARTHROLOGY'!
JOINTS AND LIGAMENTS OF THE VERTEBRZE

Ox.—The ligamentum nuche is better developed than in the horse. The
funicular part is clearly divided into two lateral halves, which are round at their
occipital attachment, but from the axis backward become rapidly wider and flat.
This wide portion is almost sagittal, lies on either side of the vertebral spines, and
is covered by the trapezius and rhomboideus muscles. From the highest part of

Fi1a. 167.—LicaMentTuM NucHz or Ox.

a, Funicular part; b, wide portion; ¢, d, lamellar part; e, interspinous ligaments; I, spinous process of first thoracie
vertebra; 2, axis. (Kllenberger-Baum, Anat. d. Haustiere.)

the withers (third thoracic spine) it gradually diminishes in size and fades out in
the lumbar region. The lamellar part is thick, and consists of anterior and pos-
terior parts. The anterior part is double; its fibers proceed from the funicular
part to the second, third, and fourth cervical spines. The posterior part is single;
its fibers extend from the first thoracic spine to the fifth, sixth, and seventh cervical
spines.

The infertor common ligament is very strong in the lumbar region.

The intervertebral fibro-cartilages are thicker than in the horse.

The interspinous ligaments of the back and loins consist largely of elastic
tissue.

'This section consists necessarily only of a brief statement of the most important differences
in the joints of the other animals.
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There are no intertransverse joints in the lumbar region.

Pig.—The ligamentum nuchs is represented by a fibrous raphé and thin
layers of elastic tissue which extend between the cervical spines.

The atlanto-occipital and atlanto-axial joints resemble those of the dog.

The interspinous ligaments of the neck are elastic.

Dog.—The ligamentum nuchs «consists of a small fibrous band which extends
from the spine of the axis to the anterior thoracic spines; it may be regarded as a
mere fibrous raphé between the right and left muscles. :

There are interspinous muscles instead of ligaments in the neck.

There are three ligaments in connection with the odontoid process. The two
alar ligaments (Ligamenta alaria) arise on either side of the odontoid process,
diverge, and end on either side of the foramen magnum. The transverse ligament
of the atlas (Ligamentum transversum atlantis) stretches across the dorsal surface
of the odontoid process and binds it down on the ventral arch of the atlas, a bursa
being interposed. It is attached on either side to the lateral masses of the atlas.

The two capsules of the atlanto-occipital joint communicate with each other,
and usually with the capsule of the atlanto-axial joint also.

ARTICULATIONS OF THE THORAX

. Ox.—The second to the eleventh costo-chondral joints inclusive are diarthroses
With close capsules, reinforced externally. (They are synchondroses in the sheep.)
The upper parts of the cartilages are attached to each other by distinct elastic
ligaments (Ligamenta intercostalia).

The first pair of chondro-sternal joints are separate from each other; inter-
Crossing fibers unite the costo-chondral junctions above the joints.
The first segment of the sternum forms a diarthrosis with the body. The
anterior joint surface is concave, the posterior convex. The joint (Articulatio
Intersternalis) is surrounded by a close capsule, and the joint surfaces are attached
O each by a small intra-articular ligament. Limited lateral movement is possible.
In the sheep the joint is a synchondrosis.)
Both surfaces of the sternum are covered by a layer of fibrous tissue.
Pig.—The second to the fifth or sixth costo-chondral joints are diarthroses.
The intersternal articulation and the sternal ligaments resemble those of the ox.
Dog.—The first chondro-sternal joints do not coalesce.
The internal sternal ligament divides into three bands.

TEMPORO-MANDIBULAR ARTICULATION

Ox.—The articular surfaces are of such a character as to permit more extensive
lateral movement than in the horse.

The condyle of the mandible is relatively sma]l_and‘is concave transversgly. The gemporal
&rticulares?rfag; is extensive and is convex in both directions. The postglenoid process is small.

Pig.—The considerable longitudinal diameter of the temporal articular sur-
faces and the very small size of the pqsfglenoid process allow great I:reedom of
protraction and retraction of the lower jaw. Lateral movement is limited. The
posterior ligament is absent. ) o

Dog.—The articular surfaces allow extremely little lateral or.ghdmg movement.
They are cylindrical in curvature, and the interarticular disc is very thin. The

osterior ligament is absent. . ' '
g The other articulations of the skull are sufficiently described in the Osteology.
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ARTICULATIONS OF THE THORACIC LIMB
SHOULDER JOINT

Ox.—The articular angle is about 100°.

Pig and Dog.—The joint capsule communicates freely with the bicipital bursa.
There is a rudimentary marginal cartilage around the rim of the glenoid cavity.
In the dog there is usually a strong band extending from the acromion to the outer
part of the capsule; another band (Ligamentum coraco-acromiale) often stretches
between the scapular tuberosity and the acromion.

ELBOW JOINT

Ox.—No important differences exist. The upper part of the interosseous
radio-ulnar ligament is commonly ossified in the adult.

Pig.—There are no important differences. The radius and ulna are so firmly
united by the interosseous ligament as to prevent any appreciable movement
between them.

Dog.—The joint capsule is reinforced in front by an oblique ligament which
arises on the front of the external condyle of the humerus above the joint surface,
and joins the terminal part of the biceps and brachialis below. The external
lateral ligament is thick and divides into two parts; the anterior part is attached
to the radius and blends with the annular ligament; the posterior part widens
below, forming a sort of cap, and is attached to the ulna. The internal lateral
ligament also divides into two branches; the anterior branch ends on the inner
surface of the neck of the radius; the posterior enters the interosseous space and
is attached to both bones. An elastic band (Ligamentum olecrani) extends from
the outer surface of the internal epicondyle to the anterior border of the ulna.

There are two radio-ulnar joints. The proximal radio-ulnar joint is included
in the capsule of the elbow, but is provided with an annular ligament which extends
from the lower part of the external ligament across the front of the proximal end
of the radius to the ulna, blending with the biceps and brachialis tendons. The
distal joint is formed by a concave facet on the radius and a convex one on the
radius, and is surrounded by a tight capsule. The interosseous membrane unites
the shafts of the two bones. The movements consist of limited rotation of the
radius (ca. 20°), carrying the paw with it. The ordinary position is termed prona-
tion; outward rotation is supination.!

THE CARPAL JOINTS

These have the same general arrangement as in the horse. Numerous minor
differences naturally exist, but must be excluded from this brief account, which
contains only important special features.

The lateral movements are freer, especially in the dog, but flexion is not so
complete: the anatomical explanation of these facts lies in the nature of the articu-
lar surfaces and certain ligamentous differences. The lateral ligaments are much
weaker, the long external one being especially small in the ox. Two oblique,
somewhat elastic, bands cross the front of the radio-carpal and intercarpal joints.
The proximal one is attached to the distal end of the radius and passes downward
and outward to the ulnar carpal bone; the other one connects the radial and fourth
carpal bones in a similar fashion.

In the ox the short lateral ligaments are well defined, a llgament connects

}These movements are best seen in nan, in whom the back of the hand may be turned for-
ward (pronation) or backward (supination).
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the accessory carpal with the distal end of the ulna, and strong bands connect

Fri. 168.—Dirral. Part of Liur oF Ox, Suowiva Licavexts
AND Trxposs. ONg DiGit aAND CORREMPONDING ARTICU-
LAR ParT or Mrracarran Boxe are Resmoven.

a, Suspensory ligament; @', branch of a to superficial flexor
tendon: o, o', luteral and central branches of a; b, deep flexor
tendon; ¥, branch of & to dinit removed; ¢, ¢, superficial flexor
temdon; d, 4, intersesamord ligament (cut); e, intendigital luteral
ligament of fetlock joint; f, tendon of common extensor; g, proxi-
mal interdigital lignment; A, digital annular ligament; o, posterior
annular higament of fetlock: &, iateral higament of pastern joint;
1, distal interdigital lLamment; m, crucial interdigital ligament
(eut); m’, m”, attachments of m 10 second phalanx and distal
sesamoi:d bone; o, an-
terior elastie lignment; p, Iateral volar lignment of pastern joint;
! metacarpus, sawn off at 1 2. firt phalanx; $, second phalanx;
(Ellenberger-Baum, Anat. d. Haustiere,)

n, suspen~ory ligament of distal sesamoid;

4, third phalanx.

the distal bones with the
metacarpus.

The interosseous and in-
terordinal ligaments vary with
the number of carpal bones

present in the different species.

INTERMETACARPAL JOINTS

In the ox the small (fifth)
metacarpal bone articulates
with the large metacarpal, but
not with the carpus. The joint
cavity is connected with that
of the carpo-metacarpal sac.
The proximal end of the small
metacarpal bone is attached
by a ligament to the fourth
carpal, and another band ex-
tends from its distal part to
the side of the large metacar-
pal. There is also an inter-
osseous ligament, which is per-
manent and allows a small
amount of movement.

The chief metacarpal
bones of the pig, and the second
to the fifth of the dog, articu-
late with each other at their
proximal ends, and are connect-
ed by interosseous ligaments,
which do not, however, unite
them closely, as in the horse.

METACARPO-PHALANGEAL
JOINTS
Ox.—There arc two
joints, one for each digit. The
two capsules communicate
posteriorly. The two inter-
digital lateral ligaments (Liga-
menta collateralia interdigi-
talia) result from the bifurca-
tion of a band which arises in
the furrow between the divi-
sions of the distal end of the
large metacarpal bone; they
spread out and end on the
proximal ends of the first
phalanges. A strong superior

interdigital ligament (Ligamentum interdigitale), consisting of short intercrossing
fibers, unites the middles of the interdigital surfaces of the first phalanges,
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Crucial ligaments (Ligamenta phalango-sesamoides) connect the sesamoids
with the proximal end of the opposite first phalanx.

The intersesamoid ligament connects all four sesamoids, and extends upward
much less than in the horse.

The lateral sesamoidean ligaments end almost entirely on the first phalanges.

The superficial inferior sesamoidean ligament is absent. The middle inferior
sesamoidean ligaments of each digit are two short strong bands which extend from
the distal margins of the sesamoids to the proximal ends of the first phalanges.
The deep inferior sesamoidean liga@ments are strong and distinetly crucial.

Fic. 169.—Licamexts ANp TenpONs or Dicits or Pig, F16. 170.—L1GaMENTS AND TENDONS OF PAW OF

Vorar VIEwW. Doa, Hinv LimB, VoLaR ViEw.
a, Superficial flexor tendon; b, deep flexor tendon; b’, a, @', Superficial flexor tendon; b, tendon
branches of b to nccessory digits: ¢, ¢, annular lignments; to large pad; c, lumbricales muscles; d, interossei

d—d'”’, ligaments of accessory digits; e, cruciate interdigital muscles; e, f. annular ligaments at metatarso-

ligaments; f, f’, spiral band around the flexor tendons of phalangeal joints; g, suspensory ligament of large

the accessory digits; g, abductor of accessory digit. (Ellen- pad: A, digital annular ligaments; ¢, deep flexor

berger-Baum, Apat. d. Haustiere.) tendoun; k, distal sesamoid; /, suspensory ligament
of k; m, suspensory ligament of digital pad; n,
digital pads. (Lllenberger-Baum, Anat. d. Haus-
tiere.)

The suspensory or superior sesamoidean ligament is more distinetly muscular
than in the horse—indced in the young animal it consists almost entirely of
muscular tissue. At the distal third of the metacarpus it divides into three
branches. These give rise to five subdivisions, either by bifurcation of the lateral
branches or trifurcation of the middle branch. The four lateral bands end on the
sesamoid bones and the distal end of the large metacarpal bone, and detach slips
to the extensor tendons. The middle band passes through the groove between the
two divisions of the distal end of the metacarpus, and divides into two branches
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which join the tendons of the proper extensors of the digits; it sends fibers also to
the interdigital lateral ligaments and to the central sesamoids. About the middle
of the metacarpus the suspensory ligament detaches a band which unites lower
down with the superficial flexor tendon, thus inclosing the tendon of the deep flexor
of the digit; it also blends with the thick fascia of the region. The latter gives off
a band on either side to the accessory digits, and a tendinous band descends from
each accessory digit to the third phalanx and sesamoid bone, blending with the
tendon of the corresponding proper extensor.

Pig.—There are four metacarpo-phalangeal joints, each of which has a capsule,
lateral, intersesamoidean, and crucial sesamoidean ligaments. Since distinet inter-
osseous muscles are present, there are, of course, no suspensory ligaments.

Dog.—There are five metacarpo-phalangeal joints, each having its own capsule
and indistinct lateral ligaments. A small sesamoid bone occurs in the anterior
part of each capsule, over which the corresponding extensor tendon plays. The
intersesamoidean ligaments do not extend above the sesamoids. The cruciate
ligaments are present, as well as a fibrous layer which attaches the distal margins
of the sesamoids to the posterior surface of the proximal end of the first phalanx.

INTERPHALANGEAL JOINTS

Ox.—The two proximal joints have separate capsules, and broad, but rather
indistinct, lateral ligaments. Each joint has also two central and two lateral volar
ligaments. The central ligaments are largely fused to form a strong band. The
lateral ones extend from the borders of the first phalanx to the proximal end of the
second phalanx.

The distal interphalangeal joints have, in addition to the capsules and lateral
ligaments, bands which reinforce them on either side. The central or interdigital
pair arise in the depressions on the distal ends of the first phalanges, receive fibers
from the second phalanges, and end on the interdigital surfaces of the third phal-
anges at the margin of the articular surface. The lateral pair have a similar course,
but are thinner, and end on the corresponding third sesamoid. An elastic band
crosses the front of the second phalanx obliquely, from the distal end of the first
phalanx to the extensor process of the third phalanx.

The crucial or inferior interdigital ligaments (Ligamenta cruciata interdigitalia)
are two strong bands which limit the separation of the digits. They are attached
above to the lateral (or abaxial) eminences on the proximal ends of the second
phalanges (blending with the lateral ligaments), cross the deep flexor tendon
obliquely, and reach the interdigital space, where they intercross and blend. Most
of the fibers end on the third sesamoid of the opposite side, but some are attached
to the interdigital aspect of the second phalanx and the third sesamoid of the same
side. In the sheep there is, instead of the foregoing, a transverse ligament which
is attached on either side to the interdigital surfaces of the second and third phalanges
and the third sesamoid bone. It is related below to the skin, above to a pad of fat.

Pig.—The interphalangeal joints of the chief digits resemble in general those
of the ox. The inferior interdigital ligament resembles, however, that of the sheep,
and is intimately adherent to the skin. There is, besides, a remarkable arrange-
ment of ligaments which connect the small digits with each other and with the
chief digits.

This apparatus is somewhat complex, but its chief features are as follows: A superior inter-
digital ligament is attached on cither side to the third phalanges of the small digits, while centrally
it blends with the annular ligaments of the flexor tendons behind the metacarpo-phalangeal
joints of the chief digits. Two bands (central longitudinal interdigital ligaments) arise on the

ases of the small digits, cross the flexor tendons obliquely downward and inward, pass through
the superior interdigital ligament, and blend below with the inferior interdigital ligament. Two
lateral bands (lateral longitudinal interdigital ligaments) are attached in common with the
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superior interdigital ligaments to the third phalanges of the small digits, and blend below with
the outer part of the inferior interdigital ligament.

Dog.—Each joint has a capsule and two lateral ligaments. The distal joints
have also two elastic dorsal ligaments (Ligamenta dorsalia), which extend from the
proximal end of the second phalanx to the ridge at the base of the third phalanx
(Fig. 133). They produce dorsal flexion of the joint, and thus raise or retract the
claws when the flexor muscles relax. The distal sesamoids are represented by
complementary cartilages attached to the volar margins of the articular surfaces
of the third phalanges.

Three interdigital ligaments restrict the spreading apart of the digits. Two
of these cross the volar surface of the proximal parts of the chief digits, 1. e., one
for the second and third, the other for the fourth and fifth; they blend with the
annular ligaments on either side. The third ligament is attached on either side to
the foregoing ligaments and the annular ligaments of the third and fourth digits,
and curves downward centrally, ending in the large pad on the paw.

ARTICULATIONS OF THE PELVIC LIMB
SACRO-ILIAC JOINT

This joint and the pelvic ligaments present no very striking differences in the
other animals. The sacro-sciatic ligament in the dog is a narrow but strong
band which extends from the posterior part of the lateral margin of the sacrum to
the tuber ischii; it is the homologue of the ligamentum sacro-tuberosum of man.

HIP JOINT

Ox.—The shallowness of the acetabulum is compensated by the greater size
of the marginal cartilage. The head of the femur has a smaller radius of curvature
than that of the horse, and the articular surface extends a considerable distance
outward on the upper surface of the neck. The round ligament is entirely intra-
articular; it is small, and sometimes absent. The pubo-femoral or accessory
ligament is absent.

There are no important differences in the other animals.

STIFLE JOINT

Ox.—There is a considerable communication between the femoro-patellar
and inner femoro-tibial joint cavities; this is situated as in the horse, but is wider.
A small communication with the external femoro-tibial capsule sometimes occurs.
The two femoro-tibial capsules usually communicate. The middle patellar liga-
ment is not sunken, as there is no groove on the tuberosity of the tibia where it is
attached. The external patellar ligament fuses completely with the tendon of
insertion of the biceps femoris, and a synovial bursa is interposed hetween them
and the external condyle of the femur.

In the other animals there is a single ligamentum patelle, and the synovial
sacs communicate so freely as to constitute a common joint cavity. In the dog
the semilunar cartilages are united anteriorly by a transverse ligament, and the
posterior part of the capsule contains the two Vesalian sesamoids, which articulate
with the condyles of the femur.

TIBIO-FIBULAR JOINTS

Ox.—The proximal end of the fibula fuscs with the external condyle of the
tibia. The distal end remains separate, and forms an arthrosis with the distal end
14

P
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of the tibia; the movement here is imperceptible, as the two bones are closely
united by strong peripheral fibers. .

Pig.—The superior joint is provided with a capsule which is reinforced in
front and behind by fibrous tissue.

The interosseous ligament attaches the shaft of the fibula to the outer border
of the tibia.

The inferior joint is included in the capsule of the hock joint, and is strength-
ened by oblique anterior and posterior ligaments. There is also an interosseus
ligament.

Dog.—The arrangement is essentially the same as in the pig, but there is no
interosseous ligament in the inferior joint.

HOCK JOINT
Ox.—There is very considerable mobility at the first intertarsal jO}nt, the
capsule of which is correspondingly roomy. The short external lateral ligament
is attached below on the tibial tarsal only. A strong transverse ligament attaches

the external malleolus (distal end of the fibula) to the back of the tibial tarsal bone.
The dorsal or oblique ligament is narrow and thin.

Pig.—The arrangement in general resembles that of the ox.
Dog.—The long lateral ligaments are very small, and the short ones doublYe.
The plantar ligament is weak, and ends on the fourth metacarpal bone. No

distinet dorsal (or oblique) ligament is present. Movement occurs almost ex-
clusively at the tibio-tarsal joint.

The remaining joints resemble those of the thoracic limb.



THE MUSCULAR SYSTEM

MYOLOGY

The muscles (Musculi) are the active organs of motion. They are charac-
terized by their property of contracting when stimulated. Muscular tissue is of
three kinds: (a) Striated or striped; (b) non-striated, unstriped, or smooth; and
(c) cardiac. Only the first of these varieties will be considered in this section. The
striped muscles, being for the most part directly or indirectly connected with the
skeleton, are often termed skeletal or somatic, while unstriped muscle may be spoken
of as visceral or splanchnic. The former cover the greater part of the skeleton,
and thus in a large measure determine the form of the animal. They are red in
color, the shade varying in different muscles and under various conditions.

Muscles vary greatly in form, and may be classified as—(a) Long; (b) short;
(c) flat; (d) ring-like or orbicular. Long muscles are found chiefly in the limbs,
while the flat or broad muscles occur principally in the trunk, where they assist in
forming the walls of the body cavities. The ring-like or orblcular muscles c1rcum-
scribe orifices which they close, and are hence termed sphincters.

Attachments.—The muscles are attached to bones, cartilages, ligaments,
fascige, or the skin. In all cases the attachment is by means of fibrous tissue, the -
muscle-fibers not coming into direct relation with the bone or cartilage. The
perimysium of the muscle may fuse directly with the periosteum or perichondrium
(fleshy attachment), or the union may be by means of intermediary fibrous struc-
tures called tendons or aponeuroses (tendinous attachment). Tendons may be
funicular, ribbon-like, or in the form of membranous sheets; to the latter the term
aponeurosis is commonly applied.

In certain positions, especially where tendons play over joints or are subjected
to great pressure, sesamoid bones develop in the original tendon tissue. Some
of these are large and constant, as the patella and the great sesamoids of the fet-
lock.

The accessory structures connected with the muscles are the synovial mem-
branes and the fasciee.
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The synovial membranes are arranged in two principal forms: (a) Bursal;
(b) vaginal. A bursa (Bursa mucosa) is a simple sac interposed between the tendon
or muscle and some deeper seated structure—most commonly a bony prominence.
A vagina tendinis or tendon sheath differs from a bursa in the fact that the synovial
sac is folded around the tendon more or less completely, so that two layers can be
distinguished; of these, the inner one adheres closely to the tendon, while the

outer lines the groove or canal in which the tendon lies. The two layers are con-
211
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tinuous along a fold termed the mesotendon. The arrangement is shown in
Fig. 171.!  The articular synovial membranes in some places form extra-articular
pouches, which facilitate the play of tendons.

The fasciee are sheets of connective tissue, mainly of the white fibrous variety,
with a greater or less admixture of elastic fibers in certain cases. Two layers may
usually be recognized. Of these, the superficial fascia (Fascia subcutanea) is com-
posed of loose connective tissue which may contain more or less fat and is sub-
cutaneous. The deep fascia is composed of one or more layers of dense fibrous
tissue spread over the surface of the muscles chiefly. Its deep face may be very
loosely attached to the underlying structures or may fuse with the epimysium,
tendons, bones, or ligaments. In some parts, especially the limbs, septal plates
pass between the muscles and are attached to the bones or ligaments; these are
termed intermuscular septa. In this way many muscles are inclosed in fibrous
sheaths which hold them in position. Not uncommonly special bands stretch
across the grooves in which tendons play, converting these into canals. Such
bands are termed vaginal or annular ligaments. The deep fascia is often so dis-
tinctly tendinous in structure, furnishing attachment to special tensor muscles,
as to render the distinction between fascia and aponeurosis quite arbitrary. Bursz
occur in certain situations between the fascia and underlying structures (subfascial
burs®), or between the fascia and the skin (subcutaneous bursz).

It is convenient to divide the description of a muscle into seven heads, viz.:

" (1) Name, followed by important synonyms; (2) position and form; (3) attach-
ments; (4) action; (5) structure; (6) relations; (7) blood and nerve supply.

1. The name is determined by various factors, viz.: (a) The action, e. g.,
extensor, adductor, etc.; (b) the shape, e. g., quadratus, triangularis; (¢) the direc-
tion, e. g., rectus, obliquus; (d) the position, e. g., the subscapularis, iliacus; {e)
the division (into heads, etc.), e. g., biceps, triceps, etc.; (f) the size, e. g., major,
minor, etc.; (g) the attachments, e. g., sterno-ccphalicus, mastoido-humeralis;
(h) the structure, e. g., semitendinosus. In most cases two or more of these factors
have combined to produce the name, e. g., adductor magnus, longus colli, obliquus
externus abdominis.

2. The shape is, in many cases, sufficiently definite to allow the use of such
terms as triangular, quadrilateral, fan-shaped, long, flat, fusiform, ring-like, etc.

3. The attachments are in most cases to bone, but many muscles are attached
to cartilage, ligaments, fascia, the skin, etc. It is usual to apply the term origin
to the attachment which always or more commonly remains fixed when the muscle
contracts. The term insertion designates the movable attachment. Such a
distinction cannot always be made, as the action may be reversible, or both at-
tachments may be freely movable.

4. The action belongs rather to physiological study, but is briefly indicated
in anatomical descriptions.

5. The structure includes the direction of the muscle-fibers, the arrangement
of the tendons, the synovial membranes, and any other accessory structures, e. g.,
annular ligaments and reinforcing sheaths and bands. The relation of the muscle-
fibers to the tendon varies, and this fact has given rise to special terms. Thus a
muscle in which the fibers converge to cither side of the tendon is termed bipennate ;
while one in which this arrangement exists only on one side of the tendon is called
unipennate. The terms fleshy and tendinous are used to indicate the relative
amounts of muscular and tendinous tissue. The muscular tissue is often spoken of
as the belly (Venter) of the muscle. In the case of the long muscles, the origin is

1The student will note in dissection that transition forms occur; also that the same sheath
may belong to two or more tendons in common, ¢. g., the sheath of the two flexors on the back of
the carpus. In such cases the synovial membrane is reflected from one tendon to the other, and
may form a secondary mesotenon.
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often termed the head (Caput). Muscles having two or more heads are called
biceps, triceps, etc. Digastric muscles are those which have two bellies joined by
an intermediate tendon. Ring-like muscles which circumscribe openings are
termed sphincters, on account of their action.

6. The relations are, of course, important on surgical grounds.

7. The nerve-supply is of clinical interest, and is important for the determina-
tion of homologies.

FASCIE AND MUSCLES OF THE HORSE
PANNICULUS CARNOSUS

The panniculus carnosus (Musculus cutaneus) is a thin muscular layer de-
veloped in the superficial fascia. It is intimately adherent in great part to the skin,
but has very little attachment to the skeleton. It does not cover the entire body,
and may be conveniently divided into facial, cervical, thoracic, and abdominal
portions, each of which will be described with the muscles of the corresponding
region.

THE FASCLE AND MUSCLES OF THE HEAD

The muscles of the head may be divided into three groups, viz.: (1) Superficial
muscles, including the panniculus and those of the lips, cheeks, nostrils, eyelids,
and external ear; (2) the orbital muscles; (3) the muscles of mastication.

The superficial fascia forms an almost continuous layer, but is very scanty
around the natural orifices. It contains a number of the thin superficial muscles,
80 that care must be exercised in removing the skin., Over the frontal and nasal
bones the fascia blends with the periosteum.

The deep fascia is of special interest in three regions. The temporal fascia
covers the temporalis muscle, and is attached to the parietal and frontal crests
internally, and to the zygomatic arch externally. The buccal fascia covers the
buccinator muscle and the free part of the outer surface of the ramus of the jaw.
Superiorly it is attached to the facial crest, and posteriorly it forms a band (Liga-
mentum pterygomandibulare) which stretches from the hamulus of the pterygoid
bone to the mandible behind the last molar tooth. 1t is directly continuous with
the pharyngeal fascia, which is attached to the great and thyroid cornua of the
hyoid bone, covers the lateral walls of the pharynx, and blends dorsally with the
median raphé of the constrictor muscles of the latter.

SUPERFICIAL MUSCLES

1. Panniculus carnosus.—The facial panniculus (M. cutaneus faciei) consists
of a thin and usually incomplete muscular stratum, which covers the submaxillary
space and the masseter muscle. A branch from it passes forward to the angle of
the mouth and blends with the orbicularis oris; this part (M. cutaneus labiorum)
retracts the angle of the mouth. (A number of the superficial muscles of the face
may be considered modified parts of the panniculus, e. g., the corrugator superecilii,
malaris, zygomaticus, etc.)

MUSCLES OF THE LIPS AND CHEEKS

1. Orbicularis oris.—This is the sphincter musecle of the mouth; it is con-
tinuous with the other muscles which converge to the lips. It lies between the
skin and the mucous membrane of the lips, and is intimately adherent to the
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former. Most of the fibers run parallel to the free edges of the lips and have no
direct attachment to the skeleton.
Action.—It closes the lips.
Blood-supply.—Palato-labial, facial, and mental arteries.
Nerve-supply.—Facial nerve.
2. Levator nasolabialis (Levator labii superioris aleque nasi).—This thin

Fre. 172.—MuscLrs oF Heap or Horse, Lateran View. Tur PannNicurrs m Removep.

a, Levator labii superioris proprius; b, levator nasolabialis; ¢, mastoido-humeralis; d, sterno-cephalicus;
d’, tendon of d; e, omo-hyoideus; f, dilatator naris lateralis; g, zygomaticus; 4, buccinator; i, depressor labii
inferioris; k, orbicularis oris; /, dilatator naris superior; m, masseter; n, parotido-auricularis; o, zygomatico-
auricularis; p, interscutulars; p’, fronto-scutularis, pams temporalis; ¢, cervico-auricularis profundus major;
r, cervico-auricularis superficialis; s, obliquus capitis anterior; f, spleniuy; r, stylo-maxillaris; y, maxstoid tendon
of mastoido-humeralis; 2, posterior, 3, anterior, border of external ear; 8, scutiform cartilage; &, zygomatie
arch; 10, depression behind supraorbital process; 18, temporo-mandibular articulation; 27, facial crest; 3¢,
angle of jaw; 37, external maxillary vein; 38, jugular vein: 38, facial vein; 40, parotid duct; 47, transverse
facial vein; 42, masscteric vein; 43, facial nerve; 44, parotid gland; 48, chin; r, wing of atlas. (After Ellen-
berger-BBaum, Anat. fiir Kiinstler.)

muscle lies directly under the skin, and chiefly on the lateral surface of the nasal
region.

Origin.—The frontal and nasal bones.

Insertion.—(1) The upper lip and the outer wing of the nostril; (2) the com-
missure of the lips.

Action.—(1) To elevate the upper lip and the commissure; (2) to dilate the
nostril.
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Structure.—The muscle arises by a thin aponeurosis.

215
The belly is also thin,

and divides into two branches, between which the lateral dilator of the nostril

passes.
lateral dilator; the ventral one is much
smaller, and blends at the labial com-
missure with the orbicularis and buc-
cinator.

Relations.—Superficially, the skin,
fascia, and lateral dilator (in part);
deeply, the levator labii superioris pro-
prius, lateral dilator (in part), buccin-
ator, branches of the facial vessels and
nerve, and the infraorbital artery and
nerve.

Blood-supply.—Facial and palato-
labial arteries.

Nerve-supply.—Facial nerve.

3. Levator labii superioris pro-
prius.—This lies on the dorso-lateral
aspect of the face, partly covered by
the preceding muscle.

Origin.—The lacrimal, malar, and
maxillary bones at their junction.

Insertion.—The upper lip, by a
common tendon, with its fellow.

Action.—Acting with its fellow, to
elevate the upper lip. This action, if
carried to the fullest extent, results in
eversion. In unilateral action the lip
is drawn upward and to the side of the
muscle acting.

Structure.—The muscle has a
short, thin tendon of origin. The
belly is at first flattened, but be-
comes narrower and thicker, then
tapers over the false nostril, to termin-
ate in a tendon. The tendons of the
two muscles unite over the alar car-
tilages of the nostrils, forming an ex-
pansion which spreads out in the sub-
stance of the upper lip.

Relations.—Superficially, the skin,
the levator nasolabialis, and the angu-
lar vessels of the eye; deeply, the
superior and transverse dilators of
the nostril and the infraorbital artery
and nerve.

Blood-supply.—Facial artery.

Nerve-supply.—Facial nerve.

The dorsal branch reaches the nostril and upper lip, blending with the

Fia. 173.—MuscLrs oF Heap oF HORSE, DorsaL ViEw.
THr PanxicuLus 18 REMOVED.

a, Levator labii superioris proprius; a’, common
tendon of 4 with opposite muscle; b, levator nasolabialis;
/. dilatator naris iateralis; g, zygomaticus; {, dilatator
nans superior; n, parotido-auricularis; o’’, scutulo-auricu-
laris superficialis superior; p, interscutularis; p’, fronto-
scutularis, pars temporalis; r, cervico-auricularis superfici-
alis; u, corrugator supercilii; r, transversus nasi; 2, poste-
rior, 8, anterior, border of external ear; &, scutiform carti-
lage; 9, sygomatic arch; /0, supraorbital depression; 35,
inner wing of nostril, containing lamina of alar cartilage;
89, facial vein. (After Ellenberger-Baum, Anat. fiir
Kiinstler.)

4. Zygomaticus.—This very thin muscle lies immediately under the skin of

the cheek.

Origin.—The fascia covering the masseter muscle below the facial crest.
Insertion.—The commissure of the lips, blending with the buccinator.
Action.—To retract and raise the angle of the mouth.
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Structure.—Fleshy, with a thin aponeurotic origin.

Relations.—Superficially, the skin; deeply, the buccinator.

Blood-supply.—Facial artery.

Nerve-supply.—Facial nerve.

5. Incisivus superior (Depressor labii superioris).—This lies under the
mucous membrane of the upper lip.

Origin.—The alveolar border of the premaxilla from the second incisor to the
first cheek tooth.

Insertion.—The upper lip.

Action.—To depress the upper lip.

6. Incisivus inferior.—This is arranged in the lower lip like the preceding
muscle in the upper one.

Origin.—The alveolar border of the mandible from the second incisor to a
point near the first cheek tooth.

Insertion.—The skin of the lower lip and the prominence of the chin.

Action.—To raise the lower lip.

7. Mentalis (Levator menti).—This is situated in the prominence of the chin.
Its fibers arise from each side of the body of the mandible and are inserted into the
skin of the chin. It is mingled with fat and strands of connective tissue, in which
the roots of the tactile hairs are embedded. It raises and corrugates the skin to
which it is attached.

8. Depressor labii inferioris.—This muscle lies on the outer surface of the
ramus of the mandible, along the ventral border of the buccinator.

Origin.—The alveolar border of the mandible near the coronoid process and
the maxillary tuberosity, in common with the buccinator.

Insertion.—The lower lip.

Action.—To depress and retract the lower lip.

Structure.—The tendon of origin and the belly are fused with the buccinator
as far forward as the first cheek tooth. From this point forward the belly is dis-
tinct and rounded, terminating in a tendon which spreads out in the lower lip,
blending with the orbicularis and the muscle of the opposite side.

Relations.—Superficially, the skin, masseter, facial vessels, and parotid duct;
deeply, the mandible and inferior labial artery.

Blood-supply.—Facial artery.

Nerve-supply.—Facial nerve.

9. Buccinator.—This muscle lies in the lateral wall of the mouth, extending
from the angle of the mouth to the maxillary tuberosity.

Origin.—The external surface of the maxilla above the interdental space and
the molar teeth; the alveolar border of the mandible at the interdental space and
also posteriorly where it turns upward to the coronoid process; the pterygo-mandib-
ular ligament.

Insertion.—The angle of the mouth, blending with the orbicularis oris.

Action.—To flatten the cheeks, thus pressing the food between the teeth;
also to retract the angle of the mouth.

Structure.—Two layers may be recognized. The superficial layer (Pars buc-
calis) extends from the angle of the mouth to the masseter. It is incompletely
pennate, having a longitudinal raphé on which most of the muscle-fibers converge.
The upper fibers are directed chiefly downward and backward, the lower ones up-
ward and backward. The deep layer (Pars molaris) consists mainly of longitudinal
fibers. It blends in part with the superficial layer of the orbicularis: it has a
small tendinous attachment to the coronoid process behind, and is united below
with the depressor labii inferioris.

Relations.—Superficially, the skin and fascia, the zygomaticus, levator naso-
labialis, lateral dilator of the nostril, the superior buccal glands, the parotid duct,
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the facial vessels, and branches of the facial nerve; deeply, the mucous membrane
of the mouth and the inferior buccal glands.

Blood-supply.—Facial and buccinator arteries.

Nerve-supply.—Facial nerve.

MUSCLES OF THE NOSTRILS

1. Levator nasolabialis.—This has been described (p. 214).

2. Dilatator naris lateralis (M. caninus).—This thin, triangular muscle lies
on the lateral nasal region, and passes between the two branches of the levator
nasolabialis.

Origin.—The maxilla, close to the anterior extremity of the facial crest.

Insertion.—The outer wing of the nostril.

F16. 174.—NasaL aND Stvrerior LaBIAL Mcacres oF Horae.

a, a’, Dilatator nans transversus; b, levator labii superioris proprius; &', tendon of b; ¥’, common tendon of
two levatores labii superioris proprii; ¢, ¢, dilatator narixinferior; d, e, dilatator naris superior; f, orbicularis oris;
g. levator nasolabialix, a portion of which is removed; #, dilatator narjs lateralis (cut); 1, cornu of alar cartilage;
k, nostril; &’, false noustril; {, nasal diverticulum; m, nasal bone. (After Ellenberger-Baum, Top. Anat. d. Pferdes.)

Action.—To dilate the nostril.

Structure.—The muscle has a flat tendon of origin, passes between the two
branches of the levator nasolabialis, and spreads out in the external wing of the
nostril. The lower fibers blend with the orbicularis oris.

Relations.—Superficially, the skin, fascia, and the labial branch of the levator
nasolabialis; deeply, the maxilla and the nasal branch of the levator nasolabialis.

Blood-supply.—Facial artery.

Nerve-supply.—Facial nerve.

3. Dilatator naris transversus (M. transversus nasi).—This is an unpaired,
quadrilateral muscle, which lies between the nostrils. It consists of two layers.

Altachments.—Superficial layer, the superficial faces of the lamine of the alar
cartilages; deep layer, the convex edges of the cornua of the same.

Action.—To dilate the nostrils.
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Structure.—It is composed of transverse fleshy fibers, which blend below with
the orbicularis.

Relations.—Superficially, the skin, fascia, and tendinous expansion of the
levator labii superioris proprius; deeply, the alar cartilages, the extremity of the
septum nasi, and the palato-labial artery.

Blood-supply.—Palato-labial artery.

Nerve-supply.—Facial nerve.

4. Dilatator naris superior (Pars dorsalis m. lateralis nasi).—This very thin
muscle occupies the angle between the nasal process of the premaxilla and the
nasal bone.

Origin.—The lateral border of the nasal bone.

Insertion.—The inner wall of the false nostril and the parietal lamina of the
septal cartilage.

Action.—To dilate the vestibule of the nasal cavity.

Structure.—Fleshy.

Relations.—Superficially, the skin, fascia, and levator labii superioris proprius;
deeply, the parietal cartilage and false nostril.

Blood-supply.—Facial artery.

Nerve-supply.—Facial nerve.

5. Dilatator naris inferior (Pars ventralis m. lateralis nasi).-—This is a similar
but thicker muscle, which lies on the nasal process of the premaxilla.

Origin.—The maxilla and the nasal process of the premaxilla.

Insertion.—The cartilaginous prolongations of the turbinal bones and the
inner wall of the false nostril.

Action.—To rotate the turbinal outward and dilate the nostril and the vestibule
of the nasal cavity. :

Structure.—Fleshy. A division into two or more parts may be recognized.
A small part posteriorly is inserted into the cartilage of the dorsal turbinal bone,
while the bulk of the muscle is inserted into the cartilage of the ventral turbinal
bone. A few fibers also pass between the cornu of the alar cartilage and the outer
wing of the nostril.

Relations.—Superficially, the levator labii superioris proprius, the levator
nasolabialis, and the lateral nasal artery; deeply, the maxilla, the premaxilla, and
the anterior nasal branch of the infraorbital nerve.

Blood-supply.—Facial artery.

Nerve-supply.—Facial nerve.

MUSCLES OF THE EYELIDS

1. Orbicularis oculi.—This is a flat, elliptical, sphincter muscle, situated in and
around the eyelids, the portion in the upper lid being much broader than that in
the lower. The chief attachment is to the skin of the lids, but some bundles are
attached to the palpebral ligament at the inner canthus and to the lacrimal bone.
Its action is to close the lids.

2. Corrugator supercilii.—This is a very thin, small muscle, which arises over
the root of the supraorbital process and spreads out in the upper eyelid, blending
with the orbicularis. Its action is to assist in raising the upper lid or, especially
in pathological conditions, to wrinkle the skin.

3. Malaris.—This is a very thin muscle, which varies much in different sub-
jects. It extends from the fascia in front of the orbit to the lower lid. Its action
is to depress the lower lid.

The foregoing muscles receive their blood-supply from the facial, transverse
facial, supraorbital, and infraorbital arteries; the nerve-supply is derived from the
facial nerve.
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4. Levator palpebree superioris.—This slender, flat muscle is almost entirely
within the orbital cavity. It arises on the pterygoid crest, passes forward above the
rectus oculi superior and below the lacrimal gland, and terminates in a thin tendon
in the upper lid.

Action.—To elevate the upper lid.

Blood-supply.—QOphthalmic artery.

Nerve-supply.—Oculomotor nerve.

MUSCLES OF MASTICATION

The muscles of this group are six in number in the horse. They arise chiefly
from the upper jaw and the base of the cranium, and are all inserted into the man-
dible.

1. Masseter.—This muscle extends from the zygomatic arch and facial crest
over the broad part of the mandibular ramus. It is semi-elliptical in outline.

Origin.—By a strong tendon from the zygomatic arch and the facial crest.

Insertion.—The outer surface of the broad part of the ramus of the mandible.

Action.—Its action is to bring the jaws together. Acting singly, it also carries
the lower jaw toward the side of the contracting muscle.

Structure.—The superficial face of the muscle in its upper part is covered by a
strong, glistening aponeurosis, and several tendinous intersections partially divide
the muscle into layers. The fibers of the superficial layer take origin from the
malar and maxilla only, and diverge somewhat to their insertion close to the thick
ventral border of the lower jaw. The fibers of the deep layer arise from the entire
area of origin, and pass straight to the border of the mandible; it will be noted that
a small part, near the temporo-maxillary joint, is not covered by the superficial layer.
The two layers are separable only above and behind; elsewhere they are fused.

Relations.—Superficially, the skin and panniculus, the parotid gland, the
transverse facial and masseteric vessels, and the facial nerve; deeply, the ramus of
the mandible, the buccinator, depressor labii inferioris, and mylo-hyoideus muscles,
the superior buccal glands, the buccinator nerve, and two large varicose veins which
join the facial vein at the anterior edge of the muscle. The facial vesselsand parotid
duct run along the anterior edge of the muscle; the duct, however, bends forward
about the middle of the border and leaves the muscle.

Blood-supply.—Transverse facial and masseteric arteries.

Nerve-supply.—Mandibular nerve.

2. Temporalis.—This muscle occupies the temporal fossa.

Origin.—The rough part of the temporal fossa and the crests which surround it.

Insertion.—The coronoid process of the mandible, which it envelops.

Action.—Chiefly to raise the lower jaw, acting with the masseter and internal
pterygoid museles.

Structure.—The surface of the muscle is covered with a glistening aponeurosis,
and strong tendinous intersections are found in its substance. The inner edge of
the muscle is quite thin, but as the fibers converge toward the much smaller area
of insertion, the muscle becomes nearly an inch thick. It fuses somewhat with the
masseter.

Relations.—Superficially, the scutiform cartilage and anterior muscles of the
external ear and the orbital fat; deeply, the temporal fossa and the deep temporal
vessels and nerves.

Blood-supply.—Superficial and deep temporal, and mastoid arteries.

Nerve-supply.—Mandibular nerve.

3. Pterygoideus internus (s. medialis).—This muscle occupies a position on
the inner surface of the ramus of the mandible similar to that of the masseter on the
outside.
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Origin.—The crest formed by the pterygoid process of the sphenoid and the
palate bone.

Insertion.—The concave inner surface of the broad portion of the ramus of the
mandible, and the inner lip of the lower border.

Action.—Acting together, to raise the lower jaw; acting singly, to produce also
lateral movement of the jaw.

Structure—The muscle is capable of division into two parts. The principal
part is superficial (internal), and its fibers are, for the most part, vertical in direc-
tion. It contains much tendinous tissue (septa). The smaller portion is external
to the foregoing, and its fibers are directed downward and backward.

Relations.—Externally, the ramus of the mandible, the external pterygoid
muscle, the inferior alveolar vessels and nerve, and the lingual and mylo-hyoid
nerves; internally, the great cornu of the hyoid bone, the tensor palati, pterygo-
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Fi6. 175.—8acrrral Secrion ofF HEap oF HorsEk, SnowiNe Drer PrERYGO-MAXILLARY REQION, AND NaBAL
AND CRANIAL CAVITIES.

1, Cerebral compartment of cranial cavity; 2, cerebellar compartment of same; 3, tentorium onseum;
4. tentorium cerebelli; 5, sphenoidal sinus; 8, hamulus of pterygoid bone-tendon of tensor palati cut off short at
anterior border of hamulus; 7, mylo-glossus. The olfactory mucous membrane is shaded.

pharyngeus, palato-pharyngeus, mylo-hyoideus, digastricus, and stylo-hyoideus
muscles, the guttural pouch, the external maxillary vessels, the ninth and twelfth
nerves, the submaxillary salivary gland, the submaxillary and parotid ducts, and
the submaxillary and pharyngeal lymph-glands.

Blood-supply.—Internal maxillary, masseteric, and inferior alveolar arteries.

Nerve-supply.—Mandibular nerve.

4. Pterygoideus externus (s. lateralis).—This muscle is considerably smaller
than the preceding one, and is situated external to its upper part.

Origin.—The external surface of the pterygoid process of the sphenoid
bone.

Insertion.—The inner surface of the neck and the inner part of the anterior
border of the condyle of the mandible.

Action.—Acting together, to draw the lower jaw forward; acting singly. to
move the jaw laterally, . e., toward the side opposite to the muscle acting. The
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latter action is due to the fact that the origin is nearer to the median plane than the

insertion.
Structure.—The muscle is almost entirely fleshy, and the fibers are almost

Fi1c. 176.—SUBMAXILLARY AND LaRYNGEAL REGions oF HoRmsE, arTer REMovarn oF SKiN aAND PaNNiCULUS.

¢, Mastoido-humeralis; d, sterno-cephalicus; ¢, omo-hyovideus and sterno-hyoideus; A, bueccinator; 1,
depressor labii inferioris; m, masseter; v, stylo-maxillaris; w, mylo-hyoideus; 2, posterior, 3, anterior, border
of external ear; 30, angle of jaw; 36, submaxillary lymph-giands; 37, external maxillary vein; 39, facial continua-
tion of 37; 40, parotid duct; 44, parotid gland; 43, prominence of chin; r, wing of atlas. (After Ellenberger-
Baum, Anat. fiir Kiinstler.)

longitudinal in direction. Some of them are inserted into the edge of the inter-
articular meniscus.

Relations.—Externally, the temporo-maxillary articulation and the temporalis
muscle; internally, the internal pterygoid and tensor palati muscles. The internal
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maxillary artery crosses the lower face of the muscle and dips in between it and the
tensor palati. The mandibular nerve lies on the ventral surface, and the buccinator
nerve perforates the origin of the muscle.

Blood-supply.—Internal maxillary and inferior alveolar arteries.

Nerve-supply.—Mandibular nerve.

5. Stylo-maxillaris (s.-mandibularis) (M. jugulomandibularis).—This is a short
muscle extending from the paramastoid or styloid process of the occipital bone to
the posterior border of the lower jaw; it is covered by the parotid gland.

Origin.—The paramastoid or styloid process of the occipital bone, in common
with the posterior belly of the digastricus.

Insertion.—The posterior border of the ramus of the mandible.

Action.—To depress the lower jaw and open the mouth.

Structure.—The muscle contains a good deal of tendinous tissue. It blends
with the posterior belly of the digastricus.

Relations.—Superficially, the parotid gland, the tendon of the sterno-cephalicus,
and the fibrous expansion which connects it with the tendon of the mastoido-
humeralis; deeply, the guttural pouch, the external carotid artery, the ninth and
twelfth nerves, the pharynx, and the submaxillary gland.

Blood-supply.—External carotid artery.

Nerve-supply.—Facial nerve.

6. Digastricus.—This muscle is composed of two fusiform, flattened bellics,
united by a round tendon.

Origin.—The paramastoid or styloid process of the occipital bone, in common
with the preceding muscle. )

Insertion.—The inner surface of the lower border of the mandible behind the
symphysis.

Action.—It assists in depressing the lower jaw and opening the mouth. If the
mandible be fixed and both bellies contract, the hyoid bone and the base of the
tongue are raised, as in the first phase of deglutition.

Structure.—The posterior belly has the appearance of a branch detached from
the inner surface of the stylo-maxillaris. It passes downward and forward, and is
succeeded by a small rounded tendon. The latter perforates the tendon of in-
sertion of the stylo-hyoideus, and is provided with a synovial sheath. The anterior
belly is larger and terminates by thin tendinous bundles.

Relations.—The posterior belly has practically the same relations as the stylo-
maxillaris. The intermediate tendon is in contact externally with the internal
pterygoid muscle, the submaxillary gland and duect, and the external maxillary
artery. The anterior belly lies in the submaxillary space between the ramus of the
jaw and the mylo-hyoideus muscle; the sublingual vessels run along its upper border.

Blood-supply.—External carotid and sublingual arteries.

Nerve-supply.—Facial and mandibular nerves.

THE HYOID MUSCLES

This group consists of eight muscles, one of which, the hyoideus transversus,
is unpaired.

1. Mylo-hyoideus.—This muscle, together with its fellow, forms a sort of
sling between the two rami of the lower jaw, in which the tongue is supported.

Origin.—The inner surface of the alveolar border of the mandible.

Insertion.—(1) A median fibrous raphé extending from the svmphysis to the
byoid bone; (2) the lingual process and body of the hyoid bone.

Action.—It raises the floor of the mouth, the tongue, and the hyoid bone.

Structure.—Each muscle consists of a thin curved sheet, the fibers passing
downward from their origin and then curving toward the median raphé. It is
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chiefly fleshy, and is thickest behind. The anterior superficial part of the muscle
is termed the mylo-glossus.

Relations.—On the superficial surface of the muscles are the ramus, the in-
ternal pterygoid and digastricus muscles, and the submaxillary tymph-glands. The
deep surface is in contact with the mucous membrane of the mouth, the stylo-
glossus, hyo-glossus, and genio-hyoideus muscles, the sublingual gland and vessels,
the submaxillary duct, and the lingual and hypo-glossal nerves.

Blood-supply.—Sublingual artery.

Nerve-supply.—Mylo-hyoid branch of the mandibular nerve.

2. Stylo-hyoideus.—This is a slender, fusiform muscle, having a direction
nearly parallel to that of the great cornu of the hyoid bone (Fig. 436).

Origin.—The heel-like prominence on the proximal extremity of the great
cornu of the hyoid bone.

Insertion.—The anterior part of the thyroid cornu of the hyoid bone.

Action.—It draws the base of the tongue and the larynx upward and backward.

Structure.—It arises by a thin, short tendon, and has a fusiform belly. The
tendon of insertion is perforated for the passage of the intermediate tendon of the
digastricus, and at this point there is a small synovial sheath.

Relations.—Superficially, the internal pterygoid muscle and the parotid gland;
deeply, the guttural pouch, the pharynx, the external carotid and maxiliary arteries,
and the hypoglossal nerve.

Blood-supply.—External carotid artery.

Nerve-supply.—Facial nerve (stylo-hyoid branch).

3. Occipito-hyoideus (M. jugulo-hyoideus; occipito-styloideus).—This is a
small triangular muscle, which lies in the space between the paramastoid process
and the great cornu of the hyoid bone.

Origin.—The paramastoid (styloid) process of the occipital bone.

Insertion.—The proximal extremity and ventral edge of the great cornu of
the hyoid bone.

Action.—It carries the distal extremity of the great cornu backward and up-
ward. Acting with the genio-hyoideus and digastricus, it raises the hyoid bone
and the larynx.

Structure.—The muscle is somewhat triangular, its fibers being longer as the
ventral border is approached. It blends with the posterior belly of the digastricus.

Relations.—Superficially, the parotid gland; deeply, the guttural pouch.

Blood-supply.—Occipital artery.

Nerve-supply.—Facial nerve.

4. Genio-hyoideus.—This is a long, spindle-shaped muscle, which lies under
the tongue in contact with its fellow of the opposite side (Fig. 243).

Origin.—The angle of union of the rami of the mandible.

Insertion.—The extremity of the lingual process of the hyoid bone.

Action.—It draws the hyoid bone and tongue forward.

Structure.—The muscle arises by a short tendon, which is succeeded by the
belly, composed of long bundles of parallel fibers.

Relations.—Below, the mylo-hyoideus; above, the hyo-glossus, stylo-glossus,
genio-glossus, the sublingual gland, submaxillary duct, and the lingual nerve.

Blood-supply.—Sublingual artery.

Nerve-supply.—Hypoglossal nerve.

5. Kerato-hyoideus.—This small triangular muscle lies in the space between
the thyroid and small cornu, under cover of the hyo-glossus (Fig. 243).

Origin.—The posterior edge of the small cornu and the adjacent part of the
ventral border of the great cornu.

Insertion.—The dorsal edge of the thyroid cornu.

Action.—It raises the thyroid cornu and the larynx.
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Relations.—The muscle is crossed outwardly by the lingual artery.

Blood-supply.—Lingual artery.

Nerve-supply.—Glosso-pharyngeal nerve.

6. Hyoideus Transversus.—This is a thin, unpaired muscle, which extends
transversely between the two small cornua of the hyoid bone.

Attachments.—The small cornua close to the junction with the great cornua.

Action.—When relaxed, its upper surface is concave; when it contraects, it
elevates the root of the tongue.

Structure.—Fleshy, composed of paralle] transverse bundles.

Blood-supply.—Lingual artery.

Nerve-supply.—Glosso-pharyngeal nerve.

7. Sterno-thyro-hyoideus, and

8. Omo-hyoideus.—These are described with the muscles on the ventral
“surface of the neck.

THE FASCIZE AND MUSCLES OF THE NECK

It is convenient to divide the muscles of the neck into ventral and lateral
groups, the two lateral groups being separated from each other by the ligamentum
nuche.

THE FASCIE OF THE NECK

The superficial fascia is in part two-layered, and contains the cervical portion
of the panniculus. The fascie of the right and left sides are attached along the
dorsal line of the neck to the ligamentum nucha, while along the ventral line they
meet in a fibrous raphé. A deep layer is detached which passes underneath the
panniculus, bridges over the jugular furrow, and crosses over the deep face of the
mastoido-humeralis and omo-hyoideus to join the superficial layer. It again sepa-
rates to pass under the cervical trapezius, and become attached to the ligamentum
nuchz. Along the ventral line a septum is detached which separates the sterno-
cephalici. Two other layers in front of the shoulder inclose the prescapular lymph-
glands.

The deep fascia also forms two layers. The superficial layer is attached to
the wing of the atlas and the lower edge of the trachelo-mastoideus and scalenus.
Passing downward, it incloses the trachea, and, together with the deep layer,
furnishes sheaths for the vagus and sympathetic nerves and the carotid artery.
Passing upward it detaches septa between the extensor muscles of the spine. An-
teriorly it covers the thyroid gland, the guttural pouch, the adjacent vessels and
nerves and the larynx, and is attached to the mastoid process of the temporal bone
and the thyroid cornu of the hyoid bone. Posteriorly, it is attached to the first
rib and the cariniform cartilage of the sternum. The deep layer (prevertebral
fascia) covers the ventral surface of the longus colli, and incloses the trachea and
cesophagus. Anteriorly, it forms, with the corresponding layer of the opposite
side, a septum between the guttural pouches; posteriorly, it becomes continuous
with the endothoracic fascia. A fascia propria forms a tubular sheath around the
trachea, inclosing also the recurrent nerves.

VENTRAL MUSCLES
This group consists of eleven pairs of muscles which lie almost entirely
ventral to the vertebrwo.
1. Panniculus carnosus.—The cervical panniculus (platysma myoides of
man) has a fleshy origin on the cariniform cartilage (manubrium) of the sternum.
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It passes forward, outward, and upward, crossing over the sterno-cephalicus and
jugular furrow obliquely. On reaching the surface of the mastoido-humeralis
it adheres closely to this muscle, and soon thins out, to be continued over the
splenius and trapezius by an aponeurosis which is difficult to remove from the latter
muscle. Scattered bundles may be traced on the ventral surface of the neck to

F16. 177.—ANTERO-LATERAL VIEW.OF MUSCLER AND SKELETON oF HoORsE.

a, Trapetius; ¢, mastoido-humeralis; d, sterno-cephalicus: f, long head of triceps; f’, external head of
triceps; g. anterior superficial pectoral muscle; ¢, posterior superficial pectoral; A’, anterior deep pectoral; r,
cervical panniculus; 2, supraspinatus; 29, omo-hyoideus; 30, sterno-thyro-hyoideus; JI, jugular vein; 32,
cephalic vein; 1, scapula: I’, cartilage of scapula; 2. spine of scapula: 4, shaft of humerus: 4, external epi-
condyle; 6, external tuberosity of humerus; 6, deltoid tuberosity; 14, ventral border (‘'keel”) of sternum; 14,
cariniform cartilage; 1.R., first rib. (After Ellenberger-Baum, Anat. fiir Kiinstler.)

the facial portion. The right and left muscles meet at a ventral median raphé in
pennate fashion.
2. Mastoido-humeralis.—This is deseribed on p. 252.
3. Sterno-cephalicus (Sterno-maxillaris s.-mandibularis).'—This is a long, nar-
1'This muscle is probably the homologue of the sternal portion of the sterno-cleido-mastoid

of man. On aceount of the differences in its insertion in the various animals, it seems desirable
to adopt the name sterno-cephalicus.
15
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row muscle, extending along the ventral and lateral aspects of the trachea from the
sternum to the angle of the jaw. It forms the ventral boundary of the jugular furrow.

Origin.—The cariniform cartilage of the sternum.

Insertion.—The posterior border of the lower jaw.

Action.—Acting together, to flex the head and neck; acting singly, to incline
the head and neck to the side of the muscle contracting.

Structure.—The two muscles are fused at their origin, which is fleshy. Near
the middle of the neck they separate, and, becoming thinner, each muscle passes
under the parotid gland and terminates in a flat tendon.

Relations.—Superficially, the cervical panniculus; deeply, the sterno-thyro-
hyoideus and omo-hyoideus muscles. The upper edge of the muscle is related to
the jugular vein, which lies in the jugular furrow. The carotid artery, the vagus,
sympathetic, and recurrent nerves also lie along the upper edge at the root of the
neck. The tendon passes under the submaxillary vein and the parotid gland, hav-
ing the submaxillary gland and stylo-maxillaris muscle on its inner side.

Blood-supply.—Carotid artery.

Nerve-supply.—Ventral branches of the spinal accessory and first cervical
nerves.

4. Sterno-thyro-hyoideus (Sterno-thyroideus et sterno-hyoideus).—This is a
long, slender, digastric muscle, applied to the ventral surface of the trachea and
its fellow of the opposite side.

Origin.—The cariniform cartilage of the sternum.

Insertion.—(1) The external surface of the thyroid cartilage of the larynx;
(2) the body of the hyoid bone.

Action.—To depress and retract the hyoid bone, the base of the tongue, and
the larynx, as in deglutition. It may also fix the hyoid bone when the depressors
of the tongue are acting, as in suction.

Structure.—The origin of the muscle is fleshy, and as far as the middle of the
neck it blends with its fellow. The common belly is then interrupted by a tendon,
or sometimes two tendons, from which arise three or four fleshy bands. The lateral
bands diverge to reach their insertion into the thyroid cartilage; while the inner
bands, closely applied to each other and blending with the omo-hyoideus, pass
straight forward to reach the ventral surface of the hyoid bone.

Relations.—At the root of the neck the common belly has the sterno-cephalicus
below, and the carotid arteries and recurrent nerves above. Further forward the
trachea becomes the upper relation, and near the head the skin and fascia, the lower
one.
Blood-supply.—Carotid artery.

Nerve-supply.- —~Ventral branch of the first cervical nerve.

5. Omo-hyoideus (Subscapulo-hyoideus). — This is a thin, ribbon-like muscle,
almost entirely fleshy, which crosses the trachea very obliquely under cover of the
mastoido-humeralis.

Origin.—The subscapular fascia close to the shoulder joint.

Insertion. =The body of the hyoid bone, in common with the hyoid branch of
the preceding musele.

Action.—To depress the hyoid bone.

Structure.—The muscle is composed of parallel fleshy fibers. except at its origin,
where it has a thin tendon,

Relations.  In the first part of its course the musele passes forward between
the supraspinatus, anterior deep pectoral, mastoido-humeralis (outwardly), and
the sealenus (inwardly)., It is intimately adberent to the mastoido-humeralis.
In the middle of the neck it is related superficially to the mastoido-humeralis,
sterno-eephalicus, and the jugular vein: deeply, to the rectus capitis anterior major,
the carotid artery, the vagus, sympathetie, and recurrent nerves, the trachea, und,
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on the left side, the cesophagus. 1In its anterior part the muscle blends with the
hyoid part of the sterno-thyro-hyoideus, the two covering the thyroid portion of the
latter muscle, the thyroid gland, and the ventral face of the larynx.

Blood-supply.—Carotid and inferior cervical arteries.

Nerve-supply.—Ventral branches of the cervical nerves.

6. Scalenus (M. scalenus prim® cost®).—This muscle is deeply situated on
the side of the posterior half of the neck. It is composed of two parts, between
which the roots of the brachial plexus of nerves emerge.

Origin.—The anterior border and outer surface of the first rib.

Insertion.—(1) The dorsal (smaller) portion is attached to the transverse
process of the seventh cervical vertebra; (2) the ventral portion is attached to the
transverse processes of the sixth, fifth, and fourth cervical vertebrz.

Action.—The neck is flexed or inclined laterally, according as the muscles act
together or singly. If the neck be the fixed point, the muscle may have a respira-
tory action by pulling forward or fixing the first rib.

Structure.—The dorsal portion is composed of three or four fleshy bundles.!
The ventral portion, which is much larger, is almost entirely fleshy, and not so
divided.

Relations.—Superficially, the anterior deep pectoral, mastoido-humeralis, and
omo-hyoideus muscles, the phrenic nerve, and the other branches of the brachial
plexus; deeply, the vertebrz, the longus colli and intertransversales muscles, the
cesophagus (on the left side), the trachea (on the right side), the vertebral vessels,
the vagus, sympathetic, and recurrent nerves. The roots of the brachial plexus
form a flat anastomosis, which lies between the two portions of the muscle. The
brachial vessels cross the ventral edge close to the first rib.

Blood-supply.—Carotid, vertebral, and inferior cervical arteries.

Nerve-supply.—Ventral branches of the cervical nerves.

7. Rectus capitis anterior major (M. longus capitis).—This is the largest
of the three special flexors of the head, and lies along the ventro-lateral surface
of the anterior cervical vertebrz and the base of the cranium.

Origin.—The transverse processes of the fifth, fourth, and third cervical ver-
tebre.

Insertion.—The tubercles at the junction of the basilar process of the occipital
bone with the body of the sphenoid.

Action.—Acting together, to flex the head; acting singly, to incline it to the
same side also.

Structure.—The origin of the muscle is by fleshy digitations. The belly in-
creases in size by the union of these digitations, reaching its maximum at the axis.
It then diminishes, passes toward the median plane, and terminates on a rounded
tendon.

Relalions.—Superficially, the mastoido-humeralis, omo-hyoideus, and rectus
capitis anticus minor, the submaxillary gland, the carotid artery (which lies along
the lower border), the occipital and internal carotid arteries, and the tenth, eleventh,
and sympathetic nerves; deeply, the vertebre, the longus colli, intertransversales,
and the small straight muscle. The terminal part of the muscle lies in contact
with its fellow above the pharynx and between the guttural pouches.

Blood-supply.—Carotid, vertebral, and occipital arteries.

Nerve-supply.—Ventral branches of the cervical nerves.

8. Rectus capitis anterior minor (M. rectus capitis ventralis).—This is a small
muscle which lies under cover of the preceding one.

Origin.—The ventral arch of the atlas.

! The upper part of this may be separated from the scalenus proper, and is then termed the
cervicalis ascendens or ilio-costalis cervicis—a continuation in the neck of the transversalis cos-
tarum.
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Insertion.—The basilar process, close to the preceding muscle.

Action.—To flex the occipito-atlantal articulation.

Structure.—Fleshy.

Relations.—Below, to the preceding muscle; above, to the atlas, oceipito-
atlantal articulation, and the basilar process; externally, to the rectus capitis
lateralis and the guttural pouch.

Blood-supply.—Occipital artery.

Nerve-supply.—Ventral branch of the first cervical nerve.

9. Rectus capitis lateralis.—This is a still smaller, entirely fleshy muscle,
which lies for the most part under the small oblique muscle.

Origin.—The atlas, external to the preceding muscle.

Insertion.—The paramastoid or styloid process of the occipital bone.

Action.—The same as the preceding muscle.

Structure.—Fleshy.

Relations.—Superficially, the small oblique muscle, the occipital vessels, and
the ventral branch of the first cervical nerve.

Blood-supply.—Occipital artery.

Nerve-supply.—Ventral branch of the first cervical nerve.

10. Longus colli,—This muscle covers the ventral surfacc of the vertebrz,
from the sixth thoracic to the atlas, and is united with its fellow. It consists of
two portions, thoracic and cervical.

Origin.—(1) Thoracic portion, the bodies of the first six thoracic vertebre;
(2) cervical portion, the transverse processes of the cervical vertebre.

Insertion.—(1) Thoracic portion, the bodies and transverse processes of the
last two cervical vertebre; (2) cervical portion, the bodies of the cervical vertebre
and the tubercle on the ventral surface of the atlas.

Action.—To flex the neck.

Structure.—The muscle is composed of a succession of bundles. The largest
of these constitute the thoracic part of the muscle, which has a strong tendon in-
serted into the last two cervical vertebrz. A bursaisinterposed between the tendon
and the spine at the first costo-vertebral articulation. The cervical portion con-
sists of a number of smaller bundles, each of which passes from its origin on the
transverse process of one vertebra forward and inward to its insertion into a vertebra
further forward. The most anterior bundle is inserted by a strong tendon into
the ventral tubercle of the atlas.

Relations.—The principal relations of the two muscles in the thorax are:
ventrally, the pleura, and, further forward, the trachea and aesophagus; dorsally,
the vertebr® and the costo-vertebral joints; laterally, the dorsal, superior cervical,
and vertebral vessels, the sympathetic nerve, and the thoracic roots of the brachial
plexus. Inthe neck, important relations are: ventrally, the trachea and cesophagus,
the carotid artery, the vagus, sympathetic and recurrent nerves; dorsally, the
vertcbr® and, in the middle third of the neck, the intertransversales muscles;
laterally, the scalenus, the rectus capitis anticus major, and the intertransversales
(in the anterior third). The terminal part of the muscle is separated from the
trachea by the cesophagus, which is here median in position.

Blood-supply.—Subcostal and vertebral arteries.

Nerve-supply.—Ventral branches of the spinal nerves.

11. Intertransversales colli (Mm. intertransversarii cervicis).—These are six
fasciculi which occupy the spaces between the lateral aspects of the vertebre and
the transverse and articular processes. There is thus a bundle for each inter-
vertebral articulation except the first. Each bundle consists of a dorsal and
ventral portion.

Attachments.—The dorsal bundles pass from transverse process to articular
process; the ventral bundles extend between adjacent transverse processes.
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Action.—To bend the neck laterally.

Structure.—They contain strong tendinous intersections.

Relations.—Superficially, the mastoido-humeralis, rectus capitis anterior major,
complexus, trachelo-mastoideus, splenius, scalenus, and longissimus muscles;
deeply, the vertebrz, the longus colli muscle, and the vertebral vessels. The
muscles are perforated by branches of these vessels and by the primary branches of
the cervical nerves.

Blood-supply.—Vertebral artery.

Nerve-supply.—The cervical nerves.

LATERAL MUSCLES
This group consists of twelve pairs of muscles arranged in layers.

FirsT LAYER
1. Trapezius cervicalis.—Described on p. 250.

SECOND LAYER

2. Rhomboideus cervicalis.—Described on p. 251.
3. Serratus magnus (M. serratus cervicis).—Described with the thoracic part
on p. 254.

THIRD LAYER

4. Splenius.—This is an extensive, flat, triangular muscle, partly covered by
the preceding three muscles.

Origin.—The second, third, and fourth thoracic spines by means of the dorso-
scapular ligament, and the funicular portion of the ligamentum nuchz.

Insertion.—The occipital crest, the mastoid process, the wing of the atlas,
and the transverse processes of the third, fourth, and fifth cervical vertebre.

Action—Acting together, to elevate the head and neck; acting singly, to
incline the head and neck to the side of the muscle acting.

Structure.—The muscle arises in the withers from the anterior part of the
dorso-scapular ligament, which also affords attachment to the rhomboideus,
serratus anticus, and complexus muscles. The fibers pass upward and forward
toward the head and the first cervical vertebra. The insertion on the occipital
bone and the mastoid process is by 1neans of a thin aponeurosis common to the
splenius, trachelo-mastoideus, and mastoido-humeralis. The atlantal insertion
is by a strong, flat tendon, also in common with these muscles. The remaining
insertions are fleshy digitations.

Relations.—Superficially, the skin and fascia, the trapezius rhomboideus,
cervicalis, serratus magnus, and posterior auricular muscles; deeply, the com-
plexus, trachelo-mastoideus, and longissimus muscles.

Blood-supply.—Deep cervical and dorsal arteries.

Nerve-supply.—Dorsal branches of the last six cervical nerves.

FovrTH LAYER
5. Trachelo-mastoideus (M. longissimus capitis et atlantis).—This muscle
consists of two parallel, fusiform portions. It lies between the deep face of the
splenius and the ventral part of the complexus.
Origin.—(1) The transverse processes of the first two thoracic vertebrz; (2)
the articular processes of the cervical vertebra.
Insertion.—(1) The mastoid process; (2) the wing of the atlas.
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, external epicondyle of humerus; 6, deltoid tuberosity; 8, olecrunon; G, external augle of ilium; £0, patella;

Fro. 178.—SuperriciaL MuscLrs ofF Homsx.
(After Ellenberger-Baui, Anat. {iir Kanstler.)

a, Trapesius cervicalis; a’, trapesius thoracalis; ¢, ¢, mastoido-humeralis; d, sterno-cephalicus; e, deltoid; [, long head

ral; A, posterior deep pectoral; A’, anterior deep pectoral; ¢, serratus thoracis; +', serratus cervicis; k, latissimus dorsi;
m, serratus pusticus; m’, lumbo-dorsal {ascia; o, tensor fasciw late; o, fascia Inta; o, gluteus superficialis; ¢, ¢, ¢, biceps femotis;

lateralis; u, coccygeus; v, cervical panniculus; w, splenius; z, rhomboideus; y, tendon of trachelo-mastoideus and mastoido-

ps; ¢, anterior superficial pecto
X, wing of atlas; 2, spine of scapula; 4’

The panniculus, except the cervical part, has been removed.
of tricepx; /', external hoad of trice,
1, obliquus alxiominis externus; ¥, apouneurosis of I;
r, semitendinusus; 8, 880r0-cOCCyYReUS superior; f, sacro-coccygeus

huseralis; 12, supraspinatus;
21, external condyle of tibia.
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Action.—Acting together, to extend the head and neck;
acting singly, to flex the head and neck laterally or to rotate
the atlas.

Structure—The origin from the thoracic vertebrz is by
aponeurotic slips which blend with the complexus. The sue-
ceeding fleshy portion, in passing along the neck, receives
fasciculi from each of the cervical vertebre except the first
two. The dorsal division of the muscle is inserted into the
mastoid process by a flat tendon which fuses with that of the
splenius; the ventral division is inserted into the wing of the
atlas by a ribbon-like tendon in common with the splenius and
mastoido-humeralis.

Relations.—Superficially, the splenius muscle and dorsal
branches of the cervical nerves; deeply, the complexus, the
spinalis colli, and the oblique muscles of the head. The superior
cervical vessels cross the deep face of the muscle obliquely at
the level of the sixth and seventh cervical vertebre.

Blood-supply.—Vertebral and superior cervical arteries.

Nerve-supply.—Dorsal branches of the last six cervical
nerves,

6. Complexus (M. semispinalis capitis). — This is a
large triangular muscle which lies chiefly on the ligamentum
nuch®, under cover of the splenius and trachelo-mastoideus
muscles.

Origin.—(1) The sccond, third, and fourth thoracic spines,
in common with the splenius and serratus anticus; (2) the
transverse processes of the first six or seven thoracic vertebre;
(3) the articular processes of the cervical vertebres.

Insertion.—The posterior surface of the occipital bone,
external to the funicular portion of the ligamentum nuche.

Action.—It is the chief extensor of the head and neck. Act-
ing singly, the muscle inclines the head to the same side.

Structure.—The origin of the muscle at the withers is apo-
neurotic. In the neck the bundles arising from the articular
processes run obliquely upward and forward, giving the lower
part of the muscle a distinct pennate character. The upper
part of the belly is crossed obliquely by four or five tendinous
intersections. The insertion is by a strong tendon.

Relations.—Superficially, the rhomboideus, serratus magnus,
splenius, and trachelo-mastoideus muscles; deeply, the liga-
mentum nuche, the multifidus cervicis, longissimus, and the
oblique and posterior straight muscles of the head, the deep
or superior cervical vessels, and the dorsal cutaneous branches
of the cervical nerves.

Blood-supply.—Deep cervical, vertebral, and occipital
arteries.

Nerve-supply.—Dorsal branches of the last six cervical
nerves.

7. Multifidus cervicis (M. semispinalis eolli; transverse
spinous muscle of neck).—~This muscle lies on the arches of the
last five cervical vertebre. It consists of five or six segments.

Origin.—The articular processes of the last five (or four)
cervical and the first thoracic vertcbre.

Insertion.—The spinous processes of the cervical vertebre.
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trochanter tertius; 29, semimembranosus; 30, gastrocnemius; 31, sacro-sciatic ligament; 32, omo-

hyoideus; 33, complexus; 34, rectus capitis anterior major; 35, spinalis dorsi; 36, longissimus dorsi; 37, transversalis costarum; 38, teres minor; 39, brachialis; 40, external intercostal;

(After Ellouberger-Baum, Anat. fiir Kiinstler.)

Fra, 179.—Dreper MuscLes or Honse.
hii; x, rhotuboideus; y, i/, trachelo-mastoideus; z, supraspinatus; £, infraspinatus; 1, cartilage of scapula; 2, spine of scapula; 5,

external tuberusity of humerus; ¢, deltuid tuberosity; 8, vlecranon; 16, external angle of ilium; 18, trochanter major; 20, patella; 21’, external condyle of tibia; 26, articular processes

/. Long head of tricers; f°, external head of triceps; g, anterior superlicial pectoral; k, posterior deep pectoral; A, anterior deep pectoral; §, serratus thoracis; 1, serratus cervicis;
teralin; u, coccvgeus: ¢, biceps b

{, obliquuns abdominis externus, and I/, its nponeurosis, the posterior part of which has been removed; m, serratus posticus; p, gluteus medius; r, semitendinosus; s, sacrococeygeus superior;

of cervieal vertebrr; 27, parotido-suricularis; 28, vastus externus; 29, rectus femodis; 237,

41, obliquus abdominis internus; 42, ilincus; 43, transversus abdominis.
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Action.—Acting together, to extend the neck; acting singly,
to flex and rotate the neck to the opposite side.

Structure.—The muscle is composed of two sets of bundles.
The superficial bundles are directed obliquely forward and
inward, each passing from an articular process to the spine
of the preceding vertebra. The deep bundles are shorter and
run straight from an articular process to that of the preceding
vertebra.

Relations.—Superficially, the complexus, longissimus, tra-
chelo-mastoideus, and great oblique muscles; deeply, the
spinalis muscle, the ligamentum nuche, and the arches of the
vertebre.

Blood-supply.—Deep cervical and vertebral arteries.

Nerve-supply.—Dorsal branches of the last six cervical
nerves.

8. Spinalis.—Described with the longissimus on p. 237.

9. Obliquus capitis posterior (s. caudalis) (great oblique
muscle of the head).—This is a strong, quadrilateral muscle,
which covers the dorso-lateral aspect of the atlas and axis.

Origin.—The side of the spine and the posterior articular
process of the axis.

Insertion.—The dorsal surface of the wing of the atlas.

Action.—Chiefly to rotate the atlas, and with it the head,
to the same side; also to assist in extending and fixing the
atlanto-axial joint.

Structure.—The muscle is composed almost entirely of
parallel fleshy fibers directed obliquely forward and outward.

Relations.—Superficially, the skin, the splenius, complexus,
trachelo-mastoideus, and mastoido-humeralis muscles; deeply,
the arch and spine of the axis, the wing of the atlas, the
atlanto-axial joint, the multifidus cervicis, the posterior
straight muscles, the occipital and vertebral vessels, and the
first and second cervical nerves. The terminal part of the
vertebral artery joins the posterior branch of the occipital
artery under cover of the muscle.

Blood-supply.—Occipital and vertebral arteries.

Nerve-supply.—Dorsal branch of the second cervical nerve.

10. Obliquus capitis anterior (s. cranialis) (small oblique
muscle of the head).—A short, thick, quadrilateral muscle which
lies on the side of the ocmplto-atlantal articulation.

Origin.—The anterior edge of the wing of the atlas and the
fossa atlantis.

Insertion.—The styloid process and crest of the occipital
bone, and the mastoid process.

Action.—Acting together, to extend the head on the atlas;
acting singly, to flex the head laterally.

Structure—The muscle contains a good deal of tendinous
tissue. The direction of its fibers is forward, upward, and inward.

Relations.—Superficially, the posterior auricular muscles,
artery, and nerve, the aponecurosis of the splenius, trachelo-
mastoideus and mastoido-humeralis, and the parotid gland;
deeply, the straight muscles, the complexus, the occipito-
hyvoideus, the occipito-atlantal articulation, branches of the
occipital artery, and a branch of the occipital nerve.
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Blood-supply.—Occipital artery.

Nerve-supply.—Dorsal branch of the first cervical nerve.

11. Rectus capitis posterior major (s. dorsalis major) (great posterior straight
muscle of the head).—This muscle extends from the axis to the occipital bone,
in contact with the ligamentum nuche.

Origin.—The edge of the spinous process of the axis.

Insertion.—The occipital bone, below and external to the complexus and
ligamentum’ nuchz.

Action.—To extend the head.

Structure.—The muscle is fleshy and may be divided into two parallel portions,

Fi1G. 180.—Deeprst LAaYEr oF Muscrrs oF Nrcx ofF Horsr.

a, Obliquus capitis anterior; b, obliquus capitis posterior; ¢, rectus capitis lateralis; d, rectus capitis anterior
minot; e, rectus capitis anterior major; f, longus colli; g, ¢/, scalenus; A, transversalis costarum; 7, longissimus
dorsi; k, spinalis et semispinalis; [, multifidus dorsi; m, multifidus cervicis; n, intertransversales; o, o', rectus
capitis posterior major; p, rectus capitis posterior minor; g, tendon of insertion of complexus; {, lamellar part,
1, funicular part of ligamentum nuchx; 2, occipital crest; 3, paramastoid process; 4, edge of wing of atlas; 5,
transverse, and 6, articular, processes of cervical vertebre; 7, nerves of brachial plexus (cut); &, first rib.
(Ellenberger-Baum, Anat. d. Haustiere.)

superficial and deep. The former blends somewhat with the terminal part of the
complexus. The deep portion may be termed the rectus ecapitis posterior medius.

Relations.—Superficially, the anterior oblique, splenius, and complexus;
internally, the ligamentum nuch; deeply, the atlas, the oceipito-atlantal articula-
tion, and the rectus capitis posterior minor. The dorsal branch of the first cervical
nerve appears between this muscle and the small oblique.

Blood-supply.—Qccipital artery.

Nerve-supply.—Dorsal branch of the first cervical nerve.

12. Rectus capitis posterior minor (s. dorsalis minor) (small posterior straight
muscle of the head).—This small muscle lies under cover of the preceding.
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Origin.—The dorsal surface of the atlas.

Insertion.—The occipital bone beneath the preceding muscle.

Action.—To assist the preceding muscle.

Structure.—It is fleshy and varies a good deal in volume, being sometimes
small and difficult to recognize.' On the other hand, it is sometimes double.

Relations.—Superficially, the preceding muscle and the small oblique; deeply,
the atlas and the occipito-atlantal articulation.

Blood-supply.—Occipital artery.

Nerve-supply.—Dorsal branch of the first cervical nerve.

THE FASCLE AND MUSCLES OF THE BACK AND LOINS

The superficial fascia presents no special features. The lumbo-dorsal fascia
(Fascia lumbo-dorsalis) closely invests the muscles, but is easily stripped off the
longissimus. [t is attached medially to the supraspinous ligament and the spinous
processes of the vertebre; laterally, it divides into two layers. The superficial
layer is practically the aponeurosis of the latissimus dorsi. The deep layer gives
origin to the serratus anticus and posticus, the lumbar part of the obliquus ex-
ternus abdominis, the transversus abdominis, and the retractor costa. Its lateral
edge curves under the longissimus and is attached to the ribs and lumbar transverse
processes. Posteriorly, it is continuous with the gluteal fascia. At the withers it
forms an important structure, the dorso-scapular ligament. This is a strong
tendinous sheet, attached to the third, fourth, and fifth thoracic spines. Its upper
part is very thick and gives origin by its superficial surface to the rhomboideus dorsi,
by its anterior part to the splenius. The lower part is thin and elastic, and furnishes
numerous lamelle which intersect the scapular part of the serratus and arc at-
tached with it to the scapula. Three lamelle are detached from the deep face of
the ligament. The deepest of these passes between the longissimus and spinalis
and is attached to the transverse processes of the first seven thoracic vertebre;
it gives attachment to the complexus. The middle one dips in between the longis-
simus and transversalis costarum. The superficial one gives origin to the serratus
anticus. A strong fascial layer, the ilio-lumbar ligament, extends from the last
rib to the external angle of the iliumn.

There are nine pairs of muscles in this region, arranged in four layers.

FirsT LAYER
1. Trapezius thoracalis.
2. Latissimus dorsi.

SECOND LAYER

3. Rhomboideus thoracalis.

The foregoing are described with the other muscles which attach the thoracic
limb to the trunk (p. 251).

4. Serratus anticus (M. serratus dorsalis inspiratorius).—This is a thin quadri-
lateral muscle, named from its toothed ventral border. It lies beneath the rhom-
boideus, serratus magnus, and lafissimus dorsi.

Origin.—The lumbo-dorsal fascia and dorso-scapular ligament.

Insertion.—The external surfaces of the fifth to the eleventh or twelfth ribs
inclusive.

Action.—To draw the ribs on which it is inserted forward and outward, thus
assisting in inspiration.

! This seems due to pressure rroducod by pathological changes in the supra-atloid bursa,
which are frequently extensive in dissecting-room subjects.
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Structure.—The muscle arises by means of a thin aponeurosis which blends
with the lumbo-dorsal fascia and the aponeurosis of the latissimus dorsi. The
muscle-fibers pass downward and backward to be attached to the ribs by seven or
eight digitations below the outer edge of the transversalis costarum.

Relations.—Superficially, the rhomboideus, serratus magnus, latissimus dorsi,
and serratus posticus; deeply, the longissimus dorsi, transversalis costarum, ex-
ternal intercostal muscles, and the ribs.

Blood-supply.—Intercostal arteries.

Nerve-supply.—Thoracic nerves.

5. Serratus posticus (M. serratus dorsalis exspiratorius).—This muscle re-
sembles the preceding one, which it partly covers.

Origin.—The lumbo-dorsal fascia.

Insertion.—The outer surfaces of the last seven or eight ribs.

Action.—To draw the ribs backward, thus assisting in expiration.

Structure.—Similar to the preceding muscle. The fibers are directed downward
and forward and terminate in seven or eight digitations, one or two of which cover
the posterior teeth of the anticus. The aponeurosis blends with that of the latissi-
mus dorsi.

Relations.—Superficially, the latissimus dorsi and external oblique; deeply,
the longissimus dorsi, transversalis costarum, external intercostals, serratus anti-
cus, and the ribs.

Blood-supply.—Intercostal and lumbar arteries.

Nerve-supply.—Thoracic nerves.

Tuirp LAYER

6. Transversalis costarum (M. ilio-costalis).—This long, segmental muscle
extends, as its name indicates, across the series of ribs, in contact with the outer
edge of the longissimus dorsi.

Origin.—(1) The transverse processes of the second and third lumbar verte-
bre and the deep layer of the lumbo-dorsal fascia. (2) The anterior borders and
external surface of the last fifteen ribs.!

Insertion.—The posterior borders of the ribs and the transverse processes of
the last two or three cervical vertebre.

Action.—Chiefly to depress and retract the ribs and so help in expiration.
Acting together, they may assist in extending this spine, acting singly in inclining
it laterally.

Structure—This muscle presents a distinct segmental arrangement. It is
composed of a scries of bundles, the fibers of which are directed forward and a little
downward and outward. From these arc detached two sets of tendons. The
superficial tendons spring from the outer edge of the muscle. They are flat and are
about half an inch in width. Each crosses two or three intercostal spaces,
to be inserted on the posterior border of arib. The deep tendons are detached
from the dorsal part of the deep face of the muscle. Each passes backward across
one or two intercostal spaces to its origin on the anterior border or outer surface
of a rib. Small burs®e may be found between the ribs and tendons.

Relations.—Superficially, the dorsal serrati and the complexus; deeply, the ex-
ternal intercostals and the ribs. The lumbar origin is covered by the longissimus.
The superior (deep) cervical and dorsal vessels cross the surface of the muscle at
the first and second intercostal spaces respectively, and branches of the intercostal
vessels and nerves emerge between the transversalis and longissimus; here a fascial
layer dips in between the two.

! The lumbar part of this muscle is subject to variation. It may, in quite exceptional cases,
extend as far as the ilium.



THE FASCLE AND MUSCLES OF THE BACK AND LOINS 237

Blood-supply.—Intercostal arteries.

Nerve-supply.—Dorsal branches of the thoracic nerves.

7. Longissimus.'—This is the largest and longest muscle in the body. It
extends from the sacrum and ilium to the neck, filling up the space between the
spinous processes medially and the lumbar transverse processes and the upper
ends of the ribs below; consequently it has the form of a three-sided prism.

Origin.—(1) The internal angle, crest, and adjacent part of the ventral surface
of the ilium; (2) the first three sacral spines; (3) the lumbar and thoracic spines
and the supraspinous ligament.

Insertion.—(1) The lumbar transverse and articular processes; (2) the thoracic
transverse processes; (3) the spinous and transverse processes of the last four
cervical vertebra; (4) the outer surfaces of
the ribs, except the first.

Action.—Acting with its fellow, it is
the most powerful extensor of the back
and loins; by its cervical attachment it
assists in extending the neck. By its
costal attachment it may also assist in
expiration. Acting singly, it flexes the
spine laterally.

Structure.—This is quite complex. The
posterior part of the muscle is greatly de- -~/ |
veloped and constitutes the common mass ((m -~
of the loins. This is covered by a strong (@)
aponeurosis which blends with the supra-
spinous and sacro-iliac ligaments, and is
attached to the crest and inner ({sacral)
angle of the ilium and the first and second
sacral spines; it furnishes origin to the lum-
bar portion of the middle gluteus. In its
course further forward the muscle receives . 181.—Ricar Portion oF CROAS-SECTION OF
fasciculi from the lumbar and thoracic Back or Horsk. Sectton 18 Cut THROUGE
SpiD%, but dummshes somewhat in vol- S:vnfx'ru TrORACIC VERTEBRA. .

. . . . . a, Ligamentum nuchee; b, trapezius mus-
ume. At t’he mthers 1t leld(‘S into two cle; ¢, cartilage of scapula; d, latissimus dorsi; e,
parts. The dorsal division (spinalis et  panniculus carnosus; f, rhomboi(.leus dorsi; g, ser-
semispinalis), reinforced by bundles from ® "[‘:fc‘;:f‘w’;;i perTatus anticus; W, dumbe
the first four thoracic spines, passes for- layers; i, transversalis costarum ; k, levator costa;
ward under the complexus to be inserted k.'.in!en,ml intercostal muscle; /. longissimus dor-
into the spines of the last four cervical :‘m }:'!'l;"l'h'oﬁ‘c'fc""‘,‘er'!:ﬁ:f'°o“';'e‘:§’:} e’;;:f:"ﬁgg
vertebree. The ventral division passes p, seventh rib; r. intercostal artery and nerve; s,
forward and downward underneath the skin. 'l:he fascie are inflicx?!e«'l by dotted lines.
serratus magnus to be inserted into the (After Ellenberger, in Leisering’s Atlas.)
ribs and the transverse processes of the
last four cervical vertebr@. Three sets of fasciculi may be distinguished, viz.: (1)
spinal, which are superficial and internal; (2) transverse, attached to the transverse
and articular processes, which are internal and deep; (3) costal, which are external.

Relations.—Superficially, the middle gluteus, the lumbo-dorsal fascia, the
latissimus dorsi, dorsal serrati, serratus magnus, and complexus; deeply, the
multifidus, intertransversales, external intercostals, levatores costarum, the liga-
mentum nucha, and its fellow of the opposite side (in the neck).

Blood-supply.—Dorsal, superior cervical, intercostal, and lumbar arteries.

Nerve-supply.—Dorsal branches of the thoracic and lumbar nerves.

t The muscle as here described includes the spinalis and semispinalis components, as the
separation of these is lurgely artificial in the horse.
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8. Multifidus dorsi (semispinalis of the back and loins).—This is a long
segmental muscle which covers the sxdes of the spinous processes of the vertebra
from the sacrum to the neck.

Origin.—(1) The lateral portion of the sacrum; (2) the articular processes of
the lumbar vertebre; (3) the transverse processes of the thoracic vertebra.

Insertion.—The spinous processes of the first two sacral, the lumbar, thoracie,
and last cervical vertebre.

Action.—Acting with its fellow, it is an extensor of the spine; acting singly,
it flexes it laterally.

Structure.—1t is composed of a series of bundles which are directed obliquely
forward and upward. Each fasciculus passes over several vertebrs to its insertion.
In the posterior part of the series the bundles cross two or three vertebre and are
inserted into the summits of the spines. Anteriorly, the bundles have a more
horizontal direction, cross three to five vertebr®, and are inserted into the sides
of the spines considerably below their summits. A further complication consists
in the fusion of several bundles into a common insertion.

Relations.—Superficially, the longissimus; deeply, the vertebral spines.

Blood-supply.—Intercostal and lumbar arteries.

Nerve-supply.—Dorsal branches of the thoracic and lumbar nerves.

9. Intertransversales lumborum.—These arc very thin muscular and tendin-
ous strata, which occupy the spaces between the transverse processes of the lumbar
vertebre except the fifth and sixth.

Action.—To assist in flexing the loins laterally.

Relattons.—Superficially, the longissimus; deeply, the quadratus lumborum.

Blood-supply.—Lumbar arteries.

Nerve-supply.—Lumbar nerves.

THE FASCIA AND MUSCLES OF THE TAIL

The muscles of the tail are inclosed in the strong coccygeal fascia, which is
continuous in front with the gluteal fascia and blends with the lateral sacro-
iliac ligament. At the root of the tail it is loosely attached to the subjacent muscles,
but further back it is intimately adherent to them. From its deep face are de-
tached septa which pass between the muscles to become attached to the vertebre.

1. Coccygeus (Compressor coccygis; ischio-coccygeus).—This is a 'flat,
triangular muscle which lies chiefly between the sacro-sciatic ligament and the
rectum.

Origin.—The pelvic surface of the sacro-sciatic ligament near the ischiatic
spine.

Insertion.—The first four coccygeal vertebra and thie coccygeal fascia.

Action.—Acting together, to depress (flex) the tail, compressing it over the
perineum; acting singly, to depress and incline it to the same side.

Structure.—The origin of the muscle is aponeurotic. Becoming fleshy, its
fibers pass upward and backward and divide into two layers. The outer layer is
attached to the vertebre, the inner to the faseia; included between the two lie
the intertransversales. When the tail is raised, the ventral edges of the muscles
produce a distinct ridge at either side of the anus.

Relations.—Qutwardly, the sacro-sciatic ligament and the semimembranosus;
inwardly, the rectum and the sacro-coccygeus ventralis muscle. The internal
pudic artery crosses the outer face of the origin of the muscle.

2. Sacro-coccygeus superior (M. sacrococcygeus dorsalis medialis; crector
s. extensor coccygis).—This muscle lies along the dorso-median aspeet of the
tail, in contact with its fellow.

Origin.—The last three sacral spines and some of the coccvgeal spines.
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Insertion.—The dorsal surface of the coccygeal vertebre.

Action.—Acting together, to elevate (extend) the tail; acting singly, to elevate
and incline it laterally.

Structure.—The muscle has a strong rounded belly. It is inserted by means of
short tendons which fuse with those of the next muscle.

Relations.—Superficially, the coccygeal fascia; internally, its fellow; later-
ally, the sacro-coccygeus lateralis; deeply, the vertebrz.

3. Sacro-coccygeus lateralis (M. sacro-coccygeus dorsalis lateralis; curvator
coccygis).—This muscle lies im-
mediately lateral to the preced-
ing.

Origin.—The sides of the
sacral spines, with the multifi-
dus, and the transverse processes
of the sacral and coccygeal ver-
tebree.

Insertion.—The lateral sur-
face of the coccygeal vertebrz,
except the first four.

Action.—Acting with its fel-
low, to assist the preceding mus-
cle in elevating the tail; acting
singly, to incline it to the same
side.

Structure.—This muscle ap-
pears to be a direct continuation
of the multifidus dorsi. The belly

39
F16. 182.—Croes-RECTION OF TalL oF Horse F1G6. 183.—MvrcLES oF PEriNEUuM or Horse.
Crosr To ANUs. a, Coceygeus; b, retractor ani; ¢, ¢, sphincter ani exter-
384, Coccygeal vertebra; 35, sacro-coc- nus; d, recto-coccygeus; e, sacro-coccygeus inferior lateralis;
cygeus superior; 36, intertransversalis; 37, f, retractor penis: ¢, bulbo-cavernosus; A, ischio-cavernosus;
sacro-coccygeus inferior; 38, coccygeus: 39, i, internal pudic artery; X, anus; [, penis. (After Ellenberger-

recto-coccygeus; 40, coccygeal fascin. (After Baum, Top. Anat. d. Pferdes.)
Ellenberger-Baum, Anat. fiirr Kiinstler.)

is fusiform and receives reinforcing fasciculi from the transverse processes of the
sacrum. This is succeeded by bundles of tendons, as many as four lying alongside
of each other.

Relations.—Superficially, the lateral sacro-iliac ligament and the coceygeal
fascia; dorsally, the sacro-coccygeus superior; ventrally, the intertransversales;
deeply, the vertebra and a branch of the lateral cocevgeal artery and accompanying
vein and nerve.

4. Intertransversales caude (Mm. intertransversarii caudwe).—These con-
sist of muscular bundles which lie on the lateral aspect of the tail, hetween the
preceding muscle and the sacro-coccygeus inferior. They begin on the lateral edge
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of the sacrum and occupy the spaces between the transverse processes, to which
they are attached. They are, however, not arranged in a strict segmental manner.

Action.—Acting together, to fix the coccygeal vertebre; acting singly, to
assist in lateral flexion.

5. Sacro-coccygeus inferior (Mm. sacro-coccygei ventrales; depressor
coccygis).—This muscle lies on the ventral aspect of the sacrum and coccyx.
It is composed of two portions, described by Bourgelat and the German anatomists
as separate muscles.

(a) The outer portion (M. coccygeus ventralis lateralis) is much the larger
of the two. It arises from the outer part of the ventral surfacc of the sacrum, about
as far forward as the third foramen, and is inserted into the transverse processes
and ventral surface of the coccygeal vertebre.

(b) The inner portion (M. sacro-coccygeus ventralis medialis) arises from
the ventral surface of the sacrum internal to the preceding muscle and the first
eight coccygeal vertebra, and is inserted into the ventral surfaces of the coccygeal
vertebre.

Action.—Acting together, to depress (flex) the tail; acting singly, to incline
it laterally also.

Structure.—The outer portion has a somewhat compressed belly, and receives
bundles from the transverse proccsses of the coccygeal vertebre. The inner por-
tion is much smaller and shorter, reaching only about to the middle of the tail.

Relations.—Ventrally, the pelvic and coccygeal fasciz; dorsally, the sacrum,
coccygeal vertebre, and the intertransversales; laterally, the sacro-sciatic liga-
ment, the coccygeus, and the coccygeal fascia; medially, its fellow, the recto-
coccygeus, and the middle coccygeal vessels. Branches of the lateral coccygeal
vessels and nerves lie between the outer division of the muscle and the intertrans-
versales.

Blood-supply.—Middle and lateral coccygeal arteries.

Nerve-supply.—Coccygeal nerves.

THE MUSCLES OF THE THORAX

These consist of seven muscles or sets of muscles, which are attached to the
thoracic vertebrz, to the ribs and their cartilages, and to the sternum. Funec-
tionally, they are muscles of respiration.

1. Levatores costarum.—These constitute aseries of small muscles which occupy
and overlie the upper ends of the intercostal spaces.

Origin.—The transverse processes of the thoracic vertebre.

Insertion.—The external surfaces of the upper ends of the ribs posterior to the
vertebral origin. .

Action.—To draw the ribs forward in inspiration.

Structure.—Arising by tendinous fibers, each muscle passes backward and out-
ward and expands at its insertion. Some fibers pass over one rib and are inserted
on a succeeding one. At the first and last spaces the muscle cannot be distin-
guished from the external intercostal, of which it is in reality only a specially de-
veloped part.

Relations.—Superficially, the longissimus dorsi; decply, the ribs, internal
intercostal muscles, and the intercostal vessels and nerves.

Blood-supply.—Intercostal arteries.

Nerve-supply.—Intercostal nerves.

2. External intercostals (Mm. intercostales externi).—Each of these oc-
cupics an intercostal space, from the levatores to the sternal extremity of the rib.
They do not occupy the intercartilaginous spaces.

Origin.—The posterior borders of the ribs.
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Insertion.—The anterior borders and external surfaces of the succeeding ribs.

Action.—To draw the ribs forward in inspiration.

Structure.—The fibers are directed downward and backward. There is a
considerable admixture of tendinous tissue. The thickness of the muscles grad-
ually diminishes toward the lower ends of the spaces.
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Relations.—Superficially, the serratus magnus, latissimus dorsi, serratus anticus
and posticus, longissimus dorsi, transversalis costarum, rectus thoracis, deep
pectorals, obliquus abdominis externus, and panniculus; deeply, the internal inter-
costals and (in the upper part of the spaces) the intercostal vessels and nerves.

Blood-supply.—Intercostal and internal thoracic arteries.

Nerve-supply.—Intercostal nerves.
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3. Internal intercostals (Mm. intercostales interni).—These occupy the
entire length of the intercostal spaces, including their interchondral portion.

Origin.—The anterior borders of the ribs and their cartilages.

Insertion.—The posterior borders of the preceding ribs and cartilages.

Action.—To draw the ribs backward in expiration. It scems probable, how-
ever, that the intercartilaginous portion is inspiratory.

Structure.—The direction of the fibers is oblique downward and forward.
There is a smaller amount of tendinous tissue than in the external set, and the
thickness diminishes from below upward. In the upper part of the spaces fibers
sometimes cross a rib in a fashion similar to the subcostals of man. A thin
aponeurosis separates the internal from the external intercostal muscle in each
space.

Relations.—Superficially, the levatores costarum and the external intercostals;
deeply, the endothoracic fascia and pleura, the transversus thoracis, diaphragm,
transversus abdominis, and the internal thoracic and asternal vessels. In the
upper part of the intercostal spaces the intercostal vessels and nerves lie between
the internal and external intercostal muscle, but below they lie chiefly on the deep
face of the inner muscle.

Blood-supply.—Intercostal and internal thoracic arteries.

Nerve-supply.—Intercostal nerves.

4. Retractor costee.—This is a small triangular muscle which lies behind the
last rib, chiefly under cover of the serratus posticus.

Origin.—The transverse processes of the first three or four lumbar vertebre
by means of the lumbar fascia.

Insertion.—The posterior border of the last rib.

Action.—To retract the last rib.

Structure.—The muscle arises by a thin aponcurosis. Its fibers are parallel
to those of the adjacent internal oblique.

Relations.—Superficially, the serratus posticus and external oblique; deeply,
the transversus abdominis.

Blood-supply.—Lumbar arteries.

Nerve-supply.—Lumbar nerves.

5. Rectus thoracis (M. transversus costarum; lateralis sterni).—This is a
thin muscle which lies under cover of the deep pectoral muscles. It is directed
obliquely backward and downward, and crosses the lower part of the first
three intercostal spaces.

Origin.—The outer surface of the first rib, below the scalenus.

Insertion.—The cartilage of the third or fourth rib. The aponeurosis usually
joins the rectus abdominis. It may reach the sternum.

Action.—It may assist in inspiration or concur with the rectus abdominis.

Relations.—Superficially, the deep pectoral muscles; deeply, the intercostal
muscles and the ribs.

6. Transversus thoracis (Triangularis sterni).—This is a flat muscle situated
on the thoracic surface of the sternum and the cartilages of the sternal ribs.

Origin.—The sternal ligament.

Insertion.—The cartilages of the ribs, from the second to the eighth inclusive.

Action.—It draws the costal cartilages inward and backward, thus assisting
in expiration.

Structure.—Each muscle has the form of a scalene triangle, of which the base
is the strongly serrated external border. The muscle contains a good deal of tend-
inous tissue. The anterior bundles are directed forward and outward; the poste-
rior backward and outward.

1The function of the intercostal muscles is still a subject of much discussion.  Thestatements
made above scem to represent the view most commoanly held in regard to their action,
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Relations.—Superiorly, the endothoracic fascia and pleura; inferiorly, the
costal cartilages, the internal intercostal muscles, and the internal thoracic vessels.

Blood-supply.—Internal thoracic artery.

Nerve-supply.—The intercostal nerves.

7. Diaphragm.—This is a broad, unpaired muscle which forms a partition be-
tween the thoracic and abdominal cavities.! In outline it has some resemblance to
a palm-leaf fan. In form it is dome-shaped, compressed laterally. On a median
scction it is seen to have a general direction downward and forward from the lumbar
vertebre to the xiphoid cartilage. The thoracic surface is strongly convex, and
is covered by the pleura. The abdominal surface is deeply concave, and is covered
for the most part by the peritoneum. The muscle consists of a peripheral fleshy
portion, two muscular crura, and a tendinous center.

Attachments.—(1) Costal part: The cartilages of the ninth to the fifteenth
ribs, and the last three ribs at an increasing distance from their sternal ends.

(2) Sternal part: The upper surface of the xiphoid cartilage.

(3) Lumbar part: (z) The right crus is attached to the inferior common
ligament, and by this means to the first four or five lumbar vertebrse. (b) The left
crus is attached in a similar fashion to the first and second lumbar vertebre.

Action.—It is the principal muscle of inspiration and increases the longi