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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 sections 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 deseriptions 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 subject is essentially systematic, 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 almost entirely
excluded, since it was desired to offer a text-book of convenient size for the student
and a 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 anatomical 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 cases 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.

Onio State University, CoLumBus, Onlo 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 application to the earlier phases of development during
which the tissues and organs are forme(f The term ontogeny is used to designate the entire

development of the individual. The ancestral history or hyloieny 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 a
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
. Angiology
. Neurology
. 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 arc 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.

I =]

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, ¢. g., dorsal, ventral, proximal,
etc. It is also desirable that the terms internal and external be reserved to indicate 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 200l 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
occur, 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 vertebra
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 p]aclegd. :



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.

F1i. 1.—Fro~NTAL SicTion or LARGE METATARSAL F16. 2.—SaAcGITTAL SECTION OF LARGE METATARRAL
Boxe or Horse, PORTERIOR PART. Bose or Horsk.

N.C., Compact <ubstance: Sa., spongy substance; (.m.. medullary cavitv: 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 is especially
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.
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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 diploé.

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 anastomose 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 chiefly 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 themselves 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 trabecul® rapidly
thicken and coalesce, forming a bony plate which
is separated from the adjacent bones by persistent
fibrous tissue. The superficial part of the original
tissue becomes periosteum, 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 trabecul® on which
the bone is constructed by the osteoblasts. At the

2 same time perichondral bone is formed by the osteo-
Fic. 3. —Lerr Femvn or Youna Pro,  blasts of the primitive periosteum. The calcified
5":;:2?:'[:0'"\""1,2:‘:"':’; cartilage is broken down and absorbed through the
Suarr () anp Extremrries.  agency of large cells called osteoclasts, and is re-
Proximal extremity consists of placed by bone deposited by the osteoblasts. The
two parts, head (%) and trochanter  gteqclasts also cause absorption of the primitive
major (. m.), which have separate . .y .
centers of ossification. Distal extrem. DONE, producing the marrow cavities; thus in the
ity connists of trochlea (1) and condyvles  case of the long bones the primitive central spongy
(: el cpivhvecal ‘cartilages: ¢./+ hone is largely absorbed to form the medullary cavity
supracondyloid fossa. N . N L.
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 primary centers of ossification,
one for the diaphysis or shaft and one for each epiphyxis 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 he 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. ... . ... e 33.30
Phosphateof lime.......... ... ... .. ... .. ... ... ... 57.35
Carbonateof lime........ ... ... ... .. ... .. ... ... ... ... .. ..., 3.85
Phosphate of magnesia................. . ... ... ..o 2.05
Carbonate and chlorid of sodium.................................. 3.45

100.00

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 vertebra have
become fused to form a single bony mass
with which the pelvic girdle articulates.
Vertebree so fused are termed fixed or
“false” vertebree (Vertebre immobiles), as
distinguished from the movable or “true”
vertebrae (Vertebrz 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, coccygez). 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:

Fia. 4.—First Tuoracic VERTERRE oF HoRsE. C7T18LoSsCy|s-n'
To illustrate plan of structure of vertebre. The vertebr®z in a given region 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 vertebr:e) 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 vertebraz by intervertebral fibro-cartilages, and are
usually convex and concave respectively. The dorsal surface is flattened and enters
into the formation of the vertebral canal, while the ventral aspect is rounded
laterally, and is in relation to various museles and viscera. In the thoracie region
the body presents two pairs of demifacets (Fovewr costales) at the extremities for
articulation with the heads of two pairs of ribs.

The arch (Arcus vertebre) is constructed on the dorsal aspect of the body.
It consists 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 expeeted from the history of anatomy, a good many of these terms are more or
less interchungeable; 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 vertebrz, 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
vertebrz. 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 vertebre 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 vertebra 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 ﬁrocesses 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 (Coste) 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. vere); the remainder are asternal or “false” ribs (Coste asternales s.
spurie). Ribs at the end of the series which have their ventral ends free in the
abdominal wall are named floating ribs (Coste 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 cost®)

'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 costee); 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 (Facies articularis capituli
coste) for articulation with the bodies of two adjacent thoracic vertebrz; 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 (Sternebre) 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 junction 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.

It 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 its 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 thoracice), 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 Eroccss 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 (. 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 decldedl}\: 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, Cr) e Scaphoid
Intermediate (Os carpi intermedium, Ci)....................... Semilunar
Ulnar (Os carpiulnare, Cu).................................. Cuneiform
Accessory (Os carpi accessorium, Ca).......................... Pisiform
First carpal (Os carpale primum, C1).......................... Trapezium
Second carpal (Os carpale secundum, C2)...................... Trapezoid
Third carpal (Os carpale tertium, C3)......................... Os magnum
Fourth carpal (Os carpale quartum, C4).................... ... TUnciform

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
are 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 descriptions to follow.

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

The digits (Digiti manus) are homologous with the fingers of man, and are
typically five in number.  They are designated numerically from the radial to
the ulnar 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

/‘\
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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 tertiee) 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 cﬂ'perdactyhsm)
in the horse and other animals. In some pigs, on the other hand, the two chief digits 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 vertebra, constitute
the bony pelvis. The os cox® 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
i8 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 Navicular
First Tarsal (Os tarsale primum, T1).......... .. First or internal cuneiform
Second 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.—SkeLrroN or Horar, witn OvTLINE or CoNTOUR OF Bobpry.

1.1., Atlas; 7.H., seventh cervical vertebra; [.R., first thoracic vertebra; 17.R., seventeenth thoracic
vertebra; [.L., first lumbar vertebra; 6.L., sixth lumbar vertebra; K, sacrum; 1.5., first coccygeal vertebra;
16.5., sixteenth coccygeal vertebra: 6.R., sixth rib; 6.K., costal cartilage; 18.R., last rib; 1, scapula; 1’, cartilage
of scapula; 2, spine of seapula; 4, humerus; 4’ external epicondyle of humerus; 5, external tuberosity of humerus;
8, deltoid tuberosity; 7, shaft of ulna; 8, olecranon; 9, radius; 10, carpus; 11, accessory carpal bone; 12, meta-
carpus; 13, digit; 14, sternum; 147, xiphoid cartilage; 15, ilium; 16, 16/, external and internal angles of ilium;
17, ischium: 18, femur (shaft); 19, trochanter major; 27, trochanter minor; 28, trochanter tertius; 20, patella;
21, tibia (shaft); 217, external condyle of tibia; 23, fibula; 22, tarsus; 24, tuber calcis; 25, metatarsus; 26, digit.
(After Ellenberger-Baum, Anat. fur Kunstler.)
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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
D8 . 36
Sternum ........... .. 1
Skull (including auditory ossicles)................................... 34
Thoracic limbs........ ... .. ... .. . . . . . 40
Pelvic imbs ... ..... ... .. . . 40
205

In this enumeration the average number of coccygeal vertebre is taken to be 18, the tem-
poral and os coxz 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,;.,,

Basi-occipital
Occipital condyle
Paramastoid (styl-
oid) process
Fossa ¢
Anterior articu-
lar process of
azis
Anterior part of
transverse pro- Ve
cess
Posterior part of
transverse pro-
cess
Dorsal crest Trans-
verse
pro-
cess

Posterior articu-
lar process

Anterior articu-
lar process

F16. 6.—CEervicaL VERTEBRE OF HoRsE, Fi1g. 7.—CervicaL VERTEBRE OF Horsr, VENTRAL VIEW. (After
Dorsar View. (After Schmaltz, Schmaltz, Atlas d. Anat. d. Pferdes.)
Atlas d. 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 vertebre. 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 vertebre, 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

carity
Trans

rib
Facets for head of first rib

Fio. 8. —Laat Coavicat aNp Finet THoRACIC VERTEBRA OF HoRrse, LaTerAL ViEW. (After Schmaltsz, 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 connected by ridges with the posterior articular processes.

The sixth cervical 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 vertebrz, 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: Itis 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.

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

Anterior
articular
Dorsal arch cavil
Y Intervertebral Vertebral
foramen foramen
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h
transver- ————— Fossa ve
sarium  Venlral atlantis
arch
Fi16. 9.—ATiA8 oF HoORsSE, ANTERIOR ViEW. F1a. 10.—ATtrLas oF Horst, PosTrriOR ViEw. (After
(After Schmaltz, Atlas d. Anat. d. Pferdes.) Schmaltz, Atlas d. Anat. d. Pferdes.)

THER 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 (Foves 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
separated 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. It 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 pieccs——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.

Amris

h

F1a. 11.—FI1rsT THREE CERviCAL VERTEBRE OF HORSE, LATERAL VIEwW. (After Schmaltz, Atlas d. Anat. d.
Pferdes.)

THE AXIS

The axis (Epistropheus) is the longest of the vertebre, 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 twoTidges.  The lateral
surfaces are concave and rough for muscular 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.
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Fi16. 12—0cciriTaL BoNe anND FirsT THREE CrrvicAL VERTEBRZ oF Horse, Dorsar View. (After Schmalts,
Atlas d. Anat. d. Pferdes.)

THE THORACIC VERTEBRAE

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 vertebre, 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 articular process

Transverse processes

Facets for tubercles of ribs

Facets for heads of ribs

Anterior articular process Intervertebral foramina

Facet for head of rib ~ Facet for tubercle of rib

Fi16. 13.—Tuirp, FourTH, AxD F1rrit Tioracic VERTEBR.E oF HORSE, LATERAL ViEw. (After Schmalts, Atlas
d. Anat. d. Pferdes.)

only by two oval facets on the anterior part of the laminz 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 vertebra, 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 vertebre, 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 cervical, 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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Fii. 14.—Twirp THoracic VERTEBRE AND UPPER PART  FiG. 15.—LoweR PART oF NiNTH THORACIC VERTE-
or Rir or HORse, ANTERIOR VIEwW. (After BRA OF HoRse, PosTERIOR ViEw. (After
Schmaltz, Atlas d. Anat. d. Pferdes.) Schmalts, Atlas d. Anat. d. ferdes.)

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 (1. 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 VERTEBRE
The lumbar vertebrae (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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F1G. 16.—FirsT THoRACIC VERTEBRA AND UprPerR PaART OF FIrsT RiB oF Horse, ANTERIOR VIEW. (After
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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FiG. 17.—Laat Two Tuoracic aND FIRaT Lumuar Veintinw® or Howrse, LaTERAL ViEw. (After Schmalte,
Atlas d. Anat. d. Pferdes))

present superiorly concave surfaces for articulation with the posterior pair of the
preceding vertebra. The posterior articular processes project distinctly 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




THE SACRUM : 39

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 vertebra.
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 vertebr®. 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)
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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Fi1G. 18.—SecoNp LumBar VERTEBRA oF HoORSE, 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 vertebree—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 vertebrz usually, and
is conveniently described as a single bone. It 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
iilum. 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
(Line= transversz), 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 oF Horse, DORSO-LATERAL VIEW.

C, Body of first sacral vertebra;: A, arch of first vertebra; Cs, sacral canal; P.s. 1-5, sacral spines; P.(.,
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. Haustiere.)

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 entrance 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 (Al® 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 pr ocfss
process Spine
Body Posterior end of body
Fig. 20.—Fmat Coccyvarat VERTEBRA OF Homsg, Fia. 21.—First CoccyGeal VERTEBRA oF Honmsk,
LeFr View. (After Schmaltz, Atlas d. Anat. DorsaL View. (After Schmaltz, 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 VERTEBRZE

These (Vertebre coccyge®) vary considerably in number, but eighteen 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 soon 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.

Varlations.—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 COLUNMN 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 vertebrse, 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 laming 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
vertebra 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 ecm.) 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.

TROTTER PERCHERON
Cervical 60.0 22.7%, 74.0 25.49%,
Thoracic............. 98.0 37.29, 100.0 3449,
Lumbar 31.5 12.09, 36.5 12.59,
.. 20.0 7.6% 22.5 7.7%
Coccygeal............ 54.0 20.5% 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 coste), 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 vertebrse
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and the intervertebral fibro-cartilage. The neck (Collum coste) 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
costee) 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
groove is absent. The head is large and
has two facets of unequal extent which
meet at an acute angle in front; the smaller
one faces forward and articulates with the
Head Neck last cervical vertebra; the larger one is
directed inward and articulates with the
first thoracic vertecbra. 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

Posterior border 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 increases
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

Fio. 22.—Lerr Seventa Rin or Honse, Antero-  iNclusive.  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 sixtcenth, 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.

R R

Ezternal surface

Anterior borde:
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Variations.—A nineteenth rib on one side or both is not rare. It is usually imperfectly
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

Fi16. 23.—8TerRNUM AND Co8TAL CARTILAGES OF HoORsk, VENTRAL ViEW. (After Ellenberger-Baum, Anat. f.
Kinstler.)

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 (Fovez
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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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 em.), 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.

F1c. 26.—SxuLL, ATLAs, AND AXxis oF Horse, LATERAL VIEwW.

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
(styloid) 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 OccrPiTAL BONE

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 circulal: 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 p!aced,
wide apart dorsally, and separated by a small interval ventrally. The artlc}llar
surface is curved so sharply in the dorso-ventral direction as to form a blunt ridge

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

Foramen magnum
Hypoglossal foramen
For. lacerum posterius

Stylo-mastoid foramen
Hyotid process ;
4 .
Muscular process ._ 4 s~} \ (s ;---- Posiglenoid proccss
For. lacerum anterius -- -/~ : ‘ R Glenoid carity

Tubercles at spheno- === N\ R e —— - Temporal condyle

occipital junction N v 7] F o Y- Zygomatic process
Alar foramen .\_7_ Infratemporal fossa

Pterygoid process \

of sphenoid - — | Zygomatic process of

Pt o malar
eTygo i L Pterygo-palatine fossa
Vomer (ale) __ 4
Pterygoid process of [ i ~}-~ Maxillary hiatus
palate bone -- ‘ ; .
Palate bone (perpen- _| | 7 | "j , - Maxzillary tuberosity
dicular part) \ Z i ' .
Alveolar tuberosity -~ 4- -~ - _ L3 ‘ ~-- Facial crest
Posterior nares ._|. I'x ‘ b= ) [ _ Hamulus of pterygoid
] ——. Vomer
Last molar tooth -_} __Palate bone (horizon-
tal part)
—-=- Ant. palatine foramen
.\;_S‘ ~——~--~—- Palatine groove
______ Palatine process of
mauxilla
Fia. 27.—LiNe DrawinG oF PosterioR HALF oF Bask or SKuLL oF Horse, Withour Manvinie. (Key to

Fig. 28.)
2, incisura ovalis; 3, incisura spinosa; 4, external orifice of parieto-temporal canal;
petro-tympanic 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;
5, Eustachian canal; 6,
10, supraorbital process;

externally. The cranial surface is concave and smooth. External to the condyle is
the pa.rax_nastoiq or styloid process (Processus jugularis), a strong flattened bar of
bone which projects downward and backward; its external surface is convex and

roughened 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

Fio. 28.—VENTRAL SURFACE OF SkuLL oF Horsk, PosTERIOR HALF WriTHOUT 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 nuchz is attached. The internal surface is concave and presents a
deep central depression and two shallower lateral ones which adapt it to the surface
of the cerebellum.

The occipital bone is 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 second 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, flattened 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 optic 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 occipital crest of this description is equivalent to the external ocripital protuberance
and superior nuchal line of man. A curved line a litde lower down, which is continued on the
paramastoid process, represents the inferior nuchal line of man.

* Other terms for these parts are basioccipital (hasilar part), exoccipitals (lateral parts),
and supraoccipital (squamous part). It should be noted, however, that the lines between the
basioccipital and exoccipitals pass through the lower part of the condyles.

3 This foramen might well be called a canal, since it is an inch or more in length.

¢ 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 cases, according to Paulli,
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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-sphenocid. Their inner or cerebral surfaces are
concave, and are marked by digital impressions (Impressiones digitate) 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
this, 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 parietal 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
transinits 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
temporal wings.

! 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.

THE 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.—CrossarcTion oF  hone, the lamina papyracea. The mass consists of a large
pameaa MA% " number of delicate, scroll-like plates of bone, termed

Horse. 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 mass 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 consists
of six turbinals which extend almost to the perpendicular plate and are termed endoturbinals.
Thense diminish in size from above downward; the largest 1s attached to the nasal bone, and is
hence usually called the naso-turbinal or superior turbinal; the second is much smaller, and is vel
commonly termed the great ethmoid celﬁc Between the endoturbinals are twenty-one sm
ectoturbinals, and all are 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
nasul mucous membrane.  The anterior border is irregular and is continuous with
the meptal eartilage.  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
junction  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-

hllwh the ethmoid munt be studied by means of appropriate sagittal and transverse sections of the
L1 Y]]
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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

al

ronotd process

Zygomati
Supraorbital
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Infraorbilal

Nasal 3

Fi1c. 30.—SkuLL 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 digitatae) which correspond to the gyri
of the cerebrum. There are also furrows (Sulei vasculosi) for the meningeal arte-
ries. Along the inner border 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 parie to-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) meets the interparictal 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 horders articulates with the posterior
angle of the temporal wing of the sphenoid.

Development.—Each 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 parictale of the
young child; the external sagittal crest is not present, and the external surface is
smooth.

The sagittal suture is usually closed at four years, the paricto-oceipital 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 glandule 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 supraorbitai 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)
nerve.

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 aquaductus 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
of man.
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THE MAXILLAE

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 maxille) 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-

orbital 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 arc 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_sed 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
surface of the lacrimal bone. Below the groove is the inferior turbinal crest
(Crista conchalis inferior), to which the inferior turbinal bone is attached. Lower
flown &!}d 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 cavities, 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,fO"mﬁ part of the interdental or interalveolar space (Margo interalveolaris).
Behind the Jast alveolus is a rough area, the alveolar tuberosity.

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

he posterior extremity forms a rounded prominence, the maxillary tuberosity
("I‘Uber maxillare). Internal to the tuberosity is a deep cavity, the maxillary
!uatus, 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.

he zygomatic or temporal process (Processus temporalis) projects backward
above and cxternal 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
ahove 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 premaxillee (Ossa incis-
iva) form the anterior part of the

r jaw and carry the incisor
upper )a y F1a. 31.—UprreEr Jaw or Horse ABour Four axp A Harr

teeth. Each consists of a body Vians Owb, 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;

H : _ 6, transverse palatine suture; 7, median palatine suture; 8,
. The bOdy is the . thick B:Il 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
surface is convex and smooth, and teeth; C, canine tooth; P1, first premolar or **wolf" tooth.
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

! This foramen is somewhat variable in position, but is commonly opposite the corner in-
cisor. 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 NasaAL 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.

THE LACRIMAL 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 small lacrimal tubercle, situated nearly an inch (ca. 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 between 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 muscle 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 beveled 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 delicate, 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. Itis 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 scroll one and a half times, thus inclosing a cavity which com-
municates with the middle meatus nasi. The arrangement is best scen 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 (Meatus 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 (Concha ventralis) 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 portion.

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 each 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.—ach ossifies in cartilage from a single center.

! This bone is 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 (Al=
vomeris) which extend outward below the body of the pre-sphenoid; posteriorly
they form 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 tecth, and articulates by its condyles with the squamous temporal on
either side. It consists of a body and two rami.!

The body (Corpus mandibulz) 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 is related 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 mandibule) extend backward from the body and diverge
to inclose the submaxillary space (Spatium mandibulare). Each ramus is
bent so 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
inferior 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-
bul®); 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
mandibul) 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 mandibulz); 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 chm?s.—Tbese 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 Hyom 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 ossis hyoidei) 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 coneave and
smooth in its middle, and carries on ecither 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 Fie. 32.—Hvowp BoNE or Horee, VIEWED rroM THE SipE
articulates with the small or the AND SoMEWHAT FRoM 1N FRoNT.
middle cornu. e 007 b sl proces o hyrid sormu € o

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.)
podules 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

5 1 These correspond to the great cornua of man.
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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.—CRaNIaL AND ORBITAL REGIONS oF SkrLL oF Horsk, LATERAL ViEw. THE ZYGOMATIC ARCH AND
SUPRAORBITAL PROCEssks Have BeEeN Saws OrFr.

1, Occipital condyle; 2, condyloid fossa; 3, paramastoid or styloid process; 4, occipital crest; 5, external
oceipital protuberance; 6, external auditory meatus; 7, mastoid process; 8, hyoid process; 9, stylomastoid fora-
men; 10, muscular process; 11, foramen lacerum anterius; 12, postglenoid process; 13, glenoid cavity; 14, tem-
poral condyle; 15, Vidian groove; 16, alar canal of pterygoid process indicated by arrow; 17, temporal foramen;
18, ethmoidal foramen; 19, optic foramen; 20, forumen lucerum orbitale; 21, maxillary foramen; 22, spheno-
palatine fornmen; 23, posterior palatine foramen; 24, supraorbital fornmen (opened); 25, lacrimal fos<a: 286,
depression for origin of obliquus oculi inferior; 27, facial crest; 28, maxillary tuberosity; 29, alveolar tuberosity;
30, hamulus of pterygoill bone; S.o., supraoccipital; P, parietal; S, squamous temporal; B.o., basioccipital;
B.s., basicphenoid; A.f., temporal wing of sphenoid; .A.0., orbital wing of sphenoid; Pt.p., pterygoid process of
sphenoid; P.p., perpendicular part of palate hone;: F.F’, facial and orbital parts of frontal bone; L,L’, orbital
and facial parts of lacrimal bone; M, facial part of malar bone; M.r., maxilla; a. paricto-occipital suture; b,
parieto-temporal or squamous suture; c,d, spheno-squamous suture; 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, vessels, 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
very 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 pterygoid
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 pterygoid process, the perpendicular part of the palate bone, and the tuber
maxillare. Its deep anterior part (maxillary hiatus) contains three foramina. The
upper one, the maxillary foramen, is the cntrance 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 cm.) in front of the end of the crest and about two inches (5 em.)
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 choanz. 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 half 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-

L F10. 34.—CRANIAL CAVITY oF HORSE A8 SEEN ON SAGITTAL SEC-
der. The latter is in a plane

TION OF SKULL.

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
transversely. It is separated
from the superior surface by
the occipital crest, and from

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

O, 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; 6, entrance to optic foramen; 7, 8,
grooves on sphenoid bone; 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 cranii; 15, hypoglossal foramen; 16,
petrous temporal; 17, orifice of aqusductus vestibuli; 18, orifice
of aquaductus cochlewr; 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 crest are two rough areas for the attachment of the complexus muscles. A little
lower is a central eminence on the sides of which the ligamentum nuchz 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 Caviry or HoRrsE.

The roots of the cranial nerves are shown on the left side
and are designated by number. [, Anterior cranial fossa; /17,
middle cranial fossa; I//, posterior cranial fossa; a, ethmoidal
fossa; b, ethmoidal foramen; ¢, fornmen for nasal branch of
ophthalmic artery; d, orbital wing of sphenoid bone; e, optic
fossa; f, sella turcica; g, spheno-occipital crest; h, &', dotted line
indicating contour of pituitary body; A, slight elevation repre-
senting dorsum selle; ¢, 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 lacerum posterius; ¢, incisura
carotica; ¢, incisura ovalis; ¢, incisura spinosa; r, depression
for medulla oblongata; &, hypoglossal foramen; ¢, internal audi-
tory meatus; u, foramen magnum; v, frontal sinus; w, zvgomatic
process of temporal bone; z, section of petrous temporal; y,
section of occipital bone; gz, crista galli; 1, 1/, 17, dotted lines
indicating position of olfactory tracts and peduncle. (After
Ellenberger-Baum, 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 bone
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 aquea-
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 fosse for the olfactory

lobes. The ethmoidal or internal orbital foramen perforates the cranial wall
at the outer side of these fossm. 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.

F1G. 36.—MED1aN SrcTiON OF SKULL oF Horse WiTHOUT THE MANDIBLE.

The septum nasi is removed, but the mucous membrane on the turbinal bones is retained. a, a’, Superior
turbinal boue, dotted line indicating 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 nnd 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, o’, frontal
sinusx; partial septum between o and o’; ¢, 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 maxillee, 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 Jacobson on either side. On either side of the palatine processes of the premax-
ille is the palatine cleft.
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The septum nasi is incomplete in the macerated skull. It is formed by the
perpendicular plate of the ethmoid behind, and the vomer below. In the fresh
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.

F1i. 37.—Cross-srcTION OF NASAL REGION oF SkvLL  Fia. 38.—CRrors-8EcTION OF NAmAL REGION OF SKULL

or Homsk; THE SkcTiON Passka THROUGH oF Horse; THE Sketion 18 Cvr AsouT Havr-
THE ANTERIOR END OoF THE FaciaL Crest, WAY BETWEEN THE ORBIT AND THE ANTERIOR
AND BrrwreN THE THiRp AND Fourti CHEEK IExp oF THE FaciaL CREST, AND Passrs BE-
TrETH. TWEEN THE FI1rTH AND Si1Xx™ Cueek TerTH.

a, Superior, b, inferior turbinal bone; ¢, d, cavi- a, Superior, b, inferior turbinal bone; ¢, d. cavi-

tics of a and b; e, common meatus; f, g, h, superior, ties of a and b; e, common meatus; f, superior, g,
middle, inferior meatus; i, k, passages to cavities of middle, A, inferior meatus; i, placed over ridge in
turbinal bones; [, naso-lacrimal duct; m, infraorbital maxillary sinus; k, communication between outer and
canal; n, anterior end of maxillary sinus; o, septal inner (turbinal) part of maxillary sinus; [/, naso-
cartilage. (After Ellenberger, in Leisering's Atlas.) maxillary opening: m, naso-lacrimal canal: n, infra-

orbital canal. (After Lllenberger, in Leisering’s Atlax.)

The posterior extremity or fundus is separated from the cranial cavity by the
cribriform plate of the ethmoid, and is largely occupied 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 ethmoidal.

The maxillary sinus (Sinus 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, ¢. e., 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

Fia. 39.—SkuLL oF Horsr, LaTrrAL VIEW wiTHOUT MANDIBLE. THE SINUsFs ARE OPENED UP.

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, h, posterior and anterior compartments
of maxillary sinus (also designated as superior and inferior maxillary sinuses); i, septum between g and h; k,
lower limit 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 canal to premacxilla; r, limit of maxillary sinus. (After Ellenberger, 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 ahout one and a half to two inches (ca. 4 to
5 em.) long and an inch or more (2 to 3 cm.) 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 middle 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 ﬁfled up to a large

egree 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. It is separ-

Vi 40, Sk of Horse, DorsaL View,
wiinn HiNuses Exposkp By Re-
movat. of THE OUTER PLATE oF
Bone,

1, Frontal bone; 2, nasal bone; 8,
Worhimal - bone; 4, maxilla; a, posterior
Wit of frontal sinus; a’, middle part of
tvontnl winuw; b, anterior (turbinal) part of
frontul sinus; ¢, lateral mass of ethmoid
Wne; d, roof of superior mentus; e, fronto-

Wiy opening: S, naso-maxillary open-
ing below plate which forms the anterior
wongln of ¢; g, h, posterior and anterior

vongmttments of maxillary  sinus—often
walleed the muperior and inferior maxillary
aliiinen; ¢, meptum between ¢ and h; k.
st 1, point at which superior turbinal
L mny be perforated to obtain drainage

it nnsnl envity,  (After Ellenberger, in
§ einering's Atlns)

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 ecighth 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 border to the neck of the

hone, where it gradually subsides. The free edge of the spine is thick, rough,

und in great part subcutanecous.

-

A little above its middle is a variable promi-
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nence, the tubercle of the spine (Tuber spinz), 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
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Fi16. 41.—LEFT ScapuLa oF Horsk, 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 cdge 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 spines. 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
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F16. 42, —Lerr Scarura or Horsk, CosTaL SuRFACE.—(After Schmaltz, Atlas d. Anat. 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 scapule 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 spine. The last ossifies
after birth and fuses with the spine about the Coracoi
third year. The bicipital tuberosity and coracoid proces
fuse with the body of the bone about the end of
the first year.

In old subjects the spongy substance disappears at the
middle part of the fosse, so that the bone consists here of
a thin 'p r of compact substance. Considerable ossifica-
tion of tixe cartilage is usual, the borders become much
rougher, the muscular lines are more pronounced, and a
ullary cavity may appear in the neck. Much varia- Fio. 43.—DisaL Enp or Lrer Scapura

tion occurs in ensions and slope. The average ratio or Homse, ENp View. (After
between the length and breadth (scapular index) is about Schmaltz, 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. Exceﬁtlonally the coracoid process reach .

length of an inch or more (2}4 to 3 em.), and the chlef nutnent 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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Fie. 44.—ProxiMaL Exp oF LErr Humerus oF Horsk, 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
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Fi6. 45.—Lerr Humrerues oF Horse, In- Fic. 46.—Lerr lltmeEres or Horse, EXTERNAL SURFACE.
TERNAL SURFACE. (After Schmaltz, (After Schmaltz, Atlas d. Anat. d. Pferdes.)

Atlas d. Anat. 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;
Bicipital
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Fi1c. 47.—Lerr HueMerus 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 crossed 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.he 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_Bpicondylus 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 radius 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
the 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,
{ough, triangular area to which the ulna is attached by an interosseous ligament;
in the adult the two bones are fused here. A variable rough elevation below the
mldd]F 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 1n 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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Fic. 48.—Lerr Rapivs AND ULNa oF Horsg, ExTer-  Fra. 49.—Lerr Raprus Axp ULNa oF Horsk. Pos-
NAL ViEw. (After Schmaltz, Atlas d. Anat. d. TERIOR VIEW. (After Schmaltz, Atlas d. Anat.
Pferdes.) d. Pferdes.)

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

essus indicated by a distinct groove on the carpal

iconaus articular surface. The proximal extremity

nilunar notch  unites with the shaft at about one and a
half years, the distal end at about three
and a half years.

THE ULNA

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

The shaft (Corpus ulnz) 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

Fo. 50— ; the adult. The surface which entersinto the
G. 50.—UrpER HALF oF Rapiva AND ULNA OF . .
Honse, INTERNAL ViEW. (After Schmaltz, formation of the spaceis smooth and usually
Atlas d. Anat. d. Pferdes.) 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 bears 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 Fuc. 51.—Sacirrar Secrion oF Upprn
with the inner facet on the distal end of the radius.  Part or Ravive axp ULa or Hogst.
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.

‘F16. 52.—LErFr CArRPAL BonNEs oF Horse, with Dis-  Fie. 53.—Lerr CarraL Bones or Horse, wrra
AL END oF Rapius anp ProxiuMaL ENp oF ApJACENT END8 OF RapIUS AND METACARPUS;
METACARPUS; INTERNAL VIEW. EXTERNAL VIEW.

Ca, Accessory carpal bone; Cr, radial carpal; Ci, intermediate carpal; Cu, ulnar carpal; CI-4, first to
fourth carpals; Mc. I1, 111, 1V, metacarpal bones; I, groove for tendon of extensor carpi 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 directly bear weight, and may be regarded as a sesamoid bone
interposed in the course 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

T
Mc Ir

Fra. 54.—CarraL Boxes or Horsr, witH ApJAcENT  F1a. 55.—CARPAL ARTICULAR SURFACE or Rapius

Exps oF Rapivs AND METACARPUS; ANTERIOR AND PROXIMAL ARTICULAR SURFACES OF CAR-
View. THE AccessoRY aAND FIRST CaARPAL PAL AND METACARPAL Boxes, Lerr Sipe.
BoxEes ARE Nor SHOWN. THE AccessORY 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; Mec.ll, second or inner emall metacarpal bone; Mec.I/I, third or large metacarpal bone; Mc./V, fourth or
onter small metacarpal bone; 1, 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-
Iation 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.



86 THE SKELETON OF THE HORSE

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 threc 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. 1t 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
row.

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.

Metacarpal
tuberosity

Head of
small °
metacar-
T uberosity pal bone
dl
d
Distal
ends of
small
melacar-
pal bones ,
Groore f Sesamoid @
3uspenso.
ligame
f
l—
28
Second phalanz
nx .
Lateral
cartilage N
Wing Dorsal Wall Ertensor
groove  sur- process
face of
third
phalanz
Fic. 56.—DisraL Row oF Carpal BonNes, METACAR- F16. 57.—LEFT METACARPAL AND DiGrrar Boxks or
pus, FIRST AND SECOND PHALANGES, AND Horse, INTERNAL View. (After Schmaltz,
ProxiMaL Sesamoip Bones oF Horse; Pos- Atlas d. Anat. d. Pferdes.)

TERIOR ViEW, LEFT Sipe.

The fourth (external) metacarpal bone is wrongly
numbered as 1. (After Schmaltz, Atlas. d. Anat. d.
Pferdes.)

THE 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 1 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.

THER 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. It 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. It 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
is 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 Placed 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 is also called the large pastern bone or os suffraginis.
2 This 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 phaianx ossifies like the first, but the proximal
end unites with the shaft two or three months earlier.
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F16. 58.—PHALANGES AND THIRD Sesamoip oF Horse, DoRsAL AsPECT.

THE THIRD PHALANX
’I:he 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
face of the second phalanx, but a narrow flattened
:r articulates with the third sesamoid. The an-

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
notch 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 ungul®) 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 noted that the size and form of the wings vary much in different specimens. In
the new-horn foal the win‘;l is a small, pointed projection. Later the process of ossification

e

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
r— ) _ (Facies articularis) faces upward and
CL K ﬁfzzcﬁ.lﬂe%;d forward; it consists of a central emi-

. . phalanz nence, flanked by concave areas, and
Articular ";m,gr third articulates with the distal end of the
. ”ﬁ; ™ Distal border  S¢cond phalanx.  The flexor or tendon

surface (Facies flexoria) is directed
B e, S i, downward and backward. It resem-
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 coxse, which unite ventrally at the sym-
physis pelvis, and articulate with the sacrum dorsally.

OS COXE

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

and consists of two distinct 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-

Fi16. 61.—O0saa CoxaruM oF MaRE, VENTRAL ViEW.

D, Nlium; 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; A,
rough ligamentous area; ¢, auricular surface; k, ilio-pectineal line; I, 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; ¢, ischial arch; u, lesser sciatic notch; v, acetabular branch, and
w, symphyseal branch of ischium; z, obturator foramen; y, articular surface of acetabulum; z fossa acetabuli;
1, groove for ilio-lumbar artery; 2, groove for iliaco-femoral artery: 3, 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 coxs) 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
3 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-
externally for the obturator nerve and
vessels.

Development.—Each division of the os
coxe 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 e ot fyons Doter’ the pubis. The pubis and ischium are

fur Kinstler.) united at birth or soon after, but are

not fused with the ilium 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 distinct 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 there is a special 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 muscles.

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 measured 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 915 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 em.)
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 eylindrical, 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 femoral 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
situated below the groove for the femoral vessels, and gives origin to the inner head
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FiG. 63.’}?'“'fT 'FE“.UR or Horsr, Fii. 64.—RiGuT FEMUR or Horse, Pos-  FiG. 65.—RiGHT FEMUr ofF Homsrk, IN-
EXTERNAL View, TERIOR VILW, TERNAL VIEW.

1. Ar‘lli"“"’ r;.urt. I’, posterior part of trochanter major; 2, neck; 3, fovea capitis; 4, crest; 5, trochanteric fosaa; 6, ex-

ternal or third troc afnler-, 7, trochanter minor: §. eminence for attachment of biceps femoris; 8. internal border: 70, nutrient

foramen: 1. &0oVe for femqra) vessels; 12. supracondyloid crest: 73, supracondyloid fossa; 14, trochlea; 15, external epicon-

dyle: 16 extornull condyle; 17, extensor fossa; 18, internal condyle; 19, internal epicondyle; 20, intercondyloid fossa. (After
schmaltz Atlasd. Anac. q. Pferdes.)
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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 internally. 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- Fie. 66.—FrontaL Skctiox oF LFT
metrical; the inner ridge or lip is much wider, Fremur or Homsk, 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-  gyllary cavity is traversed for the most
dyles, internal and external (Condylus medialis, part by fine bony trabeculr.
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, forward, and
inward. The articular surface of the external condyle is more strongly convex from side to side
than that of the inner 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.

Exte
epicondyle
Ezxternal
Depression fc
poplite
Ecxtern condyle

Fic 67.—DistaL ExTrREMITY OF RiGHT FEMUR oF HORsE, ExD ViEw,

THE TIBIA

The tibia is a long bone which extends obliquely downward and backward
from 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 ahove, 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-
cutancous. The external surface (Facies lateralis) is smooth and somewhat spiral.
It is wide and concave in its upper part, below which it becomes 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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Fra. 68.—RiguT Tisia AND FiBura or Horse, EXTERNAL ViIEW,

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 fosse, 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

Spine
terior crucial ligament
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Internal c¢ External condyle
Tubercle for posterior Head of fibula
ligament
mpression of anlerior Libial ressels
Nutrien terosseous space
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cular lines
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Fii. 69.—Rigat Timia aNp FiBura oF Horsg, POsSTERIOR ViEw.

n facet for articulation with the fibula. The large anterior eminence is the tu-
berosity of the tibia (Tuberositas tibie). 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
pitellar ligaments. A semicircular smooth notch (Sulcus muscularis) separates the
tuberosity from the external condyle, and gives passage to the tendon of origin of
the anterior 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.—Tle tibia has the usual three chief centers of ossification and
supplementary oncs 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 fibule) 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
flattened 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 external lateral ligament of the stifle joint. It has rounded
anterior and posterior borders.
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l.c.a., l.c.p., Depressions for attachment of anterior and posterior crucial ligaments; I, 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 frem 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 them, 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-
articular groove cuts into the surface to its middle.

F.. 72.—FroNTAL SECTION OF
RicuTt Tinia or Horseg,
ANTERIOR VIEW.

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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Frc. 73.—Ri1GHT PaTELLA OF HORsE, ANTERIOR VIEW. F16. 74.—Ri1GHT PATELLA or HORsF, PORTERIOR ViEW

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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F1a. 75.—RicaT TARsus AND Uprpkr PART OF META- F1G. 76.—R1GHT TaARAUS AND UPPER PART OF META-
Tarsus oF HORsE, INTERNaL ViEw. (After TARSUS OF HoRrsr, PoOSTERIOR (PLANTAR)
Schmaltz, Atlas d. Anat. d. Pferdes.) View. (After Schmaltz, Atlas d. Anat. d.
Pferdes.)

for the muscles which extend the hock joint. It consists of a body and an inner
process, the sustentaculum tali.

The body (Corpus caleanei) is enlarged at its proximal end to form the tuber

Facets for fibular tarsal
——
Groove of trochlea
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Depressi — Tuberosity Foss
or external Surface for Jor internal Depression for
teral liga- central tarsal lateral liga- external lateral
ment ment ligament
Fio. 77.—Ricut TiniaL Tarsar BonNe or Horse. Fie. 78 —Rigur TisiaL TarsaL BoNe oF Horsk,
ANTERIOR ViEW. (After Schmaltz, Atlas d. ExternaL View. (After Schmaltz, Atlas d.
Anat. d. Pferdes.) Anat. d. Pferdes.)

calcis or “point of the hock.” The posterior part of this eminence gives attach-
ment to the tendon of the gastrocnemius, while in front and laterally it furnishes
insertion to tendons of the flexor perforatus, biceps, and semitendinosus muscles.
The inferior extremity bears 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

3sa

Facet for
central
tarsal

Facets for tibial Facet for Facet for Surface for

tarsal bone tibial tarsal  central tarsal tibial tarsal
Fi6 79.—RiGHT FiBuLar TaRsaL Fi1Gc. 80.—Ri1GHT FourTH TAR- F1G. 81.—RiGHT CENTRAL TaR-
Boxe oF HORSE, ANTERIOR saL  Bone ofF Horse, sAaL.  Bonk or Horse,
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Schmaltz, Atlas d. Anat.
d. Pferdes.)

Schmaltz, Atlas d. Anat.
d. Pferdes.)

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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Schmaltz, Atlas d. Anat. d. Pferdes.) Schmaltz, Atlas d. Anat. d. Pferdes.)

straight and thick, and widens a little at either end; it is rough, and gives attach-
ment to the long plantar ligament.

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 deseribed 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, convex, 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 facets 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
extremity is a blunt point.

External
metacarpal

In some cases the first and second tarsal bones remain bone

scparate—a remarkable reversion to the condition in the early
ancestors of the horse. In such specimens the first tarsal is 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 Fro. 85—
and triangular in outline. It is situated between the = yorrcanenr ane Mere:
central above and the large metatarsal bone below. It TARSAL BonEs or Honsk.
possesses two surfaces and three borders. e e imalts, Atlas d.
The superior surface is concave, and is crossed by o ’
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 small 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 cylindrical, 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 slender 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
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