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Anatomy deals with the study of biclogical structures, Velerinary Analomy is concemed
with the structure and forms of Ihe organs and lissucs of principal domestic animals and birds.
Generally this subject is studied on comparative basis. However, Lhe biological structures may be
studied in different forms. In Gross anatomy (he struclures are studied after dissection, with (e
help of naked eye only. Ilistology or Microscopic anatomy deals with the study of finer details
ol the structures of various lissues and of dilferent organs. The process of differentiation,
growth and development of an organ or siruciure comes under Embryolagy or Developmental
amatomy.

When this science of siructures and forms of various organ systems of a body are siudicd in
close correlalion with the Physiology, makes the foundation of the whole of Medicine and life
science,

There arc many ways by which Gross anatomy can be studied, Some of the important methods
arc as follows :

L. Systemic Anatomy—Here Lhe structures of particular organ system are studicd scrially
withoul going to the delails of the surrounding siructures.

2. Topopraphic Anatomy or Surface Analomy—1In this method the principal siructures or
organs of any part of the bady are deseribed in relation 1o o definile and limited arca of the
surlnce, :

3. Burgical Anatomy—This is an applied part of the subject where the siructures of some
specilic siles are studicd for application in surgical practice,

4. Radiological Anatomy—Here the struclures of the body are siudied with the help of X-
ray, Ultrasonography or MRI may be uselul for studying anatemy of any animal in any desired
plane. C.T. scan is also another similar device for studying this subject in normal and altered
physiological condition,

5. Comparafive Anatomy—~In 1his method, analogous structures of different specics of
animals are studied on comparative basis.

Besides these, a variely of other methods are used to study the subjecl, e.g., Zoological
Anatorny, Philosophical Anatomy, efc.

Broadly there are Ihree divisions of Antomy :

1. Hislology or microscopic Analomy.

2. Embryology cr the developmental Analomy.

3. Gross or naked cye Anatomy.

In this book only the sysiemic gross anatomy of principal demestic animals and birds are
presented on comparative basis keeping cow as Ihe model animal of study.
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DESCRIPT] VEANATOMICAL TERMS

A number of scieniific words or termg most of which come Irom Latin or Greek are used to
indicate precisely the position and direction of differem parts of the body, such g5 -

Anterior = Front; Lateral or external = Away from median plane; Posterior = Back; Medial or
internal = Close 10 median planc; Superior = Above; Superficiat = Close to surface; Inferior =
Below; Deep = Beneath superficial; Proxirmat = Upper or superior; Distal = Inerior or lower; Craniar
= Towards the head end; Candal = Towgrys tail end, Rosiraf = Towards the nose; Palmar = The
surface of the fore limb that contacts the ground in standing condition; Planter = The contact

surface of Lhe hind limb jn standing condition; Avigf = Towards cemiral line of the body or ary body
par; Abaxinl = Away from axis.

Longitudinal
mcdian plane

Transverse Plane of neck Transverse plane of body
Frental or borizonrg! plane

Paramcdian or Dorsal

sagilral plane

Cardal

of Jlimh

Latera
Aedial

Flg. 1.1 Planes ang surfaces,

Pianes of Body

Longitudinal median Plane—-This plane divides the body inlo almost 1wg equal halves, Sapittal or
Parapedian Plane—Any plane whicl i paralle] 1o the mediog Plancissagittal plane. Coronal plane—
Any plane which is a might angle 1o the sagittal plane s a coronal planc. Fransverse Planes are the
cross sectional planes. Fronta} Plane or Horigontaf Plane—This plane cuts (he long axis of (e body
of an animal horizontally. This is perpendicular o the sagittal planes aad transverse planes of the body.

DIVISIONS OF GROSS ANATOMY

Osteology = Study of bones; Arthrology = Study of joints; Myology = Study of muscles;
Splanchnolopy = Study of the viseeral organs of different systems; Angiology = Study of the heart

and vessels; Neurolopy = Study of the 0r8ans of nervous sysiems; Acsthesiology = Study of the
oergans of special senses, ’

L

Osteology deais with (ke componcenls of skeleton, Bones are he principal components of o
skeleton, Beside the formation of skelcton, bones act as levers for muscles prolect cerlain
viscera (skull), manufacrure blood cells and also act g feszrvior ef mincral salts,

Skeleton can be defined as a hard framework of (he body which

Supporls solt siructures,

This is composed of bones, carlilages and ligaments. . The skelcion js responsible for the
maintenance of (he shape, flexibility as wel] as locomotion of he bedy. For the purpose of
descriplion the skeleton is divided into twa Pans, Axial and Appendicidar, The axial skeleton
comprises of the bones of skull, vertebral column, ribs and slermum, The appendicular skelelon
is made up of (he tones of the limbs, The skelcions of typical verwehrates nre bilaterally

symmelrical.

- Thoragic verchry

Lumbar venchr
Cervical verebry

Second phatanx

Coceygeal

Meiatarsal

First phalanx

Second phalanx

Third phalanx

Fig. 2.1 Skelclon of a vow (For bener understanding limbs of only onc sids

has becn shown),
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Function of skeleton

L. It gives protection (o the vital organs in the thoraz, pelvis and skull.
L It provides attachments 10 the muscles.
3. Iuis a basic structure for movement.

4. It aceommedutes bleod Torming lissee—marrow.
5.1tis a slere house of salls and minarals for fuiere utilisalion,

6. Since the components of skeleton have Iheir growth and death, it s a dynamic znd living

Slruclure,

Classilication of bones

According 1o the naked eyc appearance with regard to their shape, size and struciure the
ones have been classified into several catagorics as follaws :

(iy Long bones—These are the long hollow cylindrical Lype of benes, found in the limbs.
These are weight bearing bones and act as levers. A long bone has a body or shaft and twe
cxpanded ends. The shaft consists of a ube of compact bone and conlains a large medullary
cavily which is filled with bone marrow. These bones ossily in carlilage. e.g., Femur,
Humerus.

Modified long bones—Some bones, like clavicle in dogs, rabbit and fow] da nol possess
meduallary cavily and therefore considered as modified leng bones. Miniature long hones
— These are long bones bul small in size, c.g.. metacarpals of dogs.

(ii) Shert hones—These are small picces of partially smooth surfaced bones mainty found in
the joinls and help in their mobility. Most of these bones present six serfaces, They are
mainly composcd of spongy substance wilh a hin layer of cortical compact bong, c.g.,
carpal bones.

{iii) Flat bones—They arc Mat jrregular bony plates designed [or enclosing cavilics which
conlain impartant organs of the body. Flat bones are composcd ol wo plates of compact
bone with intervening spongy bone. The intervening spongy tissuc in the bones of cranial
vaull is known as dipole e.g., scapula, some cranial benes of skull,

(iv) Irregular bones—These arc also small bones with rough and irregular surfaces generally
found in the midline of the skeleton. Their so many projections help in the atlachment of
various muscles. They are composed of spongy subslance with thin covering of compact
subslance, e.g., vertebra.

(v

e

Pneumalic benes—Some long bones of birds have cavities inside heir bodics which
accemmodate air sacs through preumatic feramen in living condilion, e.g., Humerus of
fow!. In mammals bones situated close 1o the nasal cavity which conlain air-hlled eavilies
are alse considered as pneumalic bones, e.g., Fronlal bone, maxilla and ethmoid,

(vi} Sesamoid bones—These arc small seasame (sced) like bones develop within tendon and
ossify after birth. These bones have ne Haversian system and no periosicum. They work
as pully (o aveid friction, e.g., patella.

(vii) Yisceral bones—These are found in the viseera of some animals and birds, e.g., os penis

in dog; os cordis in fuminents; os oplicus n some fowl; os rosirale in pig; os phrenic in

camei, ete.
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Composilion of bone

Bone is 2 mineralised conncetive tissue and the composilion varics greatly with the age and
sile. It provides rigidily as well as clasticity to the body and therefore, composcd of {a) inorganic
mineral salts and (b} Organic matiers. The approximatz ratio between the two subsiances js 1
1 The Grganic matter includes membranes, eclls, cartilages, vesscls, nerves, Muids and marrow.

In mature bone nearly 1/5th of the welght in water. Mincral sall form 60% to 76% and
organic malerials 30% to 40% of the dry weigh of bone.

Although veriable, the bones af ox possess the bone salts in fellowing percentage
- Calcium Phosphale — B6%
Calcium Carbonate — 58%
Magnesium Phosphate  — 3%

Sodium Carbonate and
Sodium fluoride, erc. — 32%

CARTILAGE

Cartilages are nonvascular pligble Slrong struciures form supporting framework of articulaling
surfaces of bones, foclal skeleton and
certain ergans of the body. This is a
semihand conneclive (issue which has
a high lensile strength, rigidily,
elaslicity and  resistance 1o
compressive foree. Although iis
vascularity is very low, it pOSSES5Es
lhe capacity for growth. Cartilages are
composed of a semihard matrix of
sulphated  glycosaminoglycans
embedded with collagenous or claslic
collagenons fibres and cartilage
¢clls—the chondrecytes. Therc are
(hree Lypes of carlilages available in
the bedy. They are Hyaline-cartilape,
Elastic-cartilage and Fibrao-
cartilage, Hyaline czrtilages arc found
in the articular surfaces of bones and
possess perichondriom and fine collagen fibres. The hyaline canilages appear smooth and glassy
because the [ibers are very fine and surrounded by glycosaminoglycans. Fibrocartilages have no
perichondriom. They have small chondrocytes and thick collagen fibers, Intervertebral discs are
formed by fibrocanilages. Elasiic cartilages are found in epiglotlis and external ear. They are
composed of both collagen and coarse elastic fibers, They aiso possess perichondrium.

The matrix and fibers are seercled by the chondroblasts during growth stage and the cells
become enirapped by their own seerctions. Now the chondreblasts are converled into
chondrocytes. These newly formed chondrocyles undergo divisien and in each lacuna several
chondrocyles are found. There are knowa as cell nesls.

Cell nesy

Chondrogenic layer
of perichondrium

Chondrocyles

Fig. 2.2 Hyaline Carlilage,
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a large clongaled cavity within rthe body known as marroy cavily. The cavity
emains filied up by bone mamow, In spongy bones there are plenty of small spaces which alsa
femain occupicd by the bone marrow. :

A young long bonc presents the feflowing parts :

2)  Diaphysis

b  Epiphysis

£) Metaphysis

The Diaphysis is the part of the bone ossified from primary ossification cenler and form the
shalt {body) of the bone,

The Epiphysis is ossified Trom the seeondary ossificalion outer and generally forms the cnds
of the bone. Epiphysis may be of 3 types : o} Pressure epipliysis - It transmils the bedy weigh.
Heads of femur and humeres and condyles of femur and tibia are the examples. b) Traction
epiphysis - It is lormed by the pull of muscle, Examples ~ trochanters of femur, tubercles of
humerus. ¢ Aravistie epiphysis — When an individual bone is altached secondarily on 2 hosl bone
like a parasile 1o derive nutrition, is called atavistic epiphysis, Example ~ coracoid process of
scapula.

The Metaplysis is the end of diaphysis thal faces towards the epiphysal cartilage and helps in
the growth in length of the bone,

The outer surface of 3 bore is covered by a membrane excepl where it is covered by a
cartilage. This membranc is known as perjosicum. A thin membrane also invesls the medullary

cavily is known ag endosleun. The cartilage which covers (he articular surface of a bone is
known as articular cartilage. '

Compact hene-—This js a dense and bard substance situated at the external aspect of the
bone and surrounds spongy substance. In the long bones the compacl substance is thin af the
ends and very thick at the body. It comprises of 3 bony rissuc arranged in & defnjte paltcrn,
known as Haversjay Syslem or ogteons, Numergys VerY narrow canals pass through the compacl
substance along rhe length of the bong are kaown 25 Haversian canitls. These canals carry
blood vessels and nerves, Around these canals bone malrix is present in the form of several
concentric lamellag, In between the Jameilae there are minute spaces known ag lacunae which
£ive rccommodation (o the bone cells—the osleoeytes. Very minule canals radiate from these
lacunae 10 accommodaye the processes of bone ceils. These are called canalfculi. All these

system (Fig. 2.4 and 2,7). In between Haversian Systems the Iriangular areas are filled up by
frregular bony deposits called inferstiljal lamellae. The Haversian canals communicaie with
the marrow cavily and with surface of the bones by some transverse canals which are not
surrounded by bony lamella, These teansverse canais are known as Volkmann’s canals, These
canals alse communicate with the spaces of spongy hone, The Haversion system rung longitudinally
along the shaft of long bones, Average diameter of (hjs system is about 150 microns,

r——
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Ani :t[i.'lr canilage

4 Endosteom

i Compact bone

u

Diaphyseal 2r1ery

~-J—— Periosicum

Anlerioles and
capillades

Fig. 23 Langitudina) ang Iransverse secrions of a long bone,

Circumferentiai lameHlae or primary osteons

These famellae encirle ouler and inner surface of 1he long bone, These famellae are not
arranged as per the Haversion syslem but arc held logether by perforating fibers, Circumf(crential

growth.

Formation or Haversian system (Fig. 2.53

When thick bony lamellze are deposiled at the ouler surface of growing long bone, (he
mutrition of bone lissue suffers. Therefore a number of longitudinal Erooves appear on (he ouler
surface undgr the periosleum and cach Braove accommodates a blood vegsel along the fNoor. The

Spengy bone—The spangy bone is also kyown as cancellous bone. A large number of very
small boney plates (Irabeculae) unite imegularly enclosing small marcow spaces between hem
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Creumfetential Imella

Feriasteum

Maversion cana]

Yolkman's canal —jj ¥

Haversian system

Haversian eanal

Endosteum

Osteoblast

Osteocyles

Feriosteum

Medullary eavity

Longitudinal gropve

Blood veasel
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and form 2 hard structure of spongy
appearance, known as spongy substance.
These subslance make the bulk of small
and irregular bones as well as ends of the | Proximal end
long bones. There is no Haversian system
ol arrangement in the spongy substance.
The bony Irabeculac are arranged along
the line of maximal inlernal stress in sach
2 way thal the bone can resist siress and
strain 1o which it is subjected.

Spongy bone

Periosteom—DBones are covered by a
membrane except at the arlicular surfaces.
This membrane is known as periosteum.
Its ouler layer is fibrous (collagen) and
inner layer is cellular. The cellular Tayer
contains osiceblast cells which help in
os3i[tcalion and hence called osteopenic
layer. Periosteum s not presenl on the
sesamoid bones.

Compacl bone

i
Shatt——. i

Medullary cavity

Function of periosteum

1. As a cover tl protecis Ihe bone.

2, 1t helps growth and repair of bone. Flg. 2.6 Section of 2 Joog dane.

3. It helps in the supply of nutrition to the outer part of the bone,

Articular earlilage—Most of the articular carfilages arc hyaline in nature. They cover the
articular surfaces of hones lo provide very smooth surfaces of the synovial joints and thereby
make a frition-free environment during mévement, Its deep surface isattached with the underlying
bene. The cells of these cartilages are almos! round or elongated and are arranged singly or in
groups of cven number of cells, These arc presumed 1o be off-springs of a common parcnt cell.
The ground substance is cither transparent or granular in appearance. This cartilage normally
does not ossily. It derives mutrition from synovial fluid and surrounding vesscls, ’

Endostenm—The marrow cavity and various marrow spaces are lined by a layer of arcolar
tissue which is very rich in fine blood vessels. This lining membrane Is known as endosicum,

Bone marrow—The medullary or marrow cavily of long bones and marrow spaces of all the
boncs are occupied by a solt and pulpy tissue, known as bone marrow, There are two types of
bone marrow—yellow and red. The composition varies from bone to bone and depends on age.
AUbirth and in the prenatal life, most of the marrow is red. With the advancement of age, the
yellow marrow teplaces the red marrow. In the adult, red bone mamow is found only in the
skull, ribs, slernum, veriebrae, canceltous part of some short bones and in the ends of some long
bones. Red bone marrow consists of reticular connective lissue, varions blood cells at their
different stages of development, Tt celis, lymphoid cells and blood vessels. Megakaryocyles
{iant cells) arc also found in red bone marrow. However, the mamrow of the cranial bones
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degencrates in the old animals. The reticular conneetive tissue consisls of an inlerlacing network
of reticular fibers into which reticutar eells are attached. The fatter have phagocistic properties
and present amoeboid movements. The slorma is permeated with sinusoidal vesscls which are
lined by reticulo endothelial cells,

It is important te note thal, n (he zdult, yellow marrow js replaced by red marrow under
exceptional circumstances, such as in cerain lypes of anaemja,

Yellow bone marrow js composed of connective lissue, blood vessels, fat cells and ako
Some mature and immature red blaod cells,

Blood vessels and nerves of bones—One ar two nutrient (dinphysal) arteries enler the shafl
ol long benes generally in oblique direcrion through nutrient foramina. These foramina in mest
Cases are constant, It then passcs through the nulrient canals without much branching, reaches
the medullary cavity and divides into ascending and descending branches. When the branches
reach the ends, divide inte a cumber of smaller branches and join wilh metaphysal and cpiphysal
arleries, These meta and epiphysal arleries are derived from periarticalar vascular arcades, The
medullary arlerics give some branches to the bone marrow and n series of corlical branches for

-

laversion
canal

Inlerstitial
[ame]la

Osteocyics in
Ihe |acuna

Lamella

Fig. 2.7 Microscople sizuclure of compac¢t boae,
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the arteries of Maversian canals. The nerve fibers are distributed within (he Inyers of periostcum.
Some fibers enter (he inleror of the bone aleag with the nutrient vessels,

Bone cells—There are iwo types ofbene cells—(a) marire celis—ihe oslcoeytes and (b) immarure
celfs—the osteoblasts and osteoclasts,

Osteoeytes are derived from osteoblasts and remain in liny spaces surrounded by matrix, known
as lacunae. They get nuirition threugh caraliculi, Thesc are flaliened cells with centrafly placed
nuclei, They have numerous cyloplasmic processes.

Osteallasts are derived from mesznchymal tissuc. They produce calcium ion and alkaline . &

phosphatase. The alkaling phosphatase hydrolyses the locally available hexose phosphate and produces
free phosphate fons, The phosphate fons combine with calcium and become precipitaled as calcium

phosphale crystals in the matrix, The cytoplasm is slrongly basophilic. The cells have cccentrie -

nucleus and numerous cytoplasmic processes.

Osteoclasts are multinuclealed cells wilh cosinophilic ¢yloplasm, They do not have processes -
but are provided with brush borders, These cells are also believed 1o be derived from asteogenic -

cells.

Osteoclasts helps in resorption of bone salts. Semelimes fow osteoblasts fuse together te form a
osleoclast.

OSSTEICATION

[ R

The process of bone formation is known as ossthicalion. Calcification is an event in the process of
ossification. There are two Lypes of ossifications—(2) Intramembranous or mesenchymal ossification
and (b) Intracartilaginous or endochondral ossification. However, there is no much d; Merence between
the two precesses.

Intramentbranous ossificalion—Bones of ¢ranial cavity and face ossify in this process, Al
apoint (center ol ossification) ostenblasts are differentiated from mescenchymal eells, A meshwork
of collagen fibres produced by the oslcoblasts, appear between the eclls, It becames vascalarised
by capillary network. The osleablasts produce other organic intercellular substances like
mucoprotein, glycoprolein, inucapolysaccharide, ere. The organic non-clagified matrix is known
as osteoid, Now the mairix is calcified by esteablasts as slaled earlier, Few oslcoblasts become
entrapped by the surrounding matrix and are trans(ormed into osteocyles. Simultancously other
osteoblasls proliferale by division and are arranged in radiating manner from the cenler. Thus
trabeeulae are formed between the celis, The Irabecuiac join each cther (o form cancelious bone.
The osteatlasts surrounding the bany spicules deposit more boncs (o the free ends and sides and
thus caleification is spread and the bone becomes compact. The periostcun is developed from
the condensation of mesenchyme.

Intracartilaginous ossifieation—In (nis process mosl ol the bones ossify. This process occurs
in slages.

Stage—I

Atthe beginning a cartilaginous madel is formed by the condensation ol mesenchymal tissue. A
perichondrium appears around the cartilage.
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Coilagen fibers

Osleablast

Collagen fibers Osleocyles at the

center of ossificalion

Osteablasts proliferting ina
radisling manncr

Dony spicules

Penostenm

Flg. 2.8 Ialra-Membranous Oaslficaifon,

The cartilage cells (chondroblasts) at the mid section of the madel proliferate by milesis and
arc arranged in rows towards the ends. They mature and get hypertrophied.

The hyperlrophic cells produce alkaline phosphalase and precipitate caleium salt at the matrix,
The surrounding caleificalion cause death of (he cartilage cells and thereby lorm spaces—lhe
primary areolae. This zone is known as primary ossification cenler,

Al the same time osteoblasls appear at the inner layer of perichondrium and form
subperiosteal collar bone around the primary ossification eenter. The perichondrivm js
then called periosteun.

Stage—II

Al this stage Lhe collar bone is eroded by the increased activity ol the subperiosteal osteoclasts
and the periosteal buds containing osleoblasts, osteoclasis and blood vessels enterinto the primary
ossification center. The osteoclasts absorb the imegular calcified mass and form secondary large
areolac. These secondary arcolze lead 10 the formation of marrow cavily which subscquently
becomes filled up by bone marrow.

Stage-—II1

Ris known as stage of true bone formation. Here th ostcoblasts appearand lay down lamellated
bone. Subsequently a number of longitudinal grooves appear on the ouler sucface on the
circomferential bony lametlac. The ridges of each groave proliferate and enclose & small blood
vessel which already developed atong the periosteura and converl the &rooves inlo tunnels. The
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Epiphysis
Epiphyseal phle

Invading vessel

Periostoum ————— |

Cortical bone

Bene mamow

Marrow space at Ihe epiphysis

Eniry of
Coltar bone periosical
Periosieunt bud

Flg. 2.9 Toira-Cariilagensus Ossiflcatlon,

lining osi¢oblasts of the tunnel convert the lunnel inlo
Haversian system by proliferation and difTerentialion into
osleocytes,

The whole process is repeated again and again and
the ossification extends longitudinally. Simullaneously
new bones are formed under the periosteum by
apposilional method,

Secondary ossification centers appear at the ends
of the cartilagenous model at birth. This zone is eglled

cpiphysis, Ossification occurs in the similar way in both
directions,

At the ends of a long bone a Jayer of cartilage does
nol ossily end remains as articnlar canilage throughout
life. In the growih phage a poriion of the cartilagenous

Articular cartilage

Epiphysis
Epiphyseal cartilage

|—— Diophysis

—— Perinslcum

FIg. 2,10 Parts of Bone in Growlng siage.




PRINMARY VETERIN. R YANATONY

model remains as epiphyscal cartilage between the cpiphysis and diaphysis, This epiphyseal cartilage
helps in longitudinal {interstitial) growth of the bone and is replaced totally by hone when the
growih is complete, Therelore (he length of the bone inereases with the prowth of epiphyscal
carlilage. The prowing part of the diaphysis adjacent to the cpiphysal cartilage is called
Metaphysis. Bul with the advarcement of age (he growth of thig metaphyscal carlilage slows
down and the calcification hecome more rapid. So the whole cpiphyseal cantilage become ossilied
. and the growth in length ceases. The width increases by the depaosition of subperiosteal membrane
; bone,

Factors affecting growth of bones

The following faclors are responsible for proper prowth of bones -
a} Nutritional facler

b) Homonal facloy

c} Mechanical faclar

d) Generl factor

Nutritional factors

i} Vilamin A deficiency - It causes g distorbance between bone formation and desiruction. 1t
canses reduction in the size of (he spiral and cranial foramina and may lead to conpression
of nerve roots.

ii) Vitamin C deficicney — It interferes with the production of organie intercellufar malrix.
i} Vitamin D deficiency — Vitamin D is cssential for the absorplion of calcium and phosphorous
from the intestine and majntain their cencertration in blood, Calcification of the ostcoiq

mairix is hampered in deficiency of Vitamin D and may lead to rickess in younger animals
and esteomalacia in adult animals,

Hormonal factors
Parathyroid

Mainlcnance and regulalion of calciom ion concentration in blood js made by parathyroid
hormenc and caleitonin of para follicular cells, If parathyroid hormone is scercled in cXcess,

calcium is removed from the bones by stimulating osteoclastic resorplion. This causc rarefaction
of bone known as esteitis Jibrosa.

Pityitary
Gigantism may oceere duc to persistent growth at the epiphysal carlilapes if cxcess seereljon
of a-cells occur before puberty,

Acromegalyis developed due to renewed subperiosteal depasition of bones in varions parts of
the body (limbs, skull) when excess secration of a-cells occur alter puberly.

Dwarfism may result dug to hypo-pituitarism which causes the failure of nomal growth of
bones in yoanp animals,

S s e
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Mcchanical [actor

When any bone is placed under slress and sirain, it is observed Lha tensile force helps bone
formation and compressive force favours bong reabsorption,

General lactor
Castration in growth period, detay the upion of cpiphysis and may lead 1o disproportionate
clongation of limbs. This is sometimes obscrved in cunuchs. :

Disuse airophy may develop due to cecorance of local ostcoporasis when a limb is paralysed
or immovabic.

OSTEOLOGICAL TERMS

For convenicnl deseription some commion lerms are used for difTerent surfce markings on boncs,
These markings arc the indications for Mtachmenls of various figaments, tendons and muscles and
also suggest location of important siructures.

Facet = A small articular surface,

Fovea
Fossa
Sulei or prooves

Incisura = A noleh like depression.

Condylcs = Knuckle shaped paired articular surfaces.
Enicondyle = A small projection adjacent 10 a condyle.
Trochlea = A pully like grooved articular surface.
Process = Alarge projection,

Spine = A slender or pointed prejeclion.

Comuy er hamulus

Tubcrosity = A Jarge round projection,
Tubercle = Asmall projeclion.
Trochanter = A very large promincnee.
Crest = An clongated elevation,
Line = A lint elongated clevalion,

Protuberance, Prominence,
Eminence, lorus

[Tead = An expanded and nearly round proximal end.
Neck = The constricted part below head,

Foramen = A tiole or perforation through a bone,

Clent = A lissure in a bone,

Lamina = A thin plate like structure.

An articular surface in the form of 2 very small pit.
A depression which is moderately decp.
Elongaled depressions.

Curved hom like process.

Varielics of bony projections.
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Number of bones faund in the skelelon of different domestie anlmals ang birds

R T
b - Visceral

T2x2 0 (s
. - eordis

"Herse .32

Tpog T w2
Pig 30 .
. Rabbit - 34 27
B {excluding
-, Sesameid) )
Fowl 40 a 2 c2e’ 208 i@ .
) : “{Coracoid) opticus
Bones of fore limb

1tis a flat irjanguler bone situated at the crznio-lateral aspect of the thorax, It is directed downward
and forward and extends from 3rd (o 4th [horacie spinc to the distal end of frst rib, [t possesses lwo
surfaces, threc angles and three borders,

Lateral surface is divided into lwo unequal halves by a spine. The ralio is 1 - 3. The supcrior one
is smaller and temmed as Supraspinous fossa and (he inferior one is known as infraspinous fossa.
The supraspinous fossa accommodales (he supraspinatus muscle and the infraspinous fossa
accommodates the infrspinatus muscle, The spine is lillle brozd and bent backward at the middle to
altach the trapczivs muscle. The spine has lerminated below into a pointed projection known as
acromion process. The process is directed downward and forward, From this process a part of the
delioid muscle originates. The medial surface has a shallow fossa al the middle, known as subscapalar
fossz. It accommodales subscapular muscle. At the upper par of this surface, eranially and caudally
there are two rough triangular arens for the ailachment of serratus cervicis and serratus thoracis
muscles respectively. The anples are eranial, caudad and distal. The cranial angle is thin and formed
by the anterior and dorsat borders. The anlerior border is thin and convex. Dorsal border is rough for
the attachment of the scapular cantilage, The caudal angle is thick and formed by dorsal and posterior
borders. Posterior border is thick and convex, GeneraHly the nutrient foramina is found on this border
at the distal end.

The distal angle comprises of the glenoid cavity and the tuber scapwlae. The glenoid cavily is a
shatlow circular articular surface for the ariculation with the head of the humcsus, The mdimentary
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Scapular canilage

Subscapular fossa
Supraspinous fossa

Anterior border

nsertion of

Infraspinous N SCITaS muscle

fossa

Spine
Pastetior border
Posterior border
Acremion process
Tuber seapulae

Caorzroid process
Glanoid cavity

A b1

Scapular carfilage

Supraspinous fossa Supraspinous fossa

Infraspinous fossa Spine
Posterior barder Auterior border
Spine .
Anlerior border Asromion process
== Tuber scapulae

Glenoid cavily

Intraspinous
fossa
Pasterior barder

c / Glenoid cavity

Fig. 2.1
A. Right scapula of ex {Lateral view) B, Right scapula of ox (Medial view) C. Right seapula of horse (Latera] view}
D. Right seapula of dog (Lateral view),

glenoid nelch is siluated at its laleral aspecl. The tuber senpulac er supra plenoid tubercle is small
and is sitvated at the cranial aspect of (he gleneid cavity, Biceps brachii musele originates lrom this
tuber, The coracoid process is a small projection from the medial aspect of the Luber scapulae from
which coraco-brachialis musele originates,

Scapula of horse .
1. The spine s placed further backward,
2, Acromjon process is absent.
3. The wber seapulae is Jarge and is placed further away from the glenoid cavily.
4. Coracoid process is well developed.

5. Glencid notch is deep and distinet,
6. Subscapular fossa is deep.
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Iniraspinous
fosa

Spine

Posterior border

/ i ;.
-2 Supr-spinous Y. Tz
; i fossa
i

Lateral surface

Medialsurface

Subscapular fossa

Fig. 2.12 Lateral and medfal surface of Right seaprla of Or,

Scopulaof Ox Scapuianfllorse

Absence of antcrior

angle

Fig- 2.13 Lateral surfage af rlghi scapala of Ox,

Iterse and Dop,

-

OSTEQLOGY 19

Scapula of dog

I. The spine is placed al the'middle and divides the letera] surface in two equal halves,
2. Both the anterior and dorsal borders are convex and the anlerior angle is practically absent,
3. The ber seapulac is blunt,

4. The coracoid process is absenl,

3. Acromion process is short and blunt and extended to the level ol glenoid cavity,
6. Subscapular fossa presents fow rough lines.

Scapula of pig

1. The ratio betsween the supraspinous fossa and infraspinous fossa is 1:0.8
2. The spine is wide and further dirceted backward.

3. Acromion process is rudimentary.

4. Glenoid noich is absen:,

Scapula of rabit
L. Spinc is situated more craniaily.

2. Acromien process is broad and ¢ontinued backward in the form of 2 projection, known as
mielacromion process,

3. Ceanial angle is blunt,
4. Coracoid procuss js developed,

Scaputa of fowl
. llis elongated and situated parallel (o the veriebral cotumn.

2. M adticulates cranially with the caracold and furculum to form glenaid fossz for the head of the
humerus and lzave 2 space between them, This aperture is known as foramen triosseum which
gives passage 1o the tendon of supracoraceideus muscle,

HUMERUS

Itis 2 fong bone situated obliquely downward and backward, forms shouldcr joint above wilh the
scapula and clbow joint below witl radins and ulna. The cylindrical shaft is twisted and presenis four
surfaces. The lzleral surface s spiral, smooth and presents a musculo spiral groove, which
accommodates (ke brachialis muscle, Media) surface is rounded. At the middle there is a whercle for
1he insertion of teres major and latissinmus dorsi muscies. This tuberele is known a5 leres luberele.
The antedior surface s triangular, wide and smooth above and narrow and rough below. Belween
anterior and laleral surfaces (here is a prominent border known as crest of humerus, At the middle
of the crest there is 7 prominence for the insertion of deltaid muscle, termed deltoid (uberosity.

The posterior surface is round and smooth. The nulrient foramen is usuzlly situated al the distal
third of this surfice,

The proximal end s large and presents head, neck, tuberosilies and grooves, The head s
cireular, convex and articulates with the gleroid cavity of the scapula. Neck is the constricled parl
Just below the head, The tuberosities are lateral and medial. These are scparated by inlertuberal
groove. The lateral (ubergsi Ly is large and prominent. It has two parts—asummitand a convexity.
‘The summit is placed anleriorly and is curved over the bicipital groove, The infraspinatus muscle
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— Laicral tubcrosity

Rough sound arva for
lendon of infrspinans

Deltoid iuberosity

Antenior surfoce

Musculo spiral proove

Lateral condyle

Lateral epicondyle

Deltoid 1aberosity

Musculo spiral groove

lubezosiry

Medial

Deltoid tuberosity
Musculo spiral groove
Supratrochlear facamen
Lateral condyle

Tercs tuberele

Laleral tuberosity

Rough area for
tendon of
infraspinalus

Delioid uberosity

Museulo spirl
grogve

Coronoid fossa

Condyle

Medial View Lateral View

Flp- 2.15 Righl humerus of D1,

Fig. .14 A Right bmmerus of ox {Laterad view) B. Right humerus of o

borse {Laters] vicw) D, Right humerns of dog {Laterla view),

inserts al a circular rough area, which is situaled belo
Broove gives passage 1o the iendon of biceps muscle,
The distal end is arficular, expanded and basically a
Irochlea (medial condyle), (he capitulum
olecranon fossa and the radial o coronoid fossa, The troe
The groove extends cranfilly 1o the radial fossa and ca
[ossa accommodates coronojd process of radius during 1
ancofieus process of ulna during extension of (he joinl,
distally and caudally. The medial and latera] epicondyics

condyles. Medial epicondyle gives origin to the flexor m

T (Mcdial view)} C. RIghl humerns of

w and Iateral 1o the summit, The bicipilal

modified condyle, This cnd consisls of 2

{laleral condylc), the medial and later] cpicondyles, (he

hlea is larger and is traversed by 1 groove,
udally to the olecranon fossa. The radig]

exion and the olecranon fossa receives the

Capitulum is small and silvated further
are small projections from the concerned
uscles and the Jateral one gives origin to

e i LAY

ELb

by
[
L

3

Yumeras of Ox

Humerus of orse

Fig. 2,16 Right husmerus of Ox, llorse and Dop.

T
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cexlensor carpi radialis. The epicondyloid crest, a parl of (he ! ,
ateral epicondyle, forms the lateral boundary of the musculospirl 7 § - ’
1
Broove. X Anconeus process
f 3 Olecranon proces ——— Ancaneus progess
Tlumerus of hfsrsc o . S Sembunar noich
1. The deltoid tberosity is very preminenr. - Semilunar narely X
2. The musculospiral groove is more deep and twisted, Actomion Coronoid - . Caronoid process
3. The bicipital groove is again divided by a ridge. process rocess

imal i Radial iuberosity
P ' " Proximal i spact
4. The summil s not raised and does not overhang the bicipital i
© groove,
. - . . tuberosiy
3. The nutrient foramen is situated at the distal third of (he ety

) Anferior surface of
. Hum
.. medial surface. sers

Anicrior Pasterior border of uln radivs
swilce of —[2- Virscalzr proove ——
Humerus of dop radis .
1. The bone is coniparative] more long and less twisted. {
. P N Y & Distal interesseous S
2. Head is rounded ang IS more convex. . Groo ¢ for 1
ol R : . eAlEnsOr - 44— Groove for exlensor
3. Radial and olceranon fossa are communicaled by 3 tendons tendons
large supratrochlonr loramen,

Styleid process
4. The deltoid tbcrosity is in the form of a ridge. Carpals

5. The nutrient foramen is situated at the posterior surface.

Mutacarpals
6. Musculospiral groove is not prominent,

Phalanges

Humcrus of pig

Ancol process |
. s
1. Both the proximal and digia ends are inclined. Flg. 2.17 Nones of fore Jits of .I Paired whermsity on the
2. Musculospiral roove is shalloy, rabbir. .! elccranon
; : ; ! Semilunzr ootch
" 3. Supratrochlear foramen s present in mosi of the animals, i emtiunar

Iumerus of rabbit ! Radial tuberosity
L Head is clongated, | Praximal interosseons
2. Deltoid tuberosity is in the form of'a ridge. : space
3. Musculospiral groove is shallow. ;
. Posterior border of ulng — '
4, Supratrochlear foramen is present,

IIemerus of fow] ;

1. Proximaily this bone articulates with scapula and comecoid,
2. The pneumatic foramen is silualed medially below the head,
3. The body is lesg twisled.
4. The head is oval in form,

Groove for extensor lendons

Unlike those of cther animals, the radivs and ofna are fused with cach other in cow, However they i . 2.18
are described Separately. ’ A- RIghL radius and ulpa of ox {ledial vlew) I Right raios sod nlna of o (Lateral view) €. Right radius and
ulna af horse (Lateral view) D. Right radius and ulna of dog (Lareral view).

‘ Ya-3
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RADIUS

Itis larger but not ionger of the 1wo bones. It is siwuated in a vertical direction, forms elbow joant

with the humerus above and carpal joint with the carpal bones below. The bone |s faintly corved and
presenis a shaft and wwo cndls.

The long shaft is Ratiened cranjocawdally and curved longitrdinally, It presents four surfaces. The
anterior surface is convex, smooth and js occupied by exlensor museles. Below, this surface presents
three grooves for the accommodarion of the lendons of exlensor muscles. At the middle of the
upper part of this surface there is a rough elevalion, known as radial {uberosily where biceps
brachii muscle inserts. The posterior surface is concave and thronghou! the whole length along the
lateral part, &t is attached with the cranial surfoce of h:e shaft of the ulna excepting at wo interosscous
spaces. Thes spaces are proximal and distal. The [usion between the two bones above the proximal

- Interosscous space is not complete, The radial surlaces of the spaces are smooth for (he passape of
" Inlersscous vessels. Lateral surface 35 rounded and smooth. This surface has formed 2 vascular

groove wilh the same surface of the ulna for the accommedation of intcrosseous arlery. The miedial

. surface is smooth and cominuons with the anterior and posterior surfaces at its upper part. A little

above the middle, there is a rough area for e insertion of brachialis muscle, Rest of the serface is
separated [romn the posterior surface by a ridge.

The prosimat end amicolates with (he condyles of the humerus and therefore, possesses (wo
articular surfaces separated by a groove. The cranial rim of this articular surfice preseats a projection,
known as coronoid process, The moedial and Iateral tubernsitics are placed a1 (he corresponding
aspect of this end just below (he margin of the arlicular surface. The lateral tuberosity is well marked.

The distal end articulates with the proximal row of carpal bones and presents three articular
surfaces. The medial one is for radial carpal, middle one is for the intermediale carpal and the lateral
facet articulates with the wlnar carpal. The lateral facel is formed partly by the radius and partly by the
ulna. All these lacels are craniocaudalty oblique in dircction.

ULNA

This is an ill developed long bone, fused with the radins along its postere-lateral aspect. The shafl
is roughly prismatic and (herefore, presents three surfaces and three borders, The anlerior surface
is fused with the posterolateral aspect of the radius excepling at the proximal and distal inlerosscous
spaces, This surface at the level of proximal interosseous space is in the fom of an arch, At the upper
part of this surface there are two articular facets Tor arficulation with Lhe corresponding lacels of
radivs. The medial surface is smooth, concave and blends with the posterior surface of radius and
provides accommodation for Mexor museles. Lateral surface is namow and prescnls 1 faint ridge.
Out of the three borders, the medial and lateral borders arc fused wilh the radius and 1he posterior
onc is smooth and concave on il length,

The proximal end is expandcd and comprises of oae Jarge olecranon process and a semilunar
netch. The olecranon process has two surfaces and 1o berders. The laeral surlace is convex and
(he mediat surface is concave, The summit of this process is tuberous. The anterior border is limited
by semihrar notch and thereby formed a beak like projection, kaown as anconcus process. This
process along with semilunar notch is inserted into the olecranon fossa of humerus during exiension
of the limb, Fhe semilunar notch is smooth and broadzr distally.
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Distal inlerosscous
space

Distal interosseus
spxe

\ Stylid

ProCess

Medial surfac Lateral surface

Fig- 2.19 Medlal and tateral surfaces of Righ! radius oo? Ulaa of Ox,

The distal end is projected downward and fused with the radjus for the lormation of the lateral
facel for the utnar carpal bone, This painied projection is known as styloid process,

Radius and ulna of herse

L. Una is further ill developed and exlends only up to the distal third of radius and therefore, only
one inlerosseous space is formed.

2. The radial tuberosily is welt marked.

3. Atthe distal third of the posterior surface a tuberosity is present close to the medial border. This
is for the superior check ligament.,

4. The medial surface of (he olccranon process is more concave.

5. Semilunar nateh i more exlensive,

6. The facels at the carpal articular surface at the distal end are not cbliquely directed as found in
cow.
Radius and ulng of dog

1. They are two scparate bones and are in contact with cach other by Ikeir ends,
2. The interosseoys space is narrow and is exicnded throughout the Iength of the boncs.
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Radius and ulna of Ox .
Radius and ulna of Horse J
————_.______________———___________.___._________ —_— e

Fig. 2.2p Right Radies ang ulnar of Ox, Iorse and Dog {(Medlai ¥iew).

3. Proximal end of radiys presents only one articulzr facel for latcral condyle of the humerus. The
medial condyle of humerus articulales with a facer on the semilunar noich of ulna,

4. The olecranon process at ils anterior pary [resenls a pair of small tuberc|es.

Radius and ulng of pig
[ Radius is comparatively thin and shor,
2. The ulna is massive and the body is curved backward,
3. The interosseous space is very narow due 1o clese apposition of bolh the bones.

Radius and Ulna of rabhit
[. These are two Scparte bones but cannot move: gver one znother,

2. Inlcrosscous Space is very narmow or practically zhsen.
3. Olecranon process s blunt,

Radius and ulma of fowl
L. Ulna is comparatively massive,
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2. Both the bones are in conlact at 1we ends,
3. The inicrosseous space is wide.
4. Semilunar notch jy hot weil marked,

LEARPALS

El.‘;a.;.’}.#.__._"' Fian

These are six shorl bones arranged in two rows berween (he radius and ulna above and z
metacarpal bones below, The proximal row consists of Radial Carpal (Scaploid), Intermediale
Carpal (Semilunar), Ulnar Carpal (Coneiform) and Accessory Carpal (Pisiform), The dista|

row has (wo bores-—second apd third fused Carpal (0s magnus) and fousty Carpal {Unciform),
The first one al the distal row is absent in (his spacies.

CARPALS OF POXIMAL ROW
Radial carpal (Scaphoid)

T is placed al the medial aspect of the proximal row, All the six surfaces are iregular, The dorsal
articular surface of (hjg bone of lefi leg presents ap irregular oulling which resembles the map of
Africa. The veniral surface has an anteriop convexily and a posierior concavity. Aniterior medial and
posterior surfaces are conlinitous and rough. The Iateral surface is anticular,

Interntedinie earpal (Semilunar)

Itis situated between (he radial and ulnar carpal bones. Anterior surface is non anticular ang broad.
Posterier surface ig narrowy. Lateral and media| surfaces are arlicular. The dorsal articular surface

resembles a bicyele sear, Ventral surface is ridged ard articulates with 2nd and 3rd fused and fourh
carpal bones,

Ulnar carpal (Cuneiform)

This bene is more imegular and compressed laterally, 1t is Placed at he Tatergl aspect of the
Proximal row in an oblique manner. The dorgal articular surface presents an cbliquely placed concaye
facel for styloid process of ulna, Yeatra! surface articufales with the Tourth earpal. There is an
elongated Facet ag jis pesterior border for dceessory carpal bone,

Accessory carpal (Pisifarm) .
Iiis moughly arounded stryeture, Anlerior surface Presents an concave articular facer for articuiation
with the ylpgr carpal bone.

CARPALS OFDISTAL Row

Second ang third fused carpal (Qs magnus)

This s Jacger of the two bones of this row. This is formed by the fusion of second and third carpal
bones_ 11 i Placed at the medial aspect of the joint. Anterior and medlial surfaces zre nonarticular,
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Radial carpal

OSTECQLOGY

19

Fig. 221 Carpal bones of right Nimb of ax and horge {Postero dorsal view),
A. Radial campal D, Intermed ate carpal C. Ulnar carpal D, Accessory capal L. Second and Uhird fased camal F. Fourth ezrpal
G Dizgamatic Nipure of right carpat set of ox {Front view) H Carpal booes of horse-right se1 (Posicro-dorsal vicw},

smooth and continucus, The lateral surface is articwlar and iregular, Dorsal surface js concave and
divided into two uncqual halves by & ridge. This surface articulates with radial carpal and partly with
intermediale carpal. Veniral surfaee is Nat and articulates with the proximal end of farge melacarpal
bone. Posterior surface is continuons with the dorsal surface,

Fourth carpal (Unciform)

This bone s situaled al the lateral aspect of the carpus, Anterior and laieral serfaces are non
articular and continueus. The medial surface articulates with the second and third fused bone, Posterior
surface is irrcgular. Dersal surface articulates with the intermediate carpal and ulnar carpal,

Carpal bones of horse

There are total seven bones in the carpus of horse, four in the proximal row and three in the distal
row. Proximal row bones are radial carpal, Intermediale carpal, Ulnar carpal and Accessory carpal.

Radivs

Ulna Intermediate

carpal

Ulnar carpat
Founh carpal 2nd & Ird
fused carpat
Small meracarpal

Large meracarpal ———

Right scl of carpal bopes {posicro-dorsal view)

Fig, 2.22 Right carpus of cow (fremt view),

Radius

odid
(e[

nmg

Melacarpal

A B C

£
230 ]5] dﬁ'

o] o]
B

2

D

Flg. 223 Dispositlon of carpal bones [n Ox (A), Horse (B), Dog (C) und Fig {D).

R - Radial carpal, 1 - Intermediate carpal, U~ Ulnar carpal, A = Actoxsory ewpal, 14 — Carpal bones of the distal row,
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Fig. 2,25 Radlograph of Poslerio-anterlor or palmo-

dersal view of [he carpus of right forclimb of dep. ;
R~ radivs, U - ulna, IRC - intermedizie-radial fuseq carpal, !
Cl - first carpal, C2 - second carpal, €1 = third carpal, C4 ~
Tourth campal, UIC - utpar campal, AC - Accessory carpal, (-
[ - firsy metacarpal, MC-II = sccong melacarpal, MC-I1! ~
third metacarpal, MCY - fourh mebaearpal, MC-Y - fjik I
melacarpal.

L N

Fig. 224 Bones of fore limh ang hind limh of pig, (
|

The distal row bones are second carpal, thixd carpal and fourth carpal. Oceasionally the firs| carpal
in the form of small nodule is found.

! ‘ ‘.'_ S By courlesy Dr Rajesh Mangar) !
I . — II
n- Carpal bones of pig I.i
-— Thercare cight carpal bones in the carpus of Pig. Froximal row boncs I

aze radial carpal, intermediare |
carpal, elnar carpal ang ICCess0 al. The distal row bones are Ist, 2nd, 3rd and 4
Carpal bones of dog i P Ty carp;

There are seven bones in the carpus of dog; \hree a1 the proximal and four at the digjql row. The
bones of the proximal row are radial and intermediale fused carpal, ulnar carpal and aceessory carpal,
The banes of the distat row are fist carpal, second carpal, third carpal and fourth carpal.

S e A e
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Carpal bones of mibshit

In rabbit there are eight carpal bones, Proximat row has three and distal row bas five carpal bones.
Proximal row bones are Radial, Intermediale and Ulgar, The distal row bones are Lst, 2nd, 3ad,

ceitiral and Jth and 5th fused,

R |1 |
‘1[2[3](:’42_

; Carpal bones of Fawl

There are two bones—Radial carpal and ulnar ¢arpal al (e proximal row. The distal row bones are

* fused with the metacarpal bones,

There are two metacarpal bones in ox, One s targe and the other is small,

Large metacarpal bone

This is also somctimes referred ag cannon bone.

It represents third and fourth melacarpal bones, The fusion of the 1wo bones are well marked by
srooves extemally and by the presence of double medullary cavities inside.

The shaft is iregularly ¢ylindrical and presents (wo surfaces, The anterior surface is convex
from side 10 side and blended with [zieral and medial surfaces. Al the middle there is o venical groove
along the lenght of the bonc. There are 1w foramina, onc at the proximal part and other at the distal
partofthis groove. They communicate with the simalar foramina at the posterior surface. The posterior
surface is Nal and brond at both the ends, This surface also presents a vertical greeve and two
foramina and accommodales (he superior sesamoidean ligamen,

The proximal end presents wo articular faccis, The medial one s large and articulates wilh
seeond and third fused carpal bone. The lateral facet is small and articulates with fourth carpal bone,
Below the Iatecal facet there is another small articular area for small melacarpal bane. The metacarpal
tuberosily is situated ar 1he anieromedial aspect of this end. The distal end js divided by a clelt into
o condyles, Each condyle is divided into Iwo articulor areas by a ddge. These condyles arliculate
wilh the corresponding praximal ends of first phalanges. At the posierior aspect and just above the
condyles theze arc four depressions. Each of thesc depressions gives accommodation to the concemned
sesamoid bone of the proximal row,

Small metacarpal bone

This is small elongaied piece of bone siluated al the postero tateral aspect of the large melacarpal
bone. | is broader at its proximal end and narow at the disial end. In mosl of the eases it remains
fused with the large metacarpal bonc.
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Metacarpal tuberosity

. Poslerior groove
—= Anierior proove &

Distal faramen Facels for proximal

sesamgid bones

Condyle

Anlerior view Postzrior view

Fip. 2.26A  Left large metacarpal bone of ox.

Melacarpal bones of horse

There is one large metacarpal bone Tepresenting the third and (wo small smetacarpals represen ling
second and fourth. The lacge melacarpal is a long cylindrical and a massive bone. Anterior
surface is rounded. The posterior surface presents on either sides two facets for 1he arnticulations
with the small metacarpal bones. The proximal end is broad and presents facets lor small
melacarpals. The melzcarpal tuberosity is prominent. The distal end resembles one condyle of
the dislal end of the metacarpal bone of ox. The smali melacarpal bones are lateral and medial.
The medial bone is slighily Iarger, The proximal ends arc larger and articalate with the large
melacarpal, The distal ends arc pointed. Small melacarpal bones in horse are known as splint
bones.

Metacarpal bones of dog

There acc five metacarpal bones in Lhis animal, The Grsl one is shorlesl. Third and [ourth
bones are largest and the second and [ifth are almost of equal in length, The shafts are anicro-
posteriorly compressed, The distal ends bear a ridge at the middle and anticulate with corresponding
first phalanges, The proximal ends are articular and collectively form facets for the carpal bones,
There arc two sesamoid bones for each mclacarpal bonc.

Metacarpal bones of pig

Mctacarpal bones are four in number, The first one is abscrt, Second and fifth are small and the
third and fousth are well developed. The second and fifth bones are placed caudally.
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Inler-
condyloid
clelt

N l -
qEl

Lateral

phalanx

Second ’%

phelanx

Third %
halanx

Fhalan A

L

g -
33k:3) Laterl

condyle !|! ¥ ; )
First ?;é t’;g First phalang

J -

Small metacarpal-IV Facet fior 3rd carpal

Anterior
2roave

condyle

Second

Accessory campal : carpal
Ulnar carpal S RE=x) o First carpal
Foucth carpal FLA08A S econd carpal
Third carpal

Metacarpal- ¥ Metsearpal.[
Metacarpal-V]
Metacarpal-IIt )
Melzcarpal-I1—, Third phalanx
Sesameid bane

D First phatane

57 Q Q:‘Sfmndp}n]'m(
C Third phalans

Right leg anterior view i

Left leg anterior view Right leg posterior
view

Fig. 2.268 Metacarpals ang phalanges of ox, horse and deg,
A. Melacarpa] ame) phafange of right Jeg of ox {Anterior ¥icw) I, Metacarpal and phalanges of right leg of
berse (Anterior view) C & D, Carpals, mewcarpals and Phalanges of dog.

Metacarpat bones of tmbhit

A rabbit has fi

¥e metacarpai bones in each leg, They are all cylindrical in shape. First one js
smallest and third and fourth arc longest.

Melacarpal bores of fow]

Three metacarpal bones {1, 11 and I0
irregujar D shaped structure,

) Tuse with the distal row of cazpal benes 2nd form an
known as Carpometacarpus,
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Large metacarpal \

Posterior proove

Distal faramen

Ist Phalanx

2nd Phalanx

3rd Phalanx

Fig. 2.27 Melacarpal and Phalanges of riphi Leg of 01 ; A, Anlerfor View, I, Posterior View,

Two fully developed digits (3rd, and dth}are present in fheox. Second and fify digtls are rudimentary
and remain as dew claws 1 the posterior aspect of |he metacarpo-phalangeal joint without forming
any articulation with any bone,

Each ol 1he developed digits has threg phalanges.

First phalanx— 15 elongated bone situated between Ihe large metacarpal bone and second
phalanx in downward ang forward dircction. The anterior and lateral surfaces are continuous.
Axial surface is flag ang Tough. The proximal end is broad and bears a concave articular surface,




2" in downward and lorward dirccrion.
* The shalt has three surlaces, The
il:ncral surface is rounded, and
irregularly concave. The posterier
'« surface is Mal and the axial surface is
depressed, The proximal cnd presents
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which is divided by a anteroposicrior groove, The lateral pertion is larger. Posteriorly there are
two articular facets for sesamoid bones. The dislal ¢nd is condyloid, The tateral condyle is
larger.

Second phalanx—This is shorier
than the first phalanx and silvatcd
between the first and third phalanges

[irst
phalanx

Iwo concave facels for corresponding
condyles of the first phatanx, At the
posterior aspectl there are Lwo
tubercles for the autachment of the
tendons of superlicial digital flexor
muscle. The distal end is condyloid.
The laterat condyle is larger.

Second
phalanx

Third phalanx—It resembles the
shape of a hoof in which the whole Third
of the bore is situated. Proximally it phalanx
articulates with the distal end of the
second phalanx. I| presents four
surfaces. The abaxial surfzee s
convex, rough and traversed by a anlero-posierior groove. Al the distal parl there are several
perforalions for vessels. The axial surface is rough above and smooth below. There is a groove
at the distal parl. The articular surface possesses concavities [or the condyles of the second
phatanx. Posteriorly there is a facet for distal sesamoid bone, The solar surlace is slightly concave
and a1

Fig. 2,28 Fhalanges of Cow.

SESAMOID BONES

Proximal sesamoids—They acc four innumber in eacl: linib. They articulate with the cerresponding
facels at the posterior aspect of the distal end of (he large metacarpal as well as with the proxima)
cnds of first pair of phalanges, They are (wo for each digit and the axial bone is larper in size. ANl the
bones arc oval elongated in shape, Their onterior sur(aces are concave and articular and the posterior
surfaces are convex.

Distal sesamoids—They are two in number, one for each digit. They are also called navicular
bones. Each bone is flat and siluated tansversely between second and third phalanges. Anterior
surface is convex with a ridge at the middle and faces upwards. Posterior surface is flat and also
bears a ridge a1 the middlc.
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Cervical vertebrae

Socrum Theracic vertebrac / ‘\
Lumbar vertebre 3

Coccygeal verichrae )Jz ! )

Seapula
o
k W H
MY \\ Lmenis
' 1lip bore !
Patella Kis
Femur Costal S 7 Radius and ulna
‘. Tihin and cartilage femum
4 Mbula
l( Tarsus Carpus
d Metatarsus Metacarpal
Proximal ) First phatanx
sesameid bone
= Second phalang
Third phalanx
Fip.

2,29 Skeleton of horse {Leps and ribs of ane side enly has been drawn 1o Bel a ciear view),

Phalanges of orse

Since there is only one digil in horse, the manus consiss of one first phalanx, one sccond phalanx
one third phalanx and \hree sesamoid bones, '

. The first phalanx is long as well as wide, Anterior surface is convex and smooth, Posterior surface
is flal and marked by a triangular rough area for distal sesamoidean ligament. The second phalany is
shor! and anteroposieriorly compressed, The widih js more than length,

The third phalanx resembles (he shape of the hool and is cove

: : red by it Tt has three surfaces —
anterior, solar and aricular. '

In the harse there are Lo proximal sesamoid and one d

istal sesamoid bones, They are comparatively
larger than those of ox.

Phalanges of dog

The first digit is underdeveloped and possesses only two phalanges. ther four digils have three

phalanges cach. Third and founh digits have maximum length. Each first phalanx has four surfaces.
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Large melacarpal

Sesamoid bones

Second phatanx

" Third phatany

Fig. 2,30 Proaimal sesamoid bones and Fig.- 231 Phalanges of horse
phalanges of ox (Pasterior view), {Anterior view),

Proximal end is coneave ang lower end is 1rochleateq. The sccond phalany js short. fis proximal end
Is concave and (he disi) endis condyloid. The third Phalanx resembles the shape of a claw, Proxjmal
end is articular and bears 4 bony border around it, Distal end js poinicd.

Inthe dog there are pine posterior (two for cach developed digitand one for first) ond five anterior
sesamoid bones in (he proximal group, Dista] sesamoids are cartilagenous,

Phalanges of pig

Each digit has three Phalanges, The phalanges of thicd ang fourth digits are wel| developed. The
phalanges of second apd ffih digits are smalp and generalty do not reach the ground. There arg hwa
proximal and one distal sesamgid bones in cach dgigi,

Phalanges of rabhit

The first digit has two Phalanges and the remaning four digits have theee phalanges each. Al the
3rd phalanges heay homy claws,

OSTEQLOGY 3

Third
First

I
phalanx Phalany

Secoml
phalanx

Flp. 232 Phalanges or dog (Lateral view),

Phalanges of fowl

There are three digits in the fowi. The first and secorn) digits have (wo phalanges cach and he -3
third digit has only one phalanx. They exiend in 5 radiating manner from the corresponding area of R

curpomc!aca.rpus.

BONES OF THE HIND LIMB

The bony pelvis or pelvic girdie is formed by the right and left hip bones, sacrum and one ortwn
coccygeal verlebrae,

Each hip bone consists of three large flai bones—Iium, ischium and Pubis. These bones join 1ogether
1o fonin a large acelabular eavity whiel) articulates with the lead of femur, Hip bones of one side join
with those of other side a1 the pa|vie symphysis.

LM

This is a wiangular Nat bope siteated at che craniofaleral aspect of the pelvis. It has two surfaces
three angles and thyce borders, The Upper part is flat, known as wing and the disla) ngle is narrow
and considered as shaft. The dorsal border is thin and concave, The laleral border is (hig rough and
alse concave. The media) border is concave and at the begining of the shalt it divides into one anlerior
(pubic) and a posterigr {ischiatic) border. The anterior becomes continugug wilk the anlerior border
of pubis and the pasterior one forms the Ereater ischiatic noteh and then miged on lhe colyloid
cavily 1o form the superipr ischialic spine. The gluteal surface is smooth and concave., A linear
ridge 1averse on this surface, parallel 1o the tateral border and continues distally with ihe superior
ischialic spine is known g gluteal line. The pelvie surface faces twwards the pelvic cavity. There is
A triangular agticular area g1 the medial aspect of the wing of this surface for articulation with the

sacrum and the baieral pant is smogth and remains covered by ifiacus muscle. At the middle of the

YA+
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Tuber sacrale

Tuber conac

Greater ischiatie norch —T‘
it

Pelvic floor

Oblurater Toramen

Pelvic symphysis

£ Tuber ischii

t Tschial arch
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———— e
Fig. 2,33 Mip bone of Ox (Cauda - dorsal ¥iew)

Jjoins with the corresponding angles of pubis and ischivm 1o form the cotyloid cavity, At the anterior
aspect of this angle there is 1 fossa for origin of recutus femsoris muscle which may be termed as
supra acclabular fossn.

ISCHIUM

s roughly a quadrilateral plate of bone situaled behind the pubis and forms most pari of the
pelvic floor. I has two surfaces, four berders and [our angles. The dorsal (pelvic) sarface is
concave, smooth and presents impression of oblurator internus muscle close 10 the ebiurator
foramen. Yentral surface is slightiy convex and sough for the origin of adductor muscle, The
arlerior horder is concave and thin, It forms the poslerior boundary of the obturator [oramen.
The posterior border is thick and inclined forward and forms ischial arch by joining with i
fellow. The lateral border is concave and forms the lesser ischintic notch. The medial border
Joins with the similar border of the bone of the opposite sidz and forms the ischial symphysis.
Ventralty at 1he middle of the symphysis there is a prominence, known as ventral tuberle, The
anterointernal angle is narrow and joins wilh the posterior angle of pubis. The antero external
angle is wide and joins with (he cotyloid angies of ilium and pubsis to form cotyloid cavity, The
poslero-inlernal angle meets with the similar angle of the other bone al the middlz of the ischiz]
arch. Postero-cxternal angle is expanded (o form a 1rifid isehjal tuberosity. This prominent
tuber ischit is sometimes reffered as pin bone.

Intemal angle of ilium

Toansverce 'Conjugatc kL -
diameler :dinmclcr ]

-l — - e o

1
Tliopuhic 1
eminence |

Pelvic symphysis — B y Oblurator foramen

PSP

.
lechial arch

Ischial wberosity

Anicolar area for
wings of sacram

Ischial
Luberosily

Non anicular part of
acelabular cavity

Vemml whercle

Fig. 2.34 A. Mip bone of ox (Posterior view) D. Hip bone of ox {Anterlor view).

PUBIS

It is a small wriangular plate of bone siated at the anteromedial aspect of the pelvic Moor. I! has
lwo surfaces, three angles and three borders. The dorsal {pelvic) surface is smooth or sometimes
little depressed. It lodges the body of the urinary bladder. Ventral surface is convex and rough for
muscular akachment. The anterior border is thin, little depressed and on the laterat part presents a
prominence, known as iliopubic eminence. The lateral border is thin and concave (o f.ozm the
anterior boundury of the obturlor foramen. The mediat border forms the pubic symphysis 2long
with the same border of the opposite bone.
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\Mmcm

Tuber coxae

Artfcular arez for
wings of sagrum

Supre acetalular fossq

llio pectineal emincnce

Pebvic Symphysis

Fig. 2,25 ip hone of Ox. (Anleripr ¥lew)

.’ltcelabu]um—'lhjs is a cotyloid cavily formed by the uniop for correspending angles of liivm,
Ischivm angd pubis and accommodates the head of the femur, It has 2 ouer smooth anicular par

part of this fossa, Tt js connecled with the acetabular norch, A smatler secondary noich jg present at
the antero-megia) border of the cotyleid cavity,

___é'_—'—————____________'—-—— —_—— —--—--——-_.__—___—__'———ﬂ____________—-—- ———J.

Obivrator foramen

Acetabular notch
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Obtarator foramen—I; is the largest foramen of the body situated belween 1he pubis and
ischiom. It is an oval or ¢gg shaped aperture whose axis is directed catward aud forward. In fife (jme
it is closed by fibrous membrane and muscles, leaving a narrow space for passage of vessels and
nerves.

General Consideralion

The craniz] opening of the beny pelvis is known a5 pelvic inlel, It is formed by the cranial cnd of

sacrum, shafl of Tlium and the anterior border of pubjs. The pelvie outlet is smalier ang formed hy

Differcnees in the male and female hip hones
1. Bolh the conugale and Iransverse diamelers are more in the female,
2. In the female the bone 1s more inclined forward,
3. Pelvic outlet and ischial arch are larger in femafe,
4. The ischiz of both sides join in more wide angle in female and make the cavity more roomy,

Hip bone of horse

1. Tt is more inclinge forward.

2. Gluteal line s o prominent,

3. Yeniral tuberc)e i absent.

4. The ischial tuberosity is nol trifid,

3. The superior ischiatic spinc is not sharp,
6. Cotyloid cavily is very wide.

. Acclabular notch s alse wide,

8. The secondary acetabufar notch s absent,
9. Tuber sacrale } further inclined backward.
10. Psoas wherele j underdeveloped.
11. Supra acetabuylar fossa is not praminen.

Hip bone of dog
1. The ilium of Jofy side and that of right side are almost paralle] 1o each other,
2. The glurea) surface of the jlium js concave,
3. The erest of flium i strongly convex.
4. Ischium jg twisled,
5. Tschial tberosity is far,

[ -
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Internal angle of ilium

External angle of ilium

Gluteal line

Peoas tbercie

Cotyloid cavity

Superior ischiatic spine

Oblurater feramen

Ischial nbersity

Intermal angle of itium

External angle of iliom

lliopubic eminznce
Coiyloid caviry

Obtuntor Mommen

Ischial arch

Fiz- 2.37 A. Ilip bone of herse (Pasteriar vlew), B, 1llp bene of Neg {Mosterior ¥icw),

Hip bonc of pig
1. The ilium is not much cxtended laterally,
2. The dorsal border of iliur is comvex,
3. The tber sacrale is inclined-caudalty,
4. The ischial tuberosity bears (hree pramvinences.

3. The psoas and peclineal wbercles are prominent,
6. The im of acctabulurt is thicker.

P A g e idain

| ek L - -
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31d rochanier

Temur

Tibia
Hip bene of rabbit
{Dorsal view) First phatanx
Second phalanc . Tarsal
“Third phalanx . sreals

Medatarsals

Bones of et hind Yimb of rabbit

Sacrum of rbbit (Dorsal view)

Fig. 2.38

Hip bone of rabbi

1. The whole bone is more inclined forward,

2. Jliwm and ischivm are almost parallel to the vertebral column,

3. Superior ischialic spine is blant and presents a small but sharp projection at its candal part.

4. Cbtrator foramen is very large.

5. Just in front and al the lateral aspeel of the acctabular cavity a smail wherosity is presenl.

6. Ischial wherosity is tifid.

1. Tuber sacrale are blunt and therefore the space between these (ubers s wide,

8. Ventral tbercic is absent,

9. Tuis said that the pubic bone does nol take parL in the formation of acelzbulum because il is
Separated from the others by a small picce of colyloid bone.
Hip bone of fow|

1 The ilia are fused with (he sacrum,

2. The pubis is long and in 1he form of a thin clongaled stick. -

3. The Acerabulum js perforated.

4. Between the jlium and'ischium, thera is an extm large aparture, known as ilioischiatic foramen.
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Itis cylindrical ang the farpest long hone in the skeleton, It js dirceted downwyrd and forwvard iy
* am oblique manner, This bone articulates with he hip bone bove 1g form hip joint and with Libig,
. fibulz and patella below to form ge stific joinL. I{ has body and 1wo engs The bo

A dy is cylindrical at
- the middle and three sided below. Singe the body appear round in crosg seclion, the femurjs somclimes
s relerred as round hoge

+ Lateral media and anterior surfaces are smoolh and conlinugus, They
- remain cavered by quadriceps muscles, The posteripr surface is not smgoth and wide at ends, "1,e
-lesser trochanter is in the form of 5 small tberosity, simated 1t the upper par of (e medial border
“of this surface, There s a rough depression at the medial aspect of e trochanter for the attachment
“ofiliacas and Ps0as major muscle, Distally the mediq) border of this sufag

& presentsa rough prominence
known as megial supracondyloid crest, From (his crest (he medial head of (e Zaslrocnemiug

lateral border there is depression, known as

The upper eng comprises of head, neck, prearer lrochanter, \rochante

fic fossa and lrochanicric
"+ ridge. The hoad s reunded, smoath and js direcled medially, Ti bears g sm

all depression qp the middle,

J‘b Trochanter majer
Hexd  Trochanteric

Trochanteric

. Trocklea

Flg. 239 A, Right femur ar 0y (Posicro medig) vlew) B. Right femyp of hozse (Posterp medlal vlew) ¢,
Right femur of Dog (Postero medlal yiew) p. RIght patelly of oW [Anierigr vlew),

e e
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Trochanter major
Head
Neek
Trochantenie ridge

Trochanter minor

Trochanicriz fossa

———— Posterior surface

Supra condyloid fossa T Nutrienl foramen

Shalt
(anterior surface)

Laleral cpicnndyle

Medial epicondyle

Medial condyle

Intar condyloid groove 1

Flg. 2,40 Anterior and posierior vicw of et femur of Oy,

known as fovea cupitis femoris, The head is insered inlo the cotyloid cnv.ity in the hip joint.
The constricted part below the head is known 25 neck Greater trochanier js o large lu!Jcrc_);uy
siluated 2t the laterg] aspeet of this end. Iis Tateral surface is convex and rough, T}oFllanlcrlc ri Pgc
€onncels greater and lesser Lrochanters, Trechanterie fossa is g enclosed depression between Ihe
fidge and the head.

The distal end js expanded and consists of condyles and troehleg, The trochlea is s:lunlcj.a?lgg‘?;liys.
It presents tyo ridges which articulate with the posterior surface of lh:_: patella. The me :: n nThc
larger, The condyles, lateral and medial, are sitwated at lhc Poslesior aspect .of the otl)lcc[. e
inlercnndyloid fossais deep and accommodates the spinc o!’ubm:. Exlcljs.or Tossa is present betw -
the Taicral fidge of the trochle and the lateral condyle, which guves onigin 1o the c.xlcnsor n:usc[hc:
Medial and lnigra) cpicondyles are small prominences altached to the outer (abaxial) aspect to
£omespending medial and laterq) condyles,

Femur of hgrse
1. The bone is more massive, . hunter
2. Atthe upper part of the fateral border, there is an extra prominence, known as third froc .

@

e
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3. Trochanter minor is in the form of a ndge.
4. Fovea capilis is deep and notched:
5. Supracondyloid fossa is deeper.

6. Trachanteric ridze is difcered along the length of the hone.

Noteh of fovea capitis

Trechanteric ddge—— — 48 Trochanteric ridge

Trochanler minor

Ird Trochanter

Supza condyloid fossa

Fermur of Horse

L Femur of Ox

Fig. 241 Lefl Fermur of Ox, lorse anil Doy,

Femur of dog
1. The supracondyloid fossa is absenl.
2. There is no third trochanter,
3. The trochlcar ridges are of cqual shape and size,
4. Grealer trochanier is at a Jower level 10 that of head.
5. Lesser trochanter is tuberculus,

6. Above cach condyle and af the Pestcrior aspeet of the distal erd of the bone prescnts 2 facel for

the sesamoid bone, These two sesamoid benes ere somelimes called Fabella and probably work as
scsamoids for gastrocnemius musele,

i
:
g
!
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Fabelia

Condyle ef femuar

Tibia

X-ray of stifle joint of dog.
{Ity Courtesy Dr. Subir Bhatiacharya)

Femur of pip

1. The bone is well built.

2. lead is more curved,

3. The greater trochanler docs nol extend above the head.
4. Third trochanier is absent.

3. Trochlear ridges are of equal size.

Femur of rabbit

1. The bone is comparatively long.

2. Jusl little below the proximal end a third trechanter i present al (he lateral aspect, This has a
close similarily to that of horse,

3. Trochlear ridges arc almost equal,
4. Supracondyloid fossa is absenl.

Femur of fowl

L. The head is comparatively small and rough,
2. Only the orealer trochanter is present,

3. The wochiear ridges arc widely apart.

4. The bone is bent along the length,

I:

e

R
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This is a triangular Sesamoid bone placeq iy front of the trechlea of femur, ¢ has two
surf:]t:f:s. three borders and three angles. The anterior surfaee is rough ang convex, The
posterior surface i smooth, presenis g verlical ridge and arliculates with carresponding
groove of trochlea. The dorsal border is convex gpg known as base, Lateral and megia)

n L bo_rdcrs are irregular. Modia) angle is large. Latera! angle is blunt. The veniral angle js
: Pointed and called apex.

i Patella of horse
L Tt is not as tiangwiar as i px,
2. The apex is biunr,
3. The medial and Lateral borders also meelar the base at an wigde angle,
4. The medial ang lateral angles are gy prominent,
- Palclla of dog
L. The bone is comparatively longer,
2. The anierior surface is niore conveyx.
3. Posterior artjcular surface is concave aleng the iength and convex across the widyl,
Patella of pig
1. Sinalier jn sige,
2.1t has three surfaces.
Patelfa of rabbir
L. The bane js triangutar bur clongated.
2. Apex is blup).

3. Base is comparatively narrow.
Paiella of fow]

L. It is thin triangular bone.

2. The width js companatively more,

Fig. 2.42 (a) Anteriar and (#) Pesterior surtaces of right putclla of gy,

T

e ——— A .
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It is 2 strong and massive long bone extends obliquely downward and backward from stifle (o
heck. It presents 2 bady and two ends,

The shaft is expanded ang prismatic at its upper Part and narraw and far ar ji lower part, The
bone is twisted in appearance, Lateral surface js faintly concave and gradually spiral down tg the

front. This sucface accommodates anterior tibial apd complex nuseles, Medial surface is wide |G

above and narrow below, Sartoricus, pracilis and semi-membranosus muscles are attached here,
Paosterior surfaee g rough and traversed by a number of fough lines for the atiachiment of flexor
muscles. These are kngwn ns poplitcal lines. There 5 2 smoolh triangular area at the upper partand
close lo the medial aspeet for the attachment of poplileus muscle. The upper part of the anterior
border is very prominent and termed as tibial crest, At the distal pan of the cres!, towards the medial

horder is not prominent. Lareral border is concave and jn life, it forms an interosseous space with the
adachment of fibrous cord of the fibula, The medial border is rounded,

The proximal extremity is expanded and presents (wo condyles (lateral and medial) and a tuberosity.
The tuberosity is blunt and situated above the tbial crest, Iy is separated from the Jateral condyle by
sulews muscniaris, This sulcns gives Passage (o the tendons of extensor muscles, The condyles are

anticular prominences. These are saddle shaped sictures, articalate with the corresponding condyles

5 |

—_—
Fig. 243 4, Right 4ibla and fibulz of ox (Anterior vlew) B Right tibia of horse (Anlerfor ¥lew}
C. Tibka and fibulz of dog (Anterlor vlpw),
1 - Tibial crest, 2 = Anterior wberosity, 3 - Sylany muculars, J - Fibula, 5 - Interosseous space. 6 - Spine.
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of femur. The tibial spine is the intercondyloid eminence and is bifid. The medial part is more
projected upwards. The peripheral part of the articular surfaces of the condyles are Nal, Upon each
condyle correspending miniscus rests. The popleteal nolch separates the condyles ot the posterior
aspect. The head of the rudimentary fibula is allached to the lateral part of kueral condyle.

The distal extremity presents two grooves for articulation with the ridges of 1ibial tarsa} bone,
The lateral border of the lateral groove anticulates wilh lateral malleolus, a small separate picce of
borie. This malleolus bone has two surfaces and four borders, Yentrally it articulates with th libular

:+ tarsal. Dorsally it possesses & small spine and articulales with tibia. The anlerior and posterior borders
:_are convex. The medial border of medial groave of the distal end of Libia projects ventrally as it is

o

Tibia of horse

fosed witlk medial mallesllus,

1. The bone is larger and longer.

2. The suleus muscularis is wider.

3. There 75 a facel below and lateral 1o the lateral cendyle for the head of fibuly,
4. Anterior tuberosity is grooved,

3. The grooves at the distal cnd for the ridges of fibial 1arsals are oblique,

6. Both mellcoli bones are fused at the distal cnd of libia,

Spine —————

Tibial crest Popliteal line

Lateral surface

Posterior surface

Fused medial mellolus

Fig. 2.44 Anterior and Posterior view of Lefl Gbla and libula o[ Ox,

L TN,

£ Pt

1
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Tibia of dog i
1. The shaft along the tength is convex medially at the upper part and again convex laterally al the ]\

lower part.

2. Tibial crest is very prominent.

3. Upper part of the body is prisimatic and lower part is cylindrical, The cylindrical part presenis g
faccl laerlly for articulation with the fibula. &
4. Atthe proximal end, candclateral1o the Lateral luberasity, there isa facet for the proximal end of
fibula.

Tibia ol pig
1. The general feature has a similarity with that of cow.
2. Anterior (uberosity is grooved,
3. It presents a proximal and a distal facel for the ends of the fibnla at (he lateral aspeel,
4. The sulcus is narrow,

Tibia and [ibula of rabbit i
1. The distal end of fibula is completely fused with 1he distal third of the tibia, |
2. Spines are blunt.
3. The tibial crest in protinent and sharp,
4. The popliteal finc is usually single, .l
3. Fibula is thin. and there is an elongated interosseous space beiween the two bones, 4

Tibia of [ow]
1. The bones of the proximal row of 1arsus are fused with the dislal end of (he tibia and hence it
is called tihiotarsus.
2. Tibial crest is prominent. |
3. Distat end is condyloid,
4. This is the longest bone in the hody,

This bone is highly rudimentary in ox, The proximal cnd (head) is fused wilh the lateral condylz of
libia. The body and the distal end remains as a blunt prolongalion,

Fibulz of horse .
1. 1tis an aborted long bone and to some extent beiter developed in comparison to that of ox.
2. The honc presents a head, a body and a pointed distal end.
. Ttis placed along the lateral border of Libia.
4. Proximal end is Jitle Jasge, flat and articulates with the Jateral condyle of Libia.
5.The distal cnd extends to the distal third of tibia.
6. The intcrosseous space between tibia and fibula is wide.

Fibula of dog
L. Ttis aong and thin bone and extends the whole Jenglh of tibia
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Tibia of Dog

Tibia of Horse

Fip. 245 Lefy Libla and fibuls of Ox, Ieft tibia or harse and lefy 15pig of dog (antcrior ¥iew).

2. Proximal end is flat ang aniculates with the Jarerq] condyle of libia,
3. The upper part of the bone js separaled from the (ibia 1o form proximal inlerosseoug space,
4. The distal end jg thick,
Fibula of pig
1 1t is a 1hin clongated bone.
2. The bedy is Ty From side to side and extends along the latera) border of tibia,
3. Interasseous space is wide.
Fibula of rabbi¢
L. Ttis narrow ang (hiy,
2. Disal endl is fuged with libja.
3. Proximal interosscous space is wide.

Fibula of fowl

1. Wis a thin rod shaped long bone remajng altached to the lazera| Part of the proximal end of
tibia,

2. Distally it js Pointed and extends up to the distal third of 1he tibia and fuses with jL.

GSTECLOGY 55

Tarsal bones are five in number in Ox, However, Lateral mailcolus remains as a separate picce of
bone in this specics at the hock region, These short bones are sitwated between Lhe distal ened of libia
and proximal ends of melatarsal bones 1o form hock joint. _

Atthe proximal row there are two bones — the tibal tarsal and the fibular tarsal, Althe distal 3
row lhere are Lhree bones - central and fourth fused tarsal, second and third fused rarsal and first - 7
tarsal,

Tibial tarsal (Fafus) :

This bone is in the form of an clongated! pully. There are iwo ridges at the proximal end and v -
condyles at the distal end. Tt presents a deep fossa at the anterior surface and un .ur_liculnr smooth area
althe posterior surface, The medial surlace is flal and rough. The lateral surface is lrrcgul:!rly coneave .
and articular. Ttis placed in 7 vertical mannee at the medial aspect of hock, Posterolalerally it anicolates =
with the libular tarsal, proximally with tibja and distally with central and fourth fused tarsal.

I T r ‘
C+4 !
1 2+1

Fibular tarsal (Caicaneons)

Itis an clangated short bone situated obliquely lateral and posterior to tibial larsal bone, Its proxirmal
end is tuberous and known ng tuber eales or ealcancal wbercle. The istal end is irregular, Lateral \
portion of distal end articulales with the Jaleral surface of tibial rarsal. A thick projection exlends from !
the medial aspect, which articulates wilh the posterior surface of tibial tarsal, known as sustentaculum '5
tali, The anterior border and medial sudace are short. The posterior border and the lateral surface ;
exiend upta the [ull length of the bone, 11

Laleral malteolus \
This small picce of bone is Placed between the proximal cnd of the tibial tarsal and distal end 9( i
fibular tarsal at thejr lateral aspeet Its upper border presents a small spine and medial surface is )

marked by a curved groove for the comesponding ridge of tibial 1arsal bone.

Centeal and fourth fused tarsal

This plate like bone extends throughout the entire thickness of the joint. Dorsal surf.:lcc ha:.; two
concavities separated by a ridge to accommodate the condyles of the tibial tarsal. There s a spinc at
the posteromedlia| angle of this surface, The ventral surface has Lo different levels for the fusion
with the fourth larsal bone. This surface ariculales with ficst larsal bone, second and third fused
larsal bone and (e melatarsal boncs. The anterior, lateral 1nd medinl surfaces ane rough and conlinuous,
Posterior surfuce Is irregutar.

Firsi tarsa]

[tis 2 small nodule like bone with three anicular surfaces. 1t articulates proximally with central

and fourth fuseq bone, anteriorly with the s2cond and third fused bone ang distaily with metatarsal
bong,

¥A-5
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Fibular tarsal

Tibia

Lateral malleolos

A ] Tibial 1arsal

Tibial tarsa)

— Central and fourth

fosedrarsa] |
Ind and 3rd
fused tarsal
2nd and Ird Mutatarsal

fused cusal Cemiral and founty

Tused tarsal

N
3 —

Fig. 2464 Lefi sel of tarsai bones (Ox), Flg. 2468 Tarsal of cow (Rlght degh Antero-Laleral vlew,

. Lo
Trochklea i [ )
Tubarcalels S ' |I . Tubar calcis
LY 1
:3}? ' Il e
a p { | Trochlea by
Fibolar | |‘
larsal | |
[
Susientasculym r
[ Tibial arsal
!
!
Cemal and 4th .|
fused tarsal bone |
. |
Tibial 1arsal 2nd and pyg { Zndand d Ceniral and 4th
lused 1arsal i {used larsal 0y fused rarsal bone

Fig. 2474 Left torsal bones of Ox (Medieal rlewr),

Flg- 2478 Lefl tarsal boncs of Oz (Anterlor view),
In posltlan,

in position.
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Second and (hicd fused bone

11 looks like one-fourth picee of o thick coin. Anterior and medial surfaces are non-nrticular and
continuous. Dorsal, ventral, lateral and posterior surfaces are anticular.
Tarsal bones of horse

There are six (arsal bones in this species. These are tibial tarsal, fibular larsal, ceniral tarsal, first

and sccond [uscd tarsal, third zarsal and fourth tarsal. The tibial tarsa] ang fibular tarsal bones are -
shorter and thicker, Central Larsal and third tacsal bones are flat in shape, First and second [used bone

is smatl and the fourth 1arsat bone is irregular.

T | F
c

142 3 4

Tarsal bones of dog

There are seven tarsal benes in dog. These are tibial tarsal, fibular larsal, centeal tarsal, first Larsal,

second tarsal, third tarsal and fouorth tarsal. Tibial Larsal has a body, a head and a ncc};. Flbll!i'll' 1arsal

iselongated. Central tarsal articulates with the head of tibial 1arsa), First larsal is quadritateral in shape.
Second tarsul is smallest. Third is wedge shaped. Fourth is in (e form of a imegular cube.

T | F

C

1 | 2 | 3 | 4

Tuber calcis
Tibiz and fibeta

Fibulariarsal

Tibial tarsal

Cenlral rarsal

Sccond 1arsal

Metalarsats

_—

X-ray of hock Jolnt of dog (medlo-lateral view) {By Courtesy Dr. Subir Bhattacharya)
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Tarsal bones of pip

The tarsal boncs are seven in number, They are tibjaj tarsal, fibufar 1arsal, central trasal, first
tarsal, second tarsal, third larsal and fourth tarsaf, The tibia

in shape to those of ox. Second ;s stiali. The third

Tarsal bones of rahpit

I tarsal and fbylar tarsal bones are similac

and Tourth are larger.

Six tarsal bones are amanged in thece rows, Proximal ToW has (wo (tibial tzrsg) and fibular larsal}
bones, middle row has one (Central) and the distal raw has threc bones.

Tarsal bones of fow]

The tarsal bones are pot found in the b
embryonic life. Some of the larsal bopes of the
and bones of distal rpw are fused with merar

irds as hey are fused with concerned long boncs in

proximal row
arsal bone 10

are fuscd with the ribja 1o form iibiotarsug
form larsometalarsuys.

— ke

¢ emaem. =y
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—

Tbial 1assal

Cenlral 1asal
Ath tarsal

Small metatarsal Emall metalarsal

Large metatarsal

Fig. 248 A—E Tarsal bones of ox {Right Icp). . Lotera
A Fibular tarsal ; 1. Tibjat farsal 5 C. Centeat and dth fused tarsal i D Second and 3R Tused t:lrs:lli.i ?, {;rr:l
malleolus ; F, Dlagramalic represeniation of righl tarsus of ox ; G Tarsal bones of horse In posilicn {RIg
set) 3 11, First facsal,

| METIARSAL RO

There is one large bone fepresenting 3rd and dih fused metatarsal and a small bone Teprescnting
2nd melaiarsal,

LARGEMETATARSALBONE

This bone Las struciural similarity with that of large Inctacarpal bone. The differentiating points
are memitoned below.
(@) Length of melatarsal bone js more,
{b) Shaft is four sided,
() Proximal end bears a facet at jis medial aspect for smalt metatarsal bone.
(d) The (orsal longitudinal grocve is more deep and wide.
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SMALLMETATARSAL BONE

This medial small inclatarsal bene is mudimentary and quadrilateral in form. Tt articulates with the

large meratarsal by a facel at ils anterior aspect,

Lateral small
melatarsal

Medial small
metatarsal

Facel for
cenlral and
dih fused
tarsal

3rd metatarsal

melalarsal

Sth metatarsal Ath melalagsal
_/

i Sexamid
Disral

o foramen [irst phalany

Sevond__ ‘?
phalanx

Third phatang

Medial

d condyle
Tntercondyloid
clefl

Condyle

Fig, 2.49.

A. Righl Jargs metalarsal bone of ox (Anterlor view) B, Right Targe and small melatarsals of horse C. Right
larsus melatarsals and phalanges of dog (Anterior view).

Metatarsal bones of horse

There is one large (3rd) and two small (2nd and 4th)-metalarsat boncs in this species. The smalt
metatarsais.acticulate with the large bone on either side of the posterior aspect and extend up te the

distal third. Large melatarsal i longer than Jarge metacarpal bone. 1is proximal end s also compantively
wider,

Melatarsal bones of dog

There are five metalarsal bones in this animal, The first one is ilt developed and is in the form of 3
flat cone. Rest of the metalarsat bones are comparatively Jonger lo those of metacarpal banes, Qther
fentures are more or fess samé 10 those of melacarpals,
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First )
phalanx |

Condyle

Concave |
articular :
facer

2nd phalani’

foramen

’ Distal
‘ Condyle
]

Lateral Izlcl' i Axial
condyle m:I:l‘:l surface
| Condylar
! Tidge

Fig. 2,50 Mcdatarxal and Phalanges of cow (Aniere dorsal view).

Melalarsal bones of pig

They arc four in number and present similar features 10 those of metacarpal boncs. The proxi m.ﬂl
ends of third and fourth metatarsals bear facels al their caudal surface for a metalarsal sesamoid
bone. Atl the bones are Litde tonger than metacarpals.
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Metalarsal and digits of rabbit

Frrst digit 1s absent. Melatarsal bones are four in number, They a
bs . TG YOIy narrow rod shape
structures, Each digil has 3 phalangcs. ! 7 ol shaped

Tarso melalarsus of fow]

Thisisa single long bone, The proximal end is iregular for the fusion with the distal row of Larsa]

: bm.m. I_l presenis facels for articulation with tibiotarsus. Distal end presents hree troch|cae ll'or

- anticubation with 2nd, 3rd and 41k digits, In the malc o bony spur arises from the medial aspect of the
body of the tarsometatarsus. A very small bone localed al the Poslerior aspect of the distal end of (e
Arsomelatarsus is considered as first melatarsal bone.

There are i:our digils in the fowl. The first digit ariscs from the first metatarsal and is directed
backward and inward, It has rwo phalanges. Other three main digits arcdirected forwardin a diverging

manncr, The 2nd digit has three phalanges, The 3rd has four ph igi
Bremeime £ r phalanges and the fourth digit posscsses

Phalavges and Sesamoids

They arc almost similar in both fore and hind lcgs in cow, horse and dog and are not described

scparately. In (he pig the first and secand phalanges are comparatively longer bt narower (g those
of fore limb, ‘

Skult is the skeleton of the head, The skoll comprises of wo cssentig] paris - the craniai

br_am and paris of (he orbits for accemmodation of eyes, These bones also provide spaces for
middle and internal cars and aljow passages for spinal cord, cranial nerves and vessels.

Facial bones arc armanged in such 2 way that the organs of the begining of G1. tract and

Tespiralory Iract are aecommodateq. Beside these, the bores form fe t X
A, W emply spaces lo keep Lhe

The bane of he skull may be prouped as foltaws :

ST

;'.1:-I01|plf_;|_ S " Single . | - Paired
. ?_lnltrpumnl - : Paired @ ° Paired =
3 Ragal R =7 Taired Pieed.
. = Singel '-Pni;cd ‘_'I
© = Singl Paired
— . Palrel :

v . .. Paired
. i

T inmcn
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Occipital (Single)
This bone forms the supertor, as well as posterior aspect of the skull and presenls three

parts—Lateral mass, basioccipital and supragccipired.

The leteral mass comprises of condyles, loramen magnum, paramasloid process, condyloid
fossa, iypoglossal feramen and condyloid foramen, The condyles arc oval-elongated slruclurcs,
wide above and narrow below. They are two in number and include the foramen magnum

between them. It gives passage Lo the spinal cord. The condyles articulate with allas behind, %

Paramastoid processes, one on either side are situaled external to the corcesponding condyle,

The depression between the condyle and paramastoid process is ermed condyloid fossa. Wilhin

this fossa hypoglossal foramen is sitwated close to the condyloid border and transmits hypoglossal
nerve. Condyloid foramen is placed behind the hypoglossal foramen,

Basilar part—It is a thick bony plale forms the posterior parl of the foor of the cranial -

cavity. Anteriorly it joins with the post sphenoid bone and bears two basilar bercles ventrally.
Ds thick lateral border forms medial boundary of a narrow crcsent shaped aperture, the jugular
foramen. On the cranial surface of this part of the occipital bone medulla oblongata is siluared.

Supraoceipital or squamaus part is a bony plate like sicuclure above the foramen magmnum
which joins dorsally with parictai and interparicial bones and latcrally with temporal bones. Al the
ccnter of Lhe external surface, there is a rough prominence, known as exiernal occipital
rotuberance. This protberance gives altachment to the ligamentum nuchae, Mastoid foranien
is situated on cither side a1 the arca of junclion. of this part with the temperal bone. Cranial
surface is concave and rough.

Sphenoid (Single)

It consists of two paris—Presphenoid and post-sphenoid. This bone forms the floor of the
cranial cavity. Piluitary fossa (Sella wrcica) is siluated at the niddle of Ihe eranial surface.
Anteriorly il articulales with ethmoid bone and posteriorly with 1he occipital bone. This bone
helps in the formation of foramen ovale aind orbitorotundum., Foramen ovale is situated at the
middlc of the wings of post sphenoid. In between the wings of prc and post sphenoid bones
foramen orhitoraiundum is situated. Optic Ioramen is situated at the anterior aspect af the
pre sphenoid bone.

Interparietal (Paired)

Individually his bone is nol well recognised in mature skull due 10 iis fusion with the same
bone of opposite side al the middle, parietal bone above and cceipital bone below.

Pariclal {Paired)

Each parictal bone s sitated at the lateral aspect of the postero superior portion of the skull,
It fuses with occipital bone below and frontal bone above. It has an upper horizontal and a tower
verlical pan. Outer surface is concave and hielps in the formalion of temporal fossa. The parictal
cresl is conlinuous with temporal crest,
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Occipilal condyle

Paramasioid process

Zypomalic
rocess

Comual process

Merygoid
Oibin

Second malar toor

Supraorbital foramen

Maxilla
h

Matar Infraorbital foramen

Premaiilla

Palatine fissure of
premailta

|

Fig- 2.51 Skull of 2 Ox.

—

Condylar process — s
Mandibular foramen

Groove for
lingual nerve

Coronoid process— ¥

pre-molar
.

-
—

Mental formmen

Incisor tooth

Fig. 252 Mandible of 3 ox.
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; Comual process
Supra erbital foramen
i Orbit ———
| Fromial
Mala

Lacrimal Nasat

Maxilla

Premaxills

Palatine fissune

Fig. 253 Fronlal Surface of Skull of Ox.

Frontal bones (Paired)

Exch bone i situated o1 the anlerodprsal aspect and forms the skeleton of forehead, The charactedistic
shape of the forehead of ox is formed by these boncs. The frontat surface presents supraorbital
groove and foramen, The supmorbita] canal exiends from this foramen to the orbit. At the area of
Junction between the two frontal bozes a1 the dorsal border, there is a large cminence, known as
frontal eminence or torus frontalis. The hor core or cornual process projects from the dorsolaterl
angle. Its outer surface is rough and porous. The hollow of the horm is partially divided by bony plares
and is communicated with the fronfal sinus. The superior part of the orhital rim is formed by i1 supm
orbital precess. Each of the 1wo bones articulates wilh (he paricial bones dorsally, nasnl bones
ventrally and lacrimal and temporal bonics laterally.

Temporal bones {Faired)

These bones form a part of taicral wall of the eranial cavily, Each temporal bone has wo pars—
Sqiiamons and petrous.

The squamous part is thin and comprises of 2 body and a zygomatic process, The body partiaily
forms the temporal fossa. The zygomatic process joins with the same process of malar bone. It
presents post glenpid foramen behind the glenoid cavily, Petrous temporal is (he hardest bore in
the skeleton, Tt accommodales the whale internal ear, It bears cxternal audilory mealus, hyoid
Process, auditory bulla, stylomastoid fornmen and internal avditory meatus, Its cranial surface
i3 free and irregularly marked. )
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Ethmoid (Singie)

This bong forms (lte anierior parl of the Noor of the cranjal cavity and the partition between
the cranial and nasa] cavilics. Its horizonla) part includes a median crest, {crista galli), olfactory
fossac (right and I¢f) and cribriform plate, This cribriform plate is 3 bony net belween the
*cranial cavity and nagal cavily. The perpendicular part forms 1he docsal portzon of the osseous
. nasa) septum. Lazeral masscs consist of a number of cthmoid cells, This bone is engiosed by
peesphenoid, vomer, palatine and frontal bones.

= Lacrimal hones {Paired)

Each lacrimal bonc js situated al the anterolareral portion of the skull and articulaies with
+ frontal and naga) bones superiorly and arteriorly, maxilta ventraily and malar posleriorly, AL 1he
+ orbital crest this bone presents lacrimal fossa which lodges the lacrimal sac,

‘Malar bones {Paired)

Maxillae {Prired)

The maxilla is the largest bone in the facial Broup. It takes part in the formation of the
HPPer jaw, roof of the oral cavity and flaor of the nasal cavity. ltarticulates wilh nasat, premaxilla,
lacrimal, maiar and palatine bones, This bone posscsses facial tuberosity, alveslar sockels,
0sseous Incrimal eanal and a number of foramina, such as inIraorbital, sphenopalatine, maxillary
and posterior palatine and encloses maxillary sinus,

The palatine process jeins witlt (he same bone of the oppositc side 2nd forms the skeiclon of
hacd palge. Infraorbital foramen js situated at the lateral surface of this bone at the level off
first premolar tooth. This foramen is the extcrnal opening of the infraochital canal. Facial tuberosity
I8 placed just qbove the infraorbital foramep,

Premaxillne {Paired)

They form the skeleton of the anterior part of the upper jaw. Each banc hag 4 body, u nasal
Arocess, n palatine process and a palatine fissure between them, The nasal process joins willy
the maxilla, The Palaline process arliculazes with the vomar bone and palatine process of maxilia,

Palatinp Lones (Puired)

A patating bone PITSENS (WO parls—perpendicular and horizontal. s perpendicujar parlis
in the form of quadrilateral plate of bone Which takes part in the formation of he upper part of
the nasa) civity, This part articulaies with pterygoid bone alang ils dorsal border. The horizontal
P2rt lorms the hony palate, Anterior palatine foramen is within this part. It also encloses (he
Palaling sinys, Ventrally it articulates will) 1he palatine process of (he magilja.
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Foramen magnum

Condyle of occipital bane
Hypoglossal forainen

Parsmasioid process

Exicrnal aulitory
opening

Comual process

Tlyeid process
Tympanic bulia

Post glenoid [ormen
Foramen lzcerum

Zypomatic process
Foramen ovale

Caudal palaline foramen
Foramen orbile rotondam

Cranial palatine formen

Mazilla

—— Facial wberosity

Palatine Missure

Inler-incisive fissure

Fip- 2.50 Skull of ox (Veniral riew)

Nasal bones {Paried)

These lwo bones remain side by sicte without fusion and form the roof of Ihe nasal cavity. (?umr
surface of each bone is convex. Nasal surface is concave and is attached with (he anlcn?r lurbma!c
bone. Proximal end is pointed and is very close [0 the opposile bone. Distal end j5 also pointed and is
separaied from ils fellow by a noich.

Plerygoid bones {Paired)

Each bone i in the form of 2 1hin plate. Medial surface forms the fateral wall of lh‘fd”‘::“l C“;:Y
and the lateral surface articulalcs with the palatine and plerygoid process of s;phcnol onc. The
ventral end is projccted in the form of 1 hook and is known as plerygoid hamulus.
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Foramen mageum

Occipinal condyle

Condyleid fussa

Foramen tcerum
Bull tympani FPost lenaid loramen
Squamons gart of temporal Basilar tubercle
Sphemid ;

Zygomalic process

Posteriar palating foramen

Malar

Anterior palatine foramen

Alveolar socket Manilla i
1
T
:’
Palaline fissure !
Pre magilla
i
Flg. 2.55 Ventral surface uf Skull of Ox.
Turbinate bones (Poired)-

There are two bones, dorsal and ventral in each of the nasal cavity. They are 2lso known ag
nasal conchae. These bones are formed by kin plate of bony nct, rounded in the form of a
scroll. The dersal tubinate extends from the ethmoid bone und is allached 1o the ethmoid crest
of the nasal bone. 1t is the largest. 11's anterior end is pointed, The ventral turbinate is broad,
occupies the ventral part of the nasal cavily and is attached to the maxilla by a basal lamina, The
ethmoturbinate bone situated between the dorsal and ventral bones at Lheir candal pazt, It
cnlarges 1o form the middle iurbinate bone, Spaces above dorsal lurhinate, between (he dorsal
and ventral lurbinate and below venirat wirbinate are known as dorsal, middle and ventrat meatuses
respectively. “
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Vomar bone (Single)

It is a thin plate of bone situated at the median plane and exiends from presphencid to premanilka,

Tt 1akes part in the formation of nasal septum, Tis proximal end is attached to presphenoid. The distat - -

¢nd is grooved and zrifeulates with the palatine process of premaxilla,

CRANIAL CAVITY

This is an oval clongated irregular cavity encloses the brain. It has a rool, a floor and four -

walls.

Roof-——This is formed by Irontal bone and by paris of parictal and accipital boncs. From the v

erisla galli Lo the internal oceipital protuberance, a eresl is exterded along the midline of the :
roof, Falx cercbr remains atlached with it

Floor—This is formed by basi occipilal and sphenoid bones, It presenis al the middle, a .
depression, the hypophyseal or pitvitary fossa (sclla wreica). Caudally there is a faint depression
for lodgemeni of medulla oblongata. Floor is perforaled by a number of foramina.

Lateral walls—These are formed by temporal bones and by the parts ef paricial, frontal and
orbilal wings of sphenoid bone. They are highly concave 10 make room for the bulk of cerchrum

Frontal sinus
Ethmaoturbinale
Dorsal lirbinale

Cranial

Yeniral wrbinale N
cavity

Premaxilla

Toternal awditory
meajus on the pelrous
1emporal bene

Palaiine sinus

Ethmaid Occipital bone

Hamulus of pterigeid

Flg. 2.56 Saghal Secilon of Skull.
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ameriorly and cerebellum posteriorly. The walls haye impressions of the cerchral cortex, The

Peteous lemporal bone is marked with the opening of internal acaustic meatus and opcning of
vestibular aquedue),

Anterior wall—It is formed by the ethmoid banc and sphenoid bone. 1t lodges the fronta) and
- o_lfnclury patts of the cerebrum. The olfactery buibs are housed in the ethmoid lossa on ¢ither
- side of the veniral aspeel of this wall which are separaled by a bony crest, the crisia galli,

* Posterior wall—1It is [ormed by the occipital bene and i perforated by a large opening—the
;> foramen magnum,

z The eranial cavity may be divided inlg three Paris — a} Anicrior, b) Middle ang c) Poslerior,
= The anterior or of factory part is formed by the sphenoid and ¢thmoid bones and aceommodates
Ty th.e olfactory bulbs and some minor parts of cercbrum. The niddle or \he cercbral parl is the
% Wilest and formed by frontal, post sphenoid, temporal and parietal bones, Ii gives accommotation
to the cerehral kemispheres.
The pesierior or cerebellar part is smaller and formed by eccipital bone and petrous lemporal
~ bones. Cerchellum, pons and medulla oblongata are lodged in 1his part of the craniaf cavity,
Orbit Laerimal Nasal —[

Temperai fossa
Pre-maxiila

Temporal

Exlernal
auditory meains

Paramasioid process

Maxilla

Zygomalic process  lamulus Malar

Fig. 257 Skolt of ox {Lateral sfew).

NASAL CAVITY

This is an ¢longated cavity enclosed by some fagiql bones and divided by 3 seplum. The roof is
formed by nasal and frontal bones. The floor is formed by the herizontal parts of palatine, maxilla and
by the pre-maxilia bone, The body of the maxilla, parts of palatine, plerygoid and nasal process of
pre-maxilla form the laleral walls, The septom is formed by vomar, perpendicular part of ethmoid
and by the scplal cantilage, The anlerior bony opening is hovnded by premaxilla and nasal bones. The

Posierior opening is bounded by sphenaid, palatine and plerygoid bones. The masal cavities are partly
oecupied by lurbinate bones,

Orbit (Described in the Acslhesiology Chapter)
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Temporal fossa

Itis a large clongated depression situnted behind and fitile above the orbil and below the hom
in case of ox, Medial wall is concave and Tormed by parts of frontal, parietal and body of the
squanous parl of lemperal bone, This fossa gives accommodation (o the coroncid pracess of
the mandible.
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PARANASAL STNUSES

These are the cavities in the bones of the skult, tined by mucous membrane and arc dircctly or
Indircetly communicaled with the nasal cavity, These paired cavities are sitated bilmeratly. The
mucous membranc is loosely attached to (he bones and is Icss vaseular, The main function of these
sinuses are to lighten the skull. The sinuses are ilt developed in young animals,

A

.. This is 2 very cxlensive sinus spread inside the whole fronta) bone and cxiends inside (he
2 comual process. It has one posterior part and one anterior part. The laver comprises of few
. smaller compartments, The rosial most compartmenl is communicated with middle meaws of nagal

Frontal sinus

Maxillary sinos

This cavity extends inside the maxilla, laccimal and malar bones. It is connected with palaling
3‘ sinus by 2 large oval opening. It communicales with the middle mearus of nasal cavily at the dorsal
Sy aspecl. Ventrat surface is rovgh and the alveolar sockels of premolar and molar ieeth invaginate inside
the cavily.

Sphenoid sinus

It 3s formed within the body of pre-sphenoid and extends into the wings. It is connected wilh
ethmoidal meatus, The sinus is very small and mostly absent in young skull.

' Ethmoid sinuses

These are few small air cells within ihe ethmoid bone and Placed between the nasal cavity and orbit,

Palatine sinus

It is an creavation within palatine bane and pataline process of maxilla, It is connceted with the
maxillary sinus. It extends from the posierior border af palatine 10 the anterior aspect of the first
check tooth. The palatine sinus also communicates wilh the nasal eavity through a naccow opening at
the middle meatus,

e

e

e
R

Iforms the skeleton of lower jaw and comprises of a body and two rami. The two halves of this
bone fse incompletely al the mandibular symphysis, situated al the midline within the bedy.

Body—It is the horizonial part of the bone. It has mainly two parts—(a} anrerior or incisival
port ang (b} posterior or molar part. The posterior par(s are two in number. The incisival pant
Possesses two surfaces. The lingual surface is concave and the Jabial surface is convex. The alveolar
border presenis eight alveoli for incisor teeth. The pesterior paris exlend from comresponding side of
the body and bears two borders, 1wo surface and o extremitis. The dozsal border of cach part is
alveolar and possesses six sockels for the lower chcek teeth, Ventral border is thick. Mental foramen
is siluated at the amierior aspeet of the Ialerat surface. This formen is the cxtemal opening of the
mandibular canal,

Ramus of mandible—The romi are the vertical paris of mandible, Exch ramus has twao surfaces,
1wo borders and Iwo ends. The ventral end is continuous with the herizontzl part. Dorsal end has a
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Coronpid process

Condylar
process

Alveslar sockets
for incisors

First premolar

bental foramen

Groove for passage of vessels and nerve

Alveolar sockeis for incisor tecth

Symphyseal suiface

Fig. 2.38 Rlght romos of mandible of Ox (Lateral surface).

Corenoid process ———£ %

Y Groove for lingual
branch of 5th nerve

Angle of mandible

Flg. 25% Rlght ramus of mandjble ol ox {(Mcdial surface).
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condylar and a coronoid process, The condylar process is sitwated behind and articulates with
squamous part of temporal bone, The coronoid Process projects upward and inward inta 1he lcmpora|
fossa.

The depression between the coronoid process and the condyle is known as mandibular nolch
and the constriction below (he condylar process is known as neck of the mandible, The medial
. surface is slight concave and presents the mandibular foranten and » proove lor lingual nerve.
" The mandibular foramen is the posterior opening of the mandibular canal which gives passage to the

The two halves of the bone diverge from cach other posteriorly and enclose the mandibular space.

Skull of horse
L. The skull is long and four sided,
2. The loramen lacerum is extensive

Interparicial _[

Occipinal

Paretal

Temporal

Fronial

Supraorbital foramen

Orbit

Maxilla

Infragrbital foramen

Premazilla

Fig, 2.60A Skull of horse.
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Foramen magnum

Foramen lacerum

Sphenoid

Orbit

Vomer
Mazill
il AR i Palaline
T\\g
- \n&",—— Iremolar
- #

1

W

Canine

Incisors |

-

Fig- 2.608 Skall of horse (Veniral xlew), |

3. The cornual processes are absent.

4. Zygomatic process meets malar as well as supraorbital process.

5. Inlerparietal is centrally placed and considered a5 4 single bone,

6. Parielal bones 1zke part in the formation of the roof of ¢ranial cavily,

7. Premaxilla presents six alveolar sockels for upper incisors.

8. At the junction between maxilla and premacilla there is a alveolus for canine tooth, -
9. The fusion belween twe halves of the mandible is complete,

10. The alveolar border of the body of the mandible prescnts six alveoli for incisor teeth. Other two
atveoli in inales are present for the canine footh, which are Placed further caudaily.

Skull of dag

L. 'The skull is ova? clongated in shape but varics highly fram breed 10 brecq.
2. Basioceipitat joins with tha bulla tympani,
3. Horns are absent,
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Stullof Tlorse Skull of Ox

SkullofCal |

Skullof Dog

Fiz. .61 Skulls of llorse, Ox, Dog and Cat.

4. Zygomatic process is highly curved.
3. Interparictal luses with occipital belore birth,

6. Parictal bones take part in (ke fermation of roof of the cranial cavity.
7. Premailla has sockets for incisors. The alveotus for eanine toolh is well developed.

| e e :
1 |
Occipital i ‘

Parieral .
' Caranatd process f
i |

)
'n. Fronat Condylr 3 Canine wooth |
: pro<ess Mandibular 5
! Incisors !

|
) Masseteric |

Canine toolh

Fig. 2.62A4 Skull of dog (Dorsal view).

Protects
1ojeclian Molars ’

|

i

[

Fig. 2.62B Mandble of dog (Lateral vlew).
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8. The orbital rim is incomplete

: The two halves of the mandible fuses incompletely. Each half of the mandibic has three alveoli

forincisors, one alveolus for canine and seven alveoli for premalar and molar teeth. Behind the angle

of the jaw there is a rotch and a projection.

10. Lateratly the ramus presents a depression known as masseteric fossa.

Skul) of pig
1. The skull is elongated in shape.,

2. Basilar part of cccipital bone is hexagonal in shape and depressed.

3. Orbinal ring is not complete,
4. Canine Iceth are well developed,

5. Paramastoid processes are long and extended downward.
6. Coronoid process of Ihe mandible is shorl bu pointed.
7. The angle beiween the Iwo rami arc comparatively wide.

8. Cranzal cavily is comparatively small.

9. It has a viseeral bone ar the rostral aspcel of the nasal scptal cartilage, known as os

rostrale.

Parieral

Frontal

Lacrimal

Malar

Maxilla

[nlra erbital
foramen

Masal

Nasal process
of pre-maxilla

Pre maxilla

Canine wecth

Mandible

¥ig. 262C Skoll of Dog {Dorsal view).

Fig. 2.63 Skoll of plg.

Skull of rabhit

L. The orbit is very wide and spacious.

2. Maxilla is [enestrated,

3. Nasal bone is well developed.

4. The pre-maxilla bears (wo large chisel-shaped
incisors in [ront and Iwo smzll incisors behind.

5. External auditory meatus is wide,

6. Supraotbital foramen is large and clongated,

7. Ocxipital condyles are small and therefore
foramen magnum is large.

8. The mandible is massive. Condylar process
and coronoid process are fused logether, A litde
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above the angle of the jaw, e mandible prescats a noich and a backward projection, Masseseric
fossa is shallow.

Skull of fowl

L. Most of the bones are fused,

. L Upperjaw is movable duc 1o the presence
of nasal-frontal hinge.

Frontal erzst
3. Orbit is farge.

4. Oceipital condyle in single.

5. Each half of mandible is formed by the
fusion of five boncs.

Frontal suture

6. Teeth are abscnt,

Dorsal turbinate
IIYOID BONE

This bone is siluzted between the rami of
the mandible and gives support to the rool of
the longue, larynx and Ppharynx. It comprises
ol transverse bady, a pair of thyreid cornua,
a pair of small cornua a pair of middle comua
and a pair of great (styloid) cornua. The
lingual process cxtends from the anterior

Nasal process of pre-mailla

Palatine process of pre-
maxilla

aspect of the body. The proximal exiremities of
the styloid comua articulate with the hyoid
process of temporal bone by a picee of cartilage.

Fig. 2,64 Skull of Ox. Nagal hones remayed {o show
lerbinale and vyomar.

Cephalic index

Itindicates the shape of the skuli and measured by the formula
Breadth x 100
Length
where Breadth = Space between the supraorbital processes and

Length = Space between torus frontalis to the middle point on the margin of dental pad.

The anivmal will be short-faced if theindex value is more and it wil| be long-faced if the index value
is less.

Sex Determination

Sex differentialion on the basis of morphological charactenislics is not possible, However, the
centour of the skull of females appear 10 be loss massive and more rounded,
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i Onbit Qrbit
Zygomatile ) Nasal Frontal
Maxilfa Maxillary sinus Decipital
External
Extcrnal nars ‘_
auditory
wbe Extermal
Feramen audiu‘er
magnum Pre- epening

Mandible maxilla  Mandibulor feramen Mandible

Fig. 2.66 Skull of fowl.

Middle comu

Small comu

Lingual process

Flg. 2.67 lIvold bone of cow,

VERTEBRAL COLUMN

A series of bones (vertebrac) articulate tegether Lo form a long column of zxial skeleton in the
body is known as vertebral column. Thisis commonly called spine. Vertcbral bodies and intervertebzal
dises form a solid rad wpen which vertebral archs are placed to form a hellow canal for (he proleciion
of the spinal cord. When two adjacent veriebrae are arliculated, two intervertebral foramina are
formed on twa sides. They give passages 1o the spinal nerves and vessels.

On the basis of position and shape the vertebrac has been classified into five regions and each
region consists of vadable number of vertebrac in different aninmals as presented in the table,

region

Coccygeal repioy

Fip 263 Yertebral colamn of ox {Loleral view).
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A COMMONVERTERRA
A typicat vertebra hag a by, arch and processas,

Body—It is 2 solid eylindrical rod which Supporls other struclures of the bone. The crania? end is
convex and the caudakend is concave. Buth the ends are atiacked t e corresponding intervertchral
fibrocartilaginovs discs, Dorsal surface forms the Moor of the neural conal. Fhe venral surface
preseais il developed spines for muscular altachmen.

Arch—Each of the 1wo halves is compased of a
walls and the Inminae form the roof of the neural A

pedicle and lamina. Pedicles form the lateral
ng. The pedicles bear notches at their cranial

! verichrae.

3. upward from the junction of the iamina, Transverse processes

) diarhrodial joinis with similar processes of the adjacent vertebra, The main functio

and caudal aspects. The intervertebral Toramina ar¢ formed between 1he notches of adjascent

Processes—These are spinous, transverse and articular, The Spinous process is single and projecls

are on either side and project oulward
Irom the Iateral aspecis of the neural ting, Artieular processes are two on cach cramial and caudal

aspects. They praject from the junction of lamina and pedicle.These arficular processes lorm

n of these processes
i 1o prevent undesirable movement belween adjacent veriebrae.

e _ e

Supraspinous process

Newral ing

Cranial anicutar proceas

Trasverse process

Bady (cranial end)

Fig. 269 Typical vertebra,

CERVICAL VERTEBRAE

These vericbrac form the skeleton of the neck and are ch
ol various shapes and the foramen Iransversarium.

They are seven in number in almost all the mamnials. Howevcr, exceplions are there, Siodis have

six and Great Awteaters have cj £ht to nine cervical vertebrac. The first, second, sixth and seventh are
atypicat in this group. Rest have almost simitar Slructures as follows :

aracterised by presance of short processes

1. Body is long and the crest atong the midventeal axis is prominen!. The convexity at the cranial
end and the concavily at the caudal end are very prominen| in this group of vertebrag,
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3. Amtigular processes are well
developed. They are in the [orm of plales,
convex craniatly and concave caudally.

3. Spinovs process is inclined foward.
1t 13 short and (uberous,

4. Transverse processes are divided Foramen \rnsversarium
inlo ane upper and a lower part. The upper
one is luberous and he lower one s like

aplae.

Hody f{convex)

Dorsal part

5. The base of cach ransverse
process is perforaled by loramcen
{ransyersarium. These foramina are one
of the charcterstic feature of this group
of vericbrae,

Yentral pan

Trnsverse process

Fig. 270 4th Cervical veriehra of Ox (Cranial vicw),

:I Superiorspine
,

4 /
Caudalanicular process

Neural ring

Foramen Imnsversarium

Bild transverse process

Baody (Concave)

Fip. 271 A Typieal Cervical vericbea (Candal view).

Number of verlebrae in different regions af spine of domeslic animals and birds :

ATLAS

Itis the first cervical vertebra. As it carmies the round head in ht_nn:m and [hcrf:forc ';‘I;Ic wc
‘Alas' has been given 10 t, The bone comprises of a Jarper neural ring and 1wo wings, The body
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Fossa atlants Yentral wicrcte

Caudo-dorsal view

Thind foramen

Fourth foramen
Wing

Articular
Tacel

— Yeniral wbercle

Line diagram of Caudo-darsal view

Fig. 2.72 Anas of Ox,
is in the form of a thick plate and forms the ventral wall of the neural ring. The wings are bony
plates projected from cither side of the ncural ring. The supra-spinous process as well a5 the
ventral spine are in the form of tubereles. On the cranial aspect of the dorsal surface there are
lwo foramina The medial one is the intervertebral foramen and the lateral one is known as alar
foramen. Both the foramina are lodged in one depression. The intervericbral foramen Sives passage
to first spinal nezve and a branch of veriebral artery and the alar foramen gives passage Lo (he
darsal branch of fics| spinal nerve. Caudal 10 this depression there are other fwo small foramina in
a lircar groove. At the caudz| pari of the Moor there is a depression, the foven denlis, which
arliculates with the odontoid process of the axis. Cranial aspeel of the bone is highly concave 10
dccommodate the occigital condyles. Caudal end bears saddle shaped articular facets for axis,

The borders of the wings are convex. The vertral serface of cach wing is corcave and termeq
fossa atlanijs.

Axis

It is the second cervical vertebra, This hone has been named as axis because the skall along with
the allas roates partially around i, The body is tong and the veniral spine is exicaded cavdally. The
cranial end of the body is modified in the forn of projecled plate. This projected part is known as
odonteid process, The spinous process is inclined forward and increases in thickness and in hight
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Cawdal articular
Process

Spinous process

Intervenchral
foramcn

Odoatoid process

Atticular plale Caudal opening of
foramen

transversarium  Transverss process

Fig. 113 Axis af ox {Lateral view),

backward, Cranial anticular processes are absent, The caudal anticular processes are welt developed
and dirccted backwand, Interverichral foramen is behind the noich. Foramen transyersarium js narow,
Transverse processes are undivided and projecied backward.

Sixth Cervical Vertebra

The anticular processes and the spinous process are well developed, The lower part of the Lransverse
process is in he form of o quadrilateral plaie of bone. The ventral spine is absent, Other features
are similar (o those of Sth ccrvical vertobra.

Superior spine

Caudal artieular process
Dorsal division of
transverse process

Cranial end of the bady

Forimen Iransversarivm

Ventral division of iransverse process

Fig. 2.74 Slath cervlenl vertebra,
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Scventh Cervieal Vertehra

The body of the vericbra a1 its caudal aspect bears two Tacets for articulation with the heads

of first pair of ribs. The foramen transversarium is absenl. Spinous process is flat and wel]
developed.

Supraspinous
process

Supraspinous

These vericbrue make the bony roof of the thoracic cavily along with the proximal ends of the o

ribs. i i i
s. These are characlerised by long supraspinous process and cylindrical body.
Transverse
process

Cranial anicular facel

U"_)‘ They are 13 in cow, 18 in horse, 13 in dog 14 to 15 pig, 1213 in rabbit and 7 in fowl. They

o present the following charucicristic features -

Transverse Caudal anicular facel

1. Spinous processes are long and direcied backward. process

2. Cither side of the arch is picrced by aclditional inlerverichral fornmen, f

3. Transverse processes are shorl, thick and undivided, Enach of them bears a non-adieular

mamj and 2 H iculation wi
ribmm]lnry process und a1 veniral anticular facel for articulation with the Wwbercle of the cormesponding

4. The Flrlicu]nr processes are not developed. They are in the form of facels siluated at the
coresponding aspect of the nearal arch. '

i e i

Cosial facet Cestal [acee

Fip. 2.764 A typical Lhoracic vertebra Fig. 2760 & (ypleal thoracle verlebra
(Caudal view}, {Cranial view).

5. Four Meets, two on the cither cnd of the body are present for artdculation with the concerned
heads of ribs, These concave facets are sitnaled bilaterlly on the dorsclateral aspects of the body of
the vertebra

The last thoracic vertebra bears only two such cosial facets at the cranial aspect of the body for
! last pair of ribs.

The supra spinous processes of 3rd and 4th thoracic vericbrae arc maximum developed in length
and breadih. The tubercular facet decrease in size from froht to back. Dislance belween coslal and
Additiormt ! tubercular facels decrease with the receding number. Summils of some suprispinous processes arc
intervesiebral bifid.

Transverse
process

Atticular facer for the
Iubercle of the b

Cranial arieylar

facol
LUMBAR VERTEDRAL
Caudalanticular . R .
Cranial aricular face; facet Tor u,c These veriebrae with their bodies and long transverse processes form the bony roof of the abdomen.
for head of rib headof sib They are 6 in cow, G in herse, and 7 in deg, 6-7 in pig and 6-7 in mbbit, In the fow] the lombar

bones fuse with sacrum to form synsacrum. These veriebrae have the following features :
1. Transverse processes are long and in the form of bony plates. They are inclined cranially.

Cranial vigw Lateral view The transverse processes of first lombar are shonest and those of last lumbar are narrew. The
length of these processes gradually increases up to 4th or 5th veriebra and those of 6th again become
Flg. 2.75 A Typical thoracic verlebra, shorter.
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Superior spine

Cranial anticular provess

C:ud:nla.:ﬂcul:nr Process

Cavdal vertebra] noch
Caudal end of the body ’

hry—- Cauda.lmdorlhcbudy

Fig. 275 Lumbar ¥erlebra of px, 5. Caudo lateral view, B. Dorsal view (above) and Cranial view {helow),

e
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2. Articular pacesses are well developed. Cranial Precesses are curved ipwarg and the caurlal
processes are convex and painted.

3. Spinous process is in the form of 2 quadrifateral plate and arc of uniform height, The summig
are sometimes bifig,

4. Body of the fast lumbar is it )e compressed dorsoventrally. ks transverse proccsses are RAToOw.
[t articulates with he cranial eng of the sacrumn.

5. Neural rings up 1o 3rd are round and then gradually becomes Lrfangular.
6. Inter vencbral foramen arc larger. Anterior few foramina are double,

SACRUM

‘This bone js formed by the fusicn of five sacral verntebrae in cow and in horse. In the dog only -

three sacral verichrae fuse for (his purpose. Sacrum is roughly riangutar in culling and forms the
rool of the pelvic cavily. Tt articulates cranially with last lumber verichra, caudally with first coccygeal
vertebra and craniolaterally with iliwmn of the pelvic bone, It has 1wo surfaces, Iwo borders, a base
and an apex. Dorsal surface js rough. At the midline i presents a median sacral eresl, which js
formed by the fusion of spinous processcs of the vertebral segments. On cither side and parailel 10

Dody Anterier articular process

Lateral sacral erest
Median sacral erest

3rd dorsal sacral foramen

Median groove

4th veatral sacral foramen

Fl‘lg. 2.75 Dorsal and veatral surlaces of socrum of QL
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: the median crest, Taleral sacral cresls are situated. These are of low

fusion of articular processcs. hights and are formed by the

. TI;:rc dnrc ftl:;urldnm] s'acr:ll foramine, cranial two are situated al (he medial side and caudal two
ul ul '
e ;i)mj? ?I‘. t ;‘ atera] side of the lateral sacral crest. Yentral surlace js concave and presenis a
N rfﬂl ‘ i ga median gr:.ovc, four iransverse grooves and four pairs of veniral sacral foramina, A
nd & corzesponding veniral sacral foramina ioi l :
: : oin together Lo form one
G and Joir \¢ Interveriebral foramen
amcmarp«:;s inlo lgc neural canal. The base comprises of the cranial end: of the bnd‘y anierior
Ces: 1 i b

o WUda]: mn-;\:n cl{:ctl[ml nng, The bod).' is dorseventcally Dat and the neurat ring which leads 1o
o caudk wg.mhc [cnrn ﬂ;)c nz:duml canal is (riangular. Transverse processes of the sacral vertebrac
T Lo torm broad wings cranially and tad
D) eral plate caudally. Th
e 1 : ‘ ; y. The lateml borders are

oncave, The wings are twisted and articulate with the corresponding anteular surfaces of

1 the ilium. The apex is formed b i
' b fount, ¥ the Nifth sacral vertebra and in most cases incompletely fused with

Sacrum of horse—T ody i (W]} 5
* are st due ot .ht'. ventral surlace of the b Y1s less ¢ Cave, Up[ﬂSpiI’IOI.IS processes
Q lheir ]I'.ICOI'I'I[)I(!I\'.‘. fusion, Lateral sacral crests are il dCVCIGpCd The wines are
- o

Medinn sacral cres

Neuralring

: Body

First dorsal samal foramen
Cranial articular process

Lateral plate Third dorsal sacral foramen

Wing Lateral sacral crest

Cranial articular process

Fourth dorsal sacral foramen

B

1}
; Fig- 2.30 Sacrum of o3. A. Lalerol vlew B. Dorsal view.
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Median sacral cresl
Wwing

Dody

Cranial anicular precess

Thinl dorsa! sacral fommen

Lateral sacral crest

Fig- 2.81 Sacrum of herse (Lateral ¥iew).

pointed and prismalic. Lateral borders are rough, The bone is formed by the fusion ol five sacral

verlebrae. oy

Sacrum of dog—Only three vericbrae fused to
{orm (his bone and therefore (he beng is small in
tenath. The ardeular surfaces on the wisgs are wide.
Ventral sueface is concave. There are bwo dorsal and
\wo ventral sacral foramina. The medizn sacral crest

Cranial anicular process

Wing

Tirst dorsal saceal

is notched. foramen
Sacrum of pig—1 is formed by the fusion of N |
four vertebrae. The supraspinous progesses arc ill- e ::“ri':fm

Lateral sacral cresl

developed. The body is less curved. The cranial
articular processes are well-built.

Sacrum of rabbit—TFour vericbrac fusc ta form
this bone. The bone is comparatively elongated in appearance, The supraspinous processes are ol
fused. Ventral sacral foramina are large but dersal foramina are indistinet (Fig. 2.30).

Fig- 2.82 Sarcum of dop {(Darsol ylew)

Sacrum of fowl—Lumbar and sacral vericbrae are fused to form a single synsacsum. This bone
remains articulaled with the ilia along their laleral borders.

COCCYGFAL VERTEBRAE

& number is variable, [t may
14 10 18 in rabbit and
duce in size

These are incomplele vertebrac and form the skeleton ol the tail, Th
range from 15 to 25 in cow, 161022 in hosse, 1810 23 in dog, 18 10 24 in pig,
4'to 9 in fowl. First Five bones have neural rings, bodies and processes. They gradually re :
and last few bones possess only rod shaped bodics with convex ends. Ventrally they form a median

groove for accommodation of median coccygeal anery.

Yeriebral eolumn of horse

Gl S CY e

1. The hodies of the cervical veriebrae are longer,
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2. The wings of the atlas are picrced posteriorly by foramen Ifnsversarium,
3. The mammiilary processes in few cqug

2l segments of thoragje ¥
developes E cricbrae

are more

4. The number of fumber vertebrae is usually six. Somelimes the number may be five,

3. The spinous process of the sacrum is not fused,
6. The wings are not Lwisted but prism

alic and pointed.
7. The bone is loss concave,

8. Coceygenl verebrac are ill-developed,

Yertehra] columa of dog
CTal,8 .y 1825

L. Foramen leansversarium is present in the atlas atils posterior aspect,

2. The spinous processes are compar

. atively shorl,
in the lumbey regjon, Y They are broad ventrally and narzow dorsally

3. The number of Lumbar v

venirally, There js o pair of acees
cither side,

eriebrae js seven. Transverse processes are dirccted ¢

. : ranially and
SOry processes which are directed caudally over the ¢ay

dal noich on
4. S2crum is shory and consists of only three vericbrae,

3. Coccygeal vericbrae arg better developed.

6. Odontoid process is rod shaped and pointed.

Joint between (ke
articular processes

Coceygeal veriebra #th lumbar venebes  fnter verlebral disc

X-ray of the lumbo sacral reglon of dog (Iateral ¥lew),
{By Courlesy Dr, Subir Dhanacharya)

OSTEQLOGY 2

Vertebral columm of pig

Gl S,y 151
L. Cervical veriebrae are short and bodies are wide,
2. Spinaus processes are short in gereral but in axis it is large,
3. Thoracic veriebrae are comparatively long.
4. Spinous processes of sacrum is ilt developed,

3. Firsl few coccygeal veriebrac presents well developed anicular processes.

C 1 verieby
Cervical el i

verichra

Lumbar
verlehra

Thoracic
verlebra

Palellz

pe==—Tihin And fibula

Carpus
Melacarpus

Firsl phalanx
Second phahinx

Third phalanx

Fig. 233 Skelelon of dog. {For clear ¥iew, the legs and ribs of one side has only been draven). :

Vertebrat colunin of rabbit

C?TII-IJLG—TSniCyH-]S
L. Cervical vericbrae are comparatively short and lumbar vertcbrze are long.
2. Lumbar transverse processes are well developed.

3. S2crumis clongated and placed parallel o ium.

Veriehral column of fowl
CuT1L"'SuC-V 49
L. As a whole, the vertebral column js stiff due 19 fusion of some vercbral SCEMCRIS.

2 The atlas is in the form of a ring. Tc presents only one articular facet atits eranial cnd for single
occipilal condyle.
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3. Cervical verichrae have styloid projections from ransverse processcs.
4. Last few caudat vertebrae fuse o form a pointed bony projection, known as praosiyle,

- STERNUM (Breast bone)

it is a long plate of osteo-cartifagenous siruciuse placed at the midline of the ftoor of the thoracic
cavity. During devetopment, the cosial cartilages proceed towards the midline at the thorcic floor,

: where the ends reach towards their fellows of the opposite side. The mesenchyme between the ends
2 of the coslal cartilages ossify 1o form the sternum,

First slemncbm

Facet for.
firsl 1ib

Second sicmebra

Facels for
coslal
cartilages

Seventh
slernchra

Ventral view Dorsal view
{linc diagram}

Fig. 284 Sternom of cow,

It is composed of seven slernal

. segments (stemebrac). I is flat €xcepl at iis cranial end which
15 compressed Talerally. The craniat

. essed Taleral end or manvbrium is formed by the first stemebr. 1 forms 1
diarthrodial articulation with the sccond segmenl. Other scgmenls are fused topether. The caudal

cxtremity is formed by xiphoid cartilage which is a thin plaie like struciure attached lo the Iast
stemebra. Dorsally the cartilage gives atachment 1o the diaphragm and vemrally to abdominal muscles,
The body of the stemum is Mat and 1hick, Dorsal surface is wide and remains covered by superior
ligament and wransversus thoracis muscie. Ventral surface is also fat but litile concave and mves
origin to the pecloral muscles. The lategat borders are thick and accommodate scven pairs of stemal
facels on cither side of the intersternal Junctions. The first pair facets are placed on the dorsalaterat

OSTEQLOGY 9

surface of manubrium siemi, The eighth pair cestal canilages join the stemom between 6th and 7th
stermebrae along wilh seventh pair coslat cartilages,

Siernum ol horse

This bone is aiso formed by he fusion of seven siernebrae. It is boat shaped, compressed laterally -
lowards the cranial end and dersoventrally at the caudal end. Ventrally it presents a prominent crest.
Lateral surfaces are convex. Xiphold cartilage is flat and rounded. Manubrium siemi has a eranial
cartilagenous extension,

Sternum of dog

It is formed by eight slemal scpmenis which generatly do not fuse with each other. They may _:_ _
fuse at very old age. First sterncbra is longest. The craninl end is blunt and the Xiphoid cartilage 2%
s narcow.

S{ernum of pig

Six slernebrae has fused together to form this bone. The manubrium siemi is clongated and
compressed from side 1o side. Others are dorso-venirally compressed. Xiphoid process is long and
the xiphoid cantilage is small.

Lumbar veriebm Sacrum

Cervical veriebra

Sapla  Tharacke vertehbra

Tarsals

Metatarsals

Flg. 2.85 Skeleton of plg-

Sternum of rabbit

The sternum comprises of seven sternebrac. The fiest segment is long and al:fo articulales \;'u.h
clevicles on cither side. The last scgment is long and 1he xiphoid caniilage is in the form of an
expanded plate.
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Cervical Thoricic Lumbar
veriebm veriebra verichra

— Phalanges

Fig. 2.26 Skefelon of rabbir.
Sternum of fowi

Itis a large irregular plate of bone com
rostrum, a caudal exiension of the melast
cranial mass is concave. Venwrally it presents
knawn as sternal crest or keel or craina.
Processes are wo in number. Cranial one
venual part (Fig, 2.87).

pesed of a eranial mass, a cranjal projection — 1he
erntim and lateral processes. The dorsal surface of the
a plalelike bone which is extended upto the metasternum,
The rostium presents two facels for coracoid. The fatera
is flat and the coudal one is divided into a dorsal and 3

This bene is absent in ox and harse. In the dog this bone js found embedded jn brachiocephalie
muscle in fro

i
1 nt of shoulder joine. 1 is roughly triangular osteo-cartilagenous plate of a structure
Without having any articulation with the skelcton: In PIgs it remaing occasionally in the form of

indistinct tendinous band. In rabbit the clavicle is present in the form of 2 thin rod, In the fowl jt is
well developed.

Clavicle of fowl

It is a thin rod extends from the proximal end of coracoid towards the apex of the stemnum, The
bones of both sides venteally unite to form 2 'V shaped structare, known as [urculupe, The junction
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Carpometacarpus é_@f‘ﬁ?

[irst phalanges

Manditle ; Cervical vericbra
Sevond phalanx i .'E Thoracie vertebra
K Scapula
3 Rits
"i Pelvic bone
i, . ;—— Caudat vencbra
"=="‘ & Pypostyle
SN -
A 3
Elumens 9 :\ Mioischiatic formmen
Furrlum ]
Coracoid P
i Pubis
Ligament for connecting furculum and ; Tibia and
slermum Il
Stemum ) ' i
Tasometatarsus
Ind digit
i, 1t digit

ah digi

Flg. 2.87 Skelelon of fowl,

is in the form of a Matiened plate which is conneeted o the apex of the siemunt by ligament, This
flauancd plate is called hypoeleidium,

AT R

(% CORACO

Itis found in the fowl. This boae is long and direcled downward and backward bclecn the

scapula and stermim., It accommadates air sac. Proximal end is in the form of hook which articulales
with scapuia and clavicle. The disial end is Mat and articulales with sternum.

Thesi are curved clongated bones arcanged one after another from either side ol" the vcrtc!:ral
colurmn and form the thoracic cage. In the cow Uiere are 13 pairs of ribs, eut of wt.nch ﬁr;t cighl
pairs are sternal and rest five pairs are asternal, The shape and size of the ribs veries al different
levels. The stemal ribs arc connected (o the sternum dircctly throuph thelr own costal cnrulaga?s and
e also called truc ribs. The astemal ribs reach the stermum indirectly by 1hf:ir coslal cartilages
which jain with the preceding cartilage. The asternal ribs are als}: callcd false nl'Js_ Few n‘bsd,lcllh::r
single or in pair at the ¢nd of the series which are not connected with the stermom dircclly or indircctly
are called floating ribs.
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Articular (aect on twbercle

Groove

Cranial border

Caudab bonder

A h

—

Fiz. 2.83 Gth right rib of ox. A. Lateral view B. Medial vicw,

A typical rib has a head at the proximal end a costal cartilage at the distal end and a shafi, The
shaft or (he body is carved and presents two surfaces and two borders. The curvature at the upper
Part is more and the distal end js inclined inward. The laterat surfacc is convex and has a wide groove
atJis upper pan, Medial surface §s smooth and coneave. Cranial border is thick and concave. Caudal
border is convex and lodges the cosla} groove for intercostal vessels. This groove is prominent at (he
upper part. The head presents two anicular facers separated by a groove. The tubercle s situated
behind the head and the two strueturas gre separated by z constricted poriron—the reck, The len gth
of the neck is varizble,

The distatendis itle expanded and anticulates w

ith coslal cartilage, These cartilages are cylindrical
and little compressed from side 1o side,

The first rib is Jeast curved. It is short and: thick. Neck is also shon. Cranial border presenls a

faint groove for axillary vessels, Qccasionaily it presents a small tberele above the groove, which
marks the origin of scalencus muscle. Costal groove is absent,

The last rib is slender and curved, The head and the tubercle are fased,
8th, %th and 10th ribs are longest and widest,

OSTEOLOGY U

Anicular facet
(on the wbercle)

Heal

Fig. 289 A typical rib of cow (Right). Fig. 2898 A (yplcal rib of cow [Right).

Ribs of herse

There are 18 pairs of ribs in this animal, out of which first 8 pairs arc steraal :’md resl .]0 pairs are
asternal. Width in the 6th rib and length in the 11th rib are maximum. The body is less wide and Iess
flal in comparison to thal of ox.

Ribs of dog '
There arc 13 pairs of ribs in this animal. Nine are sternal and four ase astemal. The body is
¢ylindrica) and more curved, Generally the last rib s floating.
Ribs of pig N ‘
Pigs have 14 to 15 pairs of 1ibs of which seven pairs are stemal :m_d Temaining 7 to 8 pairs are
asternal. The last b is usually smalt and foaling. The [irst rib has a prismatic body.
Ribs of rabhit - 3 ‘
Therc are 12 to 13 pairs of ribs in rabbil of which 7 pairs arc stermal ribs am? remaining 5 1o 6 pairs
are aslermal ribs. All the ribs excepling last four have prominent head and articular processes.
Ribs of fowl

There are seven pairs of ribs in fowl, Each rib has a dorsal segmenl and 2 w:nlgal szg:]m::.s
First two ribs do not exiend upto the stermum. Each of the dorsal segments of 2nd 10 61
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Possesses a eaudy) extension, known as uncinale Process which supports the thoracie cagein a
better way by overlaping the succedding rib.

R S TR R
£

& % BQFES

[y bt Fon b

- In ccrlnin. Organs of some animals and birds, few bones are found ta be embedded in the parenchyma
S They are delieved to be modified musculature of (he organs and have no conncetion with the skelcton,

- 2hese Moating hones within the viscera ate known as visceral or splanchnic bongs, These are as

follows :

5’ “1?55" C?l‘di‘s-—Thcse are lwo small wiangular bones embedded in the myocarditm on ejther side
E c orflc nng of heart in cow. The right one is larger in size. In the horse they are canilagenous

©: but sometimes caleify in old age.

. (_)553 DﬂniS—T:lais is an elongated bone Placed in the corpus cavemosum panis muscle at the

i Tanial pant of penis i dog. Venlrally it presents a groove for urethra,

Oss,

cock A oplicus—This is a thin U shaped bone placed in the scleral cartilage of the cye in some
5,

Ossa r.oslrule—-ll is a small flat bony structure embedded within the rosiral aspecl of the nasal
seplal cartitage i pig.

FRACTURE OF BONEANDITS REPAIR

. Aj fracture meang 5 break in the continuity of 2 bore, The fracture may be simple or compound, A
Impie or closed fracture does not comminicate with 2 skin wound, A compeund or open fracture,
on the other hand, is connected with the skin wound,
According 1o (he shape, the fraciure may be classified as transverse, oblique or spiral.

RL‘IPa.Ir 01? a fraclure is a continnons process, and three stages may be recopnised — repair by
Eranulation lissuc, union by caltus and remodelling by mature bone.
Repair py Lranniotion tissue

e e fccl‘. Of rm[:l!]fc iS a CD”CCUOI of b!DDd [H Ilc om vess
1C Immy edi (U [k m 1 ¢ EIS, .lﬂd lh(‘.' hIDDd

Union by callys

c I;l'hc callus is a hard dssue which bridges across the fragments of bones in the process of repair,
n-ﬂ lus Ty be of three kinds-cxtf:l:nal, intermediale and intemal, Lxternal cailies appears outside lhe
actured ends and benearh the penosieum | intermediate colfus lies between the fragments of boncs
whereas internal eqitns appears within the medullary eavity. I

. l:r’\fllhln a few days a.flcr [raciure, the osteogenic cells of decp layers of periosicum and endosteum
G 0oth {ragments proliferale, and form a distinet coffar around each fragment of bone, Within the
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collar, the osteogenic cells differentiate into the osteoblasts and chondroblasts ; the Tormer BrOwW
close Lo the bene in presence of blood supply, and he latler develop in a nan-vascular environment
away frem the bone. Therefore, the extemal callus presents three layers from within outwards -

a) The layer close 1o the hone consists of beny trabeculac ;
b) Intermediate layer consisls of carlilage cells ;
c} The outer layer consisls of proliferating osleogenic cells.

The collars continue (o grow over each bony fragment. Laler the collars rom the 1wo fragments
meet and {use. This causes the union of the fraclured ends,

Remodelling by mature bones
The cartilage cells of the callus are calcified and evenlually die. As a result, all cartilage cells are ¥
replaced by bones by the endochondea! ossification laying down cancellous bone. Simultancous| v
ostecelast eells remove the malrix of the dead bones, and new living bones are laid down by the I3
osteoblasis between broken [ragments.



SYNDESMOLOGY

Joinis or articulations arc the structures, formed by the union ef two or more articular ends of
bones or cartilages with the help-of cerrain binding matcerials, i.e,, the ligamenis. The joints are
eesponsible for differemt eypes of movement of the skeleten and thereby help in locomelion. Stabilily

cf a joinl is maintained by bony configuration, ligaments and wone of different masclo groups which
act on the joint, )

Classification

Brozdly joinis can be classified into-three groups {1} Synavial {diarthrodial) or movabie Joints, (2)

Fibrons (Synarthrodial) or inmiovable Joints and (3) Cartitaginons (amphiarthrodial) or joines with
restricled movemen,

SYNOVIAL JOINTS

These joints are Tormed by articular cartilages, joini capsule and ligaments.

Articular eartilnge—They ars mostly hyaling in nature and cover the articular ends of the bones,

These canilages provide tow friction lubricated surface and make the movement easy. It is thicker in
gesp ¥

young and- thinner in old subjecls. The canilage is non vascular and devoid of ncrves 100, liis

belicved that this lissue derives ils murition from vascular network of synovial membrane, synovial
Nluid and from blood vessels of underlying marrow spaces.

Besides these articular canilages, in some joints other varictics of canilages such as intra articular
cartilage, circumferential canilage, ete., are presenl.

Intea-nrticular earfilage—-These are fibracartilaginous pad or disc Bke structures placed between
o articular surfaces. They minimise the pressure and friction which arc produccd during the activily
of the joinL. These carlilagenous discs sometimes fuse with synovial'membrane around its periphery
and divide the joint cavity into 1wo compartments,

Circumferentiat enthilages—Thesc are also made up of fibro cartilages and placed al the margin
af the artientar cavity 1o make it deeper and- capacious.

Joint Capsele — Join capsule or capsular ligament is 2 membranous lube like Sac which covers
or encapsulaies a diarthrodial joint, The ends of (his lubular sa¢ are allached around the articidar
surface of the concened bones. The capsele has an exterat fibrous part and an internal membranous
parl. The fibrows part is made up of paralle! and inlerfacing burdles of while conmective Lissue [ibers.
It is perforated in some places for the passage of vessels and nerves.

The membranous part 1s thin and vaseular, It seeretes the synovial Muid and enlfed the synovial
membranc. The synovial membrane lines the cuter fibrous capsule bt never lines the articular
surlaces of bones. Semetimes  poriion of the synovial membrane protrudes out through smatt
aperture of the fAibreus capsule lo assis| formation of synovial bursa and syrovial tendon sheah,

[

10}
SYNDESMOLOGY

Fibrous capsule

Synovial
membrane

Fig. 3.1 A Synovial jelnl {Leapitudiral seclion),

Synovial membrane there(ore nol only lines the joint cavily bul al-so lines the synovial bursa and
tendon sheath. The functions of synovial membrane are as follows :

{a) It scereles synovial fluid which provides nutrition 1o the anticular c:|.r1il:lg-c. )

(b) Hyalurenic acid s libarated from this membrane which mainlnins. v1$ct?51.ly of the Muid.

(c) It removes particles and worn-out cartilage cells by the phagoeytic acuvity.

The synavial bursa is a sac tike struclure containing synovial fluid \\"l'.IICh occ;ri 21 ;:Iet ::: ::
friction in between a tendon and 2 bone or subculancously overa bon)f prommcnlcc. dy_ su;,-cmd "
sheath is a tubular bursa which surrounds a tendon where |_l uns in a lun.m.z an v.11s ]

[riction on all sides. Majority of these bursae communicate with the nearby joinl cavity,

[brous (ennel

Shrath

Flg. 3.2 A, Synovial bursa D. Synorial (endon sheath.
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."!n ‘:on:n: places synovial membrane preduces inlemnal folds, These folds are known as synovial
villi. Articular fat pads are the oceasicnal accumulation of adipose tissue in or zround these folds

which project i i i isi
_prolcct intemally. The lamina propria synavalis is cemposed of one to four layers of synovial
cells situated on the granular intercellular matriz.

]bs)’l_'lnzml fuid—I1 is a lubricant fluid seereted by the synovial membranc. Tt resembles the epe
- n . ©
albumin but have a yellowish tinge. It is composed of albumin, mucin, salls, water and a smalt mixed

popuiauo.n of cells, Its reaction is slight alkaline at rest. It also contain hyaluronic acid. The viscosi ly
of the fluid depends on the concentration of this acid.

BLOOD SUPPLY AND NERVE SUPPLY TO'THE JOINTS

bonmn?;: supply—Ncar the auachment of (he fibrous capsule, the epiphysal vessels enter the long
es: ese vessels br'tmch and rebranch and ultimately break up inte a rich capillary plexus in the
synovidl membrane, This perianterial plexus is known as circuiar vasculosus.

Nerve supply—Must‘ of the diarthroidal joints are innervated generally by the nerves supplying
near by museles. The anicular nerves contain sensory and auienomic fibers,

Some sensory fibers convey propriaceplive sensalion from joint, They are concerned with the

reflex ¢ i i iti
_ ontrol of posiure, Jocomotion and perceplion of positional mavement. Other fibers carry pain
sensation from the fbrous capsule.

Hilton's Jaw— i ioi i
o :lshlaw The ncrves which supply a joint also furmish branches 1o the group of muscles
gulaling the movement of e joint, Therefore irritation of the nerves in the joinl disease cause rellex

spasm of the museles which [ix the (oint i il i
Joint i posilion of grealest conifort. Th 7
theoverying s g e pain may be reffered 10

LIGAMENTS

”Thcsc'. are binding mn_tcrin]s of the jaints. They are made up chicfly of closely packed bundles of
collagen and are usually in the form of strong bands or membrarcs. Ligaments connect bere Lo bone

and H
iy :L.rmngcmcm of collagen bundles 35 less regular, The fibers are continuous with those of periosienm.
¢ ligamenis may be of following varieties : '

(@) Joint capsule (already deseribed).

(b} Collateral ligaments—These are fibrous bands situated pa cither side of the joinl. They arc generally
antached to the lateral and medial aspecls ol the ends of bones outside joint capsule.

¢) Intra-oni i i
(¢) Intra nmf;ular ligament—These connecling bands remain within the joinl cavity and is covered
by synovial membrane.

(d) Intcrosseous ligaments— The apposed surfaees of the bones are conneeled by Lhese ligaments.

c} Annular 1y are i i
(e} ar hglamenls—'l'hcsc are in 1he form of rings or lunnels, over or near the joints for passage
and protection of tendons.
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Factors maiutaining stability of joints

1. Bony configuration — Proper conliguration of the adicular ends/surfaces/arcas of bones are
necessary for the slability of the joints.

2, Lipnments — They nol only bind the ends of the bones but prevent undesirable movement.
Ligaments can withstained stzess for a short duration.

3. Muscles — The tone of dilferant muscle groups which act on the joint is indispensable for
maintaizing stabality of jains.

MOVEMENTS OF SYNOVIAL JOINTS

1. Translation or gliding—When one surface slides over ancther, £.g., Femoropatellar articulation.
2. Angular movements—During these movements the angles belween wo adjoining bones change.
The angular movements arc as follows ;
{a} Flexion—In this movement the angle reduces and (he segmenls cone close together.
(1) Extension—The angle increases or the segments simightens
{c) Abduction—Outward movement of onc segment [rom cenlral axis.
(d) Adduction—Imward movement ol & bene towards the central axis.
3. Circumdiction—In this movemenl (he dista) end of a bonc circumscribes a conical space. ILis
produced by the shoulder or hip joint.
4, Rotation—IIere one bone rolates around the [ongitudinal axis of other bone. This movement is
marked in allanto - axial articulation,

CLASSIFICATION OF SYNOYIAL JOINTS

On (he basiz of the axis of movement (he synovizl joinis arc classificd as {ollows :

1. Uninxial—These joims perinit movement in onc planc only. Hinge joints and pivol joints belong
(o this grovp. [n the Hinge or pinglymus joints (he main movements arc ¢x(ension and flexion e.g.,
elbosw joint. The movement of Pivot or Trocheid joint is around a longitudinal axis, e.g., Atlante —
axial articulation. Condylar joints are also similar to uniaxial joints, Here, in addilion to a principal
movement in one plane a limiled rotalion movement is also permilted, ¢.g., temporo manibular joint.

2. Maxial—Thesc joints permit movement in Lwo planes at right angles, e.g., extension - lexion
and abduetion — adduction, A combined circumduction movement may also be available.

Ellipsoid and sellar or saddle joints are the main subdivisions of this group. In this Ellipsoid joint
aconvex male surface 1§ received by a concave eltiplical female surface. Carpal joint is an example of
this joint. I the saddle joint the apposing surfaces are convexo concave or saddle shaped. Interphalangeal
articulalions in dogs beleng 1o this catagory.

3. Multi-axisl—These articulations are also callod ball and socket joints. Here a round head is
received by a cup like concavity. These joints permit angular, rotation and circumduclion movemenis.
Hip joint is the example of ball and sockel joinl.

Va8
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SOUNDINTIIE JOINTS

Joint crack—Sometimes a sound in the joint is produced by the developmen of vacuum wilhin

it due 1o sudden separation-of articular surfaces on pressure of foree. Vater vapour and blood gas
up the vacuum,

FIBROUS JOINTS

These are 1emporary joints and subscquently the uriling medium (fibrous tissue) 1s nvaded by
proccss of ossification. These joints practically provide mo- movement and hence also termed as
immovable joints. These joints are of following types :

l. Sniures—These joints are mostly found in the skull, The borders of adjacent bones are united

by fibrous conneclive tissuc, the sutural ligament. Fhe sutores are classified according to the shape
of apposing edges of the boncs.

(3) Sutura serrata—The edges are serrated or [ike the 1eeth of saw. The edges interdigitale
with each other e.g., frontal sulure.

(b) Suiura squamosa—In (his ariculation the edges arc in the form of thin plates, They
overlap with cach other Lo make union, £.8., sulure between pariclal and temperal bone.

{c) Sulura harmenia or plane sulure—In these articulations the cdges arc plane or slightly
toughened, e.g., Nasal suture.

ITip joint

Shoultlcr join

Clbow joim

Stifle jainl
Knee joini

Ceflin joint Hock joinl

Fetlock joint

Feliock

Pastemn joint

Fip. 3.3 A horse showing posillony of joints,

—_—_————
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2, Syndesmosis—In these articulations the uniting medium is white Fbrous tissue, e.p., joints
between bodics of melacarpal bones or attachments belween costal canilages.

3. Schindylesis—When a bone is fitted into a groove of another bane, the term schindylesis is
applicd, e.g., junction belween vomar and sphenoid bone,

4. Gomphosis-—The articulazion betwzen the rools of the tecth in the alveolnr sockels are termed
as gomphosis. Here the peg like roots of teeth are implanied in 1o (he alveolar sockels,

CARTILAGINQUS JOINTS
the bones are anticulaled by fibro cartilage or by hyaline cartilage or by hoth. They permil limiled
movement. Fhese are of wo lypes—Synchondrosis and Symphysis.

L, Synehoudrosis—They arc arliculated by hyaling carlilage. These are temporary joints and
subsequenily may gel ossified, e.g., junction between sphenoid and occipital bones.

2. Symplysis—These are fibrocartilaginous anticulations between symmitrical bones. They are
also called sccondary canilaginous joints and persist troughout kife. They permit certain amount of
mavement, Pelvic symphysis is an example of this group. These articulations are generally placed a1
the longitudinal median plane of the body.

JOINTS OF THE SKULL

Temporo mandibular arlicelation

Type—Ginglymo-arthrodial joint,

Movement—MHinge like movement associated with stight gliding and rotation.

Bones invalved—Condyle of the mandible and the squamous part of temporal bone,

Articular disc—Itis placed belween the joint sufaces. It is convexe concave at the dorsal surface and!
concave at the ventral surface, This cartilage hasdivided the cavity into upper and lower compartments.

Flg. 3.4 Tcmrpom mandibular arlicolatien,
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Ligaments—
{a) Capsular ligament,

(b} Lateral ligament—1I! extends from the zygomalic arch and terminates at the outer side of (he neck
of the mandible.

HYOID ARTICULATIONS

Temporo hyeid articulation
Type—Amphiarthrosis
Movemen/—Rcstricicd

Banes invelved—Aticular angle of the great cornu of hyoid bone and hyoid process of the petrous
lemporal bone.

Ligaments—No lipament. Only a picee of cartifage is interposed in belween the articular surfaces,

Proxima} and distal inicreornual articulations
Type—Amphiarthrosis,

Mavemeni—Resiricted,

Bones involved—

(i) Proximal joint—Distal end of the great comu and proximal end of the middlc comu of the hyoid
bone.

{ii) Distal Joint—Distal end of the middle comnu and proximal end of small cormu of hyoid bone.
The uniting media in both the joints are canilages,

Basi cornual articulation
Type—Hinge
Movement—Exicnsion and flexion.

Bones invelved—Distal end of small cormu and the carlilage joining Lhe body with the thyroid cormu.
Ligameni—Capsular Figament,

SUTURES OF SKULL

Most of the joints between the bones of the skull are synarthrosis. Few of them are joined by
cartilage and one {temporo mandibular) is a synovial joinl. The sulural articulations have been named
according lo the bones invalved in their formalicn, e.g., Interparietal sulure, Interfrontal suture,
Fronto-paricial sutre, Temporo parictal suture, efc.

SYNCHONDRIALARTICULATIONS OFSKULL

The main articulations of (s group in the skulf are between the occipital and post sphenoid;
between posisphenoid and Fresphenoid and benween different parts of occipital bones. Moyt of thesc
joints ossify in adult life,
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Mandibular symphysis

The medial rough surface of the anlerior part of the body of one half of the bone meets with the
similar half at the midine and form symphysis mandibulac. These Lwo halves of mandible are bound
1o this place by brous conneclive fissue. This symphysis do not ossily cvenin adull_lifc. e macerated
bene it is observed thal the articular surfaces are very rough but interdigitate ‘wuh each cther. In
horse (his symphysis ossify within few months and thercfore remain as a single piece of bone. In dog
it does not ossily.

JOINTS OF FORE LIMB
SHOULDER JOINT

Type—DBall and socket joint

Movemen—Poly axial. The posilion of this joint is not ixed because both the bones can move, as
none of the bones articulale with the axial skeleton.

Bones involved—The elenoid cavity of scapula and head of humerus.

Ligaments—The only ligamenl is lhc capsular ligament. It is capaciows and encloses the whele jeint.
It is reinforced by surrounding tendons and muscles. The short muscles of ;capula r_n:lkc the shuuldf-r
Jjoint stable in movements of fore limb. From the wber scapulae two diverging cll:lsuc bands extend in
[ront up to Luberositics of humers, These bands give support Lo the capsular ligament.

Supraspinatus

Infraspinatus

Teres minor

. Biccps brachi
Copsular ligament

Deltoid

Fig. 3.5 Shoulder Jolnt of cow Right leg (Lateral view).
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ELBOW JOINT

I is 2 composite joint comprises of (i} Radioulnar articulation and (i1) Humero-radial articulalicn.

Radio-ulnar arliculaiion

Type—This is amphiarthrosis in
young and synarthrosis in adults.

Movements—NVery restricted in
young calves and immovable in
adull animals,

DMecranon process

Bones involved—Postero-lateral
aspect of the shaft of radius and
antertor surface of the body of
ulna.

Lateral apchiform
ligament

Collareral Nigamen)

Ligaments—

{2) Capsular ligameni—Ii enchoses
the joint above the proximal
internsscous space. This
porlion of the joint does not
ossify cven in adult life.

Fig. 3.6 Elhew joinl (Laleral view),

(b} Interosscous Hgament—These are white connechive tissue fibres remain in belween the

apposed surfaces of Lhe corresponding bones, These ligaments except at the proximal part
are replaced by osscous tssue in adults.

() Archiform ligaments—These are latcral and medial and ace arch shaped ligamenis, connect
the corresponding aspect of proximal ends of radius and ulna. These archiform fibers blend
with 1he carresponding collatersl ligamenis of the humero-radial articulation.

Humero-radial joint
Type—Hinge joinL.
Movement—Lxtension and Rexion.

Bones involved—The condyles of humerus articulale with the proximal end of radius,
Ligamenss—
(a) Capsular ligament.

(b} Lalerat coltateral Bzament—T exiends from the depression on Lhe laleral condyle of humerus
Lo the (ubcroesily on the fateral aspect of the upper end of radius.

(¢) Medial co]]aleral-lignmcnt—?roximn]ly this ligament s attached to the wwberele on the medial
condyle of humerus and divides into suparficial and deep paris. The deep part erminates at

the medial wherosity of radius and the superficial part cxtends further litlle downward and
terminatcs below medial wberosily.
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Humerus

Condyle

Radius

Joint space

Ulna

Qlecranon

X-ray of elbow Jolnt of dog {latero-medlal vlew). (By Courlesy Dr. Subir Bhalacharya)

CARPAL JOINT (KNEE)

Knee of an animal is a composile joint and formed by the unior of the disl:_nl ends of radins :!nd
ulna, carpal bones in twe rmws and proximal end of metacarpal bene. Tt comprises of the following
arliculations :

{a) Radiculnar carpal articulation;

(b} Imecrcarpal articulation; and

(c) Carpomciacarpal articulation.
Type—IHinge joint. ‘
Movemenr—Slight gliding movement is available in (he carpo-metacarpal articulation, Other two
articutations provide extension and flexion movements.

In his joinl there are some liganenls which involves the whole joint, called common ligaments and
some smail ligaments which are attached to two individual bones, called specinl ligamenls.

Common ligaments

(2) Capsutar ligament—I1 is a Joose sac. I's anlerior part is cnl]ccfl the dorsal car_pal lig:u}mn:J ::::Elrhf
poslerier part is called Lhe volar carpal ligament, The synovial membrane is theee in
Radio-ulnar-carpal sac, Intercarpal sac and carpometacarpal sac. _

(b} Medial lipament—t extends from medial tuberosity of the dis1lal.- end of radius 1o lgiv:a ]n:::g::
aspeel of (he proximal end of karge metacarpal bone. 011 th? way it is allached to the 13
and second and third fused carpal bones by shorl fasciculi.
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(c) Lalcl_-ai ligament—It extends from the Jateral tuberosity of the distal end of radjus and
styloid process of ulna to the lateral aspect of the upper end of large apd small metacarpal
bones. 1t also detaches 1wo Tesciculi, which are atached 10 the ulnar carpal and fousth carpal

respectively,
—’ Tendon of co'mmnn

digiial exccnsor

Special
ligamenis

(anterior) 2
¥ Tendon of decp

Styloid process
yloid pr digital flexor

of ulna

Radisulnar
carpal

articulation Digial cushian

Lateral ligament Inleccarpal
arp.

articulation
Carpometacarpal

articulation F _
Disul sesamoig

Smati melacarpal

Frog

Sofc J

Fig. 3.7 Longitudinal secilon of e distal part of
fore Mmb (horae),

" Flg. 3,7a Carpal foim (Righi leg, Tront view).

Special lipaments

o The ;TI(JIO-‘IJ[II:]I carpal jloinl. is bound by two antcrior and three posterior ligaments, The carpal
nes .0 proximal row {radizl, Intermediaie, ulnar and accessery) are allached by three anterior, 1wo
posterior and threz interosscous [ gaments, ‘
, '11'1:i mtcl;-carlpal joint has two anleror and three posterior ligaments, The distal row of carpal bones
Second and third fused and fourth) are connccted by ene anterior and one interosseous ligament

TH N . N
e clalrpomcucamal Joint js held by two posterior and two interosseous ligaments, However these
short ligaments are sometimes wozk or inconstan! in number. '

METACARPO-PHALANGEALJOINT(FETLOCK )

There are Iwo articulations in oneJimb of ox i.e,, ane for cach di

sl . git. In the horse (here §
such jeinl in cach limb. In dog these arc five in rumber, hereis enly o
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Tipe—Hinge joinL.
Movemenr—Extension and flexion.

Bores involved—Distal end of melacarpal bone and proximal cods of 1st pair of phalanges and
proximal sesamoid bones. The distal end of the metacarpal bone of Ox is divided symmitricall y into
two condyles by aclefi. Each condyle anticulates with I proximal end of corresponding first phalanx.

Liamenis—Each aniculation has one capsufar ligament, one Jateral (2baxial} and one medial {axial)
collateral ligaments. The sesamoidean ligaments are eommon for both the aniculations.

(@) Capsular ligament. Tt encloses the articulation but not capacions.

() Lateral collaieral ligameni—Proximally it is atlached to the lateral aspeet of the distal cnd of
large melzearpal bone and distally to the Tateral aspeel of the upper end of first phalanx.

{c) Medial eoltaeral ligament—It extends from the cleft of large metacarpal (o the upper end of first
phalanx at its interdigital surface,

{d) Sesamoidean ligaments—

() Superior scsamoidean ligamenti—M is also called the suspensory ligament, 1| extends
from the disial row of carpals and proximal end of large metacarpal bone as a flat band,
descends down along the posterior surface of the latier and at the middle it divides inlo an
anierior and 2 posterior part. The anterior part passes down to the distal end of metacarpal
bone, divides into four, and cack of them inserts to the correspanding sesamoid bone, Fibres
are given off from the two auler bands whicl pass obliquely Lo join with (he respective
exlensor lendens. Some fibres also arise from (wo inner bands which pass through the
interdigital space and ultimalely joint with the common digital extcasor tendon.

The posterior part divides inlo two at the distal third of the melacarpal bone. Each of (hese
divisions unites with the corresponding part of superficial digital flexor tendon to form a tube
through which the respective tendon of decp digital flexer passes. This ki gamenl also sends
fibers 1o 3rd phalanx, distal sesamoid and accessory digits,

@i} Inferior or disial sesamoidean lipaments—Tor each mclacarpephalangeal joint there arc
four such ligaments, two superficial and Iwo deep. The superficial ligamenls conncet the
comesporiding sesamoid benes with the tabercles at the posterior surface of the proximal end
of the first phalanx. The deep ligaments start from the tespective sesamoid bone, cross each
other and become allached to the posterior tubercle of first phalanx.

(iii) Infersesamoidean ligamenis—They are three in number and are placed in belween the
four proximal sesamoid bones and conncct the corresponding surfaces.

(iv} Collaieral sesamoidean lipaments—These are Jaleral and medial, They commect the laleral
and medial sesamoid bones 16 the corresponding surfaces of the metacarpal and firsl phalan,

PROXIMALINTERPIIALANGEAL JOINT (FASTERN)

Tipe—Hinge.
Movement—Exiension and flexion.
Bones involved—Lower end of first phalanx and upper cnd of second phalanx.
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Dista! row of carpal boaes

Meltacarpal
Becp digital Revor

Superficiat digiral flexor

Superior seasamoidean Jigament
(suspensary)

Superficial part

Deep part

Inter sesamoidean ligament

Collateral sesampidean Tigamnet Pratimal d
ima} sesamoi

Disial sesamoidean ligamem
Collaiera) ligament
Fetlook joint

Inter digital ligament

Pastern jeinl

Cruciate ligament

Stperior navicular Tigamenl
Colfin joint

Inferior navicular ligament
Jrd phalanx

Tendon of deep digital Nexor
Distal 1d bone

Fig. 3.9 Mctacarpo-phalangeal and Interphalangeat [olnts {Pusteriar viewk

Ligaments—

(2} Capsular ligamenL.

(b} Lateral collaterat ligament—It cxlends from (he | i
t i ateral aspeet of the distal end of fi
conlinues downward lo the lateral- aspect of third pha]:mT ettt and

(c)Medial collaterat ligament—It slars (rom the medial aspect of distal end of first phalanx and

divides into two paris. The inner one allach
- ¢s to the second phala
down (o the third phalanx, phalanx and the ouler part extends

(d} Postere-central ligament—It attaches the ve i
ntral cod of first phalanx with th
phalanx at their posicrior surfaces. ’ whibeveperendotscond

(¢} & (fy Postero lateral ligamenss {Axial and Abaxi
) axia}—They conneet corre: ing
ends of first and second phalanges, ey et comesponding bordets and
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PISTALINTERPHALANGEAL JOINT (COFFINY

Type—Hinge.

Movemeni—Extension and [lexion.

Bones invaived—Distal end'of secend phalanx and proximal end of third phalanx and dislal scsamoid
bone.

Liganents—
{a) Capsular ligament

(b} & (c}Lateral and medial collateral ligaments—They originate from the corresponding depressions
al the distal end of second phalanx, pass downward and tenminate at the respective surfaces of

Lhird phalanx.

(d) Cruciate ligamemis—There are two such ligaments for the whole limb, one for cach digit. Each
ligament exicnds from the lateral aspect of the proximal end of second phalanx, crosses with the
simalar Jigamnt of the opposite side a1 tie poslerior aspect of the interdigital space and terminales
on the distal sesamoid bone of the opposite digit (fig. 3.8).

{c) Superior navicular ligament—These are some fibers detached from the collaterl ligaments and
are attached lo (he upper border of distal sesamoid bone.

(D Infedor nevicular lignment—t connects the ventral border of distal sesamoid bone to (he pesierior
surface of third phalanx.

Interdigital ligaments

These wo are common [or beth the digits and do not belong to any individual joint. The proximal
inlerdigital ligament consiects the axial surfaces of first phalanges. The distal interdigital ligament
originales from the second phalanges at their posterior surfee and end a1 the upper part of axial
surfaces of the [hird phalanx of the opposile side,

JOINTS OF HIND LIMB
SACRO ILIAC ARTICULATION

Type—Amphiarthrosis.
Movemeni—Restricied in young and not appreciable in adulL
Dones involved—Articular surface of the wings of sacrum and articular surface of ilium.

Ligaments—
Capsular igament—Ttis i1l devcloped.
Accessory ligaments—There are some other ligamentsin the pelvic girdle alf of which are not di
associated with this joint. These are as follows :

1. Sacro-iliac ligantent (dorsal}—This band slarts from the tuber sacrale, goes cavdorsally 10 the
sacral spiné and blends with supraspinous ligaments.

2. Saero-itiac ligament {Imeral}—11 is a four sided thick gheel of a lizament and is atlached
cranially c-the tuber sacrale and medial border of {lium and ventrally to the lalerat border of sacrum.
Tt is conlinuods ventrally with the sacro-sciatic ligament.

rectly
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3. Sacro-sciatic igameni—The lateral wall of the pelvie cavity is practically formed by this extensive
sheet of membranc. Dorsally it is attached to the lateral barder of sacrum 2rd transverse processes of
Laers sacro-itiae Sgamen Iﬁrsllan‘d secoml cc_)c_cygen] vcncbmf:. Anlerior border forms the greater ischiatic l'ompmn wilh g.rcalcr

ischiatic notch of ilium. The posterior border makes the lalcral boundary of the pelvic oullet with the
Saero-seidlic ligament ischium and coceygeal veriebra, Belwveen its ventral attachments 1o the superior ischiatic spine and
ischial muberosity it forms the lesser ischiatic (oramen with the lesses ischiatic notch of ischium,

Dorsal saceo-itiac ligament

Greater ischiatic
foramen

Lesser ischialici 4. Mio umber ligamens—This is a thin ligament connecls the medial angle of the ilium to the
% feramen lumber iransverse processes.
v Obturator membranc—A thin fibrous membrane which covers the obturalor foramen leaving a

passage for vessels and nerve is known as obturator membrane.

Dorsal saceo-iliac Jigament PELYIC SYMPIIYSIS

The pubis and ischium of ene side meet with the similar bones of the opposite side in the median
Seroachatc i plane and form a caniilagenous joint - the peivic symphysis. The layer of cartilage is replaced by bane
cio-sefatie ligament : in adult life. The cranial portion of this joim is lormed by medial borders of pubis bones and therefore,

Greater ischiatic foramen

l called pubic symphysis and the caudal portion similardy called ischial symphysis. The union of 1he
' bones is 1cinforced by connective tissue fibres, siluated dorsally, ventrally, cranially and caudally.
Leser ischiatic foramen

Pelvic oullct HIP JOINT

Type—DBall and socket.

Movement—Polyaxizl.

Bones invohved—Colyloid cavity of os coxae and head of femur.

3th Lumbar vericbra | Ligamients—

{n) Capsular ligament—IL extends from the
{ rim of the cotyloid cavity to the border
around the head of femur. The synovial
membrane 75 reftected on the round
Sacrum ligament. The joinl cavaly is capacious,

Sacroiliac ligameng

Rouxd ligament

{b) Round ligamenl—It is an intra arlicular
ligament exlends from the fovea capitis
al the head of femur 1o the non articular

Sacro tuberalis ligament depression of the acetabular cavity.

Urcter Acclabulum

Bladder

(¢} Colyloid ligament—This is a libro-

Prostale
Oblarator forsmen . 4 . AR 1. cartilaginous struclure atlached aiong the
a3 Rl _ rim ol the cotyloid cavily Lo make it mare
lschium : deep. The part of the colyloid ligamer
P — which m:fkes bridge over the acclabular
pelvie cavity of dog, sacro-sciatle lgament has been remoyed " nolch, is knmown as iransverse

- (Postero-d .
ro-doraa) riew), ligament. Fig. 3.10 ITlp Joint.
it

ADOTONSIAANAS



SYNDESMOLOGY

116. PRIMARY VETERINARY ANATOMY

The number of ligaments in this joint is very Iess. Therefore the surrovnding museles help Lo keep
the bones in posilion.

‘ Ac.cessory ligament of femur (Cheek ligamenty—In the hip joini of equines an cxtra tigament
is available. 1t is a srong band, detached from (he symphysal tendons of abdominal muscles, pass
lhrlegh the aperture formed by the acelabular notch and transverse acetabular ligament and finally
lf:rmmalcs in the wide nolch on (he head of femur along with the round ligament. However, this
ligament is not found in other domestic mammals. Doth this accessory {cheek} ligament and the
round ligamenl restrict the abdaclion movement of hip joint in gevines.

Intervertebral disc

Lumbar verieha

Sacra iliac articutation

Sacrum

Femur

Hip joint

Coceygeal veriehra

X:ray of [he pelvic reglon of dog (venlral vicw).
(By Courtesy Dr. Subir Bhatracharya}

STIFLE JOINT

It is a complex joint comprises of two articulations—
(@) Femoro-paretlar articitation, and

(b} Femoro tibial articularion.
Femoro-patellar articulatjon
fype—Gliding
Movemem—Translation.

Boues involved—Trochlea of [erur and anlicolar surface of patella.
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Ligamems—

I. Capsular Egamenl—1I1 is capacious.

2. Laterat collaleral ligament—Ii extends ftom the taleral condyle of femur to 1he taterat border of
patella

Medial collatera} lipamen) of
femora palellar articulalion

Patelln
Middle ar amierior Medial puellar siraight ligament

ateliar siraight ligamens
7 B Medial callatera! ligament

of femoro Libial
arliculalion

Meniscus (Medial)

Lateral menison meniscus

Flg. 311 Siife Jelnt (Medlal view).

3. Medial collateral ligament—N originales from the medial epicondyle of the femur and terminates

atthe medial border of patetla.

4, Palctar siraight ligaments—These igaments connect the palella with the tibia, These are in the

Form of strong flat bands and are three ir number—(1} Medial (it} Middie and (i) Laserel,

(i} Medial patellar ligament—-It staris from ihe medial border of patella, passes over the groove
formed by the ends of femur and tibia znd ends en the medial aspect of anterior luberosily a1
the proximal cnd of tibia. When an animal suffers [rom Lateral Iaxation of patella, this
ligament is cut transversely at the middle by surgical approach. [Fig. 4.15]

(i) Middle or anterior pateliar ligament—I1 is the strongest of the three ligaments. The ligament
extends from the apex of the patella to the anterior tuberosity of tibia,
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iin) La:ciml ﬂ_a;eﬂar figamenr—This ligament is cxtensive. T( is altached proximally to the laicral
portion of the anterior surface of patella and distally | i i
porton p y lothe lateral aspect of the anlerior lubcrosity

In this jeint iwo bursae ace found, One issituated between Middle patellar ligament and upper part

Df "'lc lrocnlea ﬂlld .'Jllolht.r bLIISZI IS lenl bCllLLcﬂ Lﬂ!clu[ alel ar ]Ig:l]"clll and dlcllll COIldy cof
P

Parella

Menicus

Anerior
loberosily ———
of 1ibia

Lateral collateral
ligamcne

Medial
siright
patellar
gament

Fig. 3.2 Bifte joinl of cow (Anterler view),
Femoro tibial articutation
Type-—Ginglymus,
Movement—This joinl provides extension, flexion znd a limijled rotatory movement,

B 1 {4 N yl f P «
1 d IO f
onas 1y Vﬂll d—(:{) d S 0 ]CIIIUI an p ximal end of ¢ blﬂ The mMCniscl are I iced bc“"ﬂ:ﬂ

Menisei—
ei—These are (wo orange flake (cresent) shaped fibro carlilapenous slructures situated

belween the corn_:sponding articular surfaces. These cartilages work as padding materials bet

the Lwa heavy arlicular surfages (o Prevent concussion during the movemenL, Eac:i1 of these cani}:we:
are Iix_cd th the cerresponding articular surface of the proximal end of 1ibia by one anterjor :mdlf
posterior ligamenl which are attached to the cranjal and caudal aspect of the Libial spine, The lnlc:;

meniscus has one extra poslcrior ligament which is cxiended 1o the intcrcondyloid groove. These
ligaments are known ag coronary lipaments. ‘ .
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Beside the weight Iransmission, the menisci
increase the concavily of Libial condyle for betler
adaplation with femoral condyles; mainlain potential
joint space aind help in the complex mechanism of
ghding and ongular movemenis.

Ligamenis—

(a} Capsular ligamenl—Duc 1o the presence of
intrz-articular menisci the joint cavily is divided
partially inlo lwo compartmenls and there are
twa synovial membranes. This capsular
ligament is also capacious.

(b} Medial collateral ligament—I( exiends from the
medial condyle of femur 1o the medial wberosily
of tibia. Meddle (antcrion)

(c) Lateral collateral ligament—Nt slarts from (he ligament
lateral condyle of [emur and terminates on the
head of Nbula,

{d} Cruciate ligameni—These intra-articular ligamenis are anterior and posierior. The anterier ligament
springs from the tibial spine and inseris on the latcral wall of intercondyloid groove. The posterior
cruciate ligament arises from a tubercle of the libia siluated behind (e articular margin, goes
craniodorsally, crosses the anierior ligament and inserts at the anterior part of intercondyloid
Eroove.

Medial straipht
patellae ligament

HOCK JOINT

It is a compound joint consists of (a) Tibiodarsal articulation, (b} Interiarsal articulalion and
(c) Tarsomcetalarsal articulation,

Type—Tibiotarsal articulation—Ginglymus. Other axticrdaiions—Gliding.

Bones involved—Dislal end of tibia, 1arsal bones, Lateral mallzolus and proximal ends of melatarsal
bone,
Movement—Tibio-larsal acticulation—Exlension and Nexion. Other articulations—Gliding.

Ligaments (common)—

(a) Capsular ligament—It is divided into an anterior and a posterior part. Both are lined by synavial
membranes. The poslerior surface of posterior parl possesses a lendon sheath for the passage of
decp digital lNexor wendon.

(b} Medial collateral ligameni—It starts from Lhe medial mallectus and divides into superficial middle
and decp parts. The superficial part inserts 10 the medial aspect of large and small melatarsal
bore. The deep part attaches the libial larsat and the midde division terminates on the sustentzculum
1ali,

(c) Lateral collaerat ligament—It arises from the luteral malicolus and divides into superficial and
deep parts, The superficial part goas down vertically and ferminates on the large melalarsnl bone.
The decp part is short. It luems backward below the superficial past and inserts on the [bular
tarsal bone,

V-2 |
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Fibular tarsal Tibia

Posterior ligament Tibial 1arsal
Anterior ebligue ligament

Central and founh fused tarsal
Seco hird

Latera) eollateral ligansent d and 1ird fsed tarsal
deep pant

Superdicial pan of
Iateral collateral
Tigamen)

Metataraai

Fig. 3. 14 Hack joint of row. Righl leg (Antere-lateral view).

{d) Anterior oblique ligament—This narrow band starts from the medial surfzce of tibiakarsal, crosses

the anterior surface of the joint obliquely downward and terminates on the lateral aspect of the
proximai end of large metaiarsal bone,

{e} Posterior ligamenl—II starts from the Luber calcis, attaches the posterior border of osealcis,
central and fourth fused tarsal and lerminates ar the large melatarsal bone.

JOINTS OF THE VERTEBRAL COLUMN

The bones of the vertebral column are seriatly articulated by their bodies and by (heir neural
processes. These joints are called inlercentrat articulations and interneural articulations respectively,
Most of these joines are articulated by some common or common varicty of ligaments and therefore
termed common verlcbeal anications. There are few Joints in the vertebral column which are not
anticulated by commen ligaments and are called special vertebral articulations.

INTER CENTRALARTICULATIONS

This is a series of joinis formed between the bodics of the vericbrae, They are structurally atmost
same bul have dilfcrent restricled movemems depending upon the shape of the bodics,

Type—Amphiarthrosis.

Bones invelved—Caudal concave surface of the body of the preceding veriebra and cranial convex
end of the body of the receding vertebra,

Movement—Restricted multisided movement,
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Intervertebral dise or cartilage—

These are fibro-cartilaginous convexo concave discs placed belween the articular surfaces of the
bodies of two adjacent veriebrag. The margin is thick and the cenier is soft. The sofl cenler is known
as Nutleus pulposus. The periphery of the dise is composed of concentric layers of ibers known as
annulus Nbresus, The thickness of the discs varics from region to region of (he eolumn. They are
thick al the cervical, lumber and coceygeal regiens and thin at the thoracic region, The disc acls as
shock-absorver and helps in distribulion of compressive forees,

Prolapse of the nucleus pulposus and Slipped disc generally occures in the lumbar region dutng
violent hyperflexion of the vertebral column, When il takes place dorso laterally, the protruding mass
may compress an adjacent spinal nerve root and thereby cause pain along the area of distdbution of
the nerve.

Ligaments—

(a) Dorsal tfongitudinat ligamenl—Iiis & long Eigamenl spread like a carpet along the Noor of the neurl
canat and extends from axis to sacrum. Dorsally it is in comact with the duramater and venurally
itis allached wilh the dorsal surfaces of the bodies of the verebme and intervericbral discs.

Joint between anicular processes

Apnulus fibrosus

Dody of Nucleus puTposus
¥ o

vertebra

Interverncbral dise

Fip. 3.15 Intervertebral arliculationas.

(b) Yenuml longitudinal ligament—It exiends from 6th or Tth thoracic vertebra, allaches the ventral
surfaces of the bedics ol the vericbrae and intervertebral dises and tcrminates at the pelvie surface
of sacrum in the form of a broad strip.

INTER NEURALARTICULATIONS

These are the joints of veriebral arches and processes, Synovial joinls are fonmed between the
articular processes of the adjacent veriebrac. The spines, Lransverse processes and lamina are connecled
by cther ligaments.

Ligoments—

(a) Capsulor ligament—They encapsule 1he joints between the articular processes, They are well
developed in.cervical region.

(b Ligamenis of the azches—{Ligamenta flava}—They conneet the arches of the adjacent veriebrae.
These ligaments are thin and made up of yellow elastic tissue,
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{c) Intertransverse lipaments—These ligaments connect the adjacent transverse processes. They are
well developed in the lumbar region.

(d) Interspinous ligaments—They are thin and connect the adjacent borders of supraspinous processes.
These are composed of white fibers and are direcled downward and backward.

{¢) Supraspinous ligament—This js o very srong and leng ligament extends from the occipital bone
to the sacrum. This is very well developed in caltle due io their grazing habit by extending the
head towards ground. The ligament is composcd of yellow claslic lissue. For description purposc
this ligament is divided ilo (1) fhoraco-Tumber partand (2) cervical part; although there is no
practical demareation belween them,

Thorace-lumber portion starts from the sacral spine allaches lhe summits of the spines of
Jumber and thoracic veriehrae, precceds forward and continues as cervical part. As the superior
spines of few (2nd to 5ih) thoracic verebme are very long, this ligament divides af the region into
twe bands and allaches the sides of hese processes.

Ligameniom nuchae

f'__—_')\-—ﬁ

Fumicglar Lamellar part

Theracolumbar part

-_—
W—
4

’&%{ﬁ/jzszﬁﬂ'ﬂ{%ﬂ:ﬁm
£y

Fig. .16 Supra spinsus ligameni.

The cervical partof this ligament is known as ligamentum nuchac and has two componenls—
Lameltar und Funfcular The funicular part exlends from external occipital protruberance in the
form of a rounded bundle, becomes wide and flat as it goes caudally and continues wilh the
thoracolumber part . The lametlar part eriginales from the wide funicular part al the Ievel of 2nd
or 3rd thoracic vertebr Tt proceeds downward and forward in a radiating manner and divides
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into cranial and caudal pertions. The cranial proticn is thin and double. It terminates on the spines
of 2nd, 3rd and 4th cervical veriebrae. The caudal part is single and lerminates on the spines of
Sth, 6th and 7th cervical verichrac,

In horse few bursac are found below the supraspinous ligament. The bursa which is found
between the Tunicular part of the lipamentum nuchae and the dorsal arch of atlas, is known as
Allantal bursa. The bursa which is silvated over the spine of 2nd thoracic vertebm is called
supraspinous bursa. On the spine of axis a third bursa may be somctimes available,

Il is believed that infection of these bursae lead 10 *pollevil® and ‘“fistulus withers’.

SPECIAL VERTEBRALARTICULATIONS
OCCIPITO ATLANTALIQINT

Tipe—tinge.
Movement—Extension and flexien,

Bones invelved—Condyles of the occipital bone articulate with the concavilies at he cranial aspect
of alas.

Ligamenis—

(a) Capsular lignment

{0) & (c) Right and left lateral ligamenis—They extend from the corresponding paramastoid
processcs, pass lalerally and terminale al the cranial border of the wings of the atlas.

{d} Dorsal membranz—Two thin bands of fibers extend [rom the dorsal margin of the foramen magnum,
pass caudally, cross each other at the middle and terminate at the dorsal border of the aflas,

{e) Ventral membrane—It connects the cranial aspect of the ventral border of atlas and the ventral
margin of the foramen magnum.

ATLANTOAXIAL JOINT

Type—Pivar.
Movement—Rotalion,

Bones involved—Ventral artieular surface of the odontoid process of axis and the caudal part of the
n¢ural ring of atas,

Ligaments—
(2) Capsular

(b Odontoid ligament—It conficcls the dorsal surface of the edontaid process 2nd the floor of the
ncural ring of atlus. It is also called ligament of dens.

(€) Dorsal ligameat=It extends from the dorsal part of the atlas fo the spine of axis.
(d) Ventral ligament—1It conneels the veniral tuberele of the atlas (o the veniral spinc of axis.

Sacre coccygeal articelition

The body of the last sacral vertebra articulates with Lhe body of the first coccypeal veriebra. As
the coceygeal veriehr is radimentary, only iniercentral articulation is develaped.
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Inter coccygeat ardiculalions

The bedies of the coccygeal veriebrae arc joined by thick intervertebrl disc and conncclive
issuc. The surrounding muscle also help (he bones 10 remain wniled, These muscle are responsible
for movement of the ril,

JOINTS OF THORAX
COSTO-VERTEBRAL IQINT

Upper ends of ribs articulate with the vertebsal column to form these jeints. There are (wo varielies
of articulations in each joinl—{a) Costo-central articutalion and {b} Cesto-transverse articulation,

Coste-central ariiculation

Type—Ball and sockel.

Movemen—ATthough ball and socket
instructure, this joint permils only sight
gliding and rotatory movernent.
Bones involved—Head of the rib is
inserted in the cavity, formed by the
correspending costal facets of two
consceutive verlcbrac and a small part
of the margin of intervertcbral disc in
between them,

Caoslo central
arliculation

y— Coslo lransverse
EI E aniculalion

Ligamenss—

{a) Capsular.

(b}Radiate ligaments—They are Lhree
in number and cxiend from the
venlral aspect of the neck of the
rib in a radiating manner and
lerminale at the ventral aspect of
the concerned vertebrae and
intervericbral disc.

{¢)Cenjugate ligamenl—It connecls
the heads of the ribs of both the
sides atthe same level, The ligament
is autached 10 the rough area
berween Lhe Iwo smooth artieular
surfaces at the head of the b, It
crasscs the floor of the neunut ring
under the dorsalJongitudinal lignment.

Ceslo chondeal
arliculation

Chendro sternal
articulation

Fig. 3.17 JaInts af thorax.

(dYLigament of neck—I connects the neck of the rib with the corresponding veriebra above the
costal facet, .
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Coslo-Iransverse articulation
FHpe—Cliding.
Movement—Translation.

Bones invotved—Tubercle of the rib articulales with the facet below e transverse process of the
vertebra behind.

Ligaments—
(2} Capsutar ligament.

(b} Anterior ligament—I connects the neck of the rib and the trznsverse process of the vertebra at
its cranioventral aspect.

(¢) Posterior ligament—It exlends from the wbercle of the rib to the lateral part of the transverse
process of the veriebra.
Coste-chondral junctions

The rounded end of coslal cartilage is inserled in the depression at (he end of the concerned rib.
‘The junclion is covered by perichondrium and periosicum,
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Movement—Inappreciable.

Poxterior ligament
Ventra] longiedinal ligament

Fig. 3.18 Costo veriebral arlealatlon (¥lewed Irom vertral aspecl).

Chondro-sternal articulation |

First chondro sternal joint

Type—Synchondrosis.

Movemen—Resiricied.

Bones involved—Veniral ends of first pair of ribs and the first segment of sterum.
Ligmmenis—

(a) Capsvlar ligasment—There is a common capsular ligament for First pait of joints.

(b¥ Cruciate ligament—The (ibres of this ligament are strong, They extend diagonaltly from one joint
to the oppasite joint and cross at the middle,
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Other chondro sternal joints {sccond fo ei) ghi}
Type—Unclassified diarthroses,
Movemen—Resiricted rowation and gliding,

Bones of contilages tvolved—Distal ends of costal cartilages and concerned concavity of sternum
at s laleral aspeci.

Ligamenss—
(2) Capsularligament

(b} Radiate ligament—¥t exiends from the ventral end of the cartilage (o the dorsal surface of the
stezmum The Nibers are arranged in a radiating marner.
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Costal canilage

* Raduie Kgament

Xiphoid canilage

Fig- 3.19 Chandre sternal arllculatlons.

(¢) Costo-xiphoid ligameni—The cartilage of the 8th rib is connected with xiphoid cartilage by this
ligamenL

Inter-chendral ariiculalions

The cartitages of last two siemal and all the astemnal ribs articulate with cach other by fibrous
conncehve tissue. These are known as interchondral articulations.

STERNAL JOINTS

T!'m manubrium and the body of the sternum articulate to form n synovial joinl This is enclosed
by a joint capsule. A small range of [atera! movement is available in this articulation.

Rest of the sicmal segments arc fused together in adult life due 1o ossification of the cartilages
belween the stemal segments. A ligament lics on the dorsal surfacc of the sternum and extends from
the first segment to the xiphoid cartilage, along the midline, It is known as internal sternal ligament,
The lipament is wide at (he begining on Lhe it siecnebra, gradually becomes thick and narrow and
finally becomes ftat at the 1ermination on the xi phoid cartilage.

S

Muscles are the structures [ormed by the bundles of muscle cells in the form of fivers and
possess the property of contraction on stimulation, They are derived from mesenchymal cclls,
However, few small muscles such as muscles of itis and mya-epithelial cells of salivary, sweal
and lacrimal glands are derived from cctoderm. Skeletal, smooth and eardiac are the three
main lypes of muscles available in the body. The term muscle or musculus is eriginally a Latin
word.

A, Skeletal museles are allached to the bones of the skeleton. These are striated in appearance
and can be conrolled by will and that is why voluntary. The fibers are preuped together into
bundles. These bundles are known as fascicuii. Each [iber has many nuclei which generally
remain under the sarcolemma, which is actually the cell wall of the musele fiber, The cyioplasm
ol a muscle fiber 35 known as sarcoplasm. The covering of a muscle lber which is made up of
delicate arcolar tissue is known as endomysium. Each bundle of muscle fibers is covered by a
layer of connective tissue, lcrmed perimysium. The covering of the whole muscle is known as
cpimysivm. These muscles can contract very ripidly but become faligue casily. Each muscle
fiber (cell) consists of (a) Sarcolemma - the ccll membrane, (b) Sarcoplasm — the cyloplasm,
{c) Nuclei, {d) Myofibrils - parallel contractile threads aleng the long axis, (e) Myofilaments -
protein [ilament component of myofibrils, {f) Sarcoplasmic reticulum, (g) Mitochondria and
(h) Paraplasmic pranules,

Alhough most of the muscles are atiached to the bones, sometimes one end may be attached to a
cartilage or ligament or fascia, Each muscle has a body and ends. Generally the proximal fleshy and
[ixed end is called origin and the distal Gbrous narrow or [lat end i5 called insertion. When the
insertion is in the form of a fibrous cerd, itis called fesdo and when in the form of a thin sheet, itis
lermed aponcurasis. The aponenrosis provides the muscle a wide area of altachment,

The tendons contain closely packed bundlcs of collagen and connect museles with bones, They
have a shiny while appearance, The collagen bundles are arranged in such a manner 56 a5 lo produce
maximum resistance during coniraction of the muscle. The collagenous bundles are continuous with
the collagenous bundles of perichendrium or periostcum at one end and continuous with those of
fibrous muscle sheath (epimysiom) al the olher end.

Voluntary musdes can be clssified in JifTerent WAYS
1. Aceording to the colour of the muscle :
(2) Red muscles—They are red in colour duce 1o presence ef more amount of Myo-haemoglobin
in i1 They are gencrally situaled a1 the deeper aspect of the body.

(b) While muscles—They arc less red, possess abundant saccoplasmic reliculum and are
placed superficially,
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2. According 10 the direction of fibers :

(a) Parallel muscles—Ils fibers arz long and are placed parallel to the line of poll. Fibers are
less in number but they are long in siructure eg., Biceps brachi. The range of movement is
more in these muscles,

(b) Pennate muscles—Fibers in Lhese muscles arc short and are oblique to the line of pull.

They may be Unipennate, Bipennate, Multipennate cic., according Lo the direction of fibers
in relation 1o the tendons,

0

(i)

(iicy

Unipennate—Alt eshy libers are directed into one side of the tendon and logks bike
half of a feather.

Example—Peroncus terius.

Bipemiate—The fibers are dirccted in two sides of ihe cenirally placed tendon along
the axis.

Exemple — Recelus femoris,

Mrltipennate—A series of bipenmate muscle lie side by sidz 1o form mullipennate
muscle,

Example — Delioid

{c} Spiral muscles—Here the fibers are arranged in a twisted manner. e.g., Brachialis. They
help rotational mavements.

A

Unipennate

B C D
Bipronaiz Mullipennaie Spiml

Fig. 4.1 Types of muscles

(d} Cruciale muscles—In these muscles the fibers ase arcanged in superficial and deep plane,
crossing like 'X". e.g., Massaler,

3. According 10 the force of aclion
(2) Spurl muscles—They provide acceleration motion to a joint,
Example — Brachialis.

(b Shunt muscles—TFhese muscles provide stabilizing centripetal force on-a joint. e.g., flexor
carpi radialis.
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Tensor fascia lan  Lotissimus dorsa Dilator naris
lateralis

Middle gluicus

Trapezius

Semitendinosuy

Gasiroenemius

Flexor muscles 00 51 Exrensors of fore limb
of hind Timb 3

Obliguus abdominis
exlcrnos

Fig. 4,2 Soperficlal muscles of cow.

B. Suoeth muscles make the bulk of the walls of the ergans, The striations as available in skcletal
musctes are not found in smooth muscle. The muscle is compased of lusiform or spindle shaped
cells with centrally placed nucleus. The fibers are gencrally armanged paralle] to each other in nlshccl.
These muscle work without the inlervention of the will and for that reason they are termed involuntary.

C. The cardiac muscle or myocardium is composed of muscle fibets which join with surrounding
fibers in a icregular manner to fonm a nelwork. Each muscle fiber exhibils centrally placed nucleus
cross strilions and side branches, These fibers are arranged spirally into the wall of the heart. The
fibers are branched or irregular at their ends er junctions. Intercalated discs in the form of cross
bands are found at the jurction of cells, which arc aclually the membranes of the adjaccnt cells. This
muscle 15 alse ivveltentary in nalure.

CUTANEOUS MUSCLES

Some strialed muscles placed at the subeulis of some parts of the body are known as cul:m_ccus
muscles. In some places these fibers are inserted inlo skin and thereby canse twitches of the skinon
contraction. They may or may not have any connection with the skelelon. Some fibers arc allached
10 the fascia covering superficial muscles. These muscles are characteristics to he quadrupeds.

MOTORUNIT

Few 1o few thousand muscle-fibers which are supplied by the branches of one nerve cell, are
considered as (he motor (funclional) unit of a muscle.
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FASCIA

These are membranes made up of dense fibrous conncetive tissue which separate (he
mascles from each other ang keep them in position. Actually a considerable amount of mesoderm
do not undergo much differentialion at the time of development but remain accumulaled
between whole muscles, viscera and other large structures and form investing lascia. The
layer of arcolar or adipose lissue sheet placed deep o the skin is cafled seperficial fascia, Deep
fascia are mainly composcd of collagen fibers and remain in more compacl form, They generally

invest gronps of muscles and send intramuscutar Sepla. Sometimes a deep fascia anaches with a
bone,

BURSA AND SHEATHS

Bursa, a thin walled bag, contains a small amourl of synovial fluid and interposed at the poini of
Pressurc between muscles, between muscle and tendon or between uscle/iendon and bones to

MUSCLES OF FORE LIMB

MUSCLES OF SHOULDER GIRDLE
These muscles anach the forelimb wilk the body.

TRAPEZIUS
Itts a thin triangular muscle at the UPper mast part of the fore limb. Iis dorsal border exiends from
the allzs Lo a considerzble part of (horacie region. It elevates the shoulder [Fig 4.4].
Origin—Supraspinous processes from the level of [2ih thoracic vertebra (o atlas.
insertion—Scapular spine and fascia of shoulder and arm,
Blood supply—Deep cervical branch of cogta cervical artery and inlercostal artery.
Nerve supply—11th cranial nerve, '

RHOMBOIDES
This muscle is roy ghly iriangutar and thick, Laterally it is covered by Lrapezius, It hel ps 1o move
the shoulder forward and upward. -
Origin—Summits of Ist 1o $th thoracic spine and ligamenium nuchae,
Insertion—Medial surface of 1he scapular carlilage, .
Blood supply—Deep cervicat branch and dorsal branch of costo-cervical arlery.
Nerve snpply—Branches from 5ih te 7th cecvical spinal nerve,

BRACHIOCEPHALICUS

Itis a long Mat muscle placed diagonally at the side of Ihe neck and extends from the am 10 the
cephalon. It acts to extend the head and neck, Tt also extends the shoulder when the head and neck are

fixed. Ttis divided into a dersal part{cledo-occipialis) and a ventral part (cledo-temporalis) | Fi g 4.2
and 4.3].

Origin—The dorsal parl originates from occipital bone and ligamentum nuchae and the veniral
part originatcs [rom temporal bone, wings of aflas and mandible.
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Insertion—Both the dorsal and ventral parts unile together and insents 1o the eranial border of
musculespiral groove of humerus.

Blood supply-—Anterior circumflex, inferior cervical, vertebral and carolid arteries.
Nerve supply—11th cranial nerve and cervical spinal nerves,

LATISSIMUS DORS]

It is a very wide and thin muscle spicad al the dorso-lzierl aspeet of thorax. The muscle is
aponcurstic at the erigin and becomes thicker and narrewver towards the arm, I helps in flexing the
shoulder [Fig. 4.3),

Origin—Lumbar and dorsal spines,

Inusertion—AL the termination jt becomes blended with tendons of feres major, and inserts [o the
teres luberosily of humerus,

Blood supply—Tharacodorsal branch of subscapular artery, intercoslal and lumbar arlerics.
Nerve supply—Thoracodorsal branch from brachial plexus,

SERRATUS VENTRALIS

Itis a sermated fan shaped fleshy musele, spread on the Tateral side of the neck and thorax. The
part which covers the neck is known as serraws cervicis and the portion which covers the (horax is
known as sermms thoracis,

SERRATUS CERVICIS

This muscle is placed parily on the neck and partly on the thomcic wall. It extends from 2nd
cervical vertebm to the 5th (b, It helps ta extend the neck and to pull the cervical angle of seapula
cranially [Fig. 4.17].

Origin—Tramsverse processes of 2nd to 7th cervical veriebrac and lategal surfaces of 1st 1o Sth ribs,

Insertion—The rough wriangular area at i crania-dorsal part of the medial surface of scapula.

Blood supply-Darsal branch of costocervical artery, Intercosial and decp cervical arterics,

Nerve supply—5th 10 $th corvical spinal nerves,

SERRATUS THIORACIS

This part is thin, Nat and ventrally presenls stx prominent digitations. It covers the posterior part
of sermatus ecrvicis. Muscies of both sides 1ogether acl 1o rise the thorax and individually pull the
scapula dorso caudally. |n fesling condition i1 acts as a museles of inspiralion {Fig. 4.17}.

Origin—Laterl surfaces of dth 1o 9th rib,

Insertion—The rough Iriangular area al the caudodorsal part of the medial surface of scapula.

Blood supply—Intercostal arteries,

Nerve supply—7th and 8th cervical spinal nerves

OMO TRANSVERSARIOUS

It is 2 flat long muscle, extends from atlas to shoulder and remains mosily covered by
brachivecphalicus, The muscle pulls the venteal angle of scapula craniodorsally [Fig. ¢.3].

Origin—Wings of a(las,

Insertion—Spine of the scapula,

e e e T T =)
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Trapeziug
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Extensor carpi radialis
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Ulnaris lateralis

Common digifal catensor

Fig- 43 Muscles of Jateral aspect of shoulder, arm, neck and therax

Blood supply—Branches from carotid and inferior cervical arteries.
Nerve supply—1ih exanial and some cervical spinal nerves.

SUPERFICIAL PECTORAL

Anterior superficial pecloral

It extends from [irst stemebr 1o the arm. This is thick and forms promincnce a1 the brisket, It
helps in adduction of the limb;

Origin—lst stermebra.

Insertion—Ventral pad of 1he crest of humerus in common with brachiocephalicus,
Blood supply—Extemal thoracic, Iniemal thoracic and anlerior circomflex areries,
Nerve supply—Pectoral branch from brachiat plexus.
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POSTERIOR SUPERFICIAL PECTORAL

Its ameerior part is blended with the anterior superficial pecioral. The muscle is thin and extends
from slemumn o arm, It acts to adduct the limb.

Origin—Cranio lateral aspect of Siemurn.

Msertion—Crest of the humers and fascia of forcarni.

Blood sripply—Exlcmal and infemal thoracic and cranial circumflex areries,
Nerve sippfy—Branch from brachial plexus.

DEEPPECTORAL

This is a fleshy muscle eatends Irom last sternebra 1o the shoulder Tt adducts and retracts the limb.
Origin—Ventral surface of the slermum,

Insertion—DNledial tuberosity of humerus and the fascia covering the tendon of biceps brachi,
Biood supply—Cranial circumflex, internal and external thoracic arteries.

Nerve supply—Pecioral banch of brachial plexus.

In birds pectoralis is the fargest fleshy muscle of the body and comparises of three paris—
Theracic, propalagialis and abdominalis. The main action of this muscle is 1o draw the wings
cranizlly in the down slroke flapping movement during flight.

MUSCLES OF SHOULDER—(Lateral aspect)

1. Delloideus,

2. Supra spinatus,
3. Intra spinats.
4. Teres minor.

DELTOIDEUS

Itis a V-shaped muscle placed at the lateral aspec! of shoulder joint. The hands of V are atlzched
ta the cranial and caudal border as well as ventral end of the infraspinatus muscle. it abduets the limb
and Ilex the shoulder [Fig. 4.3).

Origin—The cronial hand originales from acromien process and the caudal hand originates from
the posterior border of scapula and fascia of inlraspinalus muscle.

“Insertion—The two hands unile a1 the level of lateral wberosity of humerus and insers Lo the
delloid tuberosity and fascia of Iriceps.

Blood supply—Subscapular and posterior circumflex arteries,
Nerve supply— Circum(lex nerve.

SUPRASPINATUS
Mosl portion of this muscleis accommodated wilhin the supraSpinous fossa. I extends the shoulder,
Origin—Scapular spine and Supraspinous fossa [Fig. 4.4):

Insertion—Yentrally it divides into laieral and medial tendons and inserts to the lateral and medial
luberosities of humerus respectively.
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Blood supply—Superficial cervical and suprascapular arteries.
Nerve supply—Supraseapular nerve,

INFRASPINATUS

This is 2 thick muscle accommodaicd mosily in the infraspinous fossa. It abducis the limb and
helps in slight rolation of the arm [Fig. 4.4].

Origin—Scapular spine, in feaspinous fossa and scapular cartilage.

Insertion—Ventrally this muscle also divides into two. The lateral part jnserts (o a round rough

arca above the deloid wberosity of humerus and the medial part inserts to the medial aspect of Jateral
tuberosity of humerus.

Biood snppty—Subscapular and postcrior circumflex arteries,
Nerve supply—Supra scapular nerve.

TERES MINOR

This muscle is in the form of 2 small elongaled bundle siluated below infraspinatus musele. It
helps in abduction of fore fimb and in stight rotalion of the amm [Fig. 3.5].

Origin—Distal part of infraspinatus fossa and posterior border of seapula,
hwsertion—Deltoid wberosity. '

Dioed sipply—Subscapular and posterior circumlfiex arteries.
Nerve supply—Circumflex nerve.

MUSCLES OF SHOULDER—(medial aspect)
L. Subscapular: -

2. Teres major.
3. Coracobrachialis.

SUBSCAPULAR

The mus¢le has three porlim'is (cranial, middie and caudal) and most of the bulk is accommodaled
in the subscapular fossa, It helps in adduction of the Yimb [Fig. 4.8].

Origin—Subscapular lossa and scapular cartilage,
insertion—Medial wberosity of humens.

MNood supply—Suprascapular and subscapular arterics,
Nerve supply—Subscapular branch of brachial plexus.

TERES MAJOR

Teres major is a thin ¢longated muscle placed along the caudal border of subscapular muscle. It

adducts the 1imb and flex the shoulder [Fig. 4.8].
Origin—Posteredorsal angle of scapula,
Insertion—Medial wberosity of humerus,

]
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Blood supply-—Subseapular arery.
Nerve supply—Branch rom brachial plexus.

CORACOBRACHIALIS

This is a small elengated muscle placed at the medial aspect of humerus, The body is divided into
aupper and a Tower part. It helps 10 adduel the limb and 10 fex the shoulder joint [Fig, 4.8).
Origin—Coracoid process of scapula.

fusertion—The area above (he teres tuberosity and anterior surface of the distal thirg of the shaft .

of humenus.
Blood suppiy—Antericr circumilex arlery.
Nerve supply—Musculo eutancous branch from brachial plexus,

MUSCLES OFARM
|. Brachialis.
2. Biceps brachii.
3. Triceps brachii.
4. Tensor fascia antibrachii.
5. Anconeus.
BRACHIAILIS

The musculo spiral groove is occupied by a feshy muscle with spiral fibers, This muscle is
known as brachialis. It helps in Mexion of elbow,

Origin—The area behind the head of humerus,

Insertion—Mecdia] aspect of the proximal end of radivs and proximal end of ulna,
Blood supply—Branch from brachial artery.

Nerve supply—Branches of radial and median nerve.

BICEPS BRACHN

Itis an elongated spindle shaped muscle placed in fronl of humerus. This prominent muscle

remains covered externally by brachia cephalicus and superficial pectoral muscle. This musele helps
to flex the elbow joint (Fig. 4.8].

Origin—The tuber sca puli.

Insertion—Radial tbcrosity and proximat end of ulna.
Biood supply—Amterior circumflex artery.

Nerve supply—Musculoculaneous branch of brachial plexus.

TRICEPS BRACHI

The angle formed by the scapula and humerus at the shoelder is filled up mostiy by triceps. Il

presents three parts—{a} laicral head, (b) lon £ head and {¢) medial head [Fig. 4.3, 4.4 and 4.8].
YA-10
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Long head of triceps
It is wiangular and Jargest of the Ihiree paris. It assisks to extend the clbow joint.
Origin—Caudal border of scapula and a smail portion of the same border of humerus.
Insertion—Olccranon process of ulna.
Blood supply—Deep brachial and posterior circum#lex arteries.
Nerve supply—Branch from radial nerve.

Laleral bead of triceps
This is also triangular in shape and lics below the long head of tceps. Iis action is simitar 1o thal

of long head.

h Origin—Cranio-laterat border of the upper part of shaft of humerus and caudal margin of delioid
= luberosily.
- Insertion—Olecranon process of ulno.
Blood supply—Pecp brachial-and posterior circumflex arteries,
Nerve supply—Branch-from radial nerve.

Medial head of triceps
This muscle is the smatlest of the thrce and ot thangular like other parts. This muscle alss helps
to exiend the elbow joint.

Origin—Medial surface of shafi of humerus at its uppes third.
Insertion—Olccranon process of ulna.

Blood supply—Deep brachial artery,

Nerve supply—Branches of radial nerve.

TENSOR FASCIAANTIBRACHIT

‘This is a thin slrip of muscle situated at the posteromedial aspect of the long head of iriceps. It
tenses Lhe fascia of forearm and exlend the elbow [Fig. 4.41.

; Origin—Vpper part of cauda} border of seaputa and the fascia covering the long head of iriceps
i and latissimus dorsi,

' Insertion—Olecranen process of ulna,

Biood supply—Subscapular artery and branches from brachial artery,

Nerve sugply—Branch froms radial nerve.

ANCONEUS

Anconcus is a smalt muscle which remains under the cover of the triceps. Partly it covers the
olecranon fossa. It assists Lo extend the elbow,

Origin—Candal surface of the distal third of humerus.
Insertion—Olecranon process of ulna.

Blood supply—Posterior eircumflex arlery.

Nerve supply—Branch of radial nerve.

MYOLOGY 1
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Muscles of forearm and manus

EXTENSOR GROUP

These muscles are siluated at the antere lateral aspect
of forearm and manus.

1. Extensor carpi radialis,

2. Extensor carpi obliquus.
3. Medial digital exlensor.

4. Cemmon digial extensor.
5. Lateral digilal extensor.

EXTENSOR CARPIRADIALIS

This s a fleshy muscle placed vertically zlong the anlerior
surface of radius. Tt acts to extend the carpus [Ig. 4.4].

Origin—Cresl of Jateral condyle and depression al (he
side of coronoid fossa of humerus.

0
8
(@
s
M Insertion—Metacarpal tmberosiy,

Blood snpply—Branch of brachial artery.

Medial digilal extensora—iyp

Commen digital extensor

Lateral digital extcnsor
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Insertion—The muscle becomes lon g tendinous at the lewer part of forearm and inscris on 2nd

and 3rd phalanges of medial dipit,

Lateral digital
exlensor
Commeon digital
exlensor

Extensor
carpi
radialis

Bivod supply—Branch of brachial artery.
Nerve supply—Branch of radial nerve,

COMMON DIGITAL EXTENSOR

This musele is of simjlar shape 1o that of medial
digital extensor and lies paralle] to it. It assists to extend
the fore limb as a whole [Fig. 4.4 and 4.6].

Origin—Lalcral epicondyle of humerus and fatecal
border of ulna above proximal inlerosseous space,

Insertion—It also becomes tendinous at the distal
third of radius, runs parallel to that of medial digital
extensor along the groove of radius and over carpus in
a common sheath and divides inlo 1wo at the leve| of
fetlock jornt. Each branch inserts finally on the exiensar
process of (hic concerned third phalany,

Blood supply—Branch of brachial arlery,

Nerve supply—Branch of radial nerve,

In dog the tendon of this muscle divides into four

N Nerve supply—Branch of radial nerve.

Fig. 4.5 Terminal extensors of ox,

EXTENSOR CARPIGBLIQUUS

Itis a small iriangufar muscle placed in an eblique diection at the distal part of fore arm. It assists

Superfzcial digital
Deep digital Mexor
Laeral digital extensor

Common digital cateasar

Suspensory
ligament

Proximal annular
ligament

Distal annular

! ( . % ligament
RN

3id phalanx

Fig. 4.6 Terminal exlensors of horse,

10 extend the carpus (Fig. 4.4]

Origin—Antero lateral surfsce of radius and
lateral border of ulna at their distal fourth aspect
of the shafls,

Insertion—Its 1cndon is very thin which
crosses obliquely aver the tenden of exvensor
carpi radialis and inseris Lo Lhe upper end of
metacarpal bone at the postero medial aspect.

Blood supply—Branch of interosseous arlery.

Nerve supply—Branch of radiat nerve.

MEDIAL DIGITAL EXTENSOR

Itis a Iong narrow muscle placed behind the
cxlensor carpt radialis. Tt helps 1o extend the
medial digit [[Fig- 4.4 and 4.5].

Origin—Depression by the side of coronoid
fossa of humerus, logether with extensor carpi
rialis,

Fig. .74 Terminal extensors of dog {fare limb).

branches which pass over the tarsus and each of them
ingens to the corresponding third phanges {Fig. 4.7).

LATERAL DIGITAL EXTENSOR

This is comparatively ihicker than medial and
commondigital extensors and placed between coMumor
digilal extensor and ulnasis lateralis. I extends the |atesal
digiL,

Origin—Lateral aspec of the proximal end of radjus
and lateral surface of radius and ulna,

Insertion—The long tendon descends down along
the lateral aspect of the forearm and manus like other
digilal extensors and inserls Lo the 2nd and 3d
phalanpes of lateral digit,

Blood supply—Branches af brachial and
inlerosseons arteries,

Nerve supply—Branch from radial nerve.

_In horse medial digilal extensor is absenl. Common
digital exlensor inserts 10 e extensor process of 3nd
phalanx aleng with 1he proximal ends of st and 2nd

Superficial
digital flexor

Flexor earpi
radialis

Fig. 4,70 Flexor muscles of fore Hmb of dog.
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Fig. 48 Muscles and fendons of distak part of fore limh of ox (Lateral view].

MYOLOGY 141

phalanx. Lateral digilal extensor inseris to o prominence on the anterior aspect of the proximal end of
L5t phalanx. Pronator teres is absent.

In dog medial digital extensor is not develaped. Common digital exiensor divides into four and
each of which insests to the corresponding 3rd phalanges at their extensor processes. Three divisions
of the tendon of lateral digital cxtenser insert 1o the proximal ends of all the phalanges of 3rd, 4th and
Jth digits. Divisions of iendons supericial digital flexer and deep digital flexorinsent tothecorresponding
aspect of al} the 3rd phalanges. However superficial digital flexor does not inserts to 1s¢ phalanx,

FLEXOR GROUP
1. Pronator teres.
2. Flexor carpi radialis,
3. Flexor carpi ulnarfs.
4, Ulnasis lateralis,
5. Superficial digital flexor.
6. Decp digilal Nexor,
7. Interosseous medivs (Suspensory ligament).

Mos! of these flexor muscles are simated at the postero-media aspect of fore limb. Ulnaris [aterals,
Rowever, is placed at the postero-lateral aspect,

PRONATCR TERES

This is a very itl developed thin and small muscle placed at the medial aspect of elbow joint. Due
to the small structure jts aclicn is inappreciable [Fig, 4.8).

Origin—Medial condyle of humerus.

Insertion—At the upper third of the medial surface of radius,
Blood supply—Branch of median arery.

Nerve supply—Branch of median nerve.

FLEXOR CARPIRADIALIS

This is a long slender muscle sitnated at the medial aspect of radius, Jt helps (0 flex the carpus and
extend the clbow {Fig. 4.9].

Origin—Medial condyle of humerus.

Insertion—On the nodule at the posterior aspeel of the proximal extremity of large metacarpal
bone,

Blood and Nerve supply—Similar to those of pronator teres,

FLEXOR CARPI ULNARIS
This is a thin and flat muscle sitwated at the postero-medial aspect of forearm, Its action is similar
to thal of previous muscle [Eig. 4.9,
Origin—There are two origins ~ humeral and nlnar. At the humerus it origiates from the medial

condyle and at the ulna it originates {rom medial aspect of olecranon process. The upper pard of the
muscle with its two-origing looks like Y.




142 FRIMARY VETERINARY ANATOMY

Latissimus dorsf (cut}

Tensor fascia antibrachii
Tercs major

Long head of wiceps — — kP Axillary artery

Coracobrachialis

Mudial head of Iriceps
Diceps brachii
Ulnar head of decp digital

flexar

Pronalor leses
Flexer carpi radiali
arpi radialis Extensor carpi radialis

Flexor carpi ulnaris

Superficial digital Mexor ——

Fig. 4.9 Muscles of medial aspeet of shoulder, arm and lep.

Insertion—~Accessory carpal bone.
Blood supply—Branchies of brachial and medizn arleries,
Nerve supply—Branches of ulnar and median nerves.
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ULNARIS LATERALIS
This is a fleshy muscle situated behind the radius and at the laeral aspect of ulna. Tt assisis jn
Nexion ef the carpus and in cxlension of clbow [Fig. 4.4),
Origin—Lateral condyle of humerus,
Insertion—Accessory carpal and lateral surface of the proximal end of Targe nelacarpal bone,
Bleod supply—Branches of brachial and inlerosseous arieries.
Nerve supply—Branch of radial rerve,

SUPERFICIALDIGITAL FLEXOR

This mscle remains covered mostly by llexor carpi ulnaris. Although it ariginalcs in the form of
a single bundle, divides at its belly inlo a superficial and a deep part. Each form a lendon. Both the
tendons unite behind the metacarpat bone and bifurcate again. Each tendon joins with corresponding
division of posterior part of superior sesamoidean ligament to form a ring for the passage of the

cencemed tendon of deep digital fexor, Skips detach from each tendon pass down and inserle to the -

2nd phalanx. The muscle helps in flexing the fore limb [Fig. 4.9).
Origin—Maedial condyle of humerus.
Insertion-—2nd phalanx.
Blood supply—Branches of median and interosscous aneries.
Nerve supply—Branches of uinar and median nerve.

DEEPDIGITAL FLEXOR

This flesky muscle occupies (he space at the posicro-medial aspect of radius and ulna and remains
covered by saperficial digital flexor. It flexcs the fore [imb [Fig, 4.4 and 4.8).

Origin—IL originales in three bundles — one from the olecranon process of ulna, one [rom medial
condyle of humerus and the third frem the posterior surface of radius close (o proximal interosscous
space.

Insertion—The three divisions unite to form a single tendon which passes (hrough he carpal
shealh, gocs further downward and divides inlo Lwo at the distal third of melacarpus. Eacly of the
divisions inscits lo the 3rd phulanx.

Blaod supply—Branches from median and inlerosseous arteries.

Nerve supply—DBranches from median and ulnar nerve,

INTEROSSEOS MEDIUS

Aclually the superior sesamoidean or the suspensory ligament is Jille leshy in young animals and
somelimes reflfered as inlerosseous medivs muscle.

Laicral and medial inlerosscous muscles are absent in ox but presenl in horse. These are very
small muscles originate [rom the proximal ends of corresponding small metacarpal bones and terminale
in thc lascia of fellock

Lumbricalis (Lateral and medial) museles are absent in ox. In the hors there two very small
muscles originale from the deep digital flexor tendons and terminate in the fibrous tissue close to
ergal.
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MUSCLES OF HIND LIMB

Muscles of Tateral aspect of thigh :
L. Tensor fascia lata,
2. Superficial gluteus,
3. Middle gluteus.
4. Deep glutews.
3. Biceps femons.

4. Semitendinosus.

TENSORFASCIALATA
Ttis 2 wizngular muscle siluated at the cranial aspect of Kip and thigh, It tenses the fascia lata and
covers the Jateral aspect of the thigh [Fig. 4,10)
Origin—Tubcr coxae.
Insertion—Fascia tata and lateral straight ligament of paiehia,
Blood supply—Deep circumllex artery,
Nerve supply—Craniat glazeal branchr of lumbo sacral plexus.

SUPERFICIAL GLUTEUS

Abscat in ox but prescnt in horse and dog. It originates from wber coxae and gluteal fascia and
inserts to the third trochanter of femur in horse. In the dog il originates from the saerum, first caudal
veriebra and sacrotuberous ligament and inserts to the proximal aspect of femur.

MIDDLE GLUTEUS
Itis a very fleshy muscle covcrs an extensive part of the ghiteal surface of ilium. It is partially
covered by biceps femoris muscle. It kelps 1o abducl the imb and 10 extend the hip {Fig. 4.10}.
Origin—Tuber coxac, (uber saceale, gluteal surface of ilivm, sacrosciatic li gamenl, efe.

Insersion—It inserts in theee parts. The cranial part inserts below twochanter major of femur, middic
part 1o the dorsal border of wrochanter major and: the caudal fleshy part to the trochanteri ridge.

Blead supply—Gluieal and lumber arteries,
Nerve supply—Branches from cranial part of lumbosacral plexus.

DEFPGLUTEUS
It remains covered by middle gluteus. This is thin and guadritaterat in shape. It is directed
caudoventrally. Ils origin is wide and inserlion is namrow. It helps (o abduct the limb. [Fig, 412}
Origin—Tuber coxae, gluteal surface of ilium, ischiatic spine and sacrosciatic ligoment.
Inserrion—To a tubercle below trochanler major,
Bleod supply—Gluteal arierics.
Nerve supply—Cranial gluteal nerve,

r— -
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Fig. 4.10 Muscles of latera) asped of hip, thigh and leg.

BICEPS FEMORIS

Tt is an extensive and flat muscle which covers most of the lateral aspect of hip and thigh.
Fig. 4.9). It exicnds (he hip and abducts the limb.

Origin—Spine of the sacrum, sacro scialic ligament, and ischial tuberosity,

) Insertion—Venirally the muscle is divided inlo three parts. The cranial part inscrts Lo the patella,
middle part 1o the tibial ¢rest and lateral patcllar ligament. The caudat pant inserts 1o the fascia lala and
the tuber calcis.

Blood supply— Caydat ghileal and deep femoral arteries,
Nerve supply—Sciatic and posterior gluteal nerves.
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J MUSCLES OF THE MEDIAL ASPECT OFTHIGH .
Tuber coxic Middle pluteus I i
‘ These muscles are arranged in three layers as follows : i
i 1. Sartorius. eial ] [
i 2. Gracilis. Superficial layer,
Tuber jschi . 1. Peclincus, ;
2, Adductor Middle layer. m
3. Semimembranosus. '

Trochanler majar
. Quadratws femaris,
- Obturator internus,
. Obluzator cxternos,
. Gemellus.

Deep layer.

Scmimcmbranosus

B b —

Semitendinosus

Gasracnemius

Lateral digital
exlensor

Complex

Fig. 4.11 Muscles of hip and thigh {after removing blceps Femorls).

Poplileus
Gaslrocncmius
Hamstring Complex

The posterior femoral muscles (biceps femoris, semitendinosus and semimembranosus) are
colleclively called hamstrings,

Extensor bravis

SEMITENDINOSUS

This long muscle (tendon like) extends from ischium to tlibia along the cavdal aspet of hip and
thigh. It helps to extend the hip and hock and 1o flex the stifte [Fig. 4.10 and 4.1 I].

Origin—Ischial wberosity

Insertion—Anterior border of tibia, wuber calcis and fascia lara.
Blood supply—Candal gluteal and decp femoral arierics,

Nerve supply—Candal pluteal and sciatic nerves Fig. 4.12 Muscles of medial aspect of thigh and leg.
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¢ SARTORIUS

Itis 2 thin [Inl muscle of the superficial layer placed cranial to gracialis. It eenses the fascia and
helps 1o adduct the linb,

Origin—Shaft of ilium, psoas minor and iliac fascia,

Insertion—Medial patellar ligament, medial aspect of proximalend of tihia and fascia lata,
Blood supply—Branches of femoral and saphenons arteries.

Nerve supply—Branch of saphenous nerve,

GRACIALIS
This is a ftat cxiensive muscle of the superficial lzyer and placed behind the sartorious. fis action
is almost similar to that of sartorious {Fig. 4.12].
Origin—Pelvic symphysis and prepubic Iendon,
Insertion—Medial patellar ligament, medial surface of libia at the proximal end and [ascia lala.
Blocd supply—Decp lemaral and 2 branch of femorat ariery.
Nerve sipply—Obluralor nerve,

PECTINEUS

Peclineus js an elongated conical muscle of the middle layer and placed cranial to adduclor and
behind the vastus mediatis. It helps to adducl the limb and rolate the femur medially {Frg. 4.11).

Crigin—Yeniral surface of pubis 2ad pre pobic rendon.

) Insertion—Posterior surface of femur at the distal end, medial patellarligament and medial tbcrosity
. of tibia,

' Bload supply—Femaral arteries.

Nerve supply—Obturator and intemal saphenous nerve.

| ADDUCTOR .
: Adduclor is a Iriangular muscle of the middie layer situated between the peclineos and
semimembranosus, It ssisls 1o adduet the limb and 10 exiend the hip.
Origin—Pclvic symphasis as well as ventral surfaces of pubis and ischium,
i Insertion—Distal end of femur al ils posiero lateral aspect and supracondyloid crest.
Blood supply—Branches of femoral arery.
Nerve supply—Obwrator nerve.

; SEMIMEMBRANOSUS

This is 2 wide and Mat muscle of middle layer placed 1 caudal aspect of the medial region of hip
and thigh. I assisis in adduction of the limb [Fig. 4.)3). This is thin above and thick and feshy
below. The muscle extends from taber ischi in an oblique manner towards the medial surface of leg,

Origin—lschial symphysis, ventral surface of ischium and ischial berosity.
Insertion—Area above \he supracondyloid crest and medial 1uberasity of tibia,

| -
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FIg. 4.13 Muscles of the decp tayer of the medinl aspecl of Lkigh.

Dlood supply—Branches from femoral and posterior gluteal arteries,
Nerve supply—Branches from Sciatic nerve,

QUADRATUS FEMORIS
This muscle is in the form of a bundlc and silualed mostly at the posterior aspect of ischium and
femer and placed ventrat 10 gomelTus. It helps 1o extend the hip and adduct the lingb. [Fig. 4.14)
Origin—Ventral surface of ischium.
Insertion—Trochanter minar and posterior surface of femur close to the trochanter minor.
Blood supply—Posterior gluteal and deep femeral arteries.
Nerve supply—DBranch of scialic nerve.

OBTURATOR INTERNUS

This is a very thin musclz and spreads over the pelvic floor behind the oblurator foramen. Its
tendon passes ihrough the obturator foramen, and unile with the tendon of obwraler exiernus. 1t
helps to ronie the femuy laterally [Fig. 4.12 and 4.13).

Origin—lschium and pubis, at their pelvic surfaces.
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{nsertion—The tendon in common with that of obturator exlernus inserts to the lrochanieric
fossa of femur

Blood supply—Oblurator branch of inlernal iliac artery,
Nerve supply—Obturator nerve and branch of scintic nerve.

OBTURATOR EXTERNUS
This isa small muscle in the form of few bundles placed ventral to ischium znd pubis. [1 assisis (o
adduct the limb and rolate the thigh culwards.
Origin—Venigal surface of ischium and pubis.
Insertion—Trochanteric fossa.
Blpod supply—Branch of deep femoral artery,
Nerve supply—Oblurator nerve.

GEMELLUS

Gemellus is a thin and roughly triangular muscle situated at the ventro-lateral aspecl of ischium, Iz
pulis the femur Jaterally,

Origin—Ventral surface aad lateral border of ischium and posterior part of sacroscialic ligament,

Middle sacrl cresc

Tuber sacrale

Tuber coxae

Ischialie nerve

Deep plulcus

Trochanter major

Obiurator externus

Quad lemoris

Flg. 4.14 Muscles of deep tayer of dateral nspect of hip.
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Insertion—Trochameric fossa. '
Blood supply—Poslerior gluteal artery,
Nerve supply—Branch of sciatic nerve.

MUSCLES OF ANTERIOR ASPECT OF THIGII

L. Quadriceps femons.
2. Articular genu.

QUADRICEPS FEMORIS

Anterior, lateral and medial sucfaces of femur are covered by this muscle. The muscle is large,
Neshy and consists of four parts ~ Vastus lateralis, Vastus medialis, Vastus intermedius and Reclus
Temoris. Ths Mirst three parts are placed a1 (he lateral, medial and anterior aspect of femur and the =2

rectus femoris is placed infront of Vastus intermedius. The muscle helps 10 extend the slifle joint [Fig,
4.12 and 4.13).

Origin—The reclus femoris originales from the ridge and depression outside the colyleid cavily

and the other parts originale from Irochanter major, neck and anterior sucface of proximal end of
femur.

Insertion—Anlerior laleral and medlial aspect of patclla and medial patellar ligament,
Biood supply—Laleral circum(lex and genicular arteries.
Nerve supply—Antedior cruml (femoral) nerve,

ARTICULAR GENU

This is a small muscle placed on the anlerior surface of the distal end of femur, It tenses the
capsule of femoropalcllar articulation,

Origin—Dislal part of the amerior surface of femur,
Insertion—Patellar cartilage and mediak patellar ligament.
Blood supply—Genicular artery,

Nerve supply—Anlerior crural nerve.

MUSCLES OF ANTEROLATERALASPECT OF IIIND LIMD

L. Complex—{a) Peroneus teriius. {b) Medial digilal extensor, {c} Common digilal extensor,
2, Lateral digital cxtensor.

3. Peroneus longus,

4. Tibialis anticus,

3. Extensor bravis,

COMPLEX

This is a compasite muscle consists of three part @ Peroneus ierlius, common digital cxiensor
and Medial digital extensor. The bulk of the muscle is sitated at the anterolateral aspect of the Libia.
They act together to flex the hock and 1o exiend digits [Fig. 4.10, 4.11 and 4.12).

VA-11
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Origin—All the components originale combinedly from the exicnsor fossa siluated between
the lateral ridge of trochlea and Jaeral condyle at the distat end of femur,

Inserfion—The Peroneus Tertivs is inserted to the cranio medial parL of the proximal end of
large metalarsal bane,

The tendon ol commen digilal extensor goes down along the antcrior aspect of the limb,
reaches the distal end of metalarsal bone and divides into lateral and medial branches. Each
branch inserts on the exiensor process of the concerned Ird phalanx.

The long tendon of medial digital exzensar also goes down Lo the medial digit and terminales
on 2nd and 3rd-phalanges. All the three tendons while going along the anterior aspect of the distal
cnd of tibia, puss througli a ring shaped annular lignmend,

Blood supply—Anlerior libiat artery,
Nerve supply—Decp peroncal nerve,

All these componenis of complex muscle are ernclosed by an annolar ligament ir [ront of the
hockjoint,

LATERAL DIGITAL EXTENSOR

This is 2 tong musclc placed along the posicro haterataspect of Libia, 1 assisls in extending the
limb [Fig, 4.0} At the hock the tendon of this muscle passes below the tendon of peroncus
longus.

Origin—Laleral tberosity of libia and rudimentary fibula,
Insertion—Second and third phalanges of lateral digit.
Blood supply—Anterior tibial arery.

Nerve supply—Dccep peroneal nerve,

PERONEUS LONGUS

This is a shert clongated muscle situated between the complex and latcral digital extensor
muscles. The tendon of this muscle crosses over the lateral digilat exlensor while lerminaling at
the hock. It helps 10 rotale the hock joint medially [Fig. 4.10).

Origin—Laterabuberosity of ribia.
Insertion—Fixst tarsal and upper end of |arge metatarsal bone,
Biood and Nerve supplies are similar 1o (hat of 1ateral digital extensor.

TIBIALISANTICUS
This 3s a thin muscle placed anterior (o the taleral surface of tibia and below the complex
muscle. It helps 1o flex the hock joint.,
Origin—Anlerior luberosily and crest of tibia and the rudimentary fibula.
Insertion—Sccond and thind fused 1arsal and the upper end of large metatarsal bone.
Fhe muscle gets similar blood and nerve supplics 1o those of complex muscie,
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EXTENSOR BREVIS
Exlensor brevis is a very small muscle sitated in front of (he upper parl of the metalarsal bone. It
is 100 small 1o procuce any appreciable function {Fig_4.52].
Origin—Yeniral surface of tibial warsa),
Insertion—To |he 1endons of medial and common digital exlensor muscles.
Blood supply—Dorsal metatarsal antery,
Nerve supply—Decp peroneal nerve,

In dog the muscles of antero-lateral group are (a) cranial tibisl, (b) common digital cxtensor, (c)
peroneus longus {d) Jateral digilal extensor and (¢} extensor bravis,

Distally the common digital extersor divides inlo four tendons and arc insered to cach principal

digit. Tendon of lateral digilal exiensor join with the 51 of common. Sometmes a delicate exiensor -

hallueis lengus muscle is found,

In horse, medial digital extensoris absent. Peroncus longus is not developed. Disposition of common
digital extenser is similar i that of common digital extensor of the fore limb.

Gaslrpcnemius
Cranial ghial

Lateral digital
exlensor

Common digital
exlensor

Superficial digital
flexor

Deep digital fleser

Fig. 4.15A Extensor muacles of hlnd Nmb (dog), Fip. 4.15B Flexor moscles of hind limb (dog).
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Quadriceps femaoris

Medial straight
patetar ligameni

Deep diginal flexor .
Gasltrocnemius

Tibia

Tendon of superficial
digital Mexor

Complex

Annular ligament Achilles lendon

Fig. 4.15 Muscles of the medial aspect of Thigh, 53R and hock.

MUSCLES OF POSTERO-MEDIALASPECT OF HIND LIMB

L. Gastrocnemius,

2. Soleus,

3. Superficial digital Nexor.
4. Deep digital fMexor.

3. Popliteus.

GASTROCNEMIUS

Gastrocnemius is a bulky muscle situaled behind the upper part of the Libia, It begins in the form
of two distinet slumps. Tt extends the hock region [Fig. 4.11 and 4.15], The two heads of this muscle
unite 1opether afier forming a groove beiween them. The united mass s bulky and reccives the
insention of soleus atits puterior face.

Origin—The medial and the laleral heads arise from medial suprcondyloid crest and lateral
supracondyloid erest of femur respectively.

Insertion—~Tuber calcis.
Dlood supply—Femoral arlery,
Nerve supply—Branch of popleteal nerve.
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SOLEUS

Soleus is a very thin muscle siluated under the gastrocnemius. It helps gastrocnemius in action,
Origin—Lateral tubcrosity of 1ibia,
Insertion—The muscle inseris 10 the gasirocnemius at distal third of the tibia,

Blood and Nerve supplies are similar (o that of gaslrocneinivs.

SUPERFICIAL DIGITAL FLEXOR

Alller the origin Lhis muscle lies belween the two portjons of gastracnemius. Close to the hock its
tendon winds round the tendon of gastrocnemius and reaches the posterior surface, The tendon
passes down alang (he groove of the tuber caleis and ultimately terminates in a similar maoner to that
of superficial digital Qexor muscle of fore limb, Tlie musele helps 1o flex the digil,

Origin—Supracondyloid fossa of femur,
insertion—Upper end of second phalanx.
Biood supply and nerve supply are similar to those of gastrocnemius,

Achilles Tendon — The lendon of gastrocnemius remains ac first behind that of superficial digital
Mexer. Then a wisting occures and it comes in [ront of superdicial digital flexor tendor. The later
Passes over a groove or: the wbercaleis where as the tendon of gastrocnemius inscris on it. These
two lendons at the point of hock, combinedly called Achilles tendon (Fig. 4.15),

DEEPDIGITAL FLEXOR
It covers the posterior surface of the libia except a small upper medial portion which is occupicd
by popliteus. It assists 1o flex the digit. It hag three heads - Medial, Superficizl and Deep,
Origin—Lateral tuberosity as well as posterolateral aspect of the proximal end of (ibia and fibula,

Insertion—Atthe insertion the tendons of all the pans join 1ogether and divide into (wo and limately
inserts to the flexor (uberele of corresponding third phalanges, after passing through the ring formed
by superficial digital flexor and poslerior part of suspensory liament.

Blood supply—Poscrior tibial artery.
Nerve supply—Branch of papliteal nerve.

POPLITEUS

This is a wiangular and fleshy muscle, placed at the posicrior surface of the tibia at jts upper
medial part, It assists 1o Mex the limb.

Origin—Laieral condyle of femur.

Insertion—Posterior surface of fibia al its upper and medial aspect.
Blood supply—Branch from poplitcal artery,

Nerve supply-—Branch of popliteal nerve.




156 PRIMARY YETERINARY ANATOMY

Stay appamaius in horse

The action of the gastrocnemius muscle is Lo exlend: the hock and Lo Mex the siifle joint in other
animals. But tn borse, the effect of contraclion of this musele is almost nullified by the resistance
offcred by the peroncus tertivs muscle, which is tendinous rather than muscular. Thercfote the static
condition of the gasirocnemius muscle enables the horse 10 rest on its hind limb and popularly known
qs stay apparalus in horse.

In dog the museles of posiczo medial group are {a) gastrocnemius, (b} poplcleus, (c) superficial
digiial flexor and {d) deep digita) flexor. In cach tendon of origin of (he 1wo heads of Gastrocnemius
there is a sesamoid bone (fabella) which articulate with the caudo-dorsal aspecl of the corresponding
condyles. The tendon of superficial digital flexor divides into four and each is inserted 1o the
correspanding principal digit along with those of deep-digitat flexor,

MUSCLES CFABDOMEN -

Abdominal tonic-— is the deep fascia which covers Ihe exlernal aspect of the muscles of
abdomen, The tunic is well developed 1owards the {loor. Tn the inguinat region the fibers of Lhe tunic
siipport the penis, median septum of scrotom and the median {paired) suspensory laminac of nammary
glands.

Linca alba—Ttis a white librous Faphe extends lrom the Xiphoid cartilage to the pubic symphysis.
The aponeurosisof the oblique and transverse muscles of both the sides of the abdomen write logether
to form this lina.

Reclue
Obliquss ahdominis
abdomin  Linea alba

calcmus

Transyerse abdominis X
Obliquus
abdominis
inlernus

Transverse
abdominis

Reclos abdominis
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MUSCLES

1. Obliquus abdominis exlemus.
2. Obliquus abdominis internus.
3. Transverse abdomins.

4. Reclns abdominis,

The abdominal museles help in defecation, micluration, amination, conghing, respimltion, ere,

OBLIQUUS ABDOMINIS EXTERNUS

It is an extensive muscle of the lareral abdominz] wall. The fibers are directed downward and
backward. At the inguinal region it ig Pierced by external inguinal ring. A fibrous membraneis detached
fram its aponeurotic parl at its inseriion to (he prepudic tendon which gacs 1o the external angle of
ilium. The inguinal part of the apaneurosis of this muscle is called inguinal or pouparl’s ligament
[Fig. 4.17).

Origin—Laleral surfaces of ribs [rom the leve] of Sth intercostal space and lumbedorsal lascia,

Inseriion—Linea alba and prepubic tendon.

Blood supply—Anterior and posterior abdominal arerics, intercostal and umbar arleries and
circumflex jliac artery,

Nerve snpply—TInlercoslal and lumbar nerves,

Trnsverse abdominis Intemal oblique

Entermal oblique

Rectus abdominis

(Pans of exrema) and intenal ablique muscles have been removed
al the aiphoid and umbilical regian to expose recius abdominis muscle}

Flg. 4.16x Schemalic diagram of abdominal muscles In dog,

Fig. 4.16B Muscles of abdomen
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OBLIQUUS ABDOMINIS INTERNUS

Itis placed below the externus muscle. The fibers are dirceted jn opposite (farward and downward)
dircciion,

Origin—Tuber coxae, pouparts ligament and lumbo dorsal fascia.

Insertion—Linea alba, prepubic (endon and las! few ribs and cartilages.

Blood and nerve supplies are Similar to thase of obliquus abdominis externus.

TRANSVERSE ABDOMINIS

This is thin and innermost muscle of the abdemen, The fibers are directed ransversely downward.
Its intemal surface is allached to the peritoninm and the exiemal surface is related to oblique and
. rectus muscles [Fig. 4.16B and 4.17].

Origin—Transverse processes of lumbar veriebrac and some aslemal eartilages.
#nsertion—Linea alba and xiphoid cartilage.
Biood and nerve supplies—Similar to those of obliquus abdominis exiernus.

Linza alba

Obliguus abdominis cxternus

Obliquus ablominis intemus

Transverse ahdominis

Flg. $.16C Disposition of the abdominal muscles (Diagramafie).

RECTUS ABDOMINIS

Itis an clongated fal musele extends from stemum to pubis along the floor of the abdominal
cavity, While terminating at the pubis il forms the prepubic tendon [Fig. 4.16BL. It is a strong
muscleand lies between the aponcurotic parts of obliques abdominis in lemus externally and Lransversus
inlemally,

In the umbilical region, the extemnal sheath of rectus abdominis is lormed by joint aponcuroses of
cxternal oblique and intemnal oblique muscles and the interal sheath is derived from Lhe aponeurosis
of ransverse abdominis.

Origin—Laeral and venteal surface of stermum.

Insertion—Pubis and linea alba. The insertion of this muscle is popularly known as prepubic
{endon,

Blood ond nerve supplies e similar ot thase of other abdominal muscles,
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Functions of abdominal muscleg : (1) Suppert for abdominal viscera
acls {micturation, defecalion, Pariurition); {c) Help in Torceful expi
sneezing, blewing); (d) Assist in {he mevement of the trupl,

i () Help in expulsive
ratory act (coughing,

.‘ MUSCLES OF BACK THORAX AND SUB-LUMBAR REGION

1. Longissimus dorsi,
2, Longissimus costarum.
3. Levator costarum,
4. Multifidus dorsi,
i 5. Sermats dorsalis anticus.
6. Serralus dorsalis poslicys.
i 7. External intercoslal,
8. Internal intercostal.
9. Reiractor costarum.
10. Reetus thoragis.
11. Transversus thoraeis.
12. Latissimus dorsi,
13. Serraws thoracis.
[4, Psoas major,
15. Psoas minor.
16. Hiacus.
17, Quadratus Jumborum,
18. Tncr transversales lumborum.

LONGISSIMUS DORST

Thils is a long and strong muscle exiendeds from sacrum (0 (he ek, Ty belps to extend the back
:In_d loin [Fig. 4.17]. It is the Tongest muscle of the body. It occupics spaces belween superior
Spine and Irnsverse processes of the vertebrae,

Origin—Tuber coxae, iljac crest, eranial surface of ilium, supra spinous processes of sacral,
lumbar and theracic vertebrae.

Insertion—Aticular and trnsyerse precesses of lumbar, thoracic and last four cervical vertebrae
and lateral surface of few ribs.

Diood Sipply—Luombar, thoracic and cervical arterics,
Nerve spply—Branches of spinal nerves of the concemed scements.

LONGISSIMUS COSTARUM

Thls thin muselc is spread over the dorso lateral aspect of ribs, just below and lateral to the
longissimus dors;. 1c helps to extend the spine [Fig. 4.17],

Fumsren .

i
i



FPRIMARY YETERINARY ANATOMY
160

Internal intercosial 7

issimus coslarum — . ;
Langissim Longissimus dorsz

Semams dorsalis posticus
Relractor coslarum

Eatemnal intercosial

Serratus Jdorsalis anlicus
Longissimus costarum

Longissimus dorsi ]

Spleniu ) g Tensor ascia laa

Transverse abdominis

Stemo eephalicus
Scalenus dorsalia

Rectus thoraciy
Sermalus thoracis

Obliguus abdominis inlemus
Reclus abdominis
Peetoral . Obliquuy abdominis externus

Fig- -t17 Muscles of ihorax and abdomen {Laterol view),

Origin—Tuber coxac, lumbar transversc processes and Iateral surfaces of few ribs.
Insertion—Caudal-borders of different ribs and ansverse precess of 7th cervical venebra, Blood
and nerve supplics are similar (o those of longissium dorsi.

LEVATOR COSTARUM
The uppermost part of the intercostat spaces are occupied by these bundles of muscles, They are
about twelve in number and assist in inspiration.
Origin—Corresponding transverse processes of thoracic vertebrae.
Insertion—Cranial borders of the cormesponding rabs sitwatcd behind,
They are supplied with inicrcostal arteries and nerves.

MULTIFIDUS DORSI

These muscular bundles ar arranged in a series and extends from mid cervical region lo sacruny,

Origin—Articular processes of cervieat and lumabr veriebrae, transverse process of thoracie
vertebrac and the laterat surface of sacrum,

[=n
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Insertion—Caudal borders of Spinous progesses of correspondirg vertebrac in fron;.
Blood supph1 ambar and intercostal arteries.
Nerve supply—Branches of corresponding spinal neryes,

SERRATUS DORSALILS ANTICUS

.

Itis a small flat serrated musele placed under rhomboideus, Generally 3 10 4 srrations are found.
It helps in inspiration [Fig. 4.17].

Origin—4th to Tih theracic spine and lumbodorsal [aseia,
Insertion—Lateral surfzce of 5u to th rib.

Blood supply—Imereostal arteries,

Nerve supply—Dranches of spinal nerves,

SERRATUS DORSALIS POSTICUS
Siructure of ihis musele s similar to that of serratus dorsalis anticus, 1L assists in expiration
{Fig. 4.15).
Origin—I0th (o 13th thoracic spinc and lumbo dorsal fascia,
dnsertion—Lateral surfaces of Tast three ribs.

Blood and Nerve supplies are similar 10 those of serratus dorsalis anticus muscle,

EXTERNALINTERCOSTALS
These muscles are placed laterally in the intercostal spaces. Their fibers are directed downward
and backward, They help in inspiralion [Fig. 4.17].
Origin—Cudal border of 1 rib in fromt,
Insention—Cranial border of the rib behing.
Blood supply— Intercostal arleries.
Nerve supply Tniercostal nerves,

INTERNAL INTERCOSTALS

There are similar muscles placed internal 1o the external j nlercostals, The inlerosseous parts help

in expiration and the interchondral parts help in inspimtion, Their fibers are amanged in downward
and forward diretion {Fig. 4.17].

Origin—Cranial borders of arib behind,
Inseriion—Caudal borders of the ribs in fronl.
Blood and Nery, supplies are simiar o those of external intercostal muscles,

RETRACTOR COSTARUM

This small tiangular muscle fs sitwaled behind the upper end'of last rib and below extemnal oblique
muscle. 1t helps in expiration [[p, 4.17},
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Origin—Transverse processes of first three or four lombar verlchrae,
Insertion—Caudal border of last rib,
The muscle is supplied with luinbar arieries and nerves.

RECTUS THORACIS -
Reclus thoracis is a small trian gular thin muscle placed obliquely at the ventral aspeet of the cranio
Iateral angle of theracie wall. It helps in inspiration [Fig, 4.17].
Ongin—Laweral surface of the disial end of figt ib,
fusertion—Cartilage of 41h ta 6h ribs and sternum,
Blood supply—Inlemal thorcic arlery.
Nerve supply—Intercostal nerves.

TRANSVERSUS THORACIS
The thoracic surface of 1he sternum is covered by transversus thoracis muscle. The fibers are
dirccled transversety. It helps in cXxpiration,
Origin—Iniemal siernat ligament,
nsertion—Thoracic surface of sternal cartilages {third 1o cighi).
Blood supply—Internal thoragic artery.
Nerve supply—Intercosial nerves,

LATISSIMUS DORSI
Already deseribed.

SERRATUS THORACIS
Already discussed.

PSOAS MAJOR
Itis a long muscle partially remains covered by Psoas minor and js extended al the sub-lembar
region. It helps 1o flex the hip [Fig. 4.18 and 4.19).
Origin—13th rib, 12th theracie vertebr and Lransverse processes of lumbar vertebrae,
Insertion—Trochanter miner of femur,
Hood supply—Lumbar arteries and decp circumflex iliac artery.
Nerve supply—Lumbar spinal nerves and braneh of scigiic nerve,

PSOAS MINOR
This thin musele is placed at e ventro lateral aspect of the bedics of lunbar and Few theracic
veriebrae. It helps to lex iy hip [Fig. 418 and 4.19].
Origin—Last thoracic interventcbral dise and bodics of fumbar veriebrae,
Insertion~—Psoas wbercle.
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Psoas minar
Quadratus
lumborum (Cur)
Hiacus
Tensor fascia
lara
Peclineus
Quadriceps
Sartorius
Gracialis

Fig. 4.18 Museles of sublumba region,

Blood supply —Lumbar arteries.
Nerve supply—Lumbar nerves,

ILIACUS

This thin muscle is mostly placed al the cranial surface of ifjum, It assists fo flex the hip [Fig. 4.16].
Origin—Tiium, last lumbar vericbra and base of sagrum,

Insertion—Trochanter minor.

Blood supply—Lumbar and branch of exiernal jliac arerics,

Nerve supply—Iliomuscular nerve.

QUADRATUS LUMBORUM

This muscle is placed on the ventcolareral aspect of the caudal thoracic and Jumbar region. It

aSSiSIS o flex he Join luterally (Fig. 4.18],

Origin—Venira surfaces of the bodics of 11th 10 1%k thoracic vertebrac and last few ribs.
Imem'an—-Wings of Stcrum. .

Bived supply_1 umbar arteries.

Nerve supply—Lombar nerves.
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Fleshy rim of diaphragm

Venaeaval aperiure Apo ic cenler of diaph

5

Esaphageal- aperture

Aorlic aperiure

s Lell cus of disphisgin
Right crus diaphragm.__||

Psoas minor

Psoas major

¥ig. 112 Disphragm and sublumbor museles.

INTERTRANSVERSALES LUMBORUM

The spaces belween: the transverse pracesses of jumbar vericbrae are filled up by these muscles.
Muscles of both sides acl 1ogether 1o keep the back rigid. Individually it helps 1o fex the back
laterally,

Origin—Cranial border of transverse process of a lombar vericbra behind,

Insertion—Caudal border of Lransyerse process ol the lumbar veniebra in front,

Blood supply—Lumbar arterics,

Nerve sipply—Lumbar nerves.

DIAPHRAGM

This is a musculo-aponerotic dome shaped partilion between the theracic and abdominal cavities,
Its rim is fleshy and the cemer is aponcurolic. Thoracic surface is convex and the abdorninat surface
is concave. The thoracic surface is covered by pleura and the abdominal surface is covered by
periloniun. It is the chief inspiralory muscle, This muscle provides additional power (o each effort of
expulsive acts e,p., coughing, sneezing, vomiting, defecation ete,

Altachmenis

Itis attached to the dateral thoracic wall from 3th to 13th rib. Ventrally it is atiached 10 the xiphoid
cartilage. Dorsally it is attached strongly with lumbar veriehrae by two crura. The right crus is large
and is altached to (he ventral suzfaces of first four or five umbar verebrae. The teft crug i small and
is aached 1o first and second lumbar vertebrae,
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This pantiiion presents three perforations for th
The aortic aperlure is situated below 13th (horncie v
aperture passes throuph the right crus
vertebra. The venacaval aperture s sit

i
¢ passage of aorta, esophagus and venacava. :
ertebra between the two crura. The esephageal
and is placed six to eight inches below the Sth thoracic
ualed close 1o the tendinous center and to the right of the
, the muscle has  good number of smaller openings for smal] vessels and
nerve lrunks, owt of which (he lelt cjus presenis a little larger aperture for the passage of vena hemi
AZYEOS.

Blood supply—Phrenic and musculo phrenic arteries,

Nerve supply—Phrenic nerve,

|
|

MUSCLES OF THE NECK

ot

b B[ach-joqci:hﬁiié:us. '

2 Sternocephalicus. 2 l»uglsslmus capilis et ‘atlangis,

3, Sterne-\hyro-hyoidcus, 3 CD“‘P"”‘“—‘ R

4. Reelus capilis ventralis major. a, Obh';;uus-capiﬁs anleriar,
3. Reclus capitis vemralis minor, 5. Oblj;quui'phj;fdg‘j:}:sicﬁpf: v

6. Omo hyoidéus. &,.Mﬁ]ﬁﬁ_&:‘_ﬁé"ﬁcﬁici_s.’-:__ .

7. Recus capilis Jateralis,
- & Longs coli, -

" 9. Imenransverse colj,
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Ventral Cervical group
BRACIIOCEPHALICUS

Already deseribed (See page 119).

STERNOCEFHALICUS

This muscle has two parts — (1} Sterno-mandibularis {superlicial) and
(2) Siemo-suboceipitalis—(decp).

The deep part Jorms the ventral border of jugular furmow. They help (o flex the neck [Fig. 4,20).

Origin—Fixst slermebra and first costal cartilage.
Tnsertion—
{a) Super{icial parl inserts to the mandible, massatar and Fascia of buccinater,

() The deep part inserts o massater muscle, iemporal bone and Lo the basilac part of the oceipital
bone, )

Blood suppiy—Branch of carotid artery.
Nerve supply—| lih cranial nerve,

STERNO THYRO HYOIDEUS -

‘This is a thin lape like muscle applied along the ventral surface of the rachea cxcepl at the cranial

part where it covers the ventro-kaleral aspecl. It retracts the hyoid apparatus [Fig. 4.20.

Crigin—Cranial portion of first slemebra.

Insertion—Thyroid cartilage and hyoid bone.

Bleod supply—Branch from earolid arlery.

Nerve supply—DBranches of 15t and 2nd cervical spinal nerves.

RECTUS CAPITIS VENTRALIS MAJOR

This muscle is placed along the ventrolaleral aspectof the cervical region. 1t helps to flex the head.
Origin—Transverse processes of 3rd 1o 6th cervical verichrac |Fig. 4,23].

Inseriion—Au the junclion between the basilar part of the occi pilal and sphenoid bones.

Blood supply—DBranches of carolid and vertebrml aneries.

Nerve supply—Branches of cervical spinal nerves,

RECTUS CAPITIS VENTRALIS MINOR

Itis a small muscle lie close to the preceding muscle. Tt assists to flex the head.
Origin—Ventral aspect of allas.

Insertion— Al the junction between basilar part of oceipital and sphenoid bones,
Blood and Nerve supplies are similar 1o these of teclus capilis ventralis major,
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Mandibular safivary gland

Parctid gland

Sternothyro hyoidens

Sternocephalicus {supe1ficial)

Extemal jugular vein Sternocephalicus {deep)

Decp pectoral Drachiocephalicus

Cranial superficial pecioral

Cavdal superficial pecioral

Flg. 420 Muscles of the ventral surface of the neck and head.

OMOHYOIDEUS

This is a small muscle placed at the veniral aspect of hydoid bone. It retracts the hyoid bone,

Origin—Sematus cervicis and the fasciae of 31d and 4ih cervical vertebrac [Fig. 4.18).
insertion—Glossa] process of hyoid bone.
Blood supply-_Branch of carotid arlery.

Nerve supply—Branch of Ist cervical spinal nerve,
Ya-12
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RECTUS CAPITISLATERALIS

This small muscle is placed laleral 1o the cccipito-atlantal joint. It helps to Rex the head.
Origin—\emral aspect of atlas,

Insertion—Paramastoid process of the skull,

Blaod supply—Branch of occipital arery.

Nerve supply—Branch of 1st cervical spinal nerve.

LONGUSCOLI

A serics of musculo-lendinous bundles are extended along the venteat surlaces of Gth: thoracic
vertebea to the atlas to form this muscle, Tt assisis to flex the head:

Origin—The thoracic pari originates Irom the ventral surfzces of the bodies of st to éth thoracie
vertebrac. The cervical part oFiginates from the transverse processes af-all cervical vertebeac except
alias,

insertion—The thoracic part inserts Lo e bodies and tznsverse processcs of 6ih and 7th cervical
vertebrae. The cervical part inserts 1o the infraspinous processes of cervieal verichrac and ventral
tubercle of atlas.

Blood stpply—Branches of carolid, veriebral and intercostal arteries,
Nerve supply—Branches of cervical and first four thoracic spinal nerves,

Trapezius
Ligamenium nuchae
{Funicular party Complexus

Splenivs

o

T .
cervicis .

' Omalransversarious
L:g:znlinmr:-; nu:hn; Spinal aceessory nerve
mellar part
Longissinus eapitis

Muliifidus Dorsal pan

Wrachiocephalicus

o=

Yeniral part

Omohyoideus

T g e

Iniepransverse coli

o i

——

Reclus eapitis
Yogus nerve Longus coli
Carotid antery Ext. jogular vein
Esophagus
Trachea Int. jupular vein

Fig. 4.21 Fronsverse seetlon of neek al rhe bevel of 3rd-dih cervical ¥ecichrae In ox {schematic).

g ..
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INTER TRANSYERSE CCLI

In the cervical region 5ix muscular Tasciculi occupy the spaces between aricular and 1ransverse
processes excepl in the lirst interveriebral articulation. These arc collectively called interiransverse
coli. They help in tateral Nexion of 1he neck,

Altachmenlts

Each muscle has two bundles. The supcrior bundle originates from the transverse process of a
veriebra, passes forward and inseris to the anicolar process of another veriebra, The inferior bundle
altaches the adjacenl Iransverse processes.

Dlood suppiy—Branches of vertebral amery.
Nerve supply—Branches of cervical spinal nerves.

Ortbicularis aculi . .
Scute auricnlaris

Trapizius
Zypomelico duricularis

Malaris

Levaior Tabil
superioris proprics

Levalor
nasolabialis

Buceinator

dygomaticus  Masepter

Parwiido auricularis

Stcrmocephalicus

Ext. jugelar vein

Flg. $.22 Superlicial muscles of Head and neck.

A LAl
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Lateral Cervical Group

SPLENIUS
This is a flat moscle placed at the dorsolateral aspect of the neck. I helps 1o exiend the head
[Fig. 4.23].
Origin—Supra spinous processes of first thiee or four thoracic veriebrac.
Insertion—Wings of atlas, transvecse processes of axis and 3rd cervieal vertebra,
Blood supply--Branches of costo cervical artery.
Nerve supply—Branches of cervical spinal nerve.

Brachiocephalcus Complex
{cul) ,
- L | ]_18
'l' ruchae

Splenius _
Rhomboideus

Recius copatiy ventralis
Trachea

Jogular vein

Remerrpiohion

Steme-thyro-hyoidzus

Longissimu¢ dorsi
Scalenus ventralis
Sealenus dorsalix

Pre-scapular
Iymph node

Fig. 4.23 Muscles of neck (afier removing superlicial {ayer).

LONGISSIMUS CAPITIS ET ATLANTIS

The muscle is placed at the Jaicra] aspecl of the neck beiween the splenius and complex, It assists
lo extend the neck.

Origin—Transverse processes of last three cervical and fimst two tharacic verebraz and articutar
processes of 3nd {o Tth cervical vertebrae,
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Insertiow—Lateral border of atlas and the mastoid process.
Blood suppiy—Yenebral arterjes.
Nerve supply—Branches of 3rd to 8th corvical spinal nerve.

Lo BT

COMPLEXUS

Fhis muscle is placed lateral to the ligamentum nuchae and partly covered by splenivs and
longissimus er atlantis. I helps to extend the neck [Fig. 4.20].

Origin—Transverse processes of first nine (horacic veriebrae, anticular process of 3:d 1o 7th
cervical veriebrae and ligamentom nuchac.

= T et | e 4, 2 %y e =

Insertion—Close 10 external occipilal prowberance,
Blood supply—Branches of vericbral and superior cervieal artcries,
Nerve supply—Branches of all the cervical spinal nerves excepling first two,

OBLIQUUS CAPITIS ANTERIOR

This muscle is placed lateral (o oceipito atlantal joint. It helps 10 extend the neck,
Origin—Dorso lateral aspect of atfas,

Insertion—Close to extemnal occipital proluberance,

Blood supply—Branch of occipilal arery,

Nerve supply—Branch of Ist cervical spinal nerve,

OBLIQUUS CAPITIS POSTERIOR

Itis placed at the dorsolateral aspect of axis and atlanto axial articulalion. The muscle helps lo

extend the neck. -

Origin—Supraspinous process and poslerior articular processes of axgs.
Insertion—Wings of allas,
Blood and Nerve supplies are similar (o those of previous muscle.

MULTIFIDUS CERVICIS
Thisis also known as semispinalis of the neck, This muscle i5 placed in a series with the multifidus
dorsi and comprises of six bundles, 1t helps to extend the neck.
Origin—Anlicolar processes of Jast four of five cervical and st thoracic vericbrae.

fnsertion—Each muscutar fasciculus afier the origin passes forward, upward and inserls to the

Supraspinous process and articular processes of the respeclive preceding cervical vertebra (3rd to
Tth).

Bfaod supply—Vertebral and superior cervical arterics.
Nerve supply—Branches of 3rd 1o 8ih cervical spinal nerves.
RECTUS CAPITIS DORSALIS MAJOR

This small muscle extends from axis to occipilal bone. It assisls lo extend the head,
Origin—Spine of axis.
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Insertion—Close ta external oceipilal protuberance.
Biood supply—Occipilal-ariery.
Nerve supply—Dranch of Ist cervical spinal nerve.

RECTIS CAPITISDORSALIS MINOR

This smal} muscle lics under the major musele and also assists it 1o extend the head.
Origin—Cranial aspect of wings of atlas,

Insertisn—Close to external occipital protuberance.

Blood and Nerve supplies are simitar lo those of rectus capilis dorsalis major.

Museles of Face and Tlead’
Alf these museles are small and wil be described i short.

MOS0 o o A B B b e

[ R
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B =1 G LA da D B e

. Orbiculars onis,

Region of lips cheeks and nossrils. - Tempora inaxillary region

1. Orbicularis oculi.

- Levalor nasolabialis. 2. Corrugator supercillj,
- Levator labii superioris propsivs. 3, Malads,
- Levator Tabii superionis accessorius, 4. Levator palpcbrac superioris.
. Zygomaticus, . Temporo maxillary region (muscles of
- Depressor labii superioris masticalion)
. Levator tabii infarionis. ' l. Masseter
. Depressor labii inferiors. 2. Plerypoideus medialis.
, Buccinator 3. Prerygoideus laicralis,
. Dilatator naris Yotepalis. 4. Temparalis.
- Bilanter naris apicalis. 3. Pigastricus.
. Dilalalor naris superioris.
- Dilatator naris inferioris,

Auricufar region, Myoid region.
. Parotido auricularis. 1. Mylo hyoxteus,
. Cervico auricularis, 2. Siylo hyeideus.
. Parielo audieulanis cxieenus, Y. Genio hyoideus,
. Paricto aurieolaris inleraus, 4. Keraro hyojdeus,
. Tempore aurtcularis. 3. Occipilo hyoideus.
. Zygomalico avricularis. 6. Hyoideus mransversus,
. Scuto auriculars extemus, 7. Sterno thyrohyoeideus.
. Scutoauricularis intermus, & Omo hyoideus.
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Lip, cheek and nostril region

ORBICULARIS ORIS
The fibers of this muscle arc arranged as sphincter around the apening of mouth. It receives fibers
from other muscles which converge [o il [Fig. 4.24],

Blood supply—Terminal branches of maxillary and mandibulo alveolar arterics,
Nerve siupply—Branches of facia) and maxillary nerves,

LEVATOR NASQLABIALIS
This thin muscle arises from nasal and frontal bone and tlerminates on nasal cartilage and premaxilla,
Ithelps Lo elevale the upper lip {Fig. 4.24].
Dlood supply—Branch of maxillary arery,
Nerve supply—Branch of facial.

FParicro-auricularis
Zygomatico Turicularis cxlernu
(=2 Orbiculars ocul
Scute auricularis
D Malariy
A l\
T /f ‘s-ﬂ
o L) 5o
= ——— g \
= A= = 1= - .
= ' o |' \ Levalor labit superioty proprins
S A
;,7 7 7 n\% i" Levator nusolabialis

NN R .

PITR

Orbicularis oris
Levalor labii superionis accessorivs
- Dilatator naris lazgalis
Drepressor labii superioris
Zygomaticus
Buccinator

Masscler
Stemo-mandibulariy

FParotido auricularis

Depressor Labii inferoris

Fig. 4.24 Muscles of face.




174 PRIMARY VETERINARY ANATOMY

LEVATOR LABII SUPERIORIS PROPRIUS
This muscle is placed below Jevator nasolabialis. It originales from factal tuberosily and inscris lo
the muzzte and upper lip. It elevates the upper lip [Fig. 4.24). :
Biood supply—Branches of maxillary artery,
Nerve supply—Branches of infraorbiial and facial nerves.

LEVATOR LABIT SUPERIORIS ACCESSORIUS
This small bundle of muscle arises from the facial tuberosity and terminates to the upper lip. It is
placed almosl parzlicl to the proprius muscle. It helps the proprius musele in action [Fig. 4.24].
Blovd supply—Branch of maxillary artery,

Nerve supply—Branch of infraorbital and facial nerves,

ZYGOMATICUS
This thin [fat muscle extends from Lhe temporal process of the ygomatic bone to the angle of the
lips. Its fibers blend with the orbicularis oris muscle. Tt relmcts the anglc of mouth [Fig. 4.24].
Blood supply—Facial artery.
Nerve supply—Facial nerve,

DEPRESSOR LABII SUPERIORIS

Itis placed paralle] Lo (ke dilator naris lateralis suscle, just above the zygomaticus. It helps o
depress the upper lip. The muscle originates from facial tuberosity and terminates at the upper [ip and
muzzle [Fig. 4.24],

Blood supply—Facial ariery,

Nerve supply—Branch of superior buccal nerve,

LEVATOR LABIT INFERIORIS
{Incisivus Mandibularis)
This smalt muscle originates from the ventral aspeel of the body of mandible and terminates m the
lower {ip. It helps 1o clevare the lower lip.
Blood supply—Facial arery.
Nerve supply—Mental nerves.

DEPRESSOR LABIIINFERIORIS

This is placed aleng the ventral border of bugcinator. It ariginates [rom the alveolar border of
mandible and inserts to the lower Iip. It helps to depress the lower Iip [Fig. 4.24].

Dood supply—Branch of facial artery,

Nerve supply—Dranch of superior buccal nerve,
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BUCCINATCR
It is the main check muscle, It originates from the alveolar borders of maxilla and mandible and
terminates by blending wilh erbicularis oris, It helps to retracl the angle of mouth,
Blood supply—Mandibular labial and branches from maxillary arteres.
Nerve supply—Facial nerve.

DILATATOR NARIS LATERALIS

This narrow burdle is placed above Lhe depressor labii inferiors and runs parallel to j1. It extends
from Facial wherosity to the wings of nostril. The muscle assists to dilate the sostril.
Biood supply—Branches of facial artery.

Nerve supply—Branches of superior buceal and superior maxillary nerve.

DILATATOR NARISAPICALIS

This small muscle is confined in the muzzle. It extend from the premaxillz to the wing of the  [ZE5H

nostril. It helps Lo dilate the nostril.
Blood snpply—Tacial arery,
Nerve supply—Superior buccal nerve,

DILATATOR NARIS SUPERIORIS

W is also very small muscle. Tt cxlends from the parictal cartifage to the medial wing of nosiril,
Blood and nerve supplies are similar to those of previous muscle.

DILATATOR NARIS INFERIORIS
This small muscle stats from parietal cartilage and premaxilla and terminates to the lateral wings
of nasiril, It helps to dilate the nostril.
Blood supply—Facial artery.
Nerve supply—Branches of facial and infraorbilal nerves.

PALPEBRALREGION
ORBICULARIS OCULI

Surrounding the border of the orbit the fibers of this sphincler muscle is spread belween the skin
and palpebra. This muscle conirols the aperture between the palpebrae.

Blaod supply—Malar artery.
Nerve supply—Branch of facial nerve,

CORRUGATOR SUPERCILLI
{Levaior anguli oculi medialis)

This muscle s ill developed in ox and found in horse and dog. This is a very thin rauscle which

staris from the Zygomatic process, spread lo the upper cye lid and blend 10 the orbicularis oculi, Tt
helps to raise the upper ey lid.
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LEVATOR LABH SUPERIORIS PROPRIUS
This muscle is placed below levator nasolabialis, Tt originales from facial tuberosily and inserls 1o
the muzzle and upper ltp, IWclevates the upper lip [Fig. 4.24], :
Blood suppiy—Branches of maxillary artery.
Nerve supply—Branches of infrorbital and lacisl nerves.

LEVATOR LABIF SUPERIORIS ACCESSORIUS
This small bundle of muscle arises from the facial laberosity and terminates Lo the upper lip, It is
placed almost parallel lo the proprius muscle. Tt helps the proprius muscle in action [Fig. 4.24).
Blood supply—Branch of manitlary aricry.
Nerve supply—Branch of infraorbital and facial nerves,

ZYGOMATICUS.

This thin flat muscle extends from the temporal process of the zygomatic bon¢ to the anglc of the
lips. Iis fibers blend with the orbicularis oris muscle. It retracts the angle of mouth [Fg. 4,24}
Blood snpply—Tacial ancry.

Nerve supply—Facial nerve.

DEPRESSOR LABIY SUPERIORIS

1t is placed parallel to the dilator naris lateralis musele, just above the zygomalicus, It helps to
depress the upper lip. The muscle originates from facial tubcrosity and lerminaies al the upper lip and
muzzle [Fig. 4.24).

. Blood supply—Farial artery,
Nerve suppty—Branch of supcrior buccal nerve,

LEVATOR LABIINFERIORIS
(Incisivus Mandibularisy
This small muscle otiginates from (he ventra! aspect of the body of mandible and terminates af the
Jower lip. It helps 1o elevate the lower ip,
Blood supply—Facial artery,
Nerve supply—Mental nerves,

DEPRESSOR LABIFINFERIORIS
This is placed along the veniral boeder of buceinator. It originales [tom the alveolar border of
mandible and inscris ta ihe Jower lip, I helps 10 depress the Jower lip [Fig, 4.24].
Blood supply-—-Branch of facial artery.
Nerve supply—Branch of superior buceal nerve,
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BUCCINATOR
Itis the main cheek musele. It eriginates from the alveolar borders of maxilla and mandible and
Icrminates by blending with orbicularis oris. Tt helps 1o retract the angle of mouih,
Blood supply—Mandibular tabial and branches from maxillary anerics,
Nerve supply—Tacial nerve.

DILATATOR NARIS LATERALIS

This narrow bundle is placed above the depressor labii inledioris and runs parallel o il, [t extends
from facial wberosity 10 the wings of nosiril. The muscle assists (o dilale the noslril,
Bloed supply—Branches of facial artery.

Nerve supply—DBranches of superior buceal and superior maxillary nerve.

DILATATOR NARIS APICALIS

This small muscle is conlined in the muzzle. Tt extend from the premaxilla to the wing of the :
rostril. 1t helps to dilate the nostri, .
Blood supply—Faciz| artery.

Nerve supply-—Superior buceal nerve.

DILATATOR NARIS SUPERIORIS

It is also very small muscle. It extends from the paricial eartilage lo the medial wing of nostri),
Blood and nerve supplics are similar to those of previcus muscle.

DILATATOR NARIS INFERIORIS
This small muscle starts from parietal cartilage and premaxilla and terminates (o the lateral wings
of nostril. It helps to dilate the nostril.
Blaod supply—Facial artery.
Nerve supply—Branches of facial and infraorbilal nerves.

PALYEBRAL REGION
ORBICULARIS OCULI

Surrounding the border of the orbit the fibers of this sphincter muscle is spread berween the skin
and palpebra. This muscle conlrols the apenure belween the palpebrae.

Blood supply—Mulzr antery.
Nerve supply—Branch of facial nerve,

CORRUGATOR SUPERCILLI
(Levaior anguli oculi medialis)

VI T ;-

This muscle is il developed in ox and found in horse and dog. This 15 a very thin muscle which
starts framt the zygomatic process, spread to the upper cye lid and blend: 1o the orbicularis oculi.
helps to raise the upper eye lid.
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MALARIS

This is a thin sheet of a muscle, spread over the buceinator and masscter, 1L originates from
the lacrimal bone and inseris to the fascia of the darsal border of buccinator. It helps 10 elevate
the check.

Blood supply—Malar artery.
Nerve supply—Facial nerve.

LEVATOR PALPEBRAE SUFERIORIS

This musele is placed panly in the orbit, it cxtends from the pterygoid crest to the upper cye lid.
Tt elevates the upper eyc lid,

Biood supply—Exicmal ophthalmic artery.
Nerve supply—QOcculemotor nerve,

Tempro-maxillary Region

(These are the Muscles of Mastication)

MASSETER

This is a flal and strong muscle placed on the external surface of the ramus of mandible, Its fibers
are directed backward and downwacd, It orj ginates from facial tuberosity and zypomalic arch and
inserts to the lateral surface of ramus of mandible. I\ helps to close the jmw [Fig. 4.24).This muscie
is multipennate ang better developed in herbivores,

Blood supply—Branches of facial artery.
Nerve supply—Masseteric nerve,

PTERYGOIDEUS MEDIALIS

Itisa flat musele placed on the medial surface of the vertical pan of mandibe. I helps 10 closc the
mouth and procduces lateral motion.

Origin—Plerygoid process of sphenaid and perpendicular part of palaline bone.
Insertion—Medial surface of vertical part of the ramus of mandible.

Blood supply—Pterygoid artery, a branch of maxillary artery,

Nerve supply—Branch of mandibular nerve.

FTERYGOIDEUS LATERALIS
This is 2 thin shert muscle placed medial to the temporo mexiflary articulation, Tt helps the
plerygoideus medialis musele in 2ction.
Origin—Plerygoid process of basispheneid and pterygopalaline fossa,
Insertion—Condyle and neck of the mandijble,
Blood and nerve supplies are similar 10 those of pterygoideus medjalis,
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TEMPORALIS ;
This musele is betier developed in camivores. This is placed in (he temporal fossa. It assists ta ‘
raise the mandible for closing the mouth,
Origin—Temporal Fossa.
Insertion—Coronoid process and adjacent medial and lateral surfaces of the mandible.
Blood supply-Deep lemporal artery.
Nerve stipply—Branch of mandibular perve,

DIGASTRICUS
This is a long tendinous muscle placed at the medial aspect of the mendible. It has wo bellies—
cranial and caudal. The musele helps te open the meuth and to mise the tengue,
Origin—Jugular (paramastoid) process of gccj pital bone.
Insertion—Medial surface of the mandible,
Blood supply—Branch of Facial arlery.
Nerve supply—Branclies of facial and mylohyoid nerves.

MUSCLES OF HYQID REGION

Mylo-hyoidens—I| exiends from the medial face of the mandible just below the alveolar border
to the lingual process of hyoid bone, It helps o elevate the longwe. It is provided with sublingual
artery and branch of mylohyoid nerve,

Stylo-hyoideus—This thin muscle starts from the muscular angle of the greal comu and terminates
al the thyroid comu of the hyoid bone, Tt retracts the tongue by drawing the hyoid bone dorsally and
caudally. Branches of facial arlery and facial nerve supply this muscle,

Genio-hyoideus—This muscle connects the medial surface of the horizonta) part of mandible
and the glossal process of the bady of the hyeid bone, It draws Ihe tongue forward. It is supplizd
with branches of Jingual arlery and glossopharyngeal nerve.

—

Keralo-hyoideus—I1 originates from small cornu, ventral border of preat cormu and middle comu
and inserts 1o the dorsal border of thyroid cornu. It raises the thyroid comu and larynx_ It gets blood
supply from lingual artery and nerve supply from glossopharyngeal.

Occipito hyoidens—I1 ¢zlends [rom the paramastoid process to the proximal end of great coma
of hyoid bonc. This muscle draws the hyoid apparalus caudally, Branches of occipila] arlery and 3
facial nerve supply blood and ncrve to this muscle respeclively.

Uyoideus dransversys—This unpaired small muscle is cxtended transversely between Lwo small ¢
comua of hyoid bone. J1is supplied wilh the branches of lingual artery and Sth cranial nerve, 5

Ly s

Serno thyro hyaidews—Already deseribed, g
Omo hyoidens—Alrcady diseribed.

MUSCLES OF AURICULAR REGION

These muscles gel blood supply from branches of occipital and superficial temporal artcries and
nerve supply from facial and lactimal nerves,
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Parofide-auricalaris—This is in the form of a fibrovs sheel, eriginales from parotid lascia,
passes upward and inscrts to the base of the auricular cartilage. Tt draws the car extarnally and
ventrally [Fig. 4.24],

Cervico-auricolaris—This is composed of three parts—evternal, middle and internal Al the
parts originate from the funicular parl of the lignmentum nuchae and insens to the base of the
conchal cartilage. These three pans are arranged layer by layer. Fhese muscles rotaie the ear and
draw it backward.

Parielo-anricularis externus—It arises from the base of the hor and terminaics en the scutiform
andt conchal cartilages. It rotzies the concha forward [Fig. 4.241,

RS

Parieto-auricularis internus—This muscle also arises from pariclal bone and terminates Io the
conchal cartiage. tis placed partially under the paricto-avricularis externus muscle, It adduets the
car.

Temporo auricularis—This small muscle oniginates from the posterior border of the cxlemal
audilory process of the lemporal bone and inseris Lo the conchal cariilage. It assists 10 draw the
conchal cartilage downward.

Zygomalico-auricularis—This muscle siarts from the zygomalic arch and terminates on the
sculiform and conchat cartilages, It has 1wo parts—mediaF and Jateral, The mediad one is short. 1L
draws the car forward [Fig. 4.24}.

Scuto-anricolaris externus—It exiends from the seuiform cartilage to the anleromedial aspecl
of the conchal cartilage. It has three tayers—superlicial middle and decp. Tt helps 1o turn the opening
ol the car forward [Fig. 4.24).

. Sculo-avrienlaris internus—It has two pasts—Major and Miner. The minor one is placed
i superficially. The fibers of this muscles extend from the scutiform carlilage 1o the conchal cantilage.
i e helps to rolate the car.

MUSCLES OFTAIL

All thess muscles surround the 1ail bones on either side and are supplied with caudal spinal nerves
. and branches of dorsolateral candal artery and medinn sacral artery.

Sacro-toccygeus dorsalis medialis—It is placed at the dorso medial aspeel of the 1ail. 1) arjses
! from the sacral spine and lateral
: Sacrv-eoceygens dorsalis sacral cresl and inserls on the
‘ medialis dorsal surface of caudal venebrac,
1t helps to extend the fail.

Sacro-coctygens darsalis

Ttcralis Sacro-coccygens dorsalis

lateralis—The musclz is situaled
at the dorso lateral aspect of the

Intertrarsversarii caudae

Sacro-coceygeus venimlis

Kateralis tail. It originates from the articular
: ' vessels Scro-coceygens veniralis processes of 5ih _am:l 61h lomber
: mediakis veriebrea and inserts to the
; Median eandal reewels Lransyerse processes and Jareral

: surlace of caudal vericbrae, 11
. Fig. 425 Transverae sectlon of the 1ail of or. assisls to extend the 1ail.
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Inicriransversarii candae—It is placed ai the ateral aspect of the 1ail: The fibers are incompletely
divided into dorsal and ventral bundle. I originates from the Jaterat aspect of sacrum and transverse
processes of coccygeal vericbrae, The muscle inserts Lo the transverse processes of succceding
vertebrac, It helps in Jareral flexion of the tail,

Sacro-coccygeus venlralis laleralis and sacro-caccygeus ventralis medialis—They occupy
the veniral aspect of the tal, Both the muscls criginate from the ventral aspect of the sacrum apd
insert to the ventral surface of the bodies and wransverse processes of coceygeal veriebrac, These
muscles help in flexion and lateral movement of the 1ail.

Rigor merlis—1 to 7 hours after death the body gels siilfned due 10 hardening of muscular

tissues as a result of coagulation of Myosinogen and Paramyosinogen. The condition disappears afier
one to five days or when decomposition starts.

T L b,

B el L O




This chapler deals with action of force Ginternal and cxiemal) which works on a living body. This
action of force obeys the same physical laws of nonliving materjals.

Biodynamics

h comprises of Biokinematics and Biokinelics.

Bickinematics deals with the motions of (he animals/object without considering the forces which
is zesponsible for the motion,

Bigkinetics is relaled to foree and molion. Tt accounts for the requirement of force for production
of a partieular motion or change of moiion.

Biostatics

Normally biostatics means the relation between struclure and function in a living organism. The
force that act upon an animal or on its organs ir the stae of rést or in uniform motion 33 considered
for calealation. However, varialions in the morphological adaprations in the same variely of animals
somelzmes make this mechanical faclors sccondary,

Usefulness of Biomechanics

Since we use some domestic animals (o generate mechanical power, which is directly related to
the locomolory sysiem of tha body a basic knowledge of the mechanical process is useful for better
understanding the disorders and ranmatie complications and their management.

Force

Itis the energy or strength which produce or tends 1o produce motion or change the mslion or
stress in a stationary body.

Yector
It is the quantily of force having dircection as well as magnitude,

A Torce is specificd by jis (1) magnitude, which is expressed in Kilograms or Newton (1 Kg = 10
Newtons), (b) its point ol application and {c) its line of actjon.

Equilibrium .
When lwo equal and opposite foices are F
applicd on a particular poinl of the body, the

equilibrium is maintained, For example, F,and

F, being 1wo opposite and equal orees are

applied in the same sraight line at a point ) of Fig. 5.1

T
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thz body, equilibrium will be maintained by the [
balance between F, and F,,sinceinevery action
there is an equal and opposile reaction, Therefore
in every force, there must be an equal and
opposite force.

When an animal stands on the ground with a

body weight (W} transmiited by the legs, a | €
reaction is developed called ().

\L/“

When only one force (D) is applied on a body,
whether the body move or not the resultant {R)
willbe 2f,ic. R = 5f

When twe dilferent forces - f, and £, in different directions,
dingonal line of the parallelogram, 1hus formed along the direct

XA =direction of force f,
XB = direclion of force £,
XAYE =Panllelogram

R = Resultant force

X = Poinl of interscclion between the directions of two
forces f,and f,

In case of multiple unipolar forccs - R/ SR f
actiag on any poinl ‘0" cach of those forces arc to be divided
into two compenents along X axis and Y axis for the purpose
of ealculaling Resulant force R,

I0a foree £ is divided into kwo componenis along X and Y axis and the angle between [and X axis
is 0, then the amount of foree along X axis will be f cos 0 and the amount of force along Y axis will

be £ sin 0.

Fip, 5.2

the R will be represented by drawing 5%
ion of forces in a same scale,

A

Fip. 5.3

—

f sin @
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Tcas 0

Fig- 5.4
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Simitarly in casc of mulliple forces, the resultant force may be caleulated by (he process of

determining the value of the diaganat of a reclangle.
For example, I angle belween force f, and X axis is 30°
angle between foree £, and X axis is 45°

angle between force f, and X axis is 60° i

The lotal force along X axis = [, cos 30° +

f, cos 45° +
{, cos 60°
and
the tetal force along Y axis = f, sin 30°
f, sin-45°
f, sin 60°

Resultant force R can be calcutated as follows ¢

R= (f, cos 30° + f, cos 45° + f, cos 60°F + (F, sin 30° + £, 5in 45° + I, sin 60°)

Since the valves of T, 1 Ly G ete. are known and the values
. n respeet of ¥arious degrees of cos (x) and sin (x) e1c. are
aitable from the Trigenomctric table, the vatue of resuluinl

% force (R) can be determined,

“Strain and Siress

The werd Tensile means the capability of 2 matedal of
being drawn out or stratched. Tensile sirength is the resislance
of a maleralto beeaking under (ension.

When a force exerted by o tendon on a bone, the bone is
row under strain. Il may ehange the shape or Jinenr dimention
of the bonc. The stmin is visible. Therefore
Chanpe in length

Originallength

The reaction of Ihe material of bone upon this sirtin is
the stress, Therefore the pressure of tension exerted ona matenal
is the stress. Therefore

Torce
‘Area of action

Ifa force 1 exerted by a tendon on o bone at an angle &
wilh the perpendicular (XX) plane at 1he long axis (AB); the
normal force (Ny witl be N = [ sin B, acling atong the surlace
of the bonc. The sharing force (H) will be H = f cog 0, acling
perpendicularly at the surface of the bone.

Now at th center of the section, p, the farce Nis cquivalent
1o the parallel force N'. T u is the radius of the bonc, the

Stain =

Stress =

~R= \"-{!'l cos 30° + [, cos 45° + I cos 60°) + (F, s:n 307 + f,sin 45° 4+ f, sin 60°)

A D
c ID
OC? = AB? + AC? .
=~ DC=VAR + AT
Fig. 5.5
Y
X
Fig. 5.4
0° | 30° | 45° | 6D° | 90°
_ 11141
Vit
CUS I -:2-' ;}5 '2— 0
1
Tan | O A 1 (V3]
|
Cot | 0 I\fS 1 H

Trigonomelr|c ‘Fable
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couple N N will have 2 Moment N x u. The 'Moment' is the bending tesdency of the materal of the
bone and in this case and mmay be denoted by Mb,

Therelore the Normal Siress = l_]
ar

Shear Stress = i
mr

and Bending moment Mb=Nx u

This berding moment would cause a compressive siress on he side of the bone where the tendon
exerting the force is attached and 2 1ensile stress at the opposile side.

A ]
1
) |
1 Tcos 0
| [ 1
X T X m X
l 0
1
1
1
! N
! o Y5
1 5
I o
(]
| [
! 1
1
t []
] 1
Fig- 5.7 Fig. 5.4

Center of Gravity (CG)

This isa poinl representing the mean position of the bedy [rom which
the weight of the body is considered 10 act. The load distribution upon
the limbs is basicalty related (o the location of Center of Gravity.

The location of the CG depends on the typz of support. Thercfore
this point changes with he movement of the animat. Quadriped animals
stand with the support of fout legs, Suppose ABCD are the four points
where Lhe legs are touching the ground, A and B are the lore limbs and C °
and D aze the hind limbs. 1f we draw lnes between A and D and between
B and C, two riangles ABO and CDO are formed by joining AB and CD.

Il the center of gravily (CG), (W 1) is Jocated wilhin the Idangle ABO, 3 ™
the animak wil) be able 03ift any one of the hinds. On the other hand if the
CG, (W2} is located within the triangle CDO, it can lift any one of the LS o
fore limbs. Fig. 5.9

YA-~13
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The load distzibution upon the limbs ean be caleulated in the following method :

AB = A platform on which an animal is standing. It is placed on a hinge (A) and an weighing
machine (B). The fore foot is placed at point M and hind fool at N,

W = Weight of the animat,

w = Cenler of Gravity (CG).

O = Poinl fo iniersection between the phtform and CG

P =Weight at the point B where a weighing machine is fixed. Tt will be less than the whole weight

(W) of thz animal. This is duc 1o the fact (hal the whale weight is distributed at different points of the
platform which can be caleuluted by the formula.

P=i:g-xw

£

=
[, - S ——

0

| E— H L 1
M-----;---—{--—--y----N -
.1
Fig. 5.10
P ADxW

Therefore, = — =

ercfore I =
S PxAB=ADxW

ABxP

LAO =

*0 W

Length of platform can be measured, Say ilis2.5 meter. Weight (P) indicated in weighing machine.
Say it is 20 kg. Total body weight (W) can be measured, Say it is 50 kg.

Thus AQ = 1—55—3-2—[1 = | meler

TEAQ value is thus available, the distance between MO Le., x and the distance between ON ie y
can be casily caleutated by simple scale.

x will be AQ-AM
y wili be BO-BN

Say it is 30 em,
Say it is 40 ¢m.
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. 40
herelore (he react fi Y w299 e = !
Therelore (he reaction on fore foot M el 0440 % 30 kg = 28.57143 kg,

Similarly the reaction on hind foot N = _x_:T xW= 3—03104_0 % 50 kg = 21.42857 kg,

Biomechanics of spongy subsiance of Bone

The bars of spongy substance are arranged in relation to working line of operant forces. The
direction of the bars coincide with the line of compressive and tensile stress.

The direction of spongy bars at the proximal end of femur show (rabecular paticrn and it is
revealed that a well developed bundle of bars arising from the medial
aspect of the conical substance of the neck intersects with a less
developed bundle which arises from the lateral contical zone of (he
bedy. This arrangement points 1o the fact thal the spongy substance
at the proximal and of fernur has a trajectorial paitern, i.c. the
direction of an object move under (he action of given force.

The weight transmited from the acelabulum on the proximal
end of femar is maximum at the point of intersection.

This principle is alse applicable in other boones of the skelelon
wilh the consideration (hat the architecture of spongy substance
has been fabricated 10 achieve maxjmum slrength with use of
minimum material.

Fig. 5.11
Biomechanics of articular carlilage

Atticelar cartilage is composed of chondrocyles and the intercellular substance conlaining:
mucopolysaccharides and fine collagen fhers. Three zones of an articular cartilage have been described.
(2) Superficial zone contains parallel bundles of [bers and responsible for smoothness of the surface
as well as have a property of load diffusion,

{b) Inlermediate zone contains coiled fbers and form a meshwork. It is the deformable area and
tesponsible for storing cnerpy.

{c) Deep zone. fibers are mostly amanged in a radialing manner and connecls the cartilage with
underlying bone.

In this canilage the fibers are extended perpendicular o the compressive stmin caused by the
pressure exerted by (he articular end of another bone,

Biontechanies of the body

Previously construclien of the axis of the body of an four footed vertebrate wag compared with
bridges. With this concepl it was speculated that the axis (vertebral column) is supporied by the
piltars of the bridge which represcrt pectroal and pelvic limbs of the animal. However, this view has

not been accepted much by the subsequent workers and (he "Bow and string’ theory has been
promalgamared,

In this theory the whole of the veriebral column with interveriebral dises along with its curvatures
is considered as 4 bow. The curvatures arc maintained by ligaments and muscles along the axis and

those of ventral and Jateral aspect of thorax and zbdomen works as steings. The Dorsal string is
formed by the muscles of dorsolateral side of the veriebral column (bow) i.e. Longissimus dorsi, cte.

[T
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Axis
(¥errebral column)

= o+ 10

D s ILIER I
= v,

Pillar (Limb) Piltar {Limb)

=

ol

e —

.

-

Fip. 5.12

Ventral string

Fig. 5.13

The Ventral string is formed in 1wa places in inlerrupted manner. One group of muscles, longus
coli, ete. are intimately atlached (o the ventral aspeclof cervical and crantal (hrocic region of the bow
and another group (Psoas) at the candal throrac and lamber region.

The 3rd Indirect string consisls of cblique and recios abdominal museles which are indircctly
attached to the bow by thoracic and pelvic skelelon,

Itis believed in this coneept that the body runk docs no! exert strains in craniocaudal direction at
the points of support, as it is statically balanced on ilself.

Since the head with cervical region and the sacrum with 1ail extend Lo @ considerable length from
the supporting pillars (concerned legs) of the bow, there are armangement identieal to the canlilevers,
There is a frent cantilever for head and neck and a back cantilever for sacrum and tail,

The front cantilever is Jarge and fixed with the tunk in such a wiy that il can move freely and
carry the lond of the head and the long neek. The hind cantileveris smalt and firmly auached with the
frunk,

— ..
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Cantilever
{lront)

Fig. 514

Morphology and Biomechanics

There are reasons 1o believe thal (here is a good relation between morphelogy and biomechanics,
Various Lypes of supporting lissue i.e. bones, cartilages cte. are developed lrom mesenchymal tissue.

The mesenchymal tssuc can sustain mechanical siress. It is also believed that hydrosatic pressure -

can induce intengive proliferation of cells with the ccllagen fibriles which form prolcctve frame

work. According (0 this theory, such hydrestatic pressure leads 1o the formation of canlilaginons . P2

model of the endochondral ossification within the mesenchymat tissue. Formation of protective frame
of the bady induced by alleration of shape combined with lincar extension of mesenchymal eells is
anoiher coneepl of this relalionship.

Locomotion

Types of lecomotion (Kinematics) in four footed animals are characterized by Cait formula which
kas been prepared by cinematographic analysis of Lhe gails of various animals,

Some nawral 1ypes of locomotion are considered for description, Point of arrow denotes cranial
aspect of the animal,

1. Walk—The body of the animal remaing supporicd in all phascs by three limbs in this gait,

S E RN SRS N

2. Aceelerated walk or slow tror — I this gait the body is supporizd by two o three limbs, Here the

sequence of limb movement is diagonal,

. [
-
3. Leisurely watk or Amble - Two or three diagonal or lateral limbs support the body alicrarely,

WO UHON
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4. Rack — In this locomation, about one half af every phase the body would float and the body
TEning supported by one or (wo leteral limbs.

OO0 OOry !

5. Geflop - This is a fapid locomotion, The back does not mave in this gail. From the phase of
[loating the contacts of limbs oceure in the following manner :

|
I! Left hind - Right hind - Lef fore ~ Right fore. [
i

. _ THEDIGESTIVESYSTEM
- ﬁ l D ] D D D . The alimentary canal or Gastro-intestinal tact or Digestive iract is 2 musculo membranous lube,

which extends from the mouth to the anus, f.e., troughout the length of the body. Various paris of
o this canal has become modified according io the necd of the bedy and has been named differently as
; Kinetics mouth, pharynx, ocsophagus, slomach and intesiine, Tongue, salivary glands, leeth, liverand pancreas
are 1he accessory organs of this systcm,

e i i iy e

: Ilisrclnlcdloforccandmolion.Thehorizonmldriving
. force is nil when are animat is not i motion, 1t will stan
=" moving when Acranially directed resuliant force js cexerled
'+ on the acetabulum at il cranial margin,

Slarting from esophagus o anus the wall of the GI. (ract presenis a commen architectural design
which consists of four distinet layers. From the lumen to out side these layers are (1) Mucosa,

{2} Submucosa, (3) Tunica muscularis and (4) Serosa or adventitia,
With “the contraction of biceps femoris,

-+ semitendinosus, semimembranous cle., a horizonlnlly
. directed force would develop by the followin & mechanism,
i If that force of contraction of those muscles is denoted
-~ as F, the hip joinl would kave g moment {berding
' lendency) + (Fxne) wherc ¢ js the radius of e areq of
the joint. This force {F) can be replaceq by a couple FF
which is also have a momen; -+ (Fxar).

This force of contracijon of these muscle will rorate
the femur in a clockwise direction at the right and
anticlockwise direction ar (he leftand a foree F" by which
head of femur exent Pressure on acetabulum.

The mucosa lines the lumen and composed of an epithelia] lining, a lamina propriza and a thin
smooth musele layer.

Facial nerve

; Crbicularis ocul

Auriculopalpebral of b
Supcrfieizl temporal of Sih

Levaler

This foree is counteracied by an equal couple S§* nasolabialis

and will lead 10 develop a forward propulsive force §"
- Which is horizoniatly directed. If e Wis the weight of

the limb, another couple GG' is to be considered 19 got

the Resullant reaction Rn on the jaint with that of S,

Parotide auricularia

Dorsal buecal nerve of 7ih
Parotid

However, the above mentjoneg explanation is placed
considering a single Broup of muscles orly. But during
the movement of animal in desired direction with
appropriate rapidity and force, a number of muscles,
namely, exicnsors, flexors, retetors ete. act together
with diffcrent magnitude of conlraction with the impulses
coming from the CN.S.

ExL jugular vein

Buccinator Siemo mandibylutis

Facial vein and
Parotid duer facial artery

Massaler
Fig. 5.15 —-I

Flg. 6.1 Anatorny of the Intera] aspecd af head
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The submucesa is the connective lissue between the mucosa and (unica muscularis. This layer
supporis the mucosa. 1L is composed of loose connective lissue.

The tunica muscularis is <omposed-of an inner cirewlar layer and an outer longitedinal layer of
smooth muscles. These muscles wIap the tract in such a way that the wbe can propel the leminal
content.

The tunica seresa or adventitia is (he outermost Jayer. The intraperiloneal part is covered hy
serosa and other parts are atiached (o 1he surrounding siructures by (unica adveniitia.

MOUTH

It3s an clongated cavily at the begining of (he alimentary eanal and comprises of (he vestibule of
the mouth and mouth cavity praper, The veslibular part is bounded extermally by lips and checks and
internally by gums and teeth. The moush cavity proper is bounded in front and laterally by alveolar
arches, gums and 1ecth, 3t is continuons with the pharynx behind by the orophacyngeal opening, The

Fig. 8.2 Faces of differenr domestie animals and foul,

SPLANCHNOLOGY 19t

roof is formed by the palate and the Moor is formed by the mandible, museles and mucous membrang,
The mucous membrane is continuous anieriorly with that of lips and posteriorly wilh that of Pharynx,

The lips (apper and lower) arc thick and rigid musculo-membrancus structuces, siated at the
orifice of the mouth. Externally it is formed by the skin and ntermally itis lined by pigmented epithelium.
The muscle orbicalaris oris is placed between these layers. This muscle blends with the muscies of
lace. The arca between the nostrils and the upper lip is keratinous and gererally black in colour. This
area is known as muzzle or planum nasolabiale. It remnains moist Ly the secretions of the nasclabial
glands. The surface is marked by grooves. Frenum labii inferioris s a fold of mucous membrane
between the lower Tig and the
gum,

Denial pud

The checks arc composed of
skin, muscles, glands and
mucous membrane, They form
Horny papillac the latcral walls of the mouth. The
skin is continuous with that of
other parts of the [ace, Musculac
layer is formed by buccinator,
Transversc levator and depressor muscles of
ridge the face. The buecal glands are
arranged in three (dorsal, middle
and ventral) rows wilhin the
musculature, The mucous
membrane bears a large number
of cornificd pointed papitlae
which are directed backward.
They are large at the angle of the
mouth. The papilla salivalis is
siluated in the mucous membrane
opposile to the sccond molar tooth
where paretid ducl opens info the
mouth.

Papilla incisive

lHard palae

Ire malar 1ecth

Molar tecth

Soft palale

The pingiva or gum is
camposed of a thick layer of dense
Tibrous tissue, which is closcly atached 1o the periosteumn of the alveoli bearing bones and sumounds
the necks of the teeth. The epithelium of the gum is reflected towards the nlveol; and are atlached (o
the root of the twoth.

Fig. 6.3 Ora surface of upper jaw of cow,

The palate s divided into an anlcrior (hard palate) and a poslerior (soli palate) portions. The hard
palate fonns the roof of the mouth and is composcd of a dense conneclive lissue which is cn\'grcd
by mucons membrane. It is atiached 1o the bony palate, i.e., Ihe palatine, maxill2 and premaxilla.
Arierior 10 the hard palate there are two dental pads, onc an either side. As there is no incisor teeth at
the upper jaw of this animal, these denlal pads occupy their positions. These pads_mc fon_m:d _b)f a
thick layer of conncclive tissue on the bodty of the premaxilla and are covered by comified epithelium.
A small triangular siructue—the papilla incisive is present on the midline bclwct':rl the dn?nm] pads
and the first transverse ridge of the hard palate, The incisive ducts aper on cither side of this p:lpll:ﬂg-
Alinear groove or raphe devides the surface of the hard palale into two equal-halves. About 15 1o

_— .

e 1
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transverse ridges are present in each half of the hard palae, They are slightly concave backwards and

sermaled at the margins,

Posleriorly the hard patate js conlinucus with (e soft patate which acis ng 2 partition between the

mouth and pharyny, It is composed of museles and

border of the hard palatg in a

sloping manact. The ora] sucface | .

is concave and (he pharyngeal
surface is convex. One fold of
mucous membrane exrends

TR

arch (pasterior pillar). Anather
- foldof mucous membrane exlends
similarly from the sofp palate and
lerminates al the root of the longue
is known as palnto glossal arch
(antevior pillar}, The oropharyn-
geal opering or adilys pharyngis
is formed by the left and right
Palatoglossal arches, sof palate
and the tongue. In berween the

ks ;
- I
o
v

7
L,
laterally from each side of the free §E
posterior berder of the soft palale NG Tip of the tongne
) -
Lo the lateral walls of (he pharynx %.3* First pre malar tooth
is known as palatopharyngeal §‘\;\ Veniral smooth urface

-

Dorsal surface of tongue

Torus Tinguge

of the rongue

Frenum linguae

Conical papillac

Floor of mouth
Carunculy sublingualis

Incitor oaih

Lower lip

glands and is suspended from the pesterior

sitated. Each sinus accommo- )
dates the corresponding palatine (Tip of
tonsils. The soft palate js attached

- (T
palatoglossal and palatopharyngeal i
arches the lonsitar sinuses are

Fig. 6.4 Floor of mouth of cow

the tongue folded upward 1o show (he floor of maurh),

to the root of the longue by palato glossug muscle, with the lateral wall of ihe pharynx by palaio

pharyngeus musele, with (he pelrous wmporat
with palatine bone by palatinus muscle,

bone by tensor palati and Jevator palali museies ang

The Moor of the moudh js mostly attached 20 the ventral surface of the tongue. A smal| anlerior
Portion is free and is formed by the body of 1he mandible and mucous membrane. A wide fold of

Nasal flap

Upper lip

Ridpes on the
hard palaie

Median
groove

Fig. €5 Upper Javr of rabhle (ol surface).

mucous membrane connects the floor of the mauth
and the ventral surfage of the torgue is known as
frenvum linguae. O cither side and behind he 3rd
incisor 100th there is 2 large papilla known g5
sublingual carunele, The ducts of the mandibular
and inferior sublingun salivary glands open at the base
of this papilla. Behind the sublingual caninele there s
a row of small papillae on cither side of the frenom,
The duets of superior sublingual giands open al the
bascs of these small papillac, In smajt ruminents lips
are mobile and thin. Muzzle js narrow, The hard palate
is also narrow and the ridges are icgular.

P —
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Blood supply—Lips gt blood from niaxillary and mandibul;r labial vessels, Checks are supplicd
by lacial and buceal arleries and palates are provided with palaline arteries,

Nerve supply—Branches of trigeminal and facial nerves,

Moutlh ol horse _

The veslibular part is Jess capacious. The Iips zre thin and more mobile, The planum nasclzbiale is
not keratinous but bears a groave known as philtium. Papilla salivalis js Placed opposite 1o the last
per-molar tooth. The whole of the hard palate bears the ridges, Papilla incisiva is sitaica behind the
central ingisor. Soft palate is more extensive and embraces the base of (he epiglotis and for that
reason the oral breathing is nol possible 2nd this animal vemits throngh nose. Depual pads are absent
duc (0 the presence of incisor feeth,

Mouth of dop

The orifice of the mouth is more extensive, The upper lips covers the lower lip. The lower lip is
partially denticulale in appearance, The papilla salivaiis is siluated op_[:gosilc Il.: 3ed pre-mofar 1ooth.
The: papilla incisiva is placed behind the cenim) incisor teeth. The palatine Lonsils are wel} developed.
Dental pads are absea,

Mouth of pig

Angles of mouth are extended caudally. Upper lip is close 1o snowt. Hard Palale is clongated,
Ridges are very much promivent and about 20 in number.

.Mou th of rubbit

" Theupper lipis fleshy and divided inio Lo equal
halves which are placed on cither side of Ihe incisors
below nasal fap. Plenly of iactile hairs spring from
Vallate the skin covering the upper lip. Buccal cavity is
elongated. Hard palate presents about 15 ridges.
The ridges at the posterior part are directed
backward. A faint median groove is presenl at the
posterior part of the hard palate. Muzzle is abscnt,

Leoticular
rapilla

Torua ,
lipguac Mouth of fowl

It is conc shaped. The check, lips and (ecth are
Transverse | absenl. Anterorly it bears the upper and Jower
groove homy pointed beaks, The hard palate is narrow. A
chonal slit extends tongitudinaliy al the midline of

Filiform the poslerior part of hard palate.

Fungiform papillae

papilla TONGLE
Itis a highly movable muscular structure and is

the main organ for pretension, mastication and

deglutition, It is also an argan for wsle and pi:u:'s

‘very important rele for speech in human. 11 is

situated on the floor of the mouth, between the

et e
N Tip

Fig. 6.6 Dorsal surface of the tongue of cow,
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two rami of the lower jarw, It hos 5 roel, a body and ap apex. The roor is very thick and js attached w
the hyoid bone and manlible by hyo-glossus angd senio-glossus muscles, with the sofl palae by
anlenor pillars, with 1he pharynx by muscics and membranes and wilh the epiglottis by slosso-
epigioltic fold. The dorsal surface is free and the mogy pact of the venral surface s fived.

The bodv has three surfaces—Two Iaterals ang do
dorsum linguac, Behind o transverse groove this syrface presents a raised arca a¢ the posterior parl.
The prominence is Known as lorus linguae and (he I@nsverse proove s known as lingual fossa,
When the mouth g closed, this surface Temains in conlac with the hard palage,

The apex is thin and blunt with a roundeg border. [Is anterior portionis free g

nd is highly protacijle,
The posterior pagt is broad and continuous wi Ik the body.

The 1ongue is composcd of mucons membrane, musctes, £lands, vessels and nerves, The
membrane js pigmented. A fold of the mucens membrane which conmecys the ventrat surface of the
tongue with Ihe flaor of the mouth is known as frenym linguae. At \he dersal surf;

. ace, this membrane
Is firmly anached 1o the underlying muscle by conncetive tissue and presents a variety of papillae,

These are Giliform, Tongiform, lenticular and vallate. Filiform Papiliac are numerous and are
disiributeq Ihroughout the dorsza} surface rostral 10 Irmsverse groove. These are direcied buckward,
Fringiform papillae are larger in size and are Seatered among the filiform papitac. These papiilac bear
the 1asie buds, The mucous
meinbrane of lorus linguae
presents some ronnded femieplar
papitlac,

Skeletal musele

AL the  anterior  and
anteralateral aspec of (he lons
lingue anciher varicty of papitlac
are found, whicl are comical in
- shape called eonjeak papillae.
They are direcied imteriorly or
anterolaicraily. The valigie or
efrcmnvatlate papillae are large in
size and are 7'to § jp number in
each side. Each papilia is
enciscled by a wall ang that is
why called circumvallare, They
are arranged in irregular double
rows al the posierior parl of the

Fig. 6.7 Microscopic slructure of Tonpye, dorsat surface of the longue, The
) taste buds or oreans of Laste
seasalion are silared iy 1he cpithclium of eircumvalate ang Tungiform papilize. A ragte bud has a2 oval

a lasle pore. Bach bud comprises of clongaieqg sustantacular (supporting) cells apd
Tves begin-as yemifications of vnmyelinated fibeys
around the base of ihese tasie {gusiatory) eells {Tig. 6.8), Beside the papillze, the mucous membrane
of the tonoug js composed of a 1hjck layer of stratifieq squamous epithelium, The lingual glands are
fobulated and small. They remain under the mucous membrane and are embedded within the muscles.
The rumber of glands are Mare at the rooL Those plangs open at the vallet papillac ase known ag

- |
Fungirorm Papilla Tasie pug

rsal, The dorsal surface is free and is known as’

e .
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gastatory glands, There are some Agaregations of lyniphoid follicles at the root of tl tongue. These
are known as lingual tonsils, The bulk of the 1ongue is formed by the muscles which are of exirinsic
and intrinsic varieties, The intrinsic museles

consist of bundles of skelefa] muscles which f ——Tasle pore
are direcled in longitudinal, transversc and =

vertical directions, Genenally (he longitudinal :

muscles are disposed in 1wo layers — superior 7 ;':::a't’;:':)

and inferior. The exirinsje muscles are zlso
skeletal and have atlachments outside the A
tonguc. These are stylo-glossus, hyoglossus, %l
palatoglossus  ang genioglossus, The
styloglossus and hyoglossus muscles extend
from the hyaid bone to (he tongue. Palatoglossns
conncels the tongue wilh the sof palate and

Sustantacular
cells

Nerve Mibers

. . (unmycl:’nalcd)
the genio glossus allaches the longue with Lhe
mandible. In sheep and goal, the torus linguae -
is less promiinen!. The filliform papillae are soft ik 63 Taste bud (schematic).

and smooth. Fungiform papillae are more in number.
Blnad supply—.ingual branch of the linguafacial artery.

Nerve wpply—Sensory — Branches from 5th, Corda fympany branch from 7th and a branch
from 9th cranial nerves, Corda lympany nerve earries laste sensation from the anlerior lwo-third and
the branch of 9th carrics from Postenor one-third of the tengue. General sensations like louch, pain,
temperature, cle, are carried by trigeminal nerve,

f\'Iutor—Hypoglossal nerve,

Tengue of horse

The body s narrow und the dpex is spatula shaped. Torus linguae is absent, On cither sicde of he
rootand in front of the anlerior pillars some foliate papillae are present, Vallaie Papitiae are usually two
in number and are placed one on either side of the median plare,

Tongue of dog

number in cach side. Folljale papillac ate present. A thick fibremuscular cord situated along the middle
of the veniral surface of the lip of the tongue is known as Lyssa. Itis composcd of fibrous connective
lissue, Mdipose lissve, strated muscle fibers, vessels and nerves.

Tongue of pig

Tons linguae is nbsent, Filliform papillac are soft. Ay the dorsat surface of the roor there arc a
food mumber of caudally dirccied sharp Papitlac. Valle papiflae are 23 in mumber. Glosso-cpiglotiic
fold is wey developed. There are 1wo frenum linguag i this animal, Foliare papillag arc present,

Tongue of rabbit

The 1ongue is cemparatively thin. The fip is blunt, Torus linguag is nbsen, 11 possesses filiform,
Tangiforms, vallate and foliate papiltac. The vallate papillae are few in number. The root presents a

Wide and white coloured prominence which exiends upto the middle of the 1on pue at the dorsaf
surface, '
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Tonguo o fowl

Iis g Inangular rigid sincture comprises of a fixed base and a considerable free part. It is
Allached with o wel} developed hyoid bone. Rostrally on the dorsal surface there is 2 median groove.
Al the dorsal surface of the base there is a lransverse row of papiltae, called lingual papillae,

TEETH

.Thc humber and classification of the permancnt tecth is fixed to a species, However, this nunyber
“'"FS Sfeally from species to species. In a particular specics teeth are develaped in different manner
- M lerms of shape, size eic. for the purpose of perlorming specialised jobs. This character is
Known g5 heterodonty.

Teeth g, the hardesl siruclures in the body. They arc implanted inlo the alveolar sockets of 1he
Upper ang lower jaw bones, along their margins. This artangement is known as Thecodonl

© exposed portion of 1 looth which is covered by a very hard iranslucent maierial {enainel} is
knowp g the body or crown, The implanted narow part which is covered by a thin yellowish
Malerig) (cemen) is known as root. The Junction between the corwn and rool is Little constricted and
5 temed g5 peck. The bulk of the 1acth is formed by the detin, The densin is composed of well
“’Sf"lfscrf dentinal tubules. Within the dentin there is a ceniral canal known as pulp cavily. The
“VIly s cxpanded at the closed end 1o form the pulp chamber. The canal is narrow at the root which
PCns inlg (he apical foramen at the lip of the root. The pulp caral is lined by a layer of odontoblast
cells, & pulp cavity alse contains conncclive lissue, arterioles and nerve fibers, In between the
MY alveolus and the cement there is a layer of collagenous tissve which helps in suspending the
001h intg jg socket is known as periodontal membrane,
[T

o
\ ——— Enamel
—— Spacoy belween INCISOR
E\ = dentina! fibers
— g' Gingival epithelivm
AN

Gingiva

MOLAR

Apieal foramen

| Fip. 6.9 Section of 2 roolh.

. Teet, are classified according ta their placements in the oral cavily, The incisors arc most anterior
" Position, Next (a them on cither side are the canines. Canines are followed by pre molars and then

——— e ..
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by Molars, Premolars and molars are Placed faterally and therefore, zlso called check tceth, The
corwn of a tooth has five surfaces. The anterior or the outer surface is the labial surface and the
posterioe or Lthe inner sucface is the lin gual surface. On cither sidc there are two conact surfaces and
the surface which remians in comact with the similar surface of 2 100th of the opposite jaw is the
table or the grinding surface. A horizonta) ridge on the erown close 1o the Toot js found mainly in dog
is known as cingulur. Most of the animals have one set of temporacy or deciduous teeth which
crupt in early life and subsequently are replaced by permanent tecth, Excepl the molars ail the 1ecth
are replaced by permanent tecth.

When one set of 1eeth is replaced by only one set of permanent teeth, the character is known as
Diphyedonty. This charcter is found in man and most of the mammals. However, in some of the
animals several set of tecth are formed in suceession throughoul e and that characler is called
Polyphyodonly.

Deciduons or milk Leeth

This is 2 lemporary set of 1ooth and is replaced by permanenl sel. Thesc milk teeth are found at
birth er within few wecks alter birth, The formula of the milk Leeth is :
0-0 0-0 3-3
Dl-— ,BDC—,pP_ =2
3-3 1-1 3-3
(DI = Deciduous Incisor; DC = Deciduous Canine; DP = Deciduous Premolar),

The last tooth of the rostra! (inciser) group although resembles Ihe other incisors, is catled canine
on the basis of deveopmental and evolulionary stand point.
Permanent tecth

The cruplions of permanent 1eeth starls fronm the age of one year and become completed by 3 to
4 years,
T dental formula of permanem 1ceth of ox :
0-0 0-0 3.3 3-3
M=
3-3 1.1 3.3 3-3

In these animals the incisors al ihe upper jaw are absent Their posilions are occupied by dentat

pads. Incisors and canines are present enly in lower jaw and are of short shavel shaped structures
amanged in a radiating manner. The labial surface in convex and the lingual surface is concave. The
foot is nat tightly fixed with the alveolus and slight movement is observed.

As the face of most of the animals are elongaled, some considerable spaces between leeth in the
form of arcades are avaitable. These interdental spaces are called Dinstema. This space js well
noticed benween caning tooth and first premolar tooth. The vestibular cavily and the oral cavity of
meuth communicate through the diastema.

Premolars and molars are three each in cither side of the jaw. These are four sided compound tecth
With multiple roots. The molars are far targer than the premolars. These Ieeth at the Jower Jaw are
compamatively narcower, The firs( premolar is very small,

Eruption of permanen tooth in ox

Although variable Trom breed 1o breed, there is a gencral rule for the cruption of permanent Looth
in cow.
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!
‘ Permonent ;
3-3 1-1 _4-4 2.2
: 1222 C— '\ P— M-
i 3-3 1-1 4-4 3.3

"Fhe caning looth is well developed. It is large and pointed.
Dental formulac of sheep and geat are similar (o those of ox.

Dental formula of pig

Decidnons -

_ 1- .
D[E—?’,DC—i,DP?—j—

3-3 1-1 3-3

Permanent ;

. situaed in front and the smaller one is placed behind, as iT 1o suppart the larger one.
Incisor 1 crupts at (he age of 18-24 monibs.

Incisor 2 crapis at the age of 24-30 monihs,
Incisor 3 ezupts a1 he age of 30-36 months,
Incisor 4 (so called canine) crupts zl the age of 40-48 monihs.

Biood supply—The 1eeth of the upper jaw get blood supply [rom Ihe terminat branches of maxillary
arery and those of Iower jaw get from the branches of mandibulo alveolar arery.

' In the male pig the canine tecth are well developed. The canine tooth of upper jaw is curved
8 lateratly and dorsay. The looth in Jower jaw is mere Targe and is curved laterally and caudally.
63 Dental formula of rabbit
- 0 - -

24-30 months i 12_..2_’C—,P__3.,3M_3_ 3
% 30-36 months ! 1-1 0 9.7 1.3
o) Fig. 6,10 Eruption of Incisor 1ooth in Ox. . In the rabbil each half of the upper jaw has Lwo sharp chisel shaped incisors, The larger one is
%
]
ay
wn

Nerve supply—Teeth of upper jaw are
innervated by the branches of maxillary
division and those of lower jaw by Lhe
branches of mandibulo alveolar trunk of

Hard palale

All the permanent premotars erupt with in 36 months Molars appear carly. Firsl molar generally
erupts at the age of 6 months. Other molars appear within 30 months,

Dental formuta of horse trigeminal nerve,
. i The vesselsand nerves are distributad
Deciduous : ! o L
3.3 0-0 3.3 : within the pulp cavilies of the teeth.
Di——,pc- =, pp 2 .
3-3 0-0  3-3 ; PIIARYNX
P "'""3”"”” : It is roughly a funnel shaped space
I -3 .C t-1 P:"_'_-?l M 3-3 at the base of the cranizl cavity and
3-3 1.1 3.3 3.4 behind the posterior nasal apertures. Its Glossocpiglouic fald
The canine loath is absen| or vestigial in mare. wals are formed by 1he muscles, fibers, Fig- 6.11 Crossing of nir and Tood In the pharynx.
' and mucous membrane, This Aube is .
Dental formula of dog ; common to the digestive and respiratory passages. It is aliached 10 he temporal, peterygoid, palatine,
Deciduons : Vomar, sphenoid ard occipital bones of the skull. Pharynx is related (o the base of the cranial cavity
- 3-3 De 1-1 DP3 -3 and supra-pharyngeal lymph nodes above, 16 pterygoid muscle, hyoid bone, mandibular salivary

gland, cxicrnal carolid and extemal maxillary arteries, superior Jaryngeal, Stirand 121h nerves and
pharyngeal lymph glands Jalerally and to the root of tongue and larynx ventrally.
VA-14 '

3-3 1-1 3-3
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The cavity of (he pharynx communicates with other structures by seven apenings - 2 for eustachian
lubes, 2 for posterior nares, 1 for esophagus one for mouth and onz for larynx.

The imuscles which take part in the formation of the walls of pharynx are palato pharyngeus, thyro
pharyngeus, hyopharyngeus, crico pharyngeus arylenopharyngcus, pierygo-pharyngeos and stylo-
pharyngeus. The musclcs, mainly responsible for sending the food bolus from pharynx 1o esophagus
by their successive contractions are — Anterior constrictor (Plerygopharyngeus), Middle constriclor
(Hypopharyngeus) and Posterior constriclor {Thyropharyngeus). The fibrous layeris placed in between
the muscles and mucous membrane, These are plenly of mucous glands in this fayer. The mucous
membrane is continuous with that of other slouctures through above mentioned seven apenings.

Greal cornue
of hyoid

Anterior
consiriclor

Middie
constriclor

Siyloplossus

consiri¢lor

]
Poslerior ‘

Fig. 6.12 Pharsnges] muscles of ox,

The dersal part of the Pharynx above the solt palate is known as Nasopharynx, The choanae or
Posterior naris are separaled dorsally by the crest of vomar which is covered by mucosa.

The part of the pharynx between the soft palate and root of the longue is known as Oropharynx,
The porticn, dorsal and Iateral 1o the larynx is known as Laryngo pharynx. Pharynx gels blood
supply from carotid, occipital and external maxillary arlerics and nerve supply from 9th and 10th
cranial nerves and frem superior ecrvical ganglion,

Pharynx of horse

I[_is comparatively longer and narrower. Superiorly it is related to guttural Fouches. Esophageal
cpening is narrower. The posieriar nares arc larger.

Gultural pouches—These are a pair of large mucous sacs situated on either side of the midline
above pharynx. These are downward diverticulum from the auditory wbes and are found only in

cquinlcs. The average capacily in about 300 c.¢. The pouch is lincd by citiated epithelium, The wall
contains mueous glands and lymph nodules,

Pharynx of dog

Shape varies according to the breed. Esophageal opening is small, Orifices of audilory lubes are
narraw.
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Pharynx of pig
It is comparatively narmow and long. The cavity of pharynx extends up 1o the level of second
cervical vertebra,

Pharynyx of rabhit
This is a narrow and clongaled passage. Oropharynx is extensive.,

Pharynx of fowl

Soft palate is absent, The roof presents a median infundibular slit which js the common cpening
for right and left auditory tubes.

ESOPHAGUS

Itis @ muscular whe cxleads from pharynx Lo stomach, For the purpose of description it has been
divided into lwo pars-cervical and thoracie. The average length is aboul 90 cm. Cervical part is 40
emand thoracic part is 50 cm. The abdominal part is practically absent due to the close zpposition of
the slomach Lo the diaphragm, The (hickness of the tube is about 4 cm. In the small ruminents it is
about 40 ¢m in length and about 2 em in diameler. In pigs the length is short but diameter js more.

Course and relation—It slarts as the continuation of the pharynx. It is related vealrally to the
dorsal aspect of the trachea and dorsally to the longus coli muscle. At the level of 3rd cervical

verichra (he esophagus descends to the lefl surface of Lhe leachea and maintains this relation upto 6th .

cervical veetebra, Then it goes little wpward and enlers the thorx through the dorsalateral aspect of
the thoracie inler. At the level of 3rd 1o 4th cervical verebrae itis related superiorly ta the lefi longus
colj, lterally o the vagosympathctic trunk, common carotid ariery and inlemal jugular vein, In the
thorax il gains the dorsal surface of the Lrachea and continues with Lhis relation up 1o the level of the
trachezal bifurcation. At the middle mediastnum it is pushed slighitly to the ight of the median plane.
Tt goes upward and backward to the posterior mediastinal space, inclines again to the left of the
median line and coters the abdominal cavily through esophageal hials along with (he dorsal and
veniral continualions of vagus nerves. At the base of the heart it is related to the sortic archat the lefi
side, Tn the posterior mediastinum it is related to the mediastinal lymph nodes and cormesponding lung
on cither side. Just alter enlering the abdemen it opens into the stomach al a dome shaped area
belween the dorsal sac of rumen and reticulum, known as atrium ventricnli.

Structure—The wall of the esophagus consists of [fbrous, muscular, submucous and mucous
coats from owtside imwards. The muscular coat censisls of ouler and inner layers of spiral fibers.
These muscles arc strialed throughout the length of the lube. The submucous coal containg plexus of
blood vessels, lymphatics, nerves and mucous scereling esophageal glands. The mucous coal consists
of muscularis mucosae, lamina propria and surface epithelinm.The epithclium is composed of
noncomilied stratificd cpithelium.

Biood supply—Common carolid, csophageal and reficular arteries.
Nerve supply—Vagus, recurrent laryngeal and sympathelic nerves.

Esophagus of horse

The average lengih is aboul 140 em, Cervical part is 75 cm and the thorzeic part is about 63 cm.
lthas 2 small abdominal part which is aboul 2 em, The muscular layer is striated up lo the basc of the
heart, Next portion is compesed of smooth musele. Il becomes thicker al the poslerior part.

ADOTONHONVIAS |
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Esophagus of dog

ILis comparatively wider. Length is varinble. Tt has a very small abdominal part. There is a
constriclisn at the begining of the esophagus. This is duc to the presence of 7 thick submucous
gland al the ventral wall. The nwsculaz coal is striated and consists of bwo layers of spiral fibers.

Esophagus of pig

The mube is comparatively short and straight. Iis polential caliber is wids, Except the terminal part,
the muscular coat is striated, 1t has a small abdominal pait.

Esophagus ol rabbit

The whe is zbouz 8 cnv long and hin walled. The cervical part is fonger than the thoracic part, It
has a considerable length of abdominal part, which is titde mere than | cm,

Esophagus of fow!

The wall is thin and the lumen-is wide. The cervical part is lazger and just before passing into the
thoracic inlel, the tube is cnlareed venizally 1o a great extent to form the crop. The esophagus has a
small abdominal part which opens into proventriculus. Close to the junciien with the proventriculus
an csoplragial tonsil is present,

ABDOMINAL CAVITY

This Tarpest cavily of the body extends from Lhe dinphragm 10 the pelvic inlet. Its cranial wall is
formed by the concavity of the diaphragm. Caudally it is continuous with |he pelvic cavity. The roof
is formed by lumbar vertebrag, lombar muscles and part of diaphragm and the floor is formed by iwo
recli muscles, aponcurosis of the muscles of the laeral abdominal walls and xiphoid cartilage. The
Jateral walls are formed by exiernal and internal oblique and ransverse abdominal muscles and some
panis of few caudal nbs. The paricial perilontum is altached to the abdominal wall with the help-of
subserous tissue, The muscles are covercd by a superficial and a deep fascia, The deep fasciz is a
sheet of elastic tissue and intimately altached to the abliquus cxlemus muscle, This is alse known as
abdeminat tunic and supports the muscles 1o bear the weight of abdominal viscera,

The abdominat eavity is pierced by three apenings at the diaphragm, namely aonic aperture,
esophageal aperture and venacaval aperture and in the males by twe openings at the in suinal region.
Howerver, in fetos an exira—Umbilical opening is preseat. In the female animals another apening
theough the genitat tract is also considerad, A scar formed by the remnants of Ihe roct of the umbilical-
cord is present al the mid ventrat region of the abdomen, 1ermed umbilicas,

ABDOMINAL REGIONS

TE the abdemiral cavily is divided imaginarily by (wo sagittal and (wo Iransverse (cranial and
caudal} plancs, nine regions will be availzble, These regions are useful for location of dilTercnt viscera
in the abdemen. Thesc are (1) Lelt and (2) Right hypochandriac, (3) Xiphoid, (4) Left and (5)Right
fateral abdominal (6} Umbilical, (7) Left and {3) Right inguinal and (9) Prepubic [Fig. 6,13}

The idzngular depressed area below the lumbar Iransverse processes is known as paralumbar
fossa. The area close o the paratumbar fossa at the upper abdominal wall is known as Mank
region.
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Placement of different organs in the respective abdeminal regiens are as follows :

t. Right hypochondriac region coniains part of right kidney, cawdate and main lobe of liver, pall
bladder and a part of the pylorus and begining of duodenum,

2. Left hypochondriac region contains spleen, fundus of stomach in horse dog and pig, part of
reticulum and cranial end of the dorsal sac of rumen in ruminents and part of lelt kidney in
nonfumincs.

3. Xiphoid region accommodates part of liver and slomach, pancreas, parts of aorta and venacava,
In ihe ruminents it contains the reticulum, omasum, par of abdomasum and cranial end of the ventral
sac of rumen, In the horse however, the xiphoid region contains diaphragmalic and sternal flexwres
of colon and the apex of cecum,

4. Left Iateral abdominal region contains caudal part lefl kidney, parts of calon and smal)
Inlestine in dog, pig and horse. Tn ruminents (his region is occupied by the part of dorsal and ventral
sacs of mmen.

3. Right Iateral abdominal region is occupied by caudal pant of right kidney, parts of duodcnum,
and cecum. In horse and pig parts of colon are also occupying the space.

6. Umbilical region accommodates parts of small inlestine, mesenlry and portion of duedenum in
dog. In pig some part of colon also occu pics the space. In cow this region contains piuls of abomasum,
ventral sac of rumen and pads of small inlestine.

i =

F'—“

Xiphoid

Right hypochondriac Left hypochondriae

-

-~
Right lateral Umbilieal — Lelt Yateral abdominal
abdominal o _"'-.._4
Right inguinal Prepubic | = Left inguinal
L~

A

Flz. .13 Dilferent regiens ol ahdemen {rentral vlew).
7. Left inguinal region contains leM ureter, parl of colon and smali portions of female genitalia.
In the ruminenis the caudodorsat blind sac of rumen i placed in this region.

8. Right inguinal region provides space for right urcter, cecum, caudal flexure of dudenum and
parts of intes(ine. ’

9. Prepubic region contains bladder, coils of small ntestine and part of wicrus.
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The fold which connects the £realer curvature of the stomach (o the dorsal abdominal wall is termed
greater omentum. The fold which connects the lesser curvature of the stomach to the Liver is
knewn as lesser omentum. The contenls of lesser omentum are Hepatic antery, Porra] vein, Bile
duct, Hepatic plexus of nerves, Lymph nodes and Lymphatics. Ligaments arc the folds which pass

While investing over various organs in the pelvic cavity it forms rectegenital pouch between the
recium and the genital fold and Vesicogenilal pouch between the genilal fold and bladder., Dersaily it
forms parareetal fossa and ventrally it forms pubovesical peuch [Fig, 6.15],

Funclions of peritoncum

L. Tt provides a slippery surface for frec movement of abdominal visera,

2. The phagocylic cells of peritonenm geard the viscer against infection.

3. The mesothelium absorb fluid and solutes, as it acts ag g scmipermeable membrmne,

4. It helps in healing and adhision by mansformation of mesotheliom into fibroblasts,

5. It 2cis as storage of fat.

Mesentery

Para recial fosea
Colon

Falciform Iigamens
| Liver

Vesicogenilal
pouch

Bladder

Slomach

Pubo-vesical pouch

Pariztal peritonium Recio-vaginal

pouch

Greater omentum

Intestine J

Flg. 6.15 Disposiilen of petltoneem {Dlagramatlc),

STOMACH

The ruminent stomach is very capacious. Nearly thees fourth of (he abdominal cavily is occupied
by slomach. It has four compariments—rumen, relicutum, omasum and abomasum, They fill up
the whole of the lefi half and a part of the right half of the abdomen, In the left side a small partis left
by the stomach for the aecommeadation of splecn and a Jportion of inlesting,
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The average eapacity of the stomach in adult animals ranges from 100 to 230 liters, depending
UPon the size of the animal. Out of the total volume rumen occupies 80%, reticulum occupics 5% and
Omasum and abemasum occupy 7-8% cach. This reliive eapacilies vary in newborns and infants
because they do not consume prass and other wsual foods at thist lime. Tn the new born calves the
abomasum is (he largest of all the compartments because they live anly on milk, At the age of nearly
one and half ycars the compartments gain normal relative sizes. Some volumetrie data are available
Te8arding the gradual changes of sizes of difTerent compartments in different ages as lollows :

New bom — (Rumen + reticulum) x 2 = Abomasum
8th week — Rumen + reliculum = Abomasum

12th week — {Rumen + reliculum x % = Abomasum

RUMEN

Rumen is a big muscelar ¢longated sac which is compresscd [rom side 1o side, It is placed in the
abdeminal cavity from the level of Sth rib to the pelvic inlct. Il occupics most pare of the Jeft half and
2 smalt parl of eight half of the abdominal cavity. It has two serfaces, twe curvalures and wo ends,
The paricat surface {left) is convex and related tolek abdominal wall and diaphragm and spleen. This
Sorface presents left longitudinal groove. The viscer| surface is related to a number of strucwires,
sueh ag omasum, abomasum, liver, inlestine, pancreas, lefi kidney, adrenal gland, sorta, postcrior
_"'-'nt:lcnvn, ete. This surface presenls right longituding] groove. Sometimes the i ghl longitudinal groove
Is divided into a dorsal and a ventral branch. They vsuatly enclose an clongated swelling, termed
I“-‘fuhl ruminis. Dorsal curvature is convex and relatcd 1o crurz of diaphragm and sublumbar muscles.
This curvarure is attached 10 them by peritonium and connective lissue. Ventral curvature is convex
and 'ﬂslatcd o the Foor of the abdominal cavily, The cranial end is divided into two blind sacs by
Erantal irnsverse groove. This end is related to the diaphragm, llowever, tlie dorsal sac of this end is

F'_“—h; —— e

Dorsal sac of rumen

Atriom vemriculi

Caudal Mexvr of ___
duodenum

Pancreatie Juct ?

Bile ducl—[

]

Caudo doreal blind sag
Dorsal coronary groave

¥enlral caronary proave
Insula rumicix

Pylorua

Veolral <se of rumen Abomasum

Fig. 6.16 Stomach of cow (Right surlacc).
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related and connected to reticulum, The caudal end is also divided into two blind sacs by the caada
Iransverse groove. This end is related 10 intestine and bladder. The cavity of the ramen is incompletely
divided into a dorsal and a ventral sac. The longitudinal grooves (left and right) and the lransverse
groaves (cranial and caudal} together make the ouler demarcations between the (wo sacs. The caude-
dorsal and caude-ventrat blind sacs are separated from their original sacs by corresponding dersat
and ventral coronary grooves. The coronary grooves are prominent on both parietal and visceral
surfaces, Rumino reticular groove is the external demarcation of the said junction at ke cranial end,
Here sumen and reticulum fornn the atrium venlriculi, a dome shaped area, on which esophagus
joins the slomach.

Insheep and goal, the ventral sac of rumen is comparatively large. Ventral coronary groove of the
right side is more prominent. The dorsal coronary grooves of bath the sides are indistinet,

The internal surface of the ruminal sall has a nurber of infoldings to form shelf like projections
which are strengthened by additional muscle [ibers. These are known as pillars, They correspond 10

- e Diaphragm

Lefl lung

Dorsal sac of
rumen

10ih rib
Spleen

¥Yentral sac of
Tumen

Abomasum

Caudo-ventral
Reizculum blind £2¢

Leit ventricle of heant

Liver

Fig. 6.17 Topography of viscera of buffala calf (Left side eaposet),
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the exiernal groaves, responsible for dividing the cavity of the rumen into dorsal and ventral sacs.
The cranial pillar js a tilted oblique fold between the cranial ends of dorsal and veatral sacs of umen,
The caudat pillar is very thick and separates the candodorsal and caudoventrial blind saes of rmen,
Right and Ieft longtudinal pillar extends from the corresponding right and lefi ends of cranial pillar,
An accessory pillar extends from the dorsal aspect of right longiwdinal pillar, From the left and right
ends of caudal pillar dorsal and ventral comronary pillars extend along the corresponding grooves, The
mucous membrang is heavily swdded with large variety of papitlae excepl at the edges of the pillars.
The colour of the mucous membrang is brown,

places they are disposed in various iregular directions. In this layer nerve plexus and ganglia are
present. Fibers from this layers exlend into the corc of the pillars.

Tuniea submucosa—This is continuous wilh the lamina propria, which exiend into the core of
the papiliae, It is composcd of collagen, elastic fibers and relicular fibers along wilh plenty of blood
capillaries. Muscularis mucosae and glands are absent.

Tunica mucosa or the ruminal epitheliun is made up of stratified squamous epithelium. Itis spread
all around the papilla and the spaces belween the papillze and for that rcason the lanzina propria
exlends within the core of the papillac. Like those of epidermis it presents stratum comeum, stralum

The reticular groove starts from the cardia, passes to the right wall of atrium ventriculi, ther (o .
granulosum, stealum spinosum and simlum basale.

the reticulum and terminates at the reticulo-omasal orifice, This groove possesses two lips ~ 1i ghiand
left as well as a floor and therchy encloses 2 tubular bypass to the mumen. Omasal Eroeve is the
second part of the gaslric groave which passes from reticulum Lo abomasum. This combined groove
is probably functional in suckling calves by reflex closure of the tips, making the bypassa potent lwbe
50 thal milk can pass from esophagus to reficulo-omasal orifice and therehy to the abomasum directly
bypassing rumen, reticulum and omasum. Tn adult animals such funclions are not ohserved,

Tlie siratum corneum is variable in thickness. Straium granulosum is 1-3 cell thick. The cells
contain keratohyalixe granules. Cells of the stralum spinosum ar¢ polydedral in shapeand 1 to 10
cells thick. Siratum basale is formed by single layer columnar cells placed on a basement
membranc.

< _3

However, some chemicals like copper sulphate, sodium sall, etc., may produce rellex closure of RETICULUM %@tﬁl
A ' . e
the groove even in adult animals, - L . P s
' This pyriform sac is the smallest of i \“g\ ]
- i . H AR
Hislology of Rumecn : a1l other compariments and s!tunlcd 'E.&‘t ;
. i ) . . between the diaphragm and liver in Iront TgREsE
The wall of rumen is composed of Lunica serosa, tunica muscularis, lnjca submucosa and (unica - and dorsal sac of rumen and omasum R
mucofaf.m . behind. It has twe surfaces, two TR
] curvalures and two ends. Parictal sarface g
is convex and related to diaphragm and oj
liver. Visceral surface is related 1o atrjum Q ;
Muscle ruminis. Dorsally Lhis surfacc is s
conlnuons with the wall of the rumen. Ly
Grealer curvalure is the left ventral
border siluated at the level of 7ih rib and
Submucosa .
related o diaphragm. The lesser
curvature is placed at the right dorsal
aspeel and is joined with emasom. The
inletior of the reticulum is honeycomb
Stralified . . -
squamous Inappearance. This is duc o the foldings
epitheliom of mucous membrane. Plenty of 4 to 6
ok 2 sided c¢lls (small chambers) are enclosed
Fapilla eeo i (LI o by the mucous folds. These cclls are 2lso squamous
-.“".E\""-i'.i.z& LS St .. . epithelivm
b =T oo ) _ subdivided into smaller arcas by smaller Sub
- . g ubmucosa
Flg. 6.13 Misiologleal section of the wall of rumen. folds which are covered by pointed S
. R horney papillae. These polygonal
. Tunica ser,)sa-—'l'hls out_cnnnst cavenng Is composed of collagen and elaslic fibers, covered by chambers arc large at the fupdus and | 152 !
simple cpethe)ium (mcsothcl:um). small at the neck. The mucous membrane Tunica muscuolaris Secondary papilla
Tunica muscularis—This layer comprises of two tayers of smooth muscle Hbers, Although close to the reticulo-omasal orifice .39 Mhtologlcal sectlon of the wall of retfculum showing
basically iner and outer musclesm'cnrmngcd in circular and longitudinal manner respectively, but in presents some claw like homy papillac. a long fold. {Dy Curtesy Dr. Indrandl Chatterjee)
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Reticulam in sheep ang

goat is comparatively arger in size. T arl is sli
backward. 8 p y larg, he ventral part is slightly curved

Histology of Reticity,

The lunicn-scmsn, lupica muscn

Tre epi taris, lamina propria and submucosa are similar 1o those of rumen,

o vcn{i::Il-n\I::]lis akso kcrnlinis_cd and made up of stratified ¢pithelium, as found in rumen. However,

_ 8 LIS studded with numenous secondary and sertizry papillac and within the lamina
propaa of these reljgy |, olds, isolaled mass of smeoth muscle presenl.

Due to the formqgg

n of honeycomb, the reli s i i H
muscles of ane falq " y reticular folds intersect with other lolds and e smooth

come continuous with thase of olher folds.

A sphincter is formed by the contribution of museukar fibers from the walls of Lhe
© groove and from the extemal layer of the retieulum.

A reliculo-omag
lips and floor of th

— Coronary pillar [Righf d;_r;.;i) B

Piltar af rumen {Cranal)

e

losula
" puminis

- Pillar of rumen (Caudal}

Cando-dorsal
blind sac

— Cauda ventral
blind sag

Reticolar groove

Reticulum

Coronary pillar
(righl veniral)

Abamasum

. Right longitudinal pitlar
€raniz) epy of dorsal sac _ )

Yenural 1ac af rumen

Fig. 6.21 Irlernal siructures of the stomach of a bullock.

OMASUM

is toughly ovap in sha

) . and laterally com d. Tlis 5 :
1ib af the right side of i "pc ¥ compressed. 1Lis siwated at the level bewween 7th and itk

The ventralborde . ncdian plance. The paricial or right surface is related 1o diaphragm and liver.
: ['S0metimes remains in contact with the abdominal floor, The viseeral or left surface

:]51 : f}l::f;:pﬁ;]ar:lcgif Eflcu]un’i and abomasum. The rclilculo-omasal- and omaso-abomasal orifices arc
region, There are abou][s surface, The whole strucrure is mastly confined in the right hypochordriac
the basis of (he heigg 100 crecent shaped folds {laminac) o_(:clupying the cavity of the omasum. On
cromole icnbmnnncrb _mese l:o]d? are of four or five \-"nncllcs. arranged one after another in 2

E s shown in diagram. The Targest variely of folds are about 12 in number. They
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are ailached Lo the wall of the organ with their [ Tusica muscularis Seratified sguamous epithelium
grealer curvatures. The lesser curvatueres remain
[ree. The surfaces are studded with numerous
papiltac, In sheeprand goat this companment is
comparatively small and therefore does not come
in conlact with the floor of the abdomen.

Histology of omasum

The tunica seresa, lunica mascularis and
lunica submucesa are similar {0 those of rumen
and reticulum. The keratinised mucous
membrane is also similar and covers the lolds
as well as papitlae.

1 I
Muscularis mucesa Omasal fold

A thick Jayer of smoth muscle fibers extend
[rom the 1unica muscularis upto lhe end of the Faz. 6,12 Jlislelogical scellon of 3 omasal fold.
fold. Lamina muscularis mucosac is thick and
situated below tamina propria. Within the lamina the lamina musculasis is found on beth sides of
lamina propria.

ABOMASUM

1t is the true stomach and clongated saccular in shape, Tts two parts - fundus and pylorus are
scparated incompletely by a constriction. The fundic part is extended along the length of the body and
related o the venlral sac of rumen, reliculum and omasum. It is placed at the xiphoid region, The
right Jateral surface is relaled to fiver. The pylonc part tums upward along the caudal border of
omasum and becomes continuous with the duodenum. The parieial surface is relaled to the abdominal
Moor and the visceral surface is related (o the rumen and omasum. The body is placed more wwards
the left side of the median plane. The greater and lesser corvatares are attached to the greater omenlum
and lesser omentum respectively.

In the interior of the abomasum three glandular arcas are seen. Cardiac glands arc present in a
narow zone close 10 the omaso-abomasal orifice. The fundic and pyloric glands are found al the
respeclive zones of the abomasum. There are abou twelve oblique folds within the fundus which are
exlended from the abomasal groove Lo the greater curvalure of the orpgan. These folds are thick
glossy and reddish in colour. The mucous membrane of pylorie part is devoid of any fold but wrinkled
in appearance. The circular muscle fibers a1 the wall became very thick at the junclion belween the
dupdentm and pylorus te form the pyloric sphincter.

Mistology of abomasum

The histological structure of abomasum is similar lo thal of simple glandular siomach, Tunica
serosa and tunica muscularis similar lo those of other compariments, The muscular layer is relatively
hick. The submucosa is composed of collagen, clastic and reticular fibers. In addition to blood
vessels, nerves and lymphalics the submucesa conlains adipose lissue and loose conncctive lissue.

Eamina propria cortains loose connective tissue. It is thick and accommodates gastric glands.

Lamina muscularis mucosae is present.
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Murosa

Muscutaris mucpsa

The mecous membrane s thick and thrown
into folds, The lining cells are simple columnar
and sccrete mucin, Gastri glands are situated
within the mucous nembrane, These are
branched Lubulgr glands and communieate with
gastric lumen through pastric pits,

These glands are of threc types—{a) Cardiac
glands—they are smafl in number, (b) Fundic
glands—highest in number and () Fundic glands
—less in number.

The cardiac glands have g neck and body. The
neck and upper part of the body is lined by mucaus
secreting cuboidal cells, Other cells are columnar
in shape. There are some pyramidal cells jn
between Jinjng cells, called ArgentalTin cells,
They do not produce any secretion in the lumen,
Their seeretions are distributed into the Jaming
Propria and therefore called faslraintestinal endocrine colls, There cells secrete serolanip Bastrin clc.

The fundic glands have base, body, neck and isthrmus. Isthmus i
gostric pit. Three types of cells are found,

(@) Chief or peptic cells—They are siwated o the wall of the base angd secrete pepsinogen.

(b) Oxynlic or pariglal cells—They are sitated at the neck and z( ghe b
Hydrachloric acid. These colls conlain cxtensive mic
with (he lemen of the gland.

Sthmucesa  Tupicy muscolaris

Flg. 6.4 Hislotopy of (he wall of abomasum.

s the area where iy opens al the

ase. They seerele
rocanalicular system which communicates

Peritoneal attachment of (e slomach

The linc of allachment of Ihe Tesser omentom starrs from the veniral side of esophagus. It
attackes along the parietal surface of the omasum, Jesser curvature of abomasum and erania] part of
duodenum. The grezler omentum staris from dorsal side of esophagus. It attaches (he right

longiwdinal groove, left Tongitudinal groove, viseeral surface of reticefum, Breater curvalure of
abomasem and ernial part of duodenur,

The stomach is supplied by the branches of celiac artery and by the branches of Yagus and
sympathelic nerves. The arterial branches are left reminal, righ

L runinal, reticular, omasoabomasa|
and a branch of hepatic artery,

Surfice Amtomy of rumjnant stomach

The rumen extends from e level of 8th intercostal space te the level of wber coxge, Therefore it
is palpable in the et Paralumbar fossa. Ventsal sc fics on the ventral abdominal walf liisenclosed in

the grater omentum, The lef abdominal wall 2 the level of ventral ends of 61h and 7ih intercostat
Spaces remains in conlacl with (he reticulum

Although in young large ruminants and ip adult small raminanis (he ©masum can not come {n
conlact with 1he abdominal wall, in large adul ruminants it comes jn coniact with right abdominal
wall a the level of ventral ends ol 7th 1o %th intercostai space,

The lundie part of abomasim Lics on the xiphoid repion.
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Stomach of horse

}. The stomach is in the form f a simple saceutar stracwre. Capacity is aboul 12 Jilers,

2. It is placed at the lefi side of Ihe median line on (e dorsal aspect of abdomen behind liver ard
diaphragsm.

Esophagus
Nonglandular part

Margo plicalus

Lesser curvature d .
curvatire r | Cardiae gland

region

Pyloric gland
Tegian

Duodenum — 27

Fundic gland
region

Fig. 6.25 Slomach of horse. A. Exterier vlew B. Inlerlor view

Muensal folds

b Lesser curvasore T Grealer

! curyature

Dile dugt

Pyloric part —E=, JL.

of stemach Accessory

pancrealic
thuel

Proveniriculus
Muscular siomach  (8l3ndulur stomach)

(Gizzard) sthmua Esophagus

Papilla and openings
of the gland

Mosculature of C
bumen of pizzard pizzard

Fig. 6.26 A(1). Stomach of dog A(2). Siomach of dog, Interlor view
B, Stamnach of fowk C. Stomach of fowl {exposedy
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3. Ris cusved and J shaped sac.
4. The lesser curvalure is short. The cardia and pylorus are very close.

5. Atthe felt extremity of the stomach, closc 1o the entrance of the ocsophagus, there 1s a rcunded
cul-de-sac known as saccus cocus,

6. Pyloric end is comparatively smaller,

7. The macous membrane is divided into the esophageal (non-glandular) and a glandular parts,
which are separaled by a rough line, 1ermed margoplicatus,

8. The pyloric sphincter is well devcleped.

9. The glandular part is divided into cardiac, fondic and pyleric gland regions according o the
presence of dilferenl types glands in the mucous membrane.

1D. The muscular coal of the stomach comprises of three layers of fibers — external longiludinal,
middle circular and inlemnal cblique. However these layers are nol complete in all the places. The
pylorie sphincter is formed by the thickening of circular fibers. The oblique fibers form a remarkable
loop around the cardiac crifice and form a cardiac sphincter.
Stomach of dog
1. Tt is also simple in form. Capacily in an adult large dog is abouw 2 lilers.

2. The siomach is pyriform in shape. [t has two surfaces, two orifices (cardiac and pyloric) and
o corvatures (lesscr and greater).

3. The pyloric (right) part is namow and the lundic {leM) part is large and rounded.

4. The parietal surface is conves. Il faces ventrally and to the lefi. This surface is related to liver,
dizphragm and left ventral abdominal wall,

5. There is a marked consiriction between the fundic and pyloric pans.
6. The fundic glands occupy about two third of the tolal area of mucous membrane.

1. The mucous membrane has Lthree glandular {cardiac, fundic and pyloric) regicns. There is no
nonglandufar area in the stomach of dog. The pyloric part presenls some folds in empty condilion.

Stomach of pig {Fig. 6.27]

L. The stomach is simple but comparatively large. Capacily is about 6 Tiers,
2. The shape of the slomach resembles the shape of a luman ¢mbryo.
3. Leflt part is large rounded and presents a conical diverticufum.

4. The right nacrow part is the pyloric portion of the stomach, It presents a ridge Iike prominence
which projecis Irom the wall of ihe lesser curvatore and extends towards the lumen know as Torus
prlericus,

5. The mucous membrane presents a proventricular part ¢lose 1o the csophaseal opening. The rest
part has as usual three glandular zoaes — cardiac, fundic and pyloric glandular regions.

Stomach of rabhil {Fig, 6.35]
L. Il is simple in structure.

2. Fundic part is comparatively big,

3. The pyloric past is well developed and connecled with the fundic part by a wide consliriclion,
VA-15
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Rectum Descending colon

Transverss colon  Divéfliculum

Esophagus

Duedeaum

Cenrripetal coil of cecum

Centrifugal coil of cecum

Central Nexare of cecum

Slemnach and intestine of pip

Caudal venacaya

Caudate lobe

Righi latcral tobe

Right ¢ceniral lobs

Left lateral lobe

Gall bladder

Lefi ceniral lobe

Liver of pip {vlsceral surlace}

Fig. 6,27

4, Yolume is 40-50 ml,
5. Wall of the pyloric part is thick and bears few transverse folds,
Stomach of Towl [Fig, 6.26]

1. Tt bas wo distinet parts - glandular stomach and muscular stomach,

2. The glandular stomach is spindle shaped elongaled wbular struclure connected with the muscular
stomach by a constriction — the isthmus. Glandular stomach is also ealled Proveniriculus.

SPLANCHNGLOGY 217

3. A number of papillac project inta the lumen of glandular stomach at the apex of which open the
excrelory ducts of small submucosal glands,

4. The muscular siomach rescmbles a biconvea disc which is popularly known as gizzard.
3. The wall is thick and muscalar,

6. Dorsolalerally the gizzard presents Lwo orifices for communication with the glandular stomach
and duodenum.

7. The lining epitheliumof the internal surfzce of the muscular stomach is Tined by simple columnar
epithelium. It is covered by a (ough membrane of yellowish-brown eolour. This membeane can be
pilled off by linger after disseciion.

There are some longitudinal pacalle] folds and few transverse folds on the surface of this membrane.

INTESTINE

Inlesline is a very long lube which begins at the pyloric end of siomach and terminates al the anus.
Most of its paris are siluated in the right side of the abdominal cavity.

Itis divided inte following parts,

Intesline (50-52 nteter)
1

¥

Smallinestine Large intlislinc
Vo N \] N N\
Duodenum  Jejunum Tleum Cexam Calon eelum
{(Imeter} (3Bmelers) (1 meter) (0.7S weter)  (10melers)  (0.25 meler)

Small inlesting

Small iniestine staris from pylorus and terminates al the ileoceea orilice. The average diameter of
the tube is aboul 5-6 cm. I comprises of duodenum, jejunum and ileum. In small ruminents the
length of the small intestine is 2bout 20 melers, Diamater of the tube is about 2-3 em.

DUODENUM

1L begins ot the pylorus passes dorsally and caudally at the visceral surface of Tiver and presems 1
§ shaped curve. Then it passes (urther caudally to the level of tuber coxac. This portion is known as
descending part of duodenum. Now it tums cranially by forming a caudal [Texure and continues as
ascending parl. The ascending part passes lorward and become continuous with the Jejunum at the
left side of (he cranial mesenteric artery. The [irsl part of the dusdenum is attached to the Tiver by
omentum. The descending part, caudal flexure and the ascending part are altached to pancreas, colon
and cecum by a short peritoncal fold, known as meso-duadenum. The bile duct opens ino the
duodenum at the second bent of the S curve which is about &5 meter away from the pyloric end. The
pancreatic duct enlers the duodenum 0-25 meter caudat to the cniry of the bile duct,

In sheep and goat he bile duct and pancreatic duct join together and open into the duodenum
aboul 20 cm [rom the pylorus,

JEJUNUM

It constitutes most of the length of the small intestine and comprises of a good number of ceils
attached at the border of meseniecy. These close coils arc constricted and dilaled and formed U
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Atcending dusdenum
Proximal Joop of colgnf Cecum

Caudal Mexure

Descending tuodenum
- Begining of jcjoaum

. & curve (sigmaid) of duodenum

————

Fig. 6.28 Stomach and tntestine (Pari of Cow),

shaped wbular toops by the attachmens of the
mesentery, To display the organ they can be
?;lr:n ghiened by removing the atiachmenis, Jejunym
is Lhe mobile part of the intestine, it occupics Lhe
space belween the ripht surfaee of ramen and righ:
abdominat wal] below the Iargeintestine. The b];od
vessels of the jejunum are arranged in few Jayers
of arches in the mesentery. Siraight vesseds

conncet the Joops of jejunum with 1he convexity
of vascutar arches.

Major vevse]

Steaight

R RN | vessels
It is the teminal f inlesii o
N : part of small intestine znd a jejurum
thick tube. It is atiached with CCCUm 4 ils crania]

part. B lerminates at the medial surfaze of (he Fly. 6.2% Dlood vessels of Jejonum.

cecunt at the cecoenlic junclion,

STRUCTURE

all of the small intesting
acous con :.;I:, mlc(s)l(;nc 15 composed- of serous, muscular, submucous and mUcous coats,
mr al_cs the vessels nerves, duodenal glands and selitary and aggrepaicd
AL 18 compesed of inner circular and outer longitwdinel muscles, The

ous membrane Ispe itli
iymph nodules (Peyor's paches) e e |0p;§s?: z E;:E(l::]l-ncntfolds and villi. The aggregated

The w
The subm
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The small intesting has been desiened
to perform two [unclions — (a) digeslive
Tunction and (b) absorplive funclion. For
the digestive funclion it necds enzymes,
The glands which provide these ecnzymes
are siluated — (i) outside Lhe inlestine but
connecled by ducls {Liver, pancreas), (ii)
in the submucous coat and {iii) in the
lamina propria. Plcnty of mucus is secreted
by the Goblel cells which protect its own
amodigesiion. The absorptive lunction is
dane by its great length, mucosal fold,
presence of villi and presence of microvilli
on the free surface on the licing cells, The
villi arc finger like projections, plenty in
number and are distribuled all over the
mucous membrane of small intestine, They
ar¢ more in the Sejupum. Exiernally these
villi are lincd by columnar cells. These
colomnar cclls are also called enlerocyles.
The core of a villus contains blood vessels, conncelive tissue fibers, muscle fibers and lymphatic
vessels. These lymphatic channcls are ealled lacteals. Blood vessels form loaps (hrough which
artcrial blood flows towards the Lips and returns as venous blood. The surface epithelium inbetween
villi deepens inside to form simple wbutar plands lined by columnar cclis called erypt of
Lieberkuhn.

Tunica muscularis  Submucosa

Crypl of Licherkuhn

Flg. 6.30 Duodenum shawing Crypds of Liberkohn.

LARGEINTESTINE

The diameler of large intesting is greater (about 10 em) at its first one to onc and half meters and
therealter diminishes.

Most of ils paris are situated al he dorsal aspect of the right side of (he abdeminal cavily, enclosed
by the common mesentery. It comprises of cecum, colon and reclum,

CECUM

It is a blind sac which has a length ol about 75 cm and the diamcler of about 12 cm. The capacily
is about 7 to 8 [liters. Crantally it is conlinuous will colon, The caudal blind end is known as apex. [l
is extended uplo the right side of (he pelvic inlel. In some animals the apex may be curved ventrally.
The organ is allached to the proximai loop of colon at its dorsal aspect and with fleum al the ventral
aspeet, Iis right surface at the cranial part is in contact with the caudal flexure of ducdenum. The
ilco-cecal orifice is very small and presents longitudinal folds inside. In small suminents, te length
diameter and capacity of Lhe organ is 25 em, 6 cm, and 1.2 liters respectively.

COLON

According to the disposilion the colon is divided inlo ascending colon, transverse colon and
descending colon.
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Descending colan
Proximal loap of colon

Disial loap of celon

Abdominal aorta

Cranial mesenteric anery

Transverse colon

Centrifoge! pant of spiral calon

Central part

Ceniriperal part

Mcsenlery

Flg. 631 Lacge nlestine of cow {Diagramatic),

Colon

v :

Ascending colon

Transverse colon Descending colon

ST
oximal loap Spiral loop Distal loop
f_ _
v v

Ceniripenal Coit Centm! flexure

I

Cenirifupal coil

Ascending cota, _j, consisis of proximat loop, spirat loop and distal loop. The proximal loop is

ll:: E;;:ﬁ?f;xpcﬁcnccd by the colon and is situated al the candodorsal portion of the right side of

Wit the prost cm[n ly between lhl‘t cecum and dc.scfcndmg d.uodcnum. The spiral loop is conlinuous

Coils. These co’f}ﬂ loop and consisis of [\?’D ccn}npt_:ln.l_cm]s, a ccnlr.-f] flexure and wvvo centrifugal

The distal 1o, I1s are nflhcred to form a disc which is silated al l.hc right lateral abdominal region.

ofspiral log P IS continuous with (he transvcr_sc colon. The terminal portion of the centriflugal part
P Passes caudodorsally on the proximal leop and forms an clongated distal loop.

colg:’i:czzjo]l;m passes from the rght to Icll’l around the cranial mcr..cnlcn'c artery. The descending
cecum, ascongin Eldy, curves near lhc_pe]wc 1nl_cl and becomes continuous with the receum, The
logether by 4 l"mg uodcnu.m, l!lc proximal and dlst;l loops and he cranial part of colon are adherent

Y conncetive tissue around the zoat of mesenlery. The body of the colon do not have

any lenfa a i illi i
¥y .2nd a saceulations, Villi are absent in the mucous membrane, Few Pyer's patches are
Presentin the mucosy close 1o ileum. .

n In ]shcgp and goat the length of the colon is abont 4 meters. The last coil of the centrifugal part of
& colon is closely refated 1o the jejunum,
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RECTUM

Itis the termizal portion of the intestine and consists of two porlions. The crandal part is covercd
by perilonium and the caudzal part, which is ke ditaled is not covered by peritonium, Iis walls is
thicker and presents constriclions and dilatations. The fibers of recto-coecygeus muscles are derived
from the dorsal purt of exiemal longitudinal layer of the museular coat of reclum. These muscle
fibers insert lo the 2nd and 3rd caudal vertebrae. The veniral fibers pass downward decussare at the
center and join the smooth muscles of labia in female and o the arcthra in male. Anus is the terminal
opening of the GI. trac sitvated below the root of the tail, Anal canal is bout 2.5 cm in length and
the mucous membrane is conlinuous with the skin. The muocous folds at the cranial part in the lomen
are known as anal columns. Caudal par of the lumen is covered by skin (see fig. 6.97),

The sphincter ani internus is formed by the thickening of inner circular muscles of the rectal
wall. Astriped muscle situaled external 1o sphincter ani internus is known as sphineter ani externus.
The fibers of levator ani muscle inserts to the sphincter ani externus. Levator ani is 3 thin muscle
which criginates from the medial aspect of the ischiatic spine and inserts 10 sphincter ani externus, An
inconstant band of unsiriped muscle arises from the coccygeal verlebra passes down under the
levator ani and join with its fellow of the opposile side betow anus, In female it becomes continuous
with consiriclor valvae and in male it becomes continuous with retractor penis {Sce Fig. 6.97].

Coccygens nuscle—Although this muscle is not direcily relaled 1o rectum bat is closely associated
with Ievator ani muscle. Il originales by a common tendon with levator ani from the medial aspect of
ischiatic spine and from the inside of broad sacro sciatic ligament. It crosses levater ani cbliguely
gocs upwards and inseris at the transverse processes of first three caudal vertebrac,

Blood supply—Beginning of the ducdenum is supplied by branches of celiae artery. Other portions
of small intestine is supplied by eranial mesenteric artery. Large intestine gets blood (hrough cranial
and caudal mesenteric anteries and from internal pudendal arlery.

Nerve supply—The inlestine gets sympalhetic fibers from celiac, cranial mesentedic and caudal
meseateric ganglions and parasympathetic fibers from vagus and pelvie splanchnic nerves. Rectum
is also innarvated by caudal reclal nerve.

Intestine of Horse [Fig. 6.32)

Intestine

v

Large imestine
(7-8 melers)

Smallimestine
{21 mewersy

A P

Duodenum Jefunum Heum Ceaum Colon

¥

Rectom

Duopdenum—The length is one meter, It has a descending part, the lwming and an ascending part,
The ascending part is continuous with the jejunum, The pancreatic duct and the hepatie duct together
open inle the duodenum 12 10 15 cm away from pyloric end in a pouch, the hepatopancrealic
ampula {Ampulla of Valer). The cranial part of the duodenum is lermed as mesoduodenum, as it is
attached to a peritoncal fold, In the mucous membrane solitary {scatiered} nodnles and Peyer’s
patches (aggregated) are present. They are about 100 1o 200 in number and placed about one meter
beyond the pylorus.

A

o
&

A
7

Ak

i

4

7
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Jejunum png ileum—Thc tength of this tube is 20 meters and the diameler is abowt 6-7 em.

Prac

Uezlly ao distinet demarcalion is observed belween these two pans. Tt also has coils which are

SIeled al the dorsal aspect of lefi ateral abdominal region. Tleum is the Jast one meter ef the tbe ang

f5 2 bil contracieq, The ;

leom passes 1o the lefl surface of cecum and opens into it at the base.

Cecom— ;55 very big comma shaped sac having a base body and apex. Its cipacity is abon| 30

liters and (p, Ie
the xyphoig cartilage alo

ngth is about 1.2 meler. 3t extends in a curved manner from the sublumber region 10

ng the abdominal Moor. The apex is dirceled forward. The body mosily rests

on "I‘c Venlral wall of the abdomen. The apex is placed al the abdominal floor close (o xiphoid
cartilage, iy has four longirudinal bands.and four rows of sacculations. Both the ileocecal and cecocolic

orifices are siated-in the lesser curvature at the base.

Colon
]

W

ofl lh_cir disposition in th
Pelvie 1 Cxure, Left dorsn

Vo Y

Transverse colon -

Greaicalon Smntt colon
(1035 metersy (consiricled part) {3-5 meters)
Great eyl

T—is & very big (the and its different foldings have been named separatcly on the basis

c abdominat cavity, Fhese are Righi ventral, Sternal flexure, Left venira,
t, Diaphragmatic flexure and Right dorsal from begining lo end respectively.

']"hc . . .
Wall has bands and sacculatior. The bands are known as teniae coli,
[ —

Leh veniral

Transversc colon —I Leht dorsat
Rer.lun‘l

SR NN,

Sl

Pelvie
Nexure

Cecum
Meum

Lelt dorsal
Transverse colon

Pelvic flexure

Recium

Neum

Right doreal

Diaphragmatic MMexure

Srernal fexure

Right ventral colon

Lelt veniral
Right dorsal
Diaphragmatic Nexure

Sternal flexure

Righi veniral colan

Cecum

Fiz, 6.2 Large inlestine of horse {In situ and diagramatlc).

SPEANCHNOLOGY 23

Transverse colon—ig Ihe constricted part between the great colon and small colen.
Small colon—is placed between the stomach and pelvic inler. H also has coils, The bands on the
wall are less in nunber.

Rectum—Length is 30 cm, The caudal part is dilated. Only (he eranial part is periloncal. The
structure of anus is similar 1o that of ox.

Intestine of Dog

~ Intestine . N
Small imesting :  Logeimestind T G
{0.510 | meler)

’[4 melers) -

Duodenum—Tt is the fizst sheriest part of the tube. The bile duet and small pancreatic dugt open
into the dusdenum abeut 5-8 cm from the pylorus and the large pancrealic duct opens 3-5 cm behind
the preceding one.

Cramial mesenteri¢ arte
Reetom o

Descending colon

Transverse

Esophagus

Jejupum

Mescnlery

Fig, 6234 Stomach and intesiing of dop (Diagramalie).

Jejunum—is consposed of 7 1o 8 coils and is the longest parl. Tt is silualed bewween the slomach
and pelvicinler.

Tlewm—is the last part of smalt inzestine and i3 difficult Lo differentiale from jejunum grossly.
Instead of apening inlo the cecum, the ilcum opens inte the colon direetly. At the junction between Ihe
ileum and colon, there is a strong ilcocolic valve,
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Ducdenum

Stomach
Pancreas — |

Grealer omentum

Cecum

Spleen

Kidney

Rectum

Dladder

Flg. 6338 Abdominal viscera of dog {Exposed from ventral aspeet).

Ceeum—is 1210 15 em tong closed tubular and
curved structure, Its cranial end opens into Lhe
begining of colon,

Colon has three Parls—acending, transverse and
descending. Ascending colon is short and exiends
crnially up 1 the pylaric part of stomach. It then
s caudally and conlinues as descending colen, L

The small part at the point of Lumning is the Lransverse
colon, :

Cecoeoli orifice Colon

Fig. 6.34 Ileo-colle and ceco-colle Junctlon of deg.

Rectum—_jg mostly peritoneal. The anal glards

are sitwated at (he submucous layer of the reelo anal junclion, There are two fateraf anal sacs, the
ducts of which open on cither side of its lumen. The saes comtain grey coloured faily substance

having offensive smell.

Intesting of pig [Fig. 6.27]

Intestine
|
Snatl intesiina Large intestine
(16 meters) (4 meters)

Duedenum—p presents o descending pan, a caudal flexure and an ascending part. Bile duct
opens about 3 em and the pancreatic ducis epens aboul 12 em behind the pyloric end of the siomach,

Jejunum—[t js long and comprises of numerous smal loops supparted by mesenlery. The loops
are placed at the right aspect of the abdominal cavity, dorsal to the colon and cecum,

Esophagus
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Esophagus

Jejunum Stomach

= Yermilerm appendiz

Cetum

Flg. 6.35 Stomach apd Intestlne of rabbjl.
Tteum—Itis the lerminal and straight portion of the small intesting which opens into 1he cecum at
ileo~cecal junetion.

Cecum—This is aboul 20 cm long and § cm wide. Caudal end is blind and direcicd ventraily,
Cranial end is continuous with the colon. The wall has bands and sacculatigns,

Diaphragm Rectum

SPLEEN ADRENAL

r_'__—"--...\

Female genitaliz
{Urerus)

Appendix

Jejunum

Flg. §.36 Left side of abdomen and therax of rabbll showing orgons [n sltu,
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Colon—1It presents the asceng

- : ! NS wansverse and descending parts, The ascending colon has
three wide centripetal coils, a

eeninal flexere and three namow centrifugal coils [Fig. 6.27],
The centripetal part is sacculateq,
Reclum—The terminal part of

the descending colon dilale to form the rectom and remains
surrounded by for,

Intestine of rabbijt [Fig. 6.35]

S hatetne™ T
Ty
" Snaltistesiine - . o Mrgu'nreui;rc"‘
o (260 cm) < {10 em)

RABBIT

Flg. 637 Comparalive struclore (Sehe e

Matic) of large infestine of O, Ilorse, Dog, Plg, Mabbil and Fowl,
"k coton, J. Transverse colon, 5 Bescending colon, 6. Reclom,
* Cranfal mesenteric arlery.

L Nlewm, 2, Ceewnn, 3, Ascend;
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Duodenum—H is a long tube (abeut 40 cm) and presents a descending pari, a cavdal flexure
and ascending parl. The caudal flexure compriscs of few U shaped Ioops. Bile duel and pancreatic
ducis open tn to the duodenum separately.

Jejunum—It is composed of a number of closc loops. It has a lenglh of about 2 meters. The
jejunal loops are situaled above the cecum and behind the stomach and liver,

Ienm—This is the straighter part of the wbe and has a length of aboul 15 cm, Clase 10 the
ilio-cecal junclion, the terminal part of the wbe is dilated. This is know as sacenlus rotundus.

Ceeum—This is a wide saceulus long tube and occupies the whele of the ventral part and a
parl of the right hall of the abdominal cavity. Length is aboul 55 em. and possesscs about 25
sacculations. It remains coited on itsclf and 1herefore comprises of firsl, second, thied and o
blind terminal part, The terminal part is slender and devoid of sacculation. This part is known as
vermiform appendix. Average diameter of cecwm is about 3 em. [Fig. 6,35}

Colon—It has a ascending parl, a transverse parl and a descending pan. Ascending colon
begins from (he base of the ccecum in the form of a sacculated wide ube, First 8-9 cm of

about 12 ¢m in length and have constrictions and dilatations duc Lo the presence of faceal balls in
b o
iL.

Rectam—1§t is small, little dilated and remains surounded by fat,

i Calon
! Duodenum
Reetam
——
£
L4
d
A A
Utcius Rt Jung
Jejunum Liver

Fig. 638 Right sidc of abdamen ond thorax of rabbil showing organs in site.
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Inicstine of fowl [Fig, 6.39)

Duot_]enum-—-][ is 22 o 35 cm long and 0.8 1o 1.2 cm in diameter. @t has an ascending and a
descending paris. They are hold together by 2 fold of mescniery. The pancreas is placed between

icsc Lwo parts. Lumen of duodenum i tomparalively wider. Pancrealie ducts and bile ducts open
into the ascending part of ducdenum,

Duodenum

Right lobe of

nlestine liver

Trachea .

Crop

intestine

—_ T
Fig. 6.398 ¥isceral Organs of fow] gy Ihcy appear aller exposing the lelt side.
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Jejunum—Ii is 85 to 120 ¢m long. Coils are prescnt, The loops arc placed at the right part of the
body cavity. Al about the middle portion of the jejunum a short closed remnant of yolk sac is present.
This is known as Meckel’s diverticulum.

Tteum js 12 to 18 cm long and yellowish grey in colour. It is continuous wilh jejunum and is
placed ventral to the rectum and cloaca.

Ceca are lwe in number, Jelt and right. They arc conmected will the pastro-intestinzl tracl at (he
junclion between ileum and colo-rectum. Each of these whular struclures have a length of about

Spleen

llepatoenteric and

hepate-coteric ducts Proventriculus

Jejunum

Gizzard

Mreket's
diverticulnm

Colo-recium Mesentery

Right lobe of liver Left Iehe af liver

Gizzard

Dupd

Fig. 6.32 C. Stemach and inlestine of fowl 3 D ; Viscera In sile.
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15 em. They exiend first cranialty and hen caudally parallel 1o the ileuns, Each cecum has three PArs
~proximal, middie and distal, The proximal part is narrow and is connecied with the intestine. Middle
part is wide and the distal part is expanded, The distal parl lerminates in the form of a pointed end.
The lumerof Ihe ceca are wider than other paris of the intesting, The wall conlains Iymphaoid tissue,
mestly at the proximal part, This lymphoid lissuc is known as ceeal tonsil,

Colo-reetum—The striaght portion of the inlestine which extend from iteum 1o the cloaea is

termed eolorectum, It is placed dorsally in the keft part of the abdominal ¢avity. It has length of about
10 em.

Cloaca

It comprises of three comipariments — coprodeunt, urodeant.and proctodeun. However, Lhese
three chambers are not well distin guished in alt birds. The caudal end of the colorccium expand [o

l'ormlthc cloaca which lies in contact with caudal abdominal-wall and opens to the outside throuph ap
cpeaing, the venr,

Coproderm is the first-compartment and may be separzied from eolorectlum by 2 mucous fold. Iis

= lining mucosa conzains vitlj,

Urademn is lhe smallest of the (hree compannents, It is marked from others by the internal
(craniak and caudal) Tolds, Urogenital ducts open on the dorso Yateral wall of the urodeum. The
ureters open dorszlly and the genita) ducts open laleraily.

Prociodeitm is also a shont compartmenl. The cloacal bursa (Bursa of 1 ubricius} which is well-
.dcvclopcd tn imnratere birds siuared 21 the dorsal aspect of the cloaca. It opens 2t the proctodeum at
Its dorsal surface, The organ is globular in shape and appears as a divertica!um from (he proclodeumn,
Itpresents a narrow and irregubar lumen and a thick wall. The wall accommodates lymphoid (issue in
the form of smalllobules in 10-12 folds. Therefore the extemnal surface is found to be ridged. However
the gland regresses with the advancement of age. The dorsal wall of Ihe proctodeum also accommodales
dorsal prociodeat giand, The mucosa is continuous with the skin. The anus in the birds is called vent
which is guarded by dorsal and ventral lips.

STRUCTUREOF INTESTINE

The wall of the intestine is composcd ol serous, muscular, submucous and mucous layers. The
muscular coal conlains inner circular and outer tongitudinal muscles. The submucous coat is composed
of areolar lissve, vessels and ncrves, Muscularis mucosac is
present. The mucous of smull intestine presents numerous folds
and villi. The duodenal glwnds (Brunner's) are prescnt at the
fiest partof the small intestine. The mumber of Peyer’s patches
(aggregated nodules) are about 20-40 in cow and pig. They
are artanged i the form of bands, They are aboul 100 in horse
and 20 in dog,

Ducsz of abricius

There is no-villi in the mucous membrane of Jarge inlestine,
The inlestinal glands arg present throughout the tube, In the
horse the bulk of the muscular coat is more at the bands of
cecum and colon. It the rectum of horse the mucous membrang Uradeum
is Joosely attachied lo the muscular layer and thereby presents Clrcular muscle
numerous [olds in emply condilion, Fig. 6.40- Claaca,

Coprodenum
Pracrodeun
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SALIVARY GLANDS

There are three pairs of salivary glands — Parotid, Mandibular and Sublingual.

Parolid Gland

Iis riangular long reddish brown gland situated on the massaler musele along the caudal border
of the vertical part of the ramus of mandible. Average weight is about 100 pm. Dorsal end is broad
and placed close to the base of the car., Ventral end is narmow and dirccted in [ront. The laleral surlace
is refated 1o zygometaco-auricularis muscle at the base and parotide-auricularis muscle along the
vertica] length. The medial surface is relaled to paretid lymph gland, stylehyoid bone, massater,
occipitchyoidens and dignstricus muscles, external carolid artery, exlemnal jugular vein and superficial
temporal nerve, Facial nerve passes through the parenchyma of the gland. The Stenson's (parodid)
duet leaves the gland at its medial aspect of the ventral part, goes forward on the medial side of the
ventral border of mandible between the massater muscle in front and external maxillary vein behing,
It passes to the latcral surface af the vascular groove of the mandible, runs wpward and forward
bewyeen the anterior border of massaler muscle and facial vein, pierces the buccinalor angd opens ol
the basc of papiilae salivalis opposile to second molar tooth of upper jaw.

Rload supply—From exlernal carotid.
Nenve supply—From Glossopharyngeal, faciat and sympathetic,

Mandibular Gland

Itis an clongated pale yellow lobulated gland silvated along the smedial side of the angle of the
mandible, It is longer 1han parolid and extends frem the level of the wings of allas 1o the basihyoid al

Inner eirgular muscle

Epiheliem

Duct from pland

Muscularis mucosac

Submucosa

Submucosal pland

Quier longilodisal moscle

Fig. 6,48 Structure of the wall of jnfestine {Diagramatic).

Yia-16
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Zypomalie salivary
gland

Paratid salivary
gland

Inferlor part of

Mardibular salivary !
sublingual gland

Mandibuolar Inferior part of gland
. . salivary sublingual gland -
Farolid _\ah;':rz gland £ Superier panl of
glan . sublingual salivary
Superior pant of gland
A sublingual salivacy

gland B

Flp- 6.42 Posiflons of salivary glands (A, ox, B, dog).

the intcrmn.ndibular space. It weighs about 130 10 150 gms. Lateral surface is related to parotid
g]and_, maxillary and Iagial veins, lymph nodes, steenomandibularts muscle and the angle of the
mandible, The medial surface is retated 1o lymph acdes, pharynx, larynx, carctid artery and
10, 11th and 12th eranjal nerves. The dorsal end is pointed. The veniral end is rounded and
Placed close 1o the apposite gland, Dorsal border is concave and the ventral border is convex,
The Wharlon's (mandibular) duet leaves the gland al the middle of the dorsal border, runs
berween mylohyoideys and hyoglossus muscles and then aleng the deep face of genioglossus. It
passes through sublingnal gland, gocs further forward along the floor of the mouth and open at
the caruncula sublingualis, ‘

Heod supply—Branches of Facial and lingual arieries,
Nerve supply—Branch of 7th cranial nerve and from sympathelic.

Sublingual Glands

. There 2re 1wo separale parts in each gland - superiorand inferior. The superior (polystomalic)
1s a lobulated pale yellow gland siwaled under the mucous membrane of the foor of the mouth
and extm_ﬂ.ds from the mandibular symphysis to the palatoglossat arch, Laterally it is related 10
mylohyoideus musele and medially to stylo - glossus and genio-glossus muscles. Its numerous

ducts open at the base of the papillac situated in a lin on either side of the frenum Jinguac al the
floor of the mouth,

The inferjor (monostomalic} s a pink coloured gland cxtended from ihe mandibular symphysis
to1he ]f:vcl of lh? last premolar tooth. It is thicker and shorter than the superior gland and is situated
below it. There is only gne duet for this gland which cither joins the mandibular duct or opens
separately at the base of the caruncula sublingualis, close 1o the opening of the mandibular duct,

Bleod supply—Branch of subliy gual artery.

Nerve supply—Branches of Tth and 5th eranial nerves,
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Salivary glands of horse
1. Parotid gland is the largest of all (he salivary glands.
2. Medial surface is related to gottural pouch in addition.
3. The parotid duct epens opposite to last upper premolar locth,
4. Caruncula sublingualis is sitvated opposite to canine 1ooth.
3. Sublingual gland is single.
6. The ducts (nbeut 30} of sublingual gland open at the base of small papillae at the sublingual fold. !

Salivary glands of dog
1. Parotid s (rtangular in shape and its dorsal border is notched,
2. Parotid duct opens opposite to upper 3rd premolar tooth,
3. Mandibular gland is lacger than parotid.
4. The sublingual glands are (wo in either side and the ducls are arranged similar Lo those of ox.

3. Zygomatie salivary gland is an cxira {4th pair) gland found in this animal, situated at the
anterior part of pterygopalatin fossz. Its ducts (4 to 3) open into the mouth cppasite 10 lask upper
molar looth.

Salivary glands of pig

1. Parotid gland is large and triangular. Parotid duct opens opposite to 4th or 5th upper check
looth.

2. Somctimes small accessory parotid ducl is found.

3. Mandibular pland is small.

4. Sublingual gland has rostral polystomatic and caudal mopestomatic paris like those of ox.

Salivary glands of rabbit

I. Rabbit has 3 pairs of salivary glands ~ Parotid, Sublingual and Infraorbilat.
2. Mandibular glands are absent.

3. Parolid duct opens behind upper incisors.

4. Infraorbital gland lies below cyc and its ducts open near upper molars.

Salivary glands of fowl

1. There are a number of salivary plands in fowl.

2. Ducls of some glands (Maxillary, Palatine, Cranial lingual, Submandibular and Angular) apen
into the mouth, ;

3. Others salivary gtands (spheno pterygeid, caudal lingual, candal submandibular, laryngeal) open
into the cavity of pharynx.

4. Maxitlary and Angular glands are monostomatic and the other arc pelysiomalic,

LIVER

It is the largest solid gland of the body. In fresh condition it is reddish brewn in eolour. The
waight is about 3 Lo 5 kg in 2 adult caw, It is placed in the right side of the abdominal cavity in
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i 0blique downward and forwan! direction. The gland extends from lumbo coslat angle (o the
levey of 71py to 8th rib-and’is kept aitached in the 2bdomen with five ligaments. Tt prescnis 1wo
$urfaces and four borders.

This organ develops from the venlrl surface of (he midgut 2s an oulgrowth known as hepalic
Chicalum, close 1o point where it is continuous with yoltksac. The diverticulum proliferatcs to
form giyey, The conneclive tissue is formed from mesoderm.

Paricta) surface—It is convex and most of this surface remains moulded with the abdominal
Strface of the 1 ght part of the diaphragm. The falciform ligament which extends [rom the ocsophageal
Mftch 1o the umbilical fissure along this surface, atlaches the liver with Lhe diaphragm. A portion of
ak';sllffﬂ:ce fs again allached directly (o the diaphrgm withaut being covered by serous membrane
of ritg; Ariangular area al the right humba costal angle. Caudodorsaily this surface bears some impressions

§ Where diaphragm s closely associaled wilh thosacic walt,

div,

Viseers) surface—Itis concave and presents impressions of differcni organs and the partal fissure.
¢ Peral fissure is situaled above the emasal impression. This ar=a also gives allachment 1o the
S MNCreas, Omasal impression is large and decp. Ttis placed below the portal fissure. Relicular impression
::\:?”Bf’\v‘nnd shallciw. It c_xlcnds !'rom the csuphag‘ial nnlc_h lo the anterior part of veniral bordcrc-lr
Sllrf-;c chind the Fctgculur impression an abomasal impressien is present qt the vc_ntra_l aspect of this
dce, The cystic tmpression is found above and lateral Lo the omasal impression in Many cases.
w‘(; lesser omentun exiends from the csophagial nolch 1o the porial fissure. 1L attaches the liver
W the ontasum, pyloric ¢nd of abomasum, pani of duedenum and pancreas. Porta hepatis or
Portal fissura is in the form of a linear depression which serves the purposc of hilus of the organ, It
:;‘"Smits portal vein, hepatic artery, bile duct and nerve fibers. A number of lymph nodes and portions
Panereas are aached 1o the fissure.

. The borders are dorsal, ventral, lalerat and medial. The dorsal border is thick. It presents the
Audate lobe and the renal impression. The caudale lobe is connecied with the right kidney by the

Right latera] ligament

Caudate lobe

Vena cava

i
1
1
i
|
1
|
i
':
Esophageal nalch /
Falgiform ligament

Gal? bladder

17 - ..
i
|
|
1
|
1
!
|
|
l
\
|

Parictal convex
surlace

Umbilical fissure

i
|
|
|
Round ligament !

—e—— o ———— - -

Fig. 6.43 Pariclal surlace of liver of ox.
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llepatic arlery

Renal Caudaie lobe
Impression

Porial xein

Mepatic veins in the exposed
abdominzl vanacaya

Nepatic ducy

. Duoderum
1 Impresion lor
P reticulum

Bile duer
Cystic duct

Lymph nodes in
1he porial fissure

Gall bladder

Umbilieal fissure

Round ligament

Impression for abomasum B
Impression for omasum

Flg. 6,44 Visceral surface of Tiver of cow,

caudate ligament and helps ir the formation of renal impressicn. The renal impression is deep and
gives aecommodalion to Lhe right adrenal gland and cranial end of right kidney, Venirzl border is
convex and thin. The lateral or the right border is thin and is marked by the umbsilical fissure. The
round ligament cxlends from this fissure 1o the umbilicus. It is the vestigial umbilical vein. The
medial er left border is thick and presents a notch for he passage of csophagus, Above the esophageal
notch the posterior venacava passes caudally by embedding itself parially in the bedy of the liver.
The hepatic veins {3 to 55 oper: dirccdy into the venacava at this border.

Smaller hepatic ducls from dilferent parts of main lobe and from caudale lobe join together 1o
form the hepatic duet. Hepatic duct comes ont of the liver through the portal Gissure. Just afler its exit
a smaller duct arises {rom it and continue to the neck of the gall bladder, known as cystic duct. The
gall bladder is 2 12-15 cm long pear shaped musculo-membranous sac situated at the visceral surface
ol'the liver above the omasat impression. When distended with bile a part of it remains in contact with
the abdominal wall at the middle part of 10th or 11th intczcostal space. The gall bladder presents three
pars—Fundus, Body and Neck. The neck becomes continuous with eystic duct. Gatl bladder not
only funclions as storage of bile but helps in concentration of bile, regulation of pressure in biliary
system and in seeretion of mucin. The bile duct is formed by the union of hepatic duct and the cyslic
duct. The bile duct opens into the duodenum a1 ils second bend about 60-cm away from the pyloric
end of stomach. In sheep and goat the pancreatic duct joins with the bile duct before opening into the
deodenum withoul foramation of any ampula
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The hepatic duets, common hepatic duct, Portal triad  Simusaids  Central vein
gall bladder, ¢ysiic duct and bile duct are :

collectively known as Extra hepatic biliary
agparafus,

The ligamenis of the liver are as follows :

1. Falciform or anterior tigament—n
alt:u:!]cs the pariclal surface of the liver with
the diaphragm,

2. Right Iaterg) ligament—I1 connects
df'ml Part of the liver (o the caudal part of
diaphragm.

3_- _Rauﬂﬂ' ligament—T connects the
umbilical fissure of fiver to the umbilicus.

4. Caudate ligamrent—It anaches the
Caudaiﬁ: lebe of the liver 1o the right kidney,
abdominal venseayy and part of pancreas.

Flg. 6.45 Microscople slruclure of Llver, showlng
inter lobular space.

Sf-n Lesser omentnm—t is allached along the portal fissure and exiends up to the esophageal
moleh. It connects Ihe liver with the omasum and lesser curvatore of abomasum,

Most of these ligaments of liver are derived from the folls of pertoncum,
Structure

Alter covering the whole gland the serous coat enters into the subslance of the liver ihrough the
1::ori.']l fissure along with the struclures enlering or leaving the gland to form interlobar connective
tissue. The parenchyma comprises of a number of small lobulcs, scparated by conneetive lissue, The
hepatic cells are amanged in cords in 2 radiating manner from the central vein. The Iriangular space
belween the lobules accommodate small branches of hepatic arlery, portal vein and bile ducts.

ccng:jd::inmlgoscopc cm_:h iobule appears a2 polygonal arcas whose center is occupied by the

- Each lobule is about | mm in diameter and composed of rows of hepatic cells radiating

from U_1e center. These lobular arrangements are belter observed in pigs. Groups of three tubes which

z::;‘l:s":iﬁ :f a int_crlubulnr branch .of hc‘pnlic artery and portal vein a.n,j an interlobular bile ductule

Jobules Thcz penvascular conncclm:.llssuc (portal canal) are found in the spaces in between the
- ¢ are known as portal Iriads.

Liver rccci_vcs about 80% blood from pertal vein and abow 20% from hepalze artery, Within the

;;lu‘cy devide to form segmental vessels and redivide into intee-Jobular vessels, which nun into

szmoidasn;:;uals slntgd above. Further divislions open inta the hepaltic sinusoids. Thus in (he hepatic

are phagoent arterial and venous blood mix. The hepatie sinusiods are lined by kuplTer cells which

hepar.iccf_-.llghc and presems c_Icfls pclwcm.l lhcm_. D!.Il'-ing aclive phase each radiating column of

other side Th:sb? \rnsctflar capillary in one side wh:chj_o!ns the central vein and a bile capillary on the
. ile capitlary goes out of the lobule to join bigger bile channel (ductulg).

ACCOId'Ing.lD current concept Lhe central vein of the lobule is surrounded by a single layer of liver
cells forming Inneg limiting plate. Liver cells radiate from the inner limiling plate as sheets of cells
known as hepatic laminaz which arc one cell thick, frequendy branched and perforated. At the periphery
of the lobule the hepatic laminae join with one another and form outer limiting plate which is also

liv
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Central vein

Hepalic cord

Sinuseid

Hepatic ariery

Partal vein Bile ducl

Flg- 6,46 Three dlmentional microscople ligure of liver .

perforaled for passage of vessals. The spaces between the laminac are known as hepalic lacunae
which are occupicd by hepalic sinusoids.
Blood supply—Muiritienal—Hepatic artery
Funetional—Porial vein

Liver receives approximately 20% blood from hepalic arlery and 80% [rom
porial vein. Due 1o absence of lymphatic pathways from liver o gall bladder, it
rarely become involved in the malignancy of liver.

(For hepalic circulation see porlal vein)

Nerve supply—From hepatic plexus.

Liver of horse

1. The organ is exiensive and comparatively thin. Weight is aboul 5 kg.

2. T is placed obliquely on the abdominal surface of the diaphragm and the major part is being
silualed ai the right side of the median plane.

3, The fissures of the ventral border have divided the liver into three matn lobes - right lobe,
left lobe and the middle lobe. The righl lobe possesses the caudate lobe and process,

4. Gall bladder is absent.

5. Hepatic duct is about 5 ¢m. long and opens dircetly into the duodenum, 12 to 15em, behind
the pyloric end of slomach.
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¥enacava  Renal impression

N Coli i i
Middle fobe oli impression

1 Gastric impression

o A B

Fig. 647 A. Paricral ard B. Yisceral surlzee of liver of Iorse,

6. Hepalic duct ang

ancreqti i ide
known as hepao pancrcp atic duct legether open sice by side into the duodenum at place

atic ampula,
7. Both the left and right borders are thin.

8. There is 5
sanc : ‘
Alra left lateral Tigament which cennects the left tobe wilh the dinphragm,

Liver nl'dng

1. It consj

e m:;&ls of ﬁw: lobes — Left lateral, left central, right lateral, right central ang caudate.

- 20¢ gall bladder is sjiiated in depression at the right central lobe

3. The: bile dycy ©pens into he |
duodenum 5 g 7 ¢m behind (he
ponrus.lSomc[imcs an aceessory
pancrealic duct joins with e bile
duel and openg commonly jnto he
duadenum, Occasionnlly the

Avrta

Venaeava

Renal
impression

la;cc;so;y Pancreatic dug) opens 1o oS Candase
¢ duodenu
breeds of g m separalely. [y some | Papillary process ]?m““
slo' 0gs few smaller hepatic R el
ducts join the bile dye directly | Left laverst tote -
Gall bladder

wilhout joining main hepatic duer
4. This organ is turger in size in L
comparison lo other domestjc

n 12 i
nammals. Fig. 6.48 Tr:msvers.e seclion of the abdomen of dog shawing
visceral surface of Iver,

Right central
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Fapillary proccss

Ponal vein

Vena cava Bile duct

I'saphageal nolch Caudale process

Left
latcral
lobe

Righll Lefr central lob
centra
lobe Right lzteral
' labe
: Leli ceniral Jobe Right central ¥ Gall bladder

i lobe
- A B i

Fig. 4.4% A Pariclal and B. Yisceral surface of liver of dog.

3. The caudale lobe has two parts-onc on the night side, the candate process and (he other on the
lefi side the papilfary precess.

6. The parictal or dinphragmatic surface is highly convex and tie visceral surlace is irregularly
concave.

Liver of pig [Fig. 6.27]

1. It comprises of 4 main lobes and a small caudale lobe, The main lobes are right laterad, right .

central, lel1 Jateral and lefl central.
2. The gland is camparalively large in size,
3. The gall bladder is placed in a depression on the right cenlral lobe.
4. The bile duct opens at a papilla on the
duodenum about 3 cm [rom pylomus.
5. The diaphragmatic suclace js highly convex.

Renal impzession

Liver of rabbil
1. It is exlensive and compriscs of 5 Iobes.

2. Gal} bladder is sitwated in a depression at the
visceral surface of nght central lobe.

Right
cenlral

Leit 1at

3. Dinphragmyatic surface is convex.

4. The renal impression al the right lateral lobe is
wide and deep.

5. Paricial surface is convex and applicd against
. - . . : Gall bladder
diaphragm and the visceral surface is concave which | e
pariiatly accommaodales the stomach.

o

Figs 6.50 Visceral surface of Lhe liver of rabblt
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]
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Liver of lowl

L. The liver comprises of two separale lobes-teft
double fold of peritoneum.

2.. The lobes are siluated al the floor of the abdominat ¢qy,
cranial cnds of the lobes are very close Lo the hear. 1ty. As the diaphragm is rudimentary, the

3 ThEPa.rida]Smf i r[a

- ACCS Arc convex nnd Ihc YISCET a] 5

OI man i a] H su ce iSt:Q Y 1 rlace pa: 'mPn:SS-Dﬂ
Y Viscera O]'lg Wll.h Lhc Sl(lm:ll:h. ncave. ‘Thlssu r h 51 !

[hcd: Right Jobe has a large gail b]ac-lder. The Iefl lobe hyg no
aight lobe and the hepato enteric duet of the left lab Satl bladder. The hepato-cystic duct of

limb> of duodemum separately, close to the apenings of p:ngpcn Into the distal part of the ascending
: “Ncrealic dugls.

and s .
d right which are connceted venirally by a

PANCREAS

lti i ight si
surraciiﬁfsﬁfﬂdﬂ?ﬁﬁ rlz}orilge::llchc rﬁm oo the Median plane and i altached to the vi
about 350 10 500 gm. 11 is flat and i I'Y-] CCO]OUr.Oflhc gland is rcddishls allm ; |:Ilohl CVI_SC;W_U
borders Doy Em 1L s 1(1l lnr:'l?gu arly quadrilatery) ;o shape and hye O“’:lf;fl cwc:lg lis
than Hver ang eoopce 81 2 ?h_mphragm_and liver ang mos:l) c " '"LS;WO surficcs and four
et a2 rum of i Il: c;a%n is su;’l‘ace is related g gt kji/dnc::’vcr:bd y;_)cnloloncum. Other
e, Pt e, o Ol i 4 e 1y Gt o e coo e
Anlerior border is more or less straight Poslterior b(:;rdcrs are anteror, posterior, Jal : | dl l:i L
' rder i Notched f(J.rPL;:e aLI:;;'n;SZIZLi?::; u?]iurl:]ai

Cavdo-lateral ap
Ele of
Pancreas

Porial vein Pancreatic ducl

Yenacava

Righl border af pancreas

Duodenum

Criniomedial angle
Dile duct

Esophageal notch Gall bladder

Pona) Mssure

Anlerior berder

Vi
Seeral surface of Liver

Flg. 6,51 Visceral surface of “‘,;__:;“;:-;____
Showlng the panereas.
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vein. Right border is long and is placed 10 some extent parallct to the duodenurm (second curve). Left
border is imegular and convex.

Histological Structure :

This is 2 compound {sercus and tubulo acinar) gland and is composed of bath execrine and
enocring parts. This is convered by a thin layer of conneclive tssue which enlers the gland and sut-
divides the gtand inlo a number of lobules. Each lobule consists of numcrous acini which are the
ultmate ramifications of pancreatic duct. Each acinus is composed of several pyramid shaped cells
possessing round nuelei at their bases and zymogen granules at the apica} parts. Some small colls are
located at the center, called centroacinar cells, Each acinus is cannected Lo a duct known as intercalaed
duct. Numerous intercalated ducts join Lo form collecting duct- Few collecling ducis join to form
pancreatic ducl. The islels of Langerhans are the endocrne parts of the gland. These arc the ovoid
masses of cclls which are dispersed throughout the entire organ. The cells are smaller than acinar
cells and are arrnged in groups, richly vascularised with capillaries. The istets contain peripherally
placed glucagon scereling Alpha cells, centrally piaced insulin secreling Beta cells and somatosiatin
and gastrin secreting Delta celts, However, these cells are only observed by special stains.

"The pancrealic duct arises from ihe posterior part of the right horder and opens into the ducdenum
aboul a [oot behind the opering of bile duct. In some animals one small additional pancreatic duct
drains the Jeft 1obe of pancreas and joins the bile ducl. In small aminants only one pancreatic duct 1s
present. It joins with bilc duct to open into the duodenui.

Blood snpply—Bianchies of celiac, hepatic and ruminal arterics.

Nerve supply—From celiagco-mesenteric plexus.

Pancreas of horse

1. It is roughly langular in shape.

2. It i siated Lransversely at the dofsal po
the median plane.

3. Ventral surface is related Lo cecum and colon.

4. Pancrealic ducts e two in number, The
large one apens into the doodznum by 1he side
of the hepatic duct at the hepato-pancreatic
ampula. The smaller pancreatic duet opens inte
the duodenum on a papilla opposile to 1he large
duct.

stion of the abdominal cavily mostly at the right side of

Pancreas of dog

L. It consists of two branched paris-right
and Jefr.

1. Both the parls mees together behind
pylorus and form a 'V shaped stmciure which
extends caudodorsally, mosily up to he
corresponding kidneys.

[sland of Lanperhans

3, Generally Lhere arc Lo pancreatic ducls.

The miain duct opens into he duodenum, 4 cm Flg. 6.52 Mlcrascepic siructure of pancreas.

a
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behind 1he opening of bile duel. The accessory duei usually joins the common bile duct ar apens imo

the duodenum separately,

Pancreas of pig
1. It is triangular in shape,
2. The left lobe is related 10 siomach and the right lobe is aached 1o the duodenum.
3. The parenchyma containg good amount of fat.
4. Pancreatic duet opens inlo the dusdenum aboul {0 cm from pylorus,
Pancreas of rabbit
i 1. 1uis a diffese and delicatc gland in this animal.

2. The gland is sitnled in the fold of mescnlery passing accross the Joops of duodenum.
! 3. The pancreatic duet single.

Pancreas of [owl

1. Itis an clongated shight lobulited yellowish-red coloured gland,
2. The gland is placed between the aseending and descending parts of duodenum,
3. It comprises of a dorsal, a vemyal and a third tobe.

ducls.

SPLEIN

lymph. The organ fonns erythrocytes in fetal life and lymphocytes after birth.

Closed circulation Splenic sinusoids (venows)
Open ¢irculaticn

Red pulp

[penicillar)
Mesothelial cell lining

White pulp {rodulc)

Afteey surrounded by
Iymphocyles
Trabecular vejn

Trabecula from hilum

Fig. €.53 Schematle diagram of & scetion of splecn shawlog splenle ¢lcculailon.

4. 210 3 pancreatic ducts open inlo the ascending part of dusdenur closc to The openings of bile

Spleen is a hemo-lymph organ silualed obliquely downsward and forward dircction ir the upper
endand lefi part of the abdomen belween the Ieil face of the rumen and diaphmem, 1L fiers boad and
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Itis elliplical inoutling, 2 10 3 em in thickness, 50 ¢m in length and about 15 em in width, Average
weight is about 900 gms. It presents two ends, two surfaces and two borders.

Both the cnds are thin and rounded, The dorsal end is situated below the proximal end of last 1wo
left ribs and the ventral end is usually situated below the lower third of 8th and 9ih nibs. The position
of the veniral end is variable. The parictal surface is related (o diaphragm and is convex, A small
portion of this surface near the anterior border is devoid of peritoncal covering and is direcily altached
lo the dizphragm. Visceral surface is concave and related o the Ieft surface of rumen, Anterior border
is little concave. The hilus s siteated al the upper part of the viseeral surface, close 1o the anterior
border,

Histological slructure of spleen

The spleen tissue is surrounded by a fibrous capsule conlaining smeoth muscle cells. From he
capsule fibromuscular irabeculze extend Lowards parenchyma of the gland, Externally the capsule is
covered by the peritoncum. Also from the hilus .
many Lrabeealae carrying bloed vessels radiate [
inio the organ. The arleries leave the trabeculae |
and become surrounded by reticular tissue and |
lymphocyies and constiwze the white pulp. In |
some places the [ymphocylic infiliration is greater
and appear as a large while pulp in histological II
scction, known as splenic nodule. '

. The splenic tissue containing splenic sinusoids ;
and splenic cordsinfitraled with circulating blood

is known as red pulp, ! %‘ 5
From the white pulp the arterioles enter the E-;
red pulp and subdivide into few radiating | AL

branches, These are called penicillar vessels and
subsequently divide into capillaries. Before
formatian of the termimal capitlarics cach artery
become sheathed by retieular cells, These are also called ellipscids. According 10 the open theory
these capillaries open in the splenic tissue of red pulp and from here the blaod cells percolates into
the venous sinus. As per closed theory arterial capillarics directly open inlo the splenic vencns system,

Biood supply—Splenic anery,

Nerve supply--From splenic plexus.

Fig. 6.54 Mlcroscople siruclure of spleen,

The main functions of he splcen are phagocytosis, haemopoieses, inimuneresponse and slorage
of RBC.

Spleen of horse

L. It is roughly triangular in shape,

2. The organ is placed at the antesior and Teft part of the abdomen belween the fundus of stomach
and diaphragm.

3. Parictal surface is convex and the visceral surlace is divided inlo two unequal arcas by a ridze
along ils long axis.

4. Hilus is situaled at 3 groove in the ridge near the base.

5. The broad proximal end is (he base and the pointed ventral end is the apex of the organ.

6. The visceral surface has gastric impression in front and intestinal impression behind Lhe ridge.
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Fip. 6.55 Spleens (vIsceral surface) of different anjma]s,
A. Spleen of Ox B, Spleen of horse  C. Spleen of dog  D. Splecn of plg

Spleen of dog

L. Itis roughly a human faot-print shaped structure. Tis ventral end jg wider (han dorsal end.

2. 1ts posilion is verable EXCept the upper end which is placed belosy (e proximal end of last rib,

3. Parietal surface g convex and Lhe visceral surface is concave, The hilus is placed in the ridge,
which is situated atong the length of the organ at ils visceral surface,

Spleen of pig

L Itis along and naow structure exlends dorsoventrally along lefi part of the greater curvalure
of stomach,

2. Length is about 50 em width is about 7 ¢m and weight is abow 300 £ms.

3. Visceral surface is concave, presenis a ridge and the hilus al (he Lpper part,

4. Pagietal surfage is smooth and convey,
Spleen of rabbjt

L. It is elongateq and spatula shaped structure. Length is about 3 ¢m,

2. Colour is dark brown,

3. Proximal end jg Poinled and the dista) end is blunt,

4. Anterior border is convex and (he posicrior border js imigular.

- Itis extended dorsoventrally along the greater carvalure of stomach,

Spleen of fowl

1.1t is 2 small round reddieh, brown organ,

2. The organ is situated a1 the right side of the junction between proyeniriculug and gizzard,
3. Semelimes an accessory spleen is found.
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passages.

NOSE/NASAL CAVITY

Tt is the first part of the respiralory passage and extends from exterior 10 nascpharynx. This
bilaterat ircegular tbulzr passage is enclosed by facial bones and Cartilages, The exicrmal openings are

krown as anterior nares (nostrils). These are comma shaped oblique openings placed on either ¢

of the muzzle. These are close together below than

nds
above. Nestrils are suppored by alar carlilage

and the rostral part of the cartilagenous nasal septum, The alar cartilage forms the dorsal wall by jts
Tamina and fateral wall by its comu and tansverse bar which looks like an anchor. The mediaf wall is
formed by nasal seplum. The skin on the dorsal and Iateral watls are covered by haris and the skin

Vealral Jateral

Dorsa-lateral
canifage

cartilage

Lamina of atar
cartilage

Comu of alar__ |

catilage Anlerior nares

Fig, 6.56 Cartilages of nose,

between, around znd the lining of the nostrils js
devoid of haris and remaing moist. The nasal
scptum is a midline partition placed vertically
which divides the nose imy Iwo cavities, Its
posterior parl is osscous and js Termed by
ethmoid and vomar bone, The anlerior part is
cartilagenovs, This septal cartilage dorsally
connected with nasal bones, It i expanded on
cither side to form dorsolaterai ea rlilages and
makes the roof. The posierior part cf the roof
is formed by the cells ang eribriform plate of
ethmoid bone, The venipl berder of the septal
cartttage is fitied with the groove of the vomar
and connccled to Lhe palaline process of
premaxilla. The anterior parts of the ventral
border is expanded bilaterally to form ventral
Interal cartiloges. The flogr of the rasal caviry
s formed by palative maxjla ang premaxilla. The
posterior nares {choanae) are thick sljt like
apertures, connect the nasal cavities with the
nasopharyax.

Major portion of cach hall of the nasal cavily is occupicd by dorsal and ventral turbinaie bones

(concha). These bones are projecied from the latern)
ventral meatus between the roof and dorsal lurbinate,
between the ventral webinate and floor respectively.
wo for the presence of ethmoturbinate bone. The u

walls of the cavily and form dorsal middle and
, between the dorsal and ventral turbinates and
The middle meatus is divided posteriorly into
PPer one commucicaies with the frontal sinus

and the lower one is conneeted with maxiilary sinus. However, there is 2 common space between the
median septom and the wrbinate bones. The whole of 1he cavily is lined by mucous membrane. The
antexior ¥ th part is the respiralory portion and (he posterior '/ th part is the olfaclory pertion of (he
Mmuceus membrane. The mucous rmembrane is closely atached to the perichondrinm or periosteum.
It is continvons with Lhe conjunctiva threugh naso lacrimal duet, with the paranasal sinuses by their

openings and with the pharyns by choanae.

thRicd
Y

kit

;
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The Vomaro-nasal orpgan {organ of Jacobson) arc in the form of two small tubes, cach of
which is placed along the ventral border of nasal sepium, Fhey open in tle oral cavity on either side
of the papilta incisiva along with those of incisival ducts. Other ends of the tbes are blind. The 1wo
incisival {naso palatine) ducts are small and cxtend fromn the floor of the nasal cavily (o the papilla
incisiva. The nasal opening of nasolacrimal duct opens on the medial surface of the alar fold of the
ventral nasal concha,

Bicod supply—Sphencepalatine, ethmeidal and palatine arterics.
Nerve supply—DBranches of olfaclery and trigenimal nerves,

Tromal sinus Brain I

Ligamentom
nuchag
Middle nasal
concha
Spinal cord
Doraal nasal
concha
Ventral nasal i
: concha Pharynx
i
i IMard palaie Safl palate
1
\
; Tenpue Cpiglotlis '
. |
! Anterior naris Glossa ;
|

epiglaitie fold

, Tarus linguae

Fig. 6,57 Sagilto] section of head of ox.

FHARYNX

The air that passes through nasal eavitics reaches the nasepharynx and oropharynx to enler the

larynx, The pharynx has been described in the previcus chapier.

LARYNX

Itis an elongaled museulo-cartitaginous compariment situated between the pharynx and trachea.
The roof is related to the pharynx and the begining of esophagus. The Iatcral walls are in rclalion lo
omohyovideus and slernomandibularis {censtricior} muscles, The ventral walt is related o sterno-
thyro-hyoideus muscles. |
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The cartitages of the larynx are (1) Thyroid, {2) Cricoid, (3} Aryrenoid and (4) Epiploiis.

Arylenoid eattilage  position of 1hyroid gtand

Cricoid :arlilng:J
—

Cpiglotlis

Thyroid cartilage

First 1zacheal ring

i
4

Epiglottis  Thyroid carlilage  Arytenaid eanilage  Cricoid cartilage

¥ig. 6.58 Larynx of ox.

Thyroid cartilage—It is the [argest of the four and forms the ventral and lateral walls of the
lazynx. T has a body and wvo Iaterally placed laminae. The dorsal surface of (he body is related
ameriorly with the base of cpiglottis, The ventral surface presens a swollen area known as laryngeal
praminence. The cranial angles of the lamina on either side are extended forward and upward,
These are termed cranial comua. The caudal comua are blume. Each eranial cormu articulates with the
thyroidl comu of the hycid bone. The caudal comua ariculaies with 1he concerned aspeel of cricoid
cartilage. Ventral to the cranial comu, a decp fissurc forms a foramen with the help of fibros lissuc
through which the cranial laryngeal nerve passes.

Cricoid cartilage—It is u signet ring shaped strcture placed in front of [irst trachial ring and
caudal to all other aryngeal cartilages. The dersal broad part is the lamina of the cartilage.

Arytenoid carlilage—These are a pair of cartilages sitaated in [ront of the cricoid and form the
caudal part of 1he roof of the laryngeal box. Each cartilage has three surfaces, a base and an apex.
The surfaces are medial lateral and dorsal. The base is concave and articulales with the cricoid. The
apex is [ree and curved backward and upward. The curved lerminal part has been named as corniculate
cartilages by some authors,

Epiglottis—This is a leal or plate like simctore and presenis lwo surfaces, a base and an apex.
The base is altached to the cranial part of the dorsal surface of thyroid caniilage by ligaments_ The
apex 15 [ree and curved forwnrd and downward, The lingual surface is convexo-concave and is
connected lo Lhe root of the tengue by a glossocpigleltic fold. The Iaryngeal surface is concave and
smooth.

The carlilages of the larynx are functioned by a group of exirinsic and another group of intrinsic
muscles, The extrinsic muscles arc stemo-thyro-hyoideus, thyrohyoideus, and hyoepiglottideus. There
arc four pairs of inlrnsic muscles, These are crico-thyroideus, crico-arylenoidens postieus, crico-
VA-17
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arytenoidcus lateralis and thyro-arytenoideus. Beside the paired muscles, there is one single arytenoideus
muscle which is placed across the concave dorsal surfaces of the arytenoid cartifages,

Laryngeal cavity—It extends from the entrance of the larynx (adilus laryngis) 1o the caudal
border of cricoid canilage. The entrance is bounded ventrally by the epiglots, Taterally by lateral
folds and dorso caudally by arylenoid canilages. For description the cavily is divided into three parts
- (a) Yestibule, (b) Rima glettidis and () Candal compartment. Rina glotiidis is the space between
¥ocal cords, The space in front of rimg glouidis is vestibule and the space behind is the caudal

compariment.

Blood stipply—Cranial and caudal laryngeal arterics.
Nerve supply—Laryngeal and recurrent laryngeal nerves.

TRACHEA

I} s an claslic tube exiends from larynx to the level of the base of the heart and is made up of
carlilages and membranes. There are about 50 to 60 cartifages in the form of incomplete rings with

the apen end placed dorsally, The rings are com
of trachial muscle. The trachial ube is about
60 cm. long and lerminates by bifurcating into
two (right and left) bronchi at the base of the
heart which enicr into comesponding fung. For
description it may be divided into a cerviea] parl
and a thoracic par.

Cervical part—It extends from 1he larynx
o thelevel of thoracic inlet, The rube is dorsaily
related 1o the esophapus up 1o the level of 3rd
cervical vericbra and then by longus coli
muscles. Ventrally it is related 1o siemo-thyro-
hyoidens muscles and lateratly to the carotid
arery, jugular veir, vagosympathetic trunk and
recurrent laryngeal nerve. lowever, the
dorsolateral aspect of the left side is related to
the esaphagus.

Thoracic part-—It is sitoated a1 the dorsal
aspect of the cranial mediastinem and a portion
of the middle mediastinum. At the level of Ird
intefcosia) space it gives off an extra bronchis
at the right side which vemilates the apical iobe
of the right lung, This is known as apieal
bronchus, It is related dorsally to the csophagus
and longus colli muscle; lefl lateraliy to the
aorlic arch, left axillary artery and thoracic duct;
right laterally to the vagus and ventraily to the
anterior venacava, brachiocephalic trunk and
recumen! laryngeal nerves.

pleted by connective tissue and smooth muscle fibers

Trachea

Level of 3ud
Intercostal space

Fig. 6.5% Trachea of cow,
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Structure—The irachea is composed of an outer [brous advenlitia, cantitagenons rings, a
submucous coat and mucous membrane, The outer fibraus layer may possess some longllodipal
muscle fibers on the dorsal wall. The canilagenous rings arc of hyaline in nature. The submucous
coat has a good number of serous and mucous glands, occasional Iymphoid {ollicles and plenty of
elastin fibers. The mucous membrane is composed of pseudostratified cilizied columpar cpithelinm,

THORACIC CAVITY

TuisaTaierally compressed cone shaped cavily wilh an oblique and concave base which is direeted
backward. The cranial cone is the thoracic inleL. The inlet is an oval opening lormed by Ist thoracic
veriebra, first paiz of ribs and the cranial end of the sienum. The base is formed by the diaphragm.
Lateral sialls are formed by Ihe 13bs and the thoracic muscles such as inter-costals, latissimus dorsi,
Scrmatus thoracis, Serratus dorsalis anticus, Serratus dorsalis posticus, rectus thomeis, longissimus
costarum efe. The roof is formed by the thoracic vericbrae, proximal erds of ribs and muscles such
a8 Jongissimus dersi, levator costarum and mukifidus dorsi. The sterum, distal ends of coslal carlilages
along with lhe moscies such as transversus thoracis and peclorals [rom the Moor of the thoracic
cavily, The walls roof and the Moor are extcmally covered by skin and subcutancous tissue and
internally lined by a serous membrane — the pleura. The conlents of the thoracic cavily are lungs,
hearl, thoracic part of csophagus and trachea, begining of large vessels, lymphnodes, nerves and
vessels, In younger animals it contains thymus.

PLEURA

“This is a Lrin transparent serovs membrane which encloses a lung and lines the interior of (horacic
cavily. Out of the Lwa scparale sacs cach comprises of a parietal and a visceral part. Costal plenra,
diaphragmatic plenra and mediastinal pleura arc ke names of differemt parts of paricial pleura on
the basis of Lheir atlachmenis with the concerned wall of the thorax, The visceral pleura which
invests the surface of the lung is continuous with the parietal pleura al 1he root of the lung. The
visceral pleura passes into the interlobar fissure and beeomes blended infimately with the connective
tissoe [mmework of the lungs. The apex of each pleural sac is known as cupula. A parl of the right
plevra invaginaies longitudinally Lo enclose Lhe thoracic venacava, known as fold of venncava,

The plewral sacs always remain moist by the liquor pleurae, the secretion of the frec surface of the
roembrane and therefore, provide a frictionless environment during inspirtion. The pleura receives
blood supply rom Ihe inlercostal and bronchial arteries and nerve supply from vagus, sympalthelic
and intereostal nerves. The pleura is formed by o single layer of squamous mesolhelinl cells lying on
aloose conneetive lissue Jayer, Numerous microvilli and few cilia are present on the free surface of
Uhe cells.

MEDIASTINUM

The right and left pleural sacs are separated from each other by an imterpleural space at the midline
~known as mediastinum, It cxtends [rom thoracic inlet to the Gaphragm aleng the mid-axis of the
thorax. Yertically the space extends from the vertebral column to the stemum. The cavity is imaginarily
divided into thrce portions - cranial, middle and caudal. The space in front of the lieart is the cranial
mediastinum. It contains esophagus great vesscls, lymph glands, vagus, phrenic and cardiac nerves.
In felus and young animals it also contains thymus. The middle mediastinum is eccupied by hean,
origin of great vesscls, esophagus, bilurcating trachea, vagus and phrenic nerves. The caudal
mediastinum is the space behind the heart. It aceommodales the abdominal aorta, venagava, esophagus,
vagus and phrenic nerves,

 ADOTONHONVTAS
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LUNGS

Lungs are a pair of main organ of respiration. They oceupy most parts of the theracic cavity and
are separated by mediastinum, Each lung invaginates into the corresponding pleural cavity and is
Invesled intimately by the visceral Tayer of pleura except al the hilar area Itis pink in fesh condition.
The organ is soft and spongy in apearance. It crepitales to the touch and floats on water. I still-born
calf Tung tissue is solid and docs nat float on water because it did not breath earlier. Each lung is
conrcal in shape, divided ino lobes by fissures and presents Lwo surfaces, lwo borders, a base and an
apex. The right lurg is bigger than the lefi. The surface presents pumerous polyhedral markings of
the underlying lung Jobulcs,

Borders—Dorsa| border is thick, rounded and related 1o the proximal ends of ribs and sympathetic
trunk. Venwral border is irregular thin and shorter than dorsal border. Both the lungs presents cardiac
nolches alihe lovel of the heart. The cardiac notch in the lefi lung is big and in the form of a 'L gap.
Due to the absences of parenchyma at the nolehes, portions of the Jatera! walls of the heart as well as
the pericardium is related directly to the corresponding thoracic wall.

r—

Dorsal horder of tight Tung
lmpression of body of a rib

Impression of the neck of a rib Dorsal border of Ieft tung

Trachea

Cardiac lobe

Cardiac notch

Fig. 6.60 Dorso-lateral view of the lungs of ox (right xide}.

. Base—The base is concave and is moulded on the thoracie surface of diaphragm. The base of
f‘gh‘ IU_DB 15 more concave duc to the placement of liver al the other side ol diaphragm. This surface
1s oval in outline angd bounded by basal border,

.AP“*ThC apex of cach lung is placed withirn cupula pleurae. The apex of left lung is more or less
pointed. In the sgiy lung the apex is much Jarger, rounded and oecupics the space in fronl of heart
and eatends alse 10 the Teft side. The apical lobe of right lung is ventilaied by a separale bronchus
known as apical brenchus. This is a peculiarity in the ruminants,

Surfaces—The Jaterat o costal surface is convex, smooth and relaled to the inner aspect of thoracic
wall and presents impressions of bs and cartilages. The medial swface consisls of the dorsal or
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vericbral part and the ventral or mediastinal pan, The vertebral part is related (o the bodics of the
thoracic vericbrac and the mediaslinal parl is related 10 1he siruclures present in the mediasrinal
space. The hiilum of lung is roughly a rriangular nonpleural area above and behind the cardiac noich
which transmits the bronehus, pulmonary artery, pulmonary vein, bronchial arlery, nerves of the
pulmonary plesus and lymphatics. The cardiac iinpression is a deep concave area which lodges the
heart covered by the fibrous pericardium. The cardiac impression of left lung is larger but i1 is
deeper in right Jung. Beside these the mediastinal surfaces present a number of impressions for
various mediastinal sirugiures. In the right lung a horizontal impression of trachea exiends cranially
from the hilus towards the apex along the dorsal aspect of e cardiac impression. Two horizontal
grooves which are prominent in both the lungs extend caudally [rom the hilus; e dorsal one is for
aorta and the ventral one is for (he esophagus. In between the intermediale and diaphragmatic lobes
of the cight lung, the abdominal vena cava is lodged.

Groove [or 3013 Bronchus

Darsal border
Groove for csophagus

Bronchus  Geogve for aoria
Dorsal border

Groove for esophagus

Apical lobe

Cardiae
notch

Diapheagmatie \

Di .
lobe upf;;g:manc
Apical lobe
Hilus Codi
ardiac i
Cardiac impression noteh Hilus
A B
Flg. 6.61 Medlastinal surfaces of (he lungs af ox.
A Leftlung B, Right lung
LOBES

The lungs are divided into lobes by fissures of variable depth. The right lung presents four lobes
— (1) Apieal, {2) Cardiac, (3} Diaphragmatic and (4) Aecessory or intermediate. The apical lobe is
large and pariially subdivided into a eranial and a caudal pant. The cardiac lobe is elongated and related
lo the heart. The dizphragmatic lobe is (he Jargest and is placed caudally. It is celated 1o diaphragm.
The accessory or iatermediale kobe is in the form of a triangular mass attached Io the diaphragmatic
lobz of right lung al {1s medial aspect and placed just caudal 1o the hilus.

The left lung presents three lobes—(1) Apical, (2) Cardiac, (3) Disphragmatic. The apical lobe
is small. The cardiac lobe along with the apical lobe forms the extensive cardiac impression. As the
fissure belween Lhe apical and cardiac lobes is nol deep, some authors have described both the lobes
as a single one.
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STRUCTURE OF THELUNG

[Lis an organ 1hyg encloses spaces. Each lung is composed of an external serous coal, a subserous
arcolar tissue and Pulmanary substance. The scrous coat is derived [rom pulmonary plcura and
!nvests the lung txcept au its hilun. The subscrous coal is composed of elastic fibro arcolar tissue,
Mvests the lngs ang coters dhe organ at the hilum (e form inlezlobutar sepla.

Exch ung <ontains several thousand Lobules, The pulmonary substance is composed of these
::brilnez' Ech lobule rcccivf,ﬁ A terminal bronchiole which again subdivides into few su‘cccssivc orders
Tespiralory bronchioles. The area of tung parenchyma provided by one teominal respiratory

bronchiole g known as the -
Pulmenary o lung umit. The
l(EI'I.ninﬂl Tespiratory bronchiole
divides 10 [ory, severa| alveolar
tlucts, These duets lead 1o alveolar
sacs and ullimately (o alveolus,
The alveolar duet, alveolar sac and
alvcfali conslilile 1he respiratory
Portien of |obuleg, These portions
do net have walls of their own,
T!Ic::c are the enclggeqd Spaces
Witkin (e capillary bed where ajr
€an come in ¢loge conlact wilh the
blood. The alveolar cpithelium js
€omposed of type J anq type II
pncumocytes, Tiye lype Icells are
sqQuamous any Possess cealralty
Placed nucleps and thip cytoplasm.
Type 1l ¢el1s are rounded in shape
and projeet into (e lumen of the
alveolus. Alveolar phagocytes
£:::I:$ﬂ?ﬁﬁs> are al;o fouqd in the cavily ofl |hc_aIvco]i.. Inl between the lwo‘laycfrs of alvealar
by collamm :;Z rcm:u‘ns a Lhin layer of:lrunnccuvc Lissue with rich nerwork ofc?plllnncs surrounded
oy <ol CT:"S elastin fibers along with some cells such as ﬁbroblns_ls, penicyles, ])’m!JhOCYlC&
> Mast celly, and neutrophits. Internally the alveolar surface js covered by a thin film of

surl':.lcl:mt whicl is probably praduced by the ype if pncumocyles. This surfactant reduces suriace
fension of the alyeg);.

Alvealus Alveolar duct

Respiratory bronchiole

Fig. 6.62 Mlcrosceplc siructure af Lungs,

BRONCHIAL TREE

Trachea after Eiving off apical bronchus a1 the level of 3rd rib, bilurcates into left and right

‘;)u :‘;"gfi i:Jr {’n’maf}' bronchi at the basc of (he hear, cach. of which enter inlo .thc corresponding
called IE'IL'. I;JI? mary bronchus divides into secondary bronchi, one for cth bronchial lobe and hence
teritaty or g5 Ar bronchus. Each lobar bronchus again divides into tertiary bronehi. Each of these
segment, W, gfﬂcnla] bronchus ventilate a panticular portion of lung, called broncltopulmonary

- Within the bronchopu]monary segment the teriiary bronchus will repeatedly divide, loose

their corgg ‘ I e
: nm]ng'enous componenl from the wall and then termed broncitioles. The bronchioles will give
f15¢ (o terminal bropchegles,
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Small branchus

Bronchial
artery

Cartilage

Primary bronchus

Lobar bronchus

Terliary

bmnc]‘lus Pulmonaty

Terminal
bronchus

Y1 Bronchiole

Terminal ny
J Broachiole EAR
Alveolar |j 3 .
Respiratory Alveolar duct 1
bronchiole duct
t Alveolus

Alveolus ~ Capillary network

o alveolar wall

Fig. 6.63 Successlve order of branches of the
bronchl, Fig. .69 Pulmonaty cIrculailon.

Bloed supply—Functional — Pulmonary artery
Nuiritiona] - Bronchial artery.

Nerve supply—Pulmonary branches from vagus and sympathelic,

PULMONARY CIRCULATION

Lungs get blood supply from two sources; (1) Pulmonary anery and (b) Bronchial areries. The
pulmonary artery eriginates from the right ventricle of hear and carries deoxygenaled blood, The
vessels breaks up into arterioles and finally capillarics to make network around alveoli, Altar gasious
exchange the oxygenated blooad ultimalely retorns 1o the haant via pulmonary vein. The bronchial
aneres aflcr its origin from the aora cnter the lung and branch along the divisions of bronchial tree.
But the branches of bronchial ariery supply only up to respiratory bronzhioles. It earrjes oxygenated
blood. The bronchial arterics also braaks up into capillaries, some of which join the alveolar network
and some relum via brochial vein or azygos vein. However the branches of bronchial artery and vein
communicate with the branches of pulmonary artery and pulmonary vein respectively, The number
of pulmonary veins which cnter the lelt arjum are generaily three or four, However the number is
highly variable, Qut of these three veins, one drains blood from cranial part of eft lung; one drains the
apical part of right lung and (he other one drains the caucal parts of both the Iungs.

P
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Difference between Tefi and right Tungs

' o _IR.r'gh!' ) K L Lep .

- Lo, 1. Smallr

2. 4 Lohes. 2 3 Lobes.

3. Base more concave. 3. Lessconcave.

* APECQJIﬂbcIargcr_ 4. Apical lobe small.

5 Cartiac impression is more deep, . 5. Cardiac notch is wide.
tij Apical branchys pIesent. S "6 Absenl.
P Tntesmediate lobe presen, 7. Intermediate lobe absent,

Respiratory organs of horse
1. Nasal cavity is larzer and narrower,
2. Middle meatus is noy divided postariorly.
?' The nasal orifiee of the naselacrimal duct is visible at the Noor of the nasal cavity aboul 5 cm.
behind the ventea) commissure of nostril. The nostrils are dialated,
4. The larynx presents a prominent vocal cord.
5. The epiglotiis is long and pointed,
6. The thoracic cavity is larger,
7. The trachca is comparatively long.
8. The apical branchys is absent,
9. The fissures in the lung are not deep and the lobes are nol prominent,
10. The apical Iobe of righ lung is not as large as found in ox.
! l . Thcrt_: are 3 unpaired (ericoig, thyroid, epiglotis) and 3 paired (Arytenoid, comiculate, cunciform)
cartilages in the larynx of horse.
Respiratory organs of dog

L. The shape and size of me masal cavily varies according Lo breed,
2. Nostrils are commp shaped,

3. A pair of extra canilages are found atached to the arytenoid cartilages of the larynx. They are
known as cuneifgrm carlilages,

4. Vocl cords aze prominent,
3. Trachea does nog possess apical bronchus.
6. The fissures are deep and the lobes are prominent
7. N.umbcr of taryngeal cartitages are similar lo thase of horsc.
8. Right lunp .]ms 4 labes — apical, cardiac, diaphrogmalic and aecessory. The left lung has two
lebes — apical ang diaphragmatic.
Respiratory organs of pig
. The nose is extended from the snout 1o the level of the eye.
2. Nostrils cannol be dilated much becauses they are embedded within the skeleton of face.
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3. The snoul is formed by the apex of the nosc and Lhe upper lip. Two rounded openings (Nostrils)
are siluated in the snout.

4. The skin covering the snout is pigmented and divided by shallow grooves. These surface
markings are specific [or individual animals and helpful for identification,

5. The nagal cavity is comparatively long.

6. Larynx is clongated and the vocal fold is formed by the mueous membrane which covers the
caudal part of vocal ligament and (hyroarylenoideus muscle,

7. Rightlung has 4 lobes — (a) apical (b} cardiac, (c} diaphragmaric and {d} intermediate. The lelt
lung has 2 Jobos—{a) apico-cardiac and
(b} diaphragmatic,

8.The apical bronchus is present for
right apical lobe at the level of 3rd rib.

Epiglonix

o

3,
AT

Trachea

Respiratory organs of rabbit

I, Nostrils are in the form of Apical lobe

elongated slits between the nasal flap and
upper jaw,

2. The nasal bones arc well built and
the nasal eavities are extended.

F ARSI

Cardiac lohe

Intermadiate
labe
Diaphragmatic
3. The lip of the epiglottis is rounded Tabe
bul bifurcated.

4. The trachea is about 6 cm leng and
posscsses no apical bronchus. Lefi lung Right Tupg

5. Right lung has 4 distinct lobes —
(a) apical, (b) cardiac, {c) diaphragmalic
and {d) inlermediate.

The left lung has only two lobes - (a) npico—cardiilc and (b) diaphragmalic,

Fig. 6.65 Respiratory organs of rabbil
{Viewed from dorsal aspect)

Respiratory organs of fowl

1. The nostrils are slit like apening in the upper beak. Its dorszl border is bounded by a small picce
of homy skin - (he operculum,

2. Nasal cavilies are narrow and cach has 3 compariments (a) vastible, (b) respiratory and {c)
olfaciory; from [ront Lo back, The posterior nares [orm a commen opening belore joining the pharynx.
‘The nasal cavitics conlain nasal glands,

3. The larynx comprises of four cartilages — cricoid, pre-cricoid and onc pair of arytenoid,

4, Trachea is formed by about 115 compleic cartitagenous rings. Except the first and lasi, these
rings are signate rings.

5. The point of bifurcation of trachea into two primary bronchi is dilated 10 form a cantilagencus
compartment, It is known as syrinx, 1t is respondible for the produclion of voice. The voice is
produced by the membranes inside the organ.

6. The lungs are flat and rectangular in shape, The dorsal border has fve decp impressions of ribs.
The lalerat surfaces are atiached of the ribs. Inside the lung each primary branchi gives rise 104 sets
of seeondary bronchi, They are (i} Medioventral (i) Medio-dorsal, {iii) Latero venteal and (iv} Latero
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dorsal, Bach secondary bronchi pives rise 1o Mumerous tertiary bronchi, which are also called
parabronchi.

7. The bronchi end ot the entrance of ar sacs,

8. There are cight air saes in the chicken, These are ¢
Cranial thoracic (paired), Candal thoracic (paircd) and
membranous cavities communicaied with the bronchi, Th

" No gascous exchange take place through the wal] of aj

Inlo the cavities of 1he pneumalic bones. Ven(ral-cranjal movement of stemum is necessary lo change
the body volume in the precess of inspiration ang expiration.

——

ervical (unpaired), Clavicular {unpaired),
Abdominal {paired), These are air filled
CY scrve to keep the body light,

T sacs. Diverticula from the air sacs exiend

Abdominal Sa¢

j

Fig. 6.66 Alr soeq of a hen (Diagrama ic),
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URINARY SYSTEM

This systeur excretes waste products from blood and maintains its constant atkalinity and chernical
composition. The argans of (his system are kidneys, reters, urinary bladder and wrethra,

KIDNEYS

The kidneys are paired lobataled oval o bean shaped glands - right and leff, situated at the upper
cranial parl of the abdominal cavity and abeve peritonium, Superdizially each kidney is divided into a
number of lobes by fissures which remain filled up by far.

Situation

The right kidney is placed balow the preximal cnd of last rib and (irst 1wo or three lumbar lransverse
processes. The left kidney is variable
in position. When the rumen is full, it
is placed below and behind the right
kidney at the level of the bodies of Jrd,
4th, and 5th lumbar vertebrae. When
the rumen is not full it remains at the
same level but partly at the left side
of the median plane, Factors keeping
the kidneys in position are (1) Pedicles
(renal vessels and ureter) of the
kidneys atinched 1o (he hilum, (2)
Distribution of renal [at and
dispositicn of renal fascia, The renal
fascia is formed by condensation of
. Right ureter exlra peritoneal connective tissue
\—'——chl ureter around the kidneys which is

continuous laterally with fascia
Fig. 6.67 Schemallc diagram of the kideeys of cow along with  Itansversalis, {3) Pressure exerted by

vessels. (Dorsal vicw) the surrounding viscera.

Posterior venacavs

The average measuremenis of the kidneys of an adult healthy cow is as Jollows ;

. Right Kidizy " Lfi Kidney
Length [6em I4em
Widih 9em fem
Thickness Fem beom
Weight 650gm 700gm

Shape

The right kidney is rovghly bean shaped and flattencd from above downwards. The dorsal
surlace is convex and remains in contact to the sublumbar muscles. The ventral surface has the hilus
at its craniemedial aspect. The lateral border is convex and the medial border is straight and placed
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parallct to the abdominal venacavz. The cranial end is narrow and thick. This end is lodged in the repal

impression of liver and alsa remain in contact with the right adrenal gland, The caudal end is free and
rounded,

The left kidney has three serfaces (dorsal, ventral and ruminal}, three borders (medial, lateral
and ventral) and two ends. The dorsal surface is convex and presents the hilus al its cranial pa,
Ventral surface is convex and flat. The rominal surface is Mat and remains in contact with the Tumen.
The ventral border is in belween ruminal and ventral surfaces and is convex. Lateral border is in
belween the rumiinal and dorsal surfaces. Tt s slighlly convex, The medial border is in between the
dorsal and veniral surfaces, This border is convex at its eramial part and concave at the caudal part.
The hilus is siluated at the dorsal surface in a Bssure which exiends obliquely from the Iateral border
of the cranial end to the medial border, of the caudal end,

t'In goat and sheep the kidneys are bean shaped, smocth surfaced and without ony superficial
lobulations.

STRUCTURE

Capsule—Each kidney is covered by a fibrous capsule. After covering (he whole organ, il lines
the wall of the renal sinus and is rellecled as tubular sheaths around minor and major calyces and Uhe
renal pelvis. This fibrous eapsule can casily be separaled from the parcnchyma during dissection,

Cavity of kidney—The hilus of cach Kidney leads (o the renal sinus which is occupicd by
the expanded funne} shaped end of the ureter — the renal pelvis. The pelvis divides into (wo
(cranial and caudal) major exdices and cach calyx major again divides into several minor calices.

The renal sinus remains filled up with far. The ealyecs, pelvis and large intrarenal vessels remain
embedded in this fat,

Capsule

Calyx major

Renal arlery Correx
Meduila
Renal vein
Intrarenal vessels
window
Ureler at the

pelvis Renal pyramid

Calyx minor

Cut openings
of calyces of
ather half

Fig- 6.68 Sedien of kldney of ox.
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The kidney substance or
the parenchyma—The ouler
pale arca of a cul surface of a
kidney is known a5 cortex.
The inner darker area is known
as medulla, The corlex is
composed of convoluted
portions of renal tubules,
blood vessels, lymphatics and
conneclive  lissue. The
Malphagian cerpuscles are
red dot Jike points distribuicd
throughout the corlex. These
are composed of Bowman's
capsule and glomerular trult
of blood vessels. This
glomerular treft of blood
vessels arc derived from
aflerent anerioles within the
Bowman’s capsule. These branches re-unile 1o form efferent arteriole, which goes oul of the capsule
znd subsequenily re-divide inlo numerous branches Lo form peritubular eapillary plexos. The medulla
consists of triangular areas, each with its base odjacent 10 the corlex and its rounded apex project into
z calyx minor. These triangular masses wheh are composed of siraight pretions of uriniferons
tubules, conneclive Llissue
blood vessels and Tymphalics
arc known as renal pyramids
and their pointed ends which
open into the calyx minors are
known as renil papillae. In
small ruminent the renal sapilla
appears Lo be single.

Fip. 6.69A Microfil (Ialex) cast of a sinple plomerulus,
I - Microvaseular loops, 2 - Glomenslus, 3 — Peritbular capillary plexus,

Preximal convelvled twbule  Bowman's capsule  Glamerulus

The structaral  and
fanctional unit of (he kidrey
is the Nephron. Each nephron
comprises of {a) a spherical
expansion, Lthe Bowman’s
capsule, (b} proximal
convoluted 1ebule, (c) Henle's
loop and (d) Distal convoluled
whule. These are different
parls of the same (ubular
struclure, has been namacd
according 1o Lheir shape, size,
histelogical origination and
Fig. 6598 Mlicroscoplie struclure of Kidney funetion,

Dloed vesscl

Coliceting wubule
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The spherical Bowmap?s ca
which are derived from e aff:
capiltaries of glomenular (o 1,
is continuous with the proxi

The proximal

The Henle’s loop is thin and is a strai
convoluted tubnles and js co
is aboul !5 microns and the wall is com

The distal convoluled

is about 4 mm. [ts wali i con

with the collecting wbule,

The collecting lubule,
opens al the papilla of (he

psule invaginates itself o receive the glomenular trufl of blood vessels
arent arlery. The visceral layer of the capsule is closely invested on the
and the parictal tayer which is composed of simple squamous epithelium,
mal convoluted tubule,

] convoluted tubule is the longest and most conveluted, Tis wall is formed by a
single layer of low columpy, or low

microns and length is about |2 mm.

pyramidal cells with round nucleus. The diamater is about 60

ght part of the nephron. 1L connects the proximal and disial
Tapesed of a descending limb, an U tum and an ascending Ymb. Diameter
posed of a single layer of Mal epithelal cells,

tubule - It is Jess convoluted, The diameler is about 50 microns and length
1poscd of a single layer of cuboidal ceils. Iis terminal pant is eontinuous

Successively join to form the duct of Bellini or papillary duct which
renal pyramid along with several other papillacy ducls. The apices of each

renal pyramid project inig smatl funnel shaped struciure, known as calyx minor, Therefore the

Bowman's capsulz
Aflerent arteriole

Effercar arteriole

Bowman's capsule

Henle's loop

Colleciing 1ubule

Papillary duey

Afferent
arteriole

Efferent
arleriole

Glemerulus wilhin
the Bowinan's
capsule

Inteslobular vesscls

Juxia-medullary glomerlus

Arcuate artery

Arcuale vein

Vasa recta in bundle

Fig. 6.70 Renal tubufes and vessels (Diagramailc).
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number of calyx minor is depended on the number of pyramids, The calyces minors of the cranial
part unite to form a major calyx and similarly the calyces minors of caudal part join logether to form
anather major calyx. These two major calyces unite to form the fannel shaped begining of the urcler,
the pelvis of the Kidney.

Blood supply—Renal aneries arise direclly from the abdominal aorta. Each of them reaches the
hilus and divides into 3 10 4 scgmental branches. Each segmental arlery divides into 4-8 seconds
order (intestobar) arteries. They cxperience a straight course and at the corlicomedullary junclion
they divide inlo 3-5 hird order (arcuale) arteries. These are the end arteries and do net anaslomose in
the kidney. From arcuale arterics siraight vessels radiate lowards the sorface through the cortical
parenchyma. These are fourth erder (inter lobular) arteries, The affarent glomerular arteries originate
from these interlobular arteries,

Nerve supply—From renal plexus.

Inter lobular branches

Scgmental branch  Jater Tobar anery
Arcuate arlery

Right renal astcry Leflt renal artery

Fig. 6.7t Synthelic cost of renal arterles of goat (veniral view) showlng intrarenal ¥ascolar pattern.

Kidneys of horse

L. Right kidney is heart shaped and the left kidney is bean shaped.

2. Right kidney is silualed below the proximal cads of last theee 1ibs and first lumbar transverse
precess. Left Kidney is placed near the median planc below the proximal end of last rib and first 2 10
3 lumbar Iransverse process,

3. The surfaces arc not lobulated.

4, Renal pyramids are not at all prominent.

3. The hilum of cach kidney is sitwated in the niddle of the medial border whick leads 1o renal
Sinus.

6. The central pertion of the intrarenal part of the medulla ferms a eoncave ridge which projects
into the pelvis and presents the orifices of the renal wbules is knovwn as renal crest. This perforated
arcaal the crest is known a5 area eribrosa. Probably the repal pyramids have fused wogether to form
the renal erest.

Kilneys of dog
L. Both the kidneys are bean shaped.
2. The surlaces are smoolh.
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Right remal Renal vein Cranial end af right kidney —‘
artery B . 4
Lelt " ight Kidncy Medulla Right Kidney
kidney cnacava Right rcnal
artery Corlex
A
Renal artery
Ureter
B
. Left kidney Ureter
Renal vein crest
¥ig. 6.74 A. Kidneys of Pig. B, Lelt Kidner of rabbit {Dersal views),
Capsule
Ureter . .
Ureler Useter Kidneys of rabbit
1. These are smoeth surfaced and bean shaped organs.
Fig. 6.72 Kidneys of horse {Dorsal view)., . . .. . . -
’ ) 2. Right kidncy is situated below proximal end of last rib and [irst two lumbar ransverse processes
and the left kidney is placed below the bodies of 2nd and 3rd lumbar vercbrae.
Aorla . .
Vena cava 3. The kidneys are unipyramidal.
. Renal artery
Lef kidney Yeniral Kidneys ol [owl
smoolh .
f—\ Capsue 1. The kidneys are brown coloured clongated struclures.
Renal arter . . . . . -
! Carrey 2. They are situated symmelrically en eitehr side of the vericbral column below pelvis and
synsacrum.
Medulla
Caudal vena cava Aoria
Renal vein Pyrumid
1 vein -
Renal vein Longitudinal Cranial par:ko_z the
. secrion \dney
Urcter Ureter Renal pelvis f
Fig. €73 Kldneys of dog {Dorsal view). &
Middle part of Xidney | E s dary branch of
. . . . . . . -] CCOTr
3. Right kidney is situnted below the bodies of first three lambar vertebrae and the lefi Kidncy is el ureler
Placed below 3rd to 5th lumbar vertebrae, when the stomach is full. It goes below 2nd 10 4th lumbar gé;
vericbrae when (he stomach is empty. ;}j
4. The hilus of each kidney is situazed in the middle of the medial border and is relatively . ;’i
wide Caudal part of kidney o
. . -
Kidneys of pig ||
1. Kidrcys are bean shaped, Ursler
Ureler
2. Surfaces are smooth but some lobalions are visible, [
3. They are siluated below last four lumbar verebraz, Left is little crantally placed. |

4. Each Fidney possesses 2 calyces majors and aboul a dozon of calyees minars. Fig. 6.75 Kidocys of fom! (Dorsal view),

Ya-18
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3. Each kidney is divided inlo threc divisions — cranieal, middle
and coudal, The middle part is narrow,

4. The surface is finely lobulated. This probably due to the
fusion af numerous kidney units,

The surface lobulation and aumber of pyramids varies from
animal to animals. The kidneys of callle and buffalo (large
mminants) are distinctly Iobated and the number ranges from 18
to 22, The sizes of these fobes are also variable, The number of
pyramids generally corresponds 1o the number of lobes,

Inbirds the sutface of each of the three large lobes are finely
lobufated and therefore numeraus small lobes club together and
gives and imegular appearance,

In human and pig the surface lobation is not distinci but cach
kidney possesses multiple number af pyramids,

In small ruminanis (goat, cat, rabbil and dog) there is no
surface lobation and each kidney containg only ane pyramid,

Therefore these kidneys are unipyramidal and have no calyces
minor.

In some animals (horse, sheep) there is a renal crest in place
of pyramid which probably has been formed by the fusion of
rumcrous (10-20) renal pyramids.

URETER

These tubes, one for cach kidney are formed in Lhe renal
pelvis by the union of 1o major calyces which pass caudally |
and finally terminme by opening 2t the wrinary bludder, These Fig. 6.76
are the excrclory ducts of the kidneys. The diameler is about 6
to 8 mm. The average length of right urether is 60 e and that of Jeft ureter is 50 cm.

‘The terminal panis of these [ebes experience an oblique intravesicules course and presents a valvular
action which prevents (he refux of urine fi tom bladder 1o ureter,

Right urcter

Horse, Sheep

Itoriginates from hilus al the ventral surf ace of Lhe right kidney and passes inward and backward
atong the medial border of (he organ, parallel 1o the abdominal venacava, It passes furichr caudally,
crosses the extemal iliae vessels and enier the pelvic cavity, It crosses the concerned vas in (he male
and enter into the genjlal fold, inclines inward and downward and opens into Lhe bladder at the

caudodorsal aspeel. In the female, the ureler enters the broad ligament in the pelvic cavity and finally
opens inlo the bladder in ihe similar manner.

Left ureier

It originales from tae hilus of the Ieft Kidney at the cranial part of the dorsal surface. The wbe
crusses the dorsal surface in an oblique manner and then passes caudally, Rest of the course in the
pelvic and abdeminal cavities is similar 1o thal of right urcler.
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Right agrenal gland
Abdominal 20812
Rernal vein Righl kidney
Renal anery
Lefi kidney

Ureter

Bladder

Fip. 6.77 Orpans of urinary system of cow (Dorsal view).

Ureters of horse
1. They do not present any special feature except in their origin.
2.'The renal pelvis is more dilaled in horse.
3. The lube is narrow bul longer in comparison fo that of ox.

Urcters of dog
They are almesl similar to those of ox except at their point of origins.

Uretcr of pig
1. The tube is slight (lexuous.
2. The cranial part is comparatively dilated.

Y
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Ureder of rabbii

The urcters are simple lubes, start from (he hilus of the kidneys at the middle of the medial border
and terminates at the dorsal aspect of (he bladder on either side.

Urclers of {owl

h Each urcter may be divided into 1wg pars — the renal part and pelvic part.

2. The renal part is mostly embedded into Ihe subslancs of the kidncy.
3. The pelvic part runs from the caugs) end of the kidney 1o cloaca.
4. Both the ureters open al the doesa aspect of lhe urodeum.

BLADDER

This thick walled muscular sae serves as rescrvio
amount of urine it contains, When emply it remains
ofthe pelvic cavity. 1t becomes oval in form ang gels
The eranial blind end is known as veriex and hears
urachus which was the communicalion belween
remiain patent afler binh an wrinary fispul may
unbilicus.

r for urine. The shape and size depends upon the
completely in a coniracied condilion on the floor
projected tothe abdomen in distended condition.
onits middle a cicalrical tissue — the remenent of
the fetal bladder and the alfantois, I the urachus
develop and in that ease urine may pass Lthrough

The body is rounded and dorsDVcnlml]y compressed. The dorsal surface is convex, In the male
this surface is related to rectum, genital fold, vas deferens and seminal vesicle. In the female the
dorsal surface is refated 10 the vertral surfae of vagina and wterus. The veniral surfuce is fiat in both
the sexes and related to the Noor of the pelvic and abdominal cavities in distended condition, The
caudal narrow tubular partion of the bladder is the neck. It is thick walled and is continucus with the
urethra. The bladder is fixed in position by the following ligamenls :

). Yeniral ligameni—It connects the veniral surface of the bladder with the Moor

2. Lateral ligaments—They conneey
lateral ligaments arc in the form ol mem
like struciure — the round ligament,

of the pelvis.
the lnteral aspects of the bladder with the pelvie wall, These
brancs and each contains in their T ree margin, a rounded cord
Thesc are the remnants af umbilical arieries.

STRUCTURE

‘ 7Thc w.all is composed of interlacing bundles of involuntary muscles and a speeialised mucous
!lmng which ¢an stretch 10 a great extenl except in the area of trigone. The outer serous coat which
i derived Irom the peritonium covers he dorsal surface and becomes reflected Lo form genital fold
in the male and forms vesicogenital pouch jn (he femate, The trigone js a triangular area of the
mucous membrane on Lhe dorsal wall, clase 10 the neck. This trigone 7s angled by the orifices of the
two urcters and the opening of wrethr. The mucous membrane of this arcg is tightly attached and
therefore do not form folds. A median crest is formed by the union of two mucous folds in he
begining of wrethra. These 1wo mueous folds extend from the comresponding urcleral orifice o the
neck of bladder, The circelar musels fibers around the neck form sphincler vesicac.

Blood supply—Branches tom intemgy pudendat, obturator and umbilicat arteries.
Nerve supply—From pelvic plexus.
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Bladder of Lorse, dog, pig and rabbit
L. Structures are more or ess same,
2. In horse the size is comparatively smaller.
3. In horse it docs not extend up Lo the abdominal cavity even in distended condilion.
4. The bladder is lolally covered by perilonium in dog.
5. In the dog il extends considerzbly in distended eondition.
6. n pig the bladder is comparatively large,
7. I rabhil it is litle clongated. Wall is comparatively shin.

Fowl

In the birds there is no bladder 2s such. The urefers open directly 1o the urodeum of cloaca,
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THE GENITAL SYSTEM
MALE GENITAL ORGANS

The organs of male genilal system are Testicle, Vas deferens, Urethra and penis. Accessory sex
glands are prostaie, seminal vesicle and cowpers gland. The testicles are suspended in the seroum
by spermatic cord,

Serolum

Itis a cutaneous sac develops from genilal swellings and situated in front of the inguinal region, |
Accommadates (he testicles and a part of the spermatic cord. In adult bull it is about 20-25 cm lop g.
The scrotum has the following layers [rom outside inwards :

(a) Skin—Jtis thick, elaslic and reddish-yeltow in colour, Al the middle there is a longitudinalserotal
Traphe which makes the seplum seroli. The skin is smouth and thinly covered by small hairs,

{b) Dartos_This layeris made up of subcutancous muscle and fibroelaslic tissues and remain closely
adherent to the skin. It contributes 1o a greal
extent along the median raphe 10 form the
septum scroli, In the skin corropations are
developed due to consiriclion of this muscular
layer :

(€) Scrotal fascia—There are three layers of

Scrolal fasciae— the spermatic fascia, cremestic Fascia
fascia and infundibuliform fascia. The Serona) Dartos
Spermatic fascia is thin and is detached from raphe Skin
the extemal oblique muscle. The cremestic

Jascia extends from internal oblique muscle. Testicle
The infundibuliform fascia is derjved leom

fascia transversalis. I remaing closety adharent

1o the wurica vaginalis reflexa. )
Blood supply--Branch of cxicrnal pudendal ,p?;}‘i'rl,;:k

tery

Nerve supplyBranches from spermalic and
d and 3rd Jumbar spinal nerves.

2n Fig, 6.98 Srotom - Diagramalic (Qne side opcn),

The teslis

The testes (feft and right) are solid glands suspended in a vertical direclion by spermalic cords and
are housed in the serown, The sizes are variable and even they vary in the same bull. Often the Jcfy
On¢ is bigger than the right. The average weight of an adult testis is about 250-300 gms., length is
abour 12 cm, width is about 5 em and thickness is about 5 em. Each testicle presents Iwo surf: aces,
o borders and two ends, Lateral surface is convex and medial surface is at. The craniad border is
convex and free. The caudal border is Jess convex and is attached with the body of the epididymis.

€ Upper end is occupied by the head of cpididymis. The Jower endis slightly thicker and is connecteql
10 the tail of cpididyumis.

The testisis covered by tunica vaginalis (reflexy and propria}, tunica albugenia and lunica visculosa
from outside jnwards. The tunicn vaginalis is derived from peritonium during the descem of testis
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[rom the abdeminal cavity. Ithas o pasietal (refexa) and a visceral (prepria) layer. The tunica vaginalis
propria covers the testis and epididymis except at the caudal border and then beeomes continuous
with parictal layer and encloscs the vaginal sac.

Nexl 10 lunica vaginalis, a thick fibroug membrane invests the whole lestis is known a5 funica
albugenia, Intemal w0 albugenia there is a areolar and vascular membrane, known as {uniea vaschlosa.
Aleng the central axis, deep into the gland a mass of tissuc is cxiended, known 2 Mediastinum
lestis. From mediaslinum lestis numerons fbrous septa radizte and divide the gland into a number of
(200-300 in human} chambers or iobrdes of festfs.

Poslerire bundle

Anletior bundle

Pasierior
Tunica vaginalis refexes Tunica vaginalis  bundle
i inali . ] Conlaining vas.
Tunica vaginalis propria reliexa \alaing

Pampigifarm plesus Tunica

vaginalis
prapria

Yas deferens

llead of
Coavololed cpididymis I
scminifencos fubnley Anlerier

bundle

Iniemal cremasier macle
Duct of

epididymis B

Rele 1estis

Tail of cpididymis

Flg. 6.79 A Exposed lestls of bull (diagramaile) B. Cross section of spermatle cord of ox (Dlagramatic},

STRUCTURE

Each of these small chambers are Glled with seminiferous tubules, which are connected by intersiitial
cells. The convoluled parts are placed al the fundus ol these smal] chambers. This convoluted portion
is known as tobuli contorti. From wbuli coplori straight tubes proceed towards the mediastinum
testrs. These are known as (ubuli recti, The tubuli recti from diffcrent lobules reach the medjastinum
lestis and join with cach other 1o form 3 nctwork, known as rete testis. About 1 dozen of efferent
duclules arise from the upper end of the mediasiinum and enter inte the head of the epididymis. These

arc known 2as vasa efferentia. These ductules unite in the head of cpididymis to form a single duel,
the duct of epididymis.

In malured males lhe seminiferous tubujes are lined by five layers of cells. They are
() spermatogonia, (b) primary spermaracyte, (c) secondary spermatocyle, (d) Spermalid and

. ADOTONHONYIS. .
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| Seminiferous whule

Spermatogonia

Spermarid

Spennalozoa

Inizrwtitial cells

Primary spermaineytcs

Fig. 6.80 Mlicrophatograph of a scminilerous tubule.

Spermatozoa
Sertoli cel)y

Sertoli eclls

Young spermatigs Interstitial cells

Sccondary Ipermatocy |es Primaty spermalocyics

Speimatogonjum 18

Sccondary spermatocyles

Fig. 6.8) Scetion of tesils (Reconstitiled),
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{c) spermatozoa from oul side inwards. These are the different cronolegical stages of the developing
spermalozod. At the outer layer some clongated sapporting cells are foand, They are known as cclls
of Sertoli. Inbewween the wbules, groups of polyhedral cells are found mainly in the matured animals.
Thesc arc the inlersiitial ceMs which scerel Lestosterona.

Epididymis

It is a curved elongaied structure situared along the caudal border of testis and oCCUpy a narrow
space at the lateral surface. It has a head, a body and a lail. Head is the upper enlarged part which
occupies the upper end of the testis. The head contains the coils of vasa efferentia which are covered
by lunica albugenia. The body and tail are narrow and contain the single ducl of epididymis, This
highly coiled whe is formed in the head of epididymis by the union of efferent ductufes. The canal of
cpididymis conlinues from the iail of epididymis as vas delerens.

Blood supply—Branch of spermatic arery.
Nerve supply—From spermatic plexus,

Inguinal canal—This is an oblique passage tirough the abdominal wall between deep and superficial
inguinal rings. Each of these $wo passages are placed in [ront of the comesponding pubis and gives
passage lo round ligament of uterus in female, ilicinguinal nerves and vessels in both the sexes and
speanatic cord in male. The cremaster muscle, derived from the candal border of obliques abdominis
inlernus muscle alse passes through ihis canal in male in association wilh paristal vaginal Lunic,

Vas deferens (Ductus deferens)

Ttis a thin wbe starts from the tail of ¢pididymis, passes upward along the caudal border of the
testicle as well as a in close nssociation wilh the medial aspect of the body of the epididymis in slight
torluous manner and gels incorporaled into the ¢andal bundle of spermatie cord. The (ube then.

passes through the inguinal canal, separates itself from cther structores of the cord, wms backward, -G

crosses the external iliac vessels and corresponding ureler, reaches the caudo-dorsal aspeel of the
bladder and disappear under the body of the prostate. Terminal pertions of both the tubes are Titile
dilated and known as ampulla. Both the ampullae are placed side by side under the bodies ol seminal
vescicles before their disappearance under the prostate at the neck of the bladder, The ducts open at
the roof of the beginning of urethra on either side of 1he colliculus seminalis,

Blood supply—Branch of urogenilal arlery which is detached from inlemal iliac artery, supply the
ampulla. The dillerential artery which originates from Uie umbilical artery supplics (he rest of he vas.

Nerve supply—From pelvic plexus.

Spermatic cord [Fig. 6.79]

Itexlends from theinternal abdominat ring of (he inguinal canal tothe upper end of the corresponding
testis. It is composed of fwe bundies—-cranial and candal, which are enclosed by the tunica vaginalis
propria. Through the eranial bundle arteries, vein, lymphatics and nerve pass. Cremaster inlernus
muscle is included in this bundle. The caudal bundle aceommodates only the vas deferens, Both the
bundles arc again covered by wnica vaginalis reflexa.

Blood supply—Spermatic atery from sorta, artery of (he cord from external liac and artery of
the vas from umbilical artery.

Nerve supply—From spcrmatic plexus.
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Pampiniform plexus

The vcjns. fromn the head of epididymis and rom the upper end of testis unite Lo form a convolute|
plexus of veins around the spermatic artery. This plexus is known as pampiniform plexus. It forms
the mai:n bulk of the cord, Although 3-4 veins are observed close to the internal inguinal ring, ultimately,
one vein is formed which draing jntg cnudal venacava close to the opening of concerned renal vein,

Seminal vesicle

These are two lobulned and elongated glands sitated at the caudodorsal aspect of the bladder
below the rectum. Each gland is 10 t0 12 oy long, 3 104 cm wide and 2 160 3 cm thick. The lomp of
Lhc_gland is formed by the irregular coiling of a single thick walled whe, Each gland has a single ducy
which opens on cither side of (he colliculus senyinalis faterad 1o the opening of the comresponding vag
deferens.

Blood supply—Vesicolar anery, a branch of urogenital artery.

Nerve supply—From pelvie plexus.

Proslate

W is a fibromuscular gland simawed at the neck of the bladder and the beginning of urethra, It j5
composed of glandular ajveol; in the fbromuscular meshwork, The whole gland is invested by a thick
fibromuscular capsule from which bands arise and enter into the gland proper in differcnl direcliong
to r9m1 mesh work. Although it is saidl 1o be having two lobes, but the lobulations are not at all
distinct. The dorsal surface i eelated 1o recium and the ventral surface is meulded on the comesponding
partof urcthra and neck of bladder, Its average cranio-candal length is aboul 2 em; (rnsverse length
is 6 cm and the thickness js about 1 cm. A number of prostatic ducts drain the seeretion of the eland
tnto the urethra on either side of the mucous folds at the roof behind the colliculus seminatis.

Bulbo-urethral pland (cowpers gland)

Thesearc two small glands sitated on cither side of the dorsal part of urethra a the Jevel ol ischial
arch under the covering of a layer of fibrous tissue. The average diameter of these oval slands are 20-
30 mm. Each gland is compased of severnl lubules. A single duct arises from cach gland which opens
inio the urethra on the dorsat wall within the fold of mucous membrane,

URETIRA

This-lube ¢xlends from the neck of the bladder to the glans penis. It has two parls ~ (he pefvic pars
and penile pars. In male it serves 2 2 common passage for the uring and semen, The pelyic part lies

wall is formed by the aponcurcsis of this muscle. The penile part passes forward and downwagd
belsveen the roots of (he corpus cavernosum and proceeds forward along the proove at the inferor
SLlri:acc of the corpus cavernpsum penis, surounded by coipns cavemosum Rrethrae uplo the glang
penis. In the glans il opens ot the extermal urethral orifice, Al the beginaing, the penile parl presents an
cn_lﬂl:gcmcm - the bulbus uretirze, Colliculus seminalis is small clongated or oval eminence al the
mrdl:n_c on the dorsal lorninal wall of the vrethra, about 40 mm behind the intermal vrethra] orifice. On
each side of this slragluze, the corresponding vas delerens and duet of seminal vesicle open inlo the
urcthra, Urethral erest isan clongaled prominence which extends forward from the colliculus seminaljs
lathe neck of (he bladder al the midline of the dorsal wall, The crestis formed by the unicn of the two
Mucous folds cach of which cxiends from the corresponding ureleral orifice af he urinary bladder,
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Bulbourcthrai glang Male geninalia (Bull)
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Fig. 6.82 A. Dorsal surface of bladder and pelvic oretbra B. Urogenlial orpan of ox.

PENIS

‘This is a cylindrical structure and the organ of copulation. It consists of three pans - root, body
and glaris, At the development stage the genital
labercle at the cranial end of ¢loacal
membrane lengthens to forn phallus which
cnlarges to form penis.

Corpus cavernosum
peais

Root—1t beging o1 the ischial arch. Ilere
the urethra is enelosed belween the two crura.
The crura arise from the Taterat part of the
ischial arch and are made up of ereclile (issuz.
They remain covered by crector penis

Urelhra

Corpus cavernosum

(ischio-cavemosus) musele. urcthra

BOdjl_Thistthclnrgcm part of the organ Fig. 6.83 Cross section of penis (afier sigmold Aexurc).
between the root and the: glans. From the roct
it passes forward between the thighs and ferm a 'S” shaped curve — the Sigmoid flexure behind the
scrotum, It then passes between the spermatic cords at the base of the scrolum along (he midline of
the ventral abdeminal wall and then continues as glans within the prepuce, Aboul | foot of the length
remain folded in Lhe sigmoeid flexure, A portion of the body of the penis al the beginning remains
altached to the ischial symphysis by suspensory ligament of penis,

R
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The body of the penis is formed by a bulky muscle — the corpus cavernosum penis and another
muscle which surround the urelhr — the corpus eavernostn urcthrae (corpus spongiosum penis),
The corpus cavernosum penis presents a ventral groave along (he length called nretiral groove which
gives accommadation of urethra surrounded by corpus cavernosum urethrac. The wunica albugenia
surrounds 1he corpus cavernosum penis and send labeculae or septa inside the muscle. These septa
ar2 composed of fibraclastic and smooth muscle fibers and form boundaries of cavernous space for
crectite tissuc. The seplal anenes give rise to capillaries which epen into cavemous spaces. The
corpus covernosum urelhrae possesses similar suetures o that of corpus covernosum penis but the
Sepla are of ler variety and eavernous spaces are fess in number. The ercetile tissue is Toss in bulls,
buck and dog in comparisen 1o thal of stallion.In the dog the caudal half of corpus covernosum penis
is divided in (o two portions along the length which arc separaled by a layer of connective lissue, The
cranial half accommodates the os penis.

Mechanism of erection—The trabecularfseplal aneries of the COTpUS cavermosum give rise to
helicine arteries which run spirally and open directly into blood sinuscs (cavernous spaces), Normally
these vessels remain coniracted and the spaces remain zlmost empty. During crection Lhese arieries
are relaxed and the spaces become filled with blood. At this Stage the venous relurn is minimized by
Ccompression and the penis remain tensed. Alter cjaculation the helicine arteries contract and reverse
aclion takes place.

Glans penis—1I1 is Ihe free conical end of the
penis. This is slightly twisied and presents a groove
atthe lip. The extemnal vrethral orifice is situated at
the end of Ihis groove, The free portion of the penis
innon erectile siate remain covered by a culanzous
pouch, which extends from the scrolm to the
umbilicus, knewn as prepuce, In sheep and goal,
the urethra lies in a groove on the ventral surface
of the corpus cavemosum penis and its terminal
part extends lrom the glans. This extended urethral
process is aboul 2-3 em in length and twisted in
appearance. Sigmeid flexure is present in these
animals,

Fossa glandis —
Urcthral sinus =)

Fa
Ureih:al process

Cavily of prepuce
A

Muscles af penis

Urethral process ——3 Ischio cavernosus— (eractor penish—It extends

B from the tuber ischi 10 the erus and the body of
Corana glandis pcnis,

Butbo spongiosns—It is the continvation of
urelhralis muscle. At the roat il is bulky and then
diminishes. I extends from ischial arch 10 the
glans penis.

Retractor penis—Its [ibers arise Irom the venral aspect of the Ist and 2nd coccygeal vertebrac,
descends by the side of the rectum uader the levator ani and sphincler ani externus. The levator ani
Extends from ischiatic spine to sphincter ani cxierus. The fibers of relraclor penis pass between the
layers of bulbospongiosus and form a bundle of muscle on cither side. The muscles of either side
Pass forward along the venual sucface of the body and finally teominate al the later] aspect of the
Body of the penis at the second curve of the sigmoid Nexure.

Fig. 6.84 Glana penls of horse,
A. Soplrtal sectlon B. Laleral view
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Blood suppty—Dorsal artery of penis.
Nerve supply—DBranch [rom pudic and from pelvic plexus.

Male genital orpans — horse

1. Scrotm is shorl and oval,

2. The colaur of the skin, covering the scrolum is black,

3. Testes are comparatively smatl.

4, The mediastinum lestis is not developed.

5. The long axis of the lestes are not placed vertically.

6. The head of the cpididymis is cranially attached.

7. Vas is nol tortvous and not relaled to any border of the teslicle.

8. The seminal vesicles arc in (he form of clongated sacs. Each vesicle comprises of a [undus, a
body and a neck- The lining mucous membrane is highly folded.

9. Two lobes of the prostale gland are disiincl.

10. Bulbourethral glands are Yarger.

11. The penis is shorler and thicker.

12. Sigmoid flexuore is absent, )

13. The corpus eavernosum penis, which forms (he bulk of the organ contains numerous trabeculac
and erectile 1issuc. The corpus cavermosum urclhrae is spongy.

14. At he base of the glans, there is a border, known as corona glandis. )

15. Urethral process e prajected end of wrethra is siluated at the fossa glandis. The urethral end is
surrounded by a circular [ossa, known as urethral sinus.

16. Uterus masculinus is inconstant. When present, it remains in the form of a miniature ulerus and .
placed al the midline on the coude-dorsal aspect of the bladder.

Prostate

Pelvic veethra
Bladder

lschiocavernosus muscle

Fig. 685 Male penilal vrgan of dog.

Male genital organs of dog
1. The scrotum is siwated a below the anus.
2. Shape of scrolum is oval, Skin is brown or black.
3, The westicles are placed in obligue dircclion.
4, Mediastinom testis is well devcloped.
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5. Epididymis is largey in size.

6. Seminal vesieles are ahscnd.

7. Prostate glands are well developed. Two lobes are distinct,
8. Buibo urethral glands are abseni.

9. Sigmoid fexure is gbsent,

10. At the cranial portion of the bedy a bone is embedded 2long the length of the penis, known as os
penis. Iis dorsal surface is convex and the ventral surface presents 2 groove for urcthra, It is believed

that a part of corpus cavernosum penis is ossificd lo form this bone. In adyll large dog it may be 10
cm in length.

11. External urethral crifice is at the lip of the glans.
12. The enlarged caudal part of the glans is known as bulbus plandis.
13. The uterus maseulinus is in the form of a very small sac when present,

Male genital organs of bear
1. The scratum is situnted a little below the anus and is direcled backward.
2. Testicles are Jarge, comparalively sofi and the tail of epididymis is directed upward,
1, The spermiatic cord is large. Cremaster musele is well developed.
4. Sigmoid flexure is present.
5. Cranial part of penis is twisled.

. 6. Seminal vesicies are very large and cover the cavdal part of bladder and ureters. Prostale gland
1s simifar to that of Ox, Cowper's glands are larpe, clongaled and placed on cither side on the dorsolateral
aspect of the caudal part of he pelvic urethra,

7. Just above the erifice of the prepuce, there is an oveid blind pouch known as preputind
diverticulum,

—

Dulbsspongiosus

Sigmoid Nexure

Bouly of penis

Flg. 6.86 Malc genlial orpans of boar
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Male genital ergins of rabbit

1. The serotal sacs are separate and
arc placed at the caudal inguinal region.

2. From the root the bady of the penis
first proceed [erward and just before
reaching the Lesticles, italmost makes a *U*
lum backward, Therefore the glans penis
is direcied backwart,

3. The glans is pointed with ils urethral
opening placed dorsally and litte cranially.

4. The prepuce is well developed.

5. Vasa deferentia are comparatively
thicker,

6. Seminal vesicle is in the form of an
clongaled sac. The tip of the sac is bilzl, It
is placed on the ampulac of vasa deferentia.

Male genital organs of fowl
1. The testicles arc placed symmetrieally

RL, ureter

Ampula of right vas

Seminal vesicle

Body of 1he
penis

Fig. 6,87 Malc genitalla of rabbil,

on cither side of the midline at the sublumbur region in the zbdomen,

Aarla

Ureter

Teslis

Kidney

¥as deferens

Cloaca

Fig. 6.88 Male ure-geajlal organs of fowl (Ventral view).
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2. The testicles arc ovat or bean shaped yellowish structures. In matared birds the tength is about
4 cm width is about 2.5 cm and thickness is zbout 2 em. Generally lelt one is larger.

3. Epididymis is clongated and placed at the dorsomedial aspect of 1esiis.

4. Vas defcrens is highly toruous and placed medial to the comresponding urcter. Il opens al the
dorsal wall of cloaca together with urcter.

5. The clupulalory apparatus is placed at the ventral aspecl of the caudal end of cloaca, Tt compriscs
of wa papillae of vas deferens, Lwo vascular bodies, a phallus and wo ymphalic folds.
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FEMALE GENITAL ORGANS

The organs of female genital system are ovaries, oviducts, ulerus, vagina and vulva. The mammary
gland is considered as an organ accessory o the female reproduclive system as it becomes lunctionally

aclive in Lhe later stage of pregnancy.

OVARILS

These are two oval bodies one.on each side, situated a litlle above the middle of the pelvic inlet and
is altached 10 the broacd ligament by a fold of peritonium. In most and the farm animals the avary is
situated in an open lype bursa. This ovarian bursa is a pouch formed by a ihin peritoncal fold and
lermed mesovarium, The size of the ovary is highly variable from animal 1o animat, Average length
is 2-3 em: widih is 2 cm and thickness is 1 cm. They are richly supplied wilh blood vessels and
nerves. Bzch ovary has two borders, 1wo surfaces and two ends. The surfaces (lateral and medial)

are convex and irregular in appearance. The ovary is attached with the mesovariom by one border ...,

and the free border is convex. Anterior end is also known as lubal end. Jt is wider and a parl of
fimbia of the infundibulum is altached with it. Poesterior ¢nd is rounded and narow. The attached ot
mesovarial border is considered as the hilus of the ovary.

Mature graafian follicle

Follicalar cavity
Mcmbrana granulesa

Germinal epithelium

Discus polygerous
Primary follicle

Corpus lulcum

Fig. 6.89 Section of an evary (Schematic).

STRUCTURE

This organ undergoes maximum histological variations at different phages of life. A normal matarcd
ovary is exiernally covered by germinal epithelium, which is continuous with the pertenium. Graffian
follicles aclually do not develop from thig layer. Tunica albugenia isa fibrous layer below germinal
cpithelium. The siroma is composed of conneclive lissue network, spindle shaped cells and few
jnvoluntary muscle fibers and gives suppor to other important stroctures and vessels of the ovary.

YA-19
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Graafian follicles are round
bodies scatiered mosily at the
peripheral part of the avary and
found in diffcrent siages of
development. According 1o the
matuzily tey are called primary,
secondary and matore follicles,
The cell in the center of the
follicle usually develops into an
ovuin. The remnente of ruplured
follicle reorganisc to form
corpus lutewm. It remains as o
reddish  yellow coloured
outgrowll: from the surface of
the avary for a restricied perod
of time,

Primary
Tollicle

Graafian
follicle

Sirama

Flg 6.90 Microscople stracture of ovary.

‘ There are some groups of
cells which are polyhedral jn shape and probably sccret oestrogen, known as inlerstitial celis,

In infant stage of the animal the ovarics coniain large number of primodial follicles and spindle
shaped stroma cells. The germinal epitheliom a this stage is made up of cuboidal cells. In puberty the
ccl]_s of germinal epithetium become flattened and ihe ovary conlains a large number of maturing
follicles. tn pregnant condition the ovary presenisan well-developed corpus luteum, In the manopause

Slage the follicles disappear, fibrous sear tissucs increase and the ovaries become simailer in size as
they undergo atrophy,

Maturation or Eraafian follicles

In matuze animals the follicles undergo incomplete development and subsequently degencrale Lo
form atretie follicle, The mataration slarts at puberty. In one estrus cycle only one follicle matures
r"”}'_ and discarges an ovum in cows. Howerver in small ruminents, pigs, biteches and in rabhits
multipie ovulation takeg Place, The cortex of the ovary is the area just deep to the 1enica albugeniz and
houses 1he female pern cells the oogonia. The medulla is highly vascular. Oocyles are developed
[rom cogonia. Ovarian follicles are formed when the oocytes become surounded by 2 Iyer of epithelial

cells. When a primary oocytes s surmounded by asingle layer of folicular cell, the structure s called
Primordial follicle,

) Under the influcnee of follicle-stimulating hormone the single layer follicutar cells become cuboidal
inshape, At this stage it is called Unilaminar primary follicle.

Subsequently several layers of [ollicular cells are formed and an inlervening membranc zona
PCIl-ucitla as wellas an exiemal membrane. Thecainferna js developed. Thus a Multilaminar primary
fO_llu.:]e is developed, Further development 1akes place and the follicle becomes bi Eger in size. A cavily
Within the follicular cellg js Formed 10 zecommodate a [luid known as liquor folliculi, At this stage
the whole Slruclure is known ag secondary lollicle. With 1he Turther growth of the lollicle, the
Autum {eavily) become eniarged and the follicular cells become separated into o peripheral part and
& central part. The peripheral cell layer which is now pushed towaeds he theca interna is called
mt'n?brann Eranulosy. The visceral Iayer of cclls which surround the occyte is called corpna radiata,
The inner layer of these cells are attached to the outer covering of oocyte — the zang pellucida, The
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oocyte along with the cells of corona radiata remains anzched with the peripherat layer at one pole
with the help of a groep of cells, These are known as cumulus oophorus or discus pelygerous. In
the meantime ancther membrane, theca externa is davcloped ot side the theea interna and o this
slage the cntire strecture is called mature Graaftan follicle,

Ovarics of mare

They are large and bean shaped. They are siluated at the sublumbar region, There is a depression
on the free border of the ovary, known as ovuladion fossa. Only the ovulation fussa is covered by
germinal epithelium. The position of certical and medullary lissug is reverse in this animal, i.c. follicles
are situaled al the medulla and the vessels and other siroma are placed outside.

Ovaries of bilch

These are aval elongated structures sitwaled below the 3rd or 4ih lumbar vertebrac. Each ovary is
cempletely enclesed in a peritoneal pouch, known as ovarian uzsa, The bursa has a small opening
ventrally.

Ovary of hen

In the birds there is one ovary and one oviduel, The right sel undergoes degencration in early life
and the left sel persists throughout the life,

The ovary is situated al the upper part of the abdominal cavity below last (wo ribs. In malure stage
itis in the form of a bunch of grapes. A number of fallicles of various sizes are altached 1o it by small
stalks. -

ovIDUCT

Thesc are 1wo narmow fexuous tubes which are continuons with the pointed ends of corresponding
ulerine homns, Each has a length of aboul 20 10 30 ¢m and is atached to the Iree cranial berder of the
broad ligament. The diameler is about 2 1o 3 mm. First hall portion {nterine) is narrow and thick
walled, called jsthmus. The overian half is thin walled and liule dilated. This part is the ampulla of
the wbe. The overian end is dilated to a 2reat exient to form a funnel shaped structure, known as
infundibulum, The margin of the infundibulum is fimbriated. A siall aparture silualed at the cenler
of the funrel is the abdominal epening of the lube. The uterine apening of (he lubc is the communication
between the hom of he uterus and the fallopian lube. This junetional portion is known as intramural
part of the tube. The shape and size of the infundibulum varies from animal te animal and [rom
species 1o species, In ealtle the surface arca of infundibulem is about 20 sq- cm. The ampulla is
highly flexuous and conslilule mere than half of the oviducl.

Struclure

The fube is composed of serovs, muscular and macows coats. The serous coats is derived
from peritonium. The muscular coat consists of circular and longitudinal muscle fibers. The
circufar muscle fibers are plenty at the isthmus and therefore the lumen is narrow and the wall is
thick. This structure is suggesting the existence of 2 sphincter which may prevent infection, The
mucous membrane is formed by ciliated epithclium. This membrane forms plenty of longitudinal
folds at the isthmus, In the ampulla these folds are branched and formed primary, secondary and
cven lertiary [olds. These folds practically occupy the whole lumen of the wbe keeping small
spaces in between,

ADOTONHINVIIS
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Fig. 6.%1 Ovory and ovidued of chicken.

Oviducts of mare

The (wbes are more Nexuous and the length is shorter. The fimbriae are more extensive. As the
tubal end of the hom is blunt, the junciion between the hor and the fallopian tube is abrupt.

Oviducts of bilch

The fallopian (ubes in this animal are less Mexuous. Lengih of cach tube is aboul 5 to 7 cm. Uterine
opeaing is small, A portion of the imbriated end projects inte bursa ovarii through a slit Itke aparture.

Oviduct of hen

The female genitalia in birds comprises of a single ovary and one oviduct of a complex nature. The
right duct degenerates and the left Mullerdan duct persisls 1o form the genitaltia,

‘The length of the oviduct in nenlaying condilion is about 15 cm and increase much in laying stage.
This tbe comprises of five parts, (i) Infundibulum—It is the membranous expanded funnel shaped
cranial end of the tube. (i) Magnum or albumin secreling portion—IL constiute about the half of
the total Jength and is nex to infundibulum. The wall is thicker than infundibulum. (iii) Isthmus or
shell membrane secreting portion is shorl and the diameter is Jess. {iv) Uterus or shell pland
region—It is little thicker and cxpanded in Jaying condition, (v) Vagina—This 1s a shorl namow and
curved tube. There is a sphincter at its entrance into cloaca.

STRUCTURE OF ANAVIANEGG

The cgpsare generally oval in shape with one cnd more blunl. The colour is variable from species
to specics but generally while. In some birds cggs become pigmented. An egg is composed of (he
fellowing components.

1. Cuticle - ¥ is the owermost extremely thin layer in the form of a covering vamish on the cgg
shell

2. Egg shell - Itis thin but hard covering of the opg made up of delicate fibers and inorganic salts
of calcium, Tt accommodates numcrous minule pores. Number of these pores is more at the blunt
end.

i Shell
Cuticte ; Albumin

Quier membrane

Differem
strala of yolk

Inner
membrane

Chalaza

Fig- 6.92 Siruclore of an arian egp.

3. Shelt membrane - It is z double layer thin membrane made up of profein fibers and albuminous
cemenl and Ihercfore very tonglh, There remains a air space between the two layers at the blunt end
of the epg,

4. The albumin or the white of the egg surrounds the sphere of yolk, I is disposed in three layers
- outer, inncr and middle, The outer and inner layers are less viscus,

5. Chalazae - These are 1wisted cords and two in number. They are atlzched with the membrane
of the yolk at both the cnds and remain suspended in the albumin, These struglorcs probably hold the
yolk (owards (he center of the cgg.

6. Yolk - Ii is a lump of spherical yellowish struclure and produced by the ovary. It contains the
ecll which is visible on the surface of the yolk. It remains covered hy a membrane which is derjved
from mature follicle of ovary.

UTERUS

Itis athick walled hollow muscular organ situated almest in the abdominal cavity and partly in the
pelvic cavity between bladder below and the colen and recimm above. It is conlinuous cranially with
lhe oviduets and caudally with the vagina, The organ is attached to the sublumbar region and to the
lateral walls of pelvie and abdeminal cavities by braad ligament.

The bread lipament is formed by double fold of perilonium with some connective Lissue and
muscle fibers in between them. 1t provides passage to the norves and vessels to the urerus. The muscle
fibers are conlinuous to those of ulerus. Broad ligament on cither side gives a fold 16 the uterus, which
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¢xtends upto internal inguinal ring, known as retnd li gament of uterus, DilTerent portions are attached
to different structures and have becn named accordingly. The part which suppons the ovary is the
mesovarium. Mesosalpink supports tbe and e mesometrium supports the ulerus.

The uterus has three main parts—fforns, body and cervix.

Horns of ulerns—ihey are two in numbcr—right and feft. Each horn is a spiral muscular wbe
1apered cranially to join the oviduel. They are broad caudally and unite together to form the body of
the wterus, Average length of a hom is about 30 cm in non-pregnant condition. They are direcied
downward, forward, outward, backward and finally vpward and thus presents spiral appearance like
the horns of a ramn and hence named as homs of ulers.

Body of the ulerus—Alihough very small, 4 w0 5 cin in length, it appears 1o be longer duc o the
Presence of a commen peritoncal covering on the caudal most parts of the horns before their union.
This is a dorsoventrally flat tube and is lateral ly nttached with the broad ligament. The wall is thicker
than horns. The body bifurcates cranially to form horns and caudally continuous wilh the cervix,

Cervix of the nlerns—The cervix of the neck is about 8 em long and is the caudal panvof the
blerus. The wall is very thick and the cavity has been transformed inlo a narrow canal and remains
fitled up by spiral folds af mucous membrane. This cervical canal communicates cranially with the
body cavity and caudally with the vagina, ‘The caudal part projects into vagina and prescnts a number
of musculac folds on the surface. The lip of the projected pam presents a depression, the exiernal
95, through which the cervical canal communicates with the vagina.

STRUCTURE

The wall of the uierus is composed of ouler serous coal, the perimetrium; middle muscular coat,
the myomelrium and the inner mucous coat, the endometrium.

The perimetrinm is derived from peritenium and covers the whole organ excepl the lateral
bordcr_s. The peritonium then reflects on the 1eetum above Lo form recievaginal pouch and
bladder below 1o enclose the vesicogenital pouch. The myemetrium is (hick and compased of
three layers of smooth muscles. Although poorty differentialed, these are outer longiludinal,
middle circular and inner longitudinal in orientalion. In the cervix the amount of circular muscle
fibers are maximum and act as sphincter. The uterine blood vessels remify in the muscular layer.
The growth of myometrium is stimulated by oestrogen, Further increase in the length and pumber
of muscle fibers take place during pregnancy by the stimulation of placenial oestrogen, The
endometritm consists of surface cpithelium and lamnina propria. The endomelrium or the mucous
Membrane is continuous with the peritonivm through the (imbriated ends of fallopian lubes and
With the mucosa of vagina through the cxlemal os. The epithclium is columnaar eiliated at the
horn, columnar in the body and neck and stratified al (he external os. The cells of surface
epithelium of the endometrium are tall at the lime of eslrus i.e., in active sccrclary phase. They
h_l:Fomc fow colurnar or cuboidal al the poslestrus phase. However these epithelial cclls are
ciliated columnar at the carly life (before puberty) and subsequently become nenciliated al the
reproductive period. The lzmina propria consists of stroma cells, whular ulerine glands, lymphatics,
blood vessels und nerves. The endometrial glands are coiled tubular and branched striclures,
which open on the endometrial sucface but not on the earuncular arca. These plands extend upio
the inner surface of the myometrium and are lined by columnar cells with accastonal cilia. In the
endometrium of the horm and badly, a large number (about one hundred) of raised pitied surfaced
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button like siructures remain in seattered manner, These are known a5 ulerine caruncles or
cotyledons. They are large at the middle and small a8 1he ends of the horn, The <rypls of the
cotyledons receive chorionic villi of the placenta. In pregnent condition these caruncles enlarge
to a great cxlenl. Uterine vessels enter the caruneles through (he attached sorface with the
ulerine wall.

Itern of vterus

Broad lipament

Body of ulcrus
Cervix

Forrix vaginac

Floor of vagina

Exicrnal urethral orifice Cpening of canal of Ganner

Suburethral diverticulum

Labia valvae
Clitoris

Ventral commissure

Fig. .93 Female genitatio af cow.
(Dorsal view, The coaf of the vagina and vulva have been removed)

Blood supply—The ovary, fallapizn tube and the apical part of the horn get blood supply from
utera-evarian artery, which is a direct branch from the abdominal aora as he spermatic ariery
in he male. Middte nterine arfery supplics the caudal part of the horn and adjacent parl qfllhc
body. It arises from umbilical arery, which is first major collateral branch of the internal iliac.,
This arlery passes within the broad ligament, detaches a good number of branches for the body
and harn of the uterus. These branches sometimes anastomose with cach other. It can be pnlpn!cd
through recium at the laler stage of pregnancy. The cawdal sterine arfery is the 4ith majer
collateral branch of internal iliac called urogenital artery, which supplies the caudal part of 1he
ulerus and cranial portion of the vagina.

¢
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Recium
Cotytedon Anis
Expozed ledl horn Labia valvae

Cervical canal

Suburethral
diverticulum

DMladder
Urethra

L]

Flg. 6.94 Female genitally of cow in aifu,
{Valva vagina and the left hom of ulerus is exposed)

Uterus gets nerve supply from pelvic plexis

Uterus of mare
1. The homs are shorl and Lheir ends are blunt
2. The body of the ulerus is longes and wider than that of cow. Averape length is about 20 cm.
3. Neck is short and cervical canal is straight.
4. The endometrium is devoid of any cotyledon.

Uleras of bitch

1. Bodly is short and (he homs are very long,

2. The whole siruclure appear as a large V.

3. The average length of the body and hom are 2.5 cm and 13 ¢cm Tespecively,
4. Horns are nol tapered cranially,

3. Cotyledons are absent.
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VAGINA

Itis a muscular tube exlends from caudal portion of cervix 1o the vestibule. Average length of this
struclure is abouf 28 em, The length increases during pregnancy. It is related ventrally with bladder
and urethra and dorsally with the rectum. Lateral surfaces are related 1o the walls of (he pelvic cavity.
The luminal space al the cranial end around 1he vaginal part of (he cervix is known as fornix vaginae.
Externally the cranial part of the tube is covered by perilomum and ihe rest portion is surrcunded by
loosc conncetive tissue, plexus of blood vessels and fal. Al the floor between the muscular and
mucous coals there are (we ducts along Lhe fenpth of the tube, known as canals of Gariner which
open on cither side of the urcthral opening, These are the remnents of Wolffian (Mesoncphric) ducts.
Themuscular coat is composed of inner circular and outer longitudinal muscles. The surface epethelium
of the lumen is lined by non-keratinised strafified sguamous cpithelium. The mucous membrane
possesses lengitudinal [olds.

llorn of uterus

Fallopian tube

Vagina

Mucous fold

Opening af vesibular gland External urethral orifice

Flg. 6.95 Geallalla of mare.

Vagina of mare
1. It is shorler and iess capacious.
2, Wall is comparalively thinner.
3. Length is about 18 cm and diameler is aboul 10 cm,
4. The external urethral orifice is covered by  ransverse fold of mucous membrane,

Vagina of bitch
1. 1t is comparatively long.
2, Fomix is not dislinct.
3. Canals of Ganner arc generally absent.
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Vulva {Yaginal vestibule)

Itis the caudatmost part of the birth canal and exicnds
_r"Ul'Il extemal urcthral orifice to the vulvar clefi although there
15 no line of demarcalion between vagina and vestibule,
Cmnin]]y Itis continuous with the vagina, The vidvar cleft is
2 vertical slit like aparture between (wo labia valvae, These
labia meet dorsally and ventrally with ¢ach other and thus
F“ﬂn dorsal and ventral commissures. The ventral commissure
8 forther cxiended backward and downward and encloscs
the cliloris. The length of the wube is about 8 to 10 cm.

Itis related to rectum above and to the Maor of the pelvic
Cavily below. Laterally it is refated 1o pudendal vessels, nerves
nd sacrosciatic ligament. On the midline of the flcor and at
the junction between vulva and vagina there is a slit like
Apartere, the external wrethral orifice. 1 is aboul § c¢m in
front of vemral commissure. An indistinct fold of mucous
Membranc is present in front of the orifice, which direets the
OW of the urine. In very young animals this fald exiends 1o
form hymen. There is a depression just behind e external

o]

Tomix External o3

Urinary Vagina

mealus Yestchule

Labium

Urethral orifice known as suburethral divertiewlun, Al the

. . Fi
00r 1 pairol large and some small vestibular glans are present.

o=

b

g- 6.96 Genitalia of bilcl: (Dorsal view).

liloris comosponds Lo 2 midialure penis without urethra and composed of creclile tissue, The small
0dy or glans cliloris is lodged in the fossa clitoris. The fold of mucous membrane which covers the

&lans is considered as prepuce of cliloris. The mucous membrane is pink or yellowish red in colour.

Muscles
-h-‘-l—_;

Coceypeons

Sphincier ani
cxlernos

Conslriclor
valvae

Fig. 6.97

This muscte is placed ventrally and faterally at the cranial end

The voluntary muscles of valvua
are cansfriclor valvae and
constrictor vesiibuli, Mosl of the
fibers of sphineter ani cxlernus
continue downward 1o the eppnsits
labium after ¢rossing with the
similar libers of opposire side belosw
Lhe anus as constriclor vulvac. Some
fibers of lateral aspect go 1o the
labium of same side wilhon
Crossing.

Constrictor vesiibuli exiends
from the ventral border of levator
ani Lo the caudal end of pelvic
symphysis, where it meets with
the Lendon of opposite muscle.
of vulva.

SPLANCIHNOLOGY 289

Female nrethra is a 8 to 12 ¢m long narrow lube extends fcom e neck of the bladder 1o the
external urcthral orifice. Itis dorsally fused with the vagina and venteolalerally covered by consiclor
veslibuli muscle. The submucous Jayer is rieh with blood vessels,

Yolva of mare
I. The cliloris 15 short and thick.
2. The lossa cliterds is wide.
3. Suburethral diverticulum is absenl.
4. Ventral commissure is thick. Mucous membrane is red.
5. Urethra is shorter but thicker than eow.

Vulva of bitch
1. Clitoris is {Tat.
2. Labia are thick.
3. Ventral commissure is pointed.
4. Mucous nicmbrane is red.
5. Urcthra is about 5 cm in Jength.
6, The constricior vestibule musclc is strong.

Female genitalia of sow
1. Malure avary is lobulaled in appearance due to the presence of graafian follicles on 1he surface.
They arc generally situated close lo the pelvic brim and remain covered by ovarian bursa.

Horn

Floor of vagina

Urinary meatus

Ciiloris

Fig. 6.53 Genilalia of sow (Roof of vagina and vulva removed),

2. Oviducis are about 20 em long narrow fexous tubes. Abdominal opening of the tbe is wide.

3. Utcrus has a small body (about 3 cm) and long whbular Niexous homs. The length of the horn
may be one meler and presents numicrovs 'U” shaped coils. The neck (cervix) is elongated and presents
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rounded proniinences within the lumen. This amrangement helps in forming interdigitalion and pravide
betler occlusion during necessity. The wall of the neck is continuous with that of vagina and theze is
no czrvical projection within the vagina, ~

4. The vagina is about 5-6 em long and presents longiudinal folds in the lemen.
5. Valver lips are thick. Dorsal commissure is rounded and the, ventral commissitre is painted.
6. Clitoris is in the form of a small projection.

Female genitalia of rabhit

1. The ovary is an elongated pinkish structure. It is about one cm long and 4 mm thick.
2. The Tullopian ube is a slender flexous be of about 5 ¢m length,

3. The horns are curved, narrow, slithlly flexous and thick walled cylindricat wubes. The average
length is about 9 ¢m and thickness is about 3 mm in non pregnant condition,

4. The lumen of the hqaprcscnts 3-4 Tongitudinal folds. Thesc folds presenis nodular elevations
along its length,

Horn of uterus
Fallopian

ligament
Double cervical openings Longiludinal folds
Ext, urinary mealus with no_dul:lr
elevatiens

Vulva

Fig. 6.99 A. Female genilalla of rahbll (Vagina exposed) B. Exposed harn of ulerus of rabbil.

5. The caudat paris of the homs remain in close appositien without any unien between them and
open separately at the cranial end of vagina. Therefore the body of ulcrus is absent and external
03 are lwo in number,

6. The vagina is clorpated tbe and the valvar lips are pointed downward,

MAMMARY GLAND

ILis regarded as an accessory organ of the reproductive system, becavse it developes with he

in[Iucnce of hormones during puberly ard staris functioning actively in the laler stage of pregnancy.
Itis a modified sweal gland.

. These glands are four in number, siluzed in the inguinal region, Lo on etther side of the median
lin between the thighs. In the male and immature female they are rudimentary, In small ruminants
they are generally Lwo in number.
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They develop in the puberty and become more marked in the laller stage of pregnancy and
specially alter parturition.

The enlargement of the glands occure by the action of esirogen and progesicrone which
causes fat deposition, stromal development and growth of the lobules, ducts and alveali, However,
lor the purpose of lactation, stimulalion from glucecorhicoids, thyreid hermans and insulin are
necessary, prolactin and growth hormons arc also essential.

The glands of both sides {right and left) arc scparated by a seplom, Demarcation between the
two glands of each side is nol dislinct and also do nol possess any scplum between Lhem.
However, there is no communicalion between the duct systems of the glands, On the basis of -
exlemal appearance, each of the glands are called quariers. Glands of cach side have a concave
base with which they are attoched to the convex abdominal wall with the help of suspensory
apparatus.

The suspensory apparatus comprises of thick membranes of fibrous lissue which invests
over The surfaces of the glands and attaches them to the pelvic symphysis. The suspensory
apparalus is made up of four thick membranes of yellow elasiic tissue. Out of them Lwo are "7
median in position and form double sepum between the glands of both sides. Other two are -
lateral membranes. They also arisc [rom the pelvic symphysis, diverge 1o pass latcrally and ' Ff
cover the lateral surlaces of the glands. Their pariatal layers are reflecled (o the medial surface” *);
of the thigh. [Fig. 6.101]

" The medial surfaces of Ihe glands are flat and the lateral surfaces are convex. The apex ol -
each gland is direcled ventrally and succeeded by a projecied Leal.

External p dal vein Mammary arlery

Subgulaneous Perincal wein

abdominal vein

Mammary lymph
node

Lymphanes
Alveoli

Lobular Juct
Sepam

Skin

Lateral suspensory
membranc

Milk sinus

Skin
Ouler fibrous
layer

Mucosa

Inner fibreus

Muscular layer layer

Teat canal

Fip. 6.100 A, Mammary gland of cow B. Longiludinal section of teal (Diagremmatic).
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STRUCTURE
Ithas an epithelial component (parenchyma) and a1 conneclive tissuc component (siroma) Jike all
other glands. In resting stage the amount of epithelial parenchyma is very less.

Intemal to skin, the giand is covercd by 1wo layers of fascia. The gland subsiance remain covered
by a fibroelastic tissue which also contains fibers of smooth muscle. This layer sends a number of

Y¥ings of sacrum

Recium

Caudal end of rumen

Uterus
DBladder

Lateral suspensory ligament

Medial suspensory Ligament

Layer of Joose connective lissue

Fig. 6101 Suspensory apparatus of ndder & Lransverse section a1 the level of pelvlc inlet of cow {schemalie),

Roseile Seplum Alveolus

Fig. £.102 Teat lumen showing Roseller of Furstenburg.
[By couriesy of Dr. Susanta Paul}

Flg. 6.103 Mlicroscopie structore of mamm ary
parenchyma, showing alveell.
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sepla into the gland to support its lobules. Each fobrle 15 composed of a number of alveoli, The
alveolar cells vary in their form and contents according Lo the stages of activily of the gland. These
cells scerel milk. During lactation the distended alveali are lined by single layer of cpithelinm which is
cuboidal in resting condition and columnar in lactation, The averape diameter of these alveoli is 10010
200 microns. The alveoli and their ducts possess myoepithclial cells between the basement membrane
and (he epithelium. The alveolar ducts of cach Iohule join 1ogether to form excrelory lellar ducts,
The neighbouring excretory lobular ducis unile together to form large ducts. Many large ducis unite
1o form lobular ducts. They join again in the center of the gland 1o form a simns. This sinus is known
as milk sinus or milk cistern. The milk sinus is capacious and leads to the roomy cavily of the leal
through a constriction at the level of the base of the leal. The cavity of the teal Is called fear sims.
From the 1eat cavity a single Iactiferous ducl arises and passcs through the apex and open into
exterior. The canal is lined by stratified epithelium.

The teats are long and tubular in shape, with a conical distal end. The wall of the teat js composed
of skin, ouler fibrous layer, inlermediale muscular lnyer, inner fibraus layer and mucosa of the teat
canal. The mucosal lining of leat canal possesses many longiluginal ridges and appear in the form of
radialing projections {ram the lumen in transverse seetion, called “rosette of F urstenberg”. The skin
is devoid of hairs and the muscies are mostly cireular with a hin layer of tongitudinal fibers. Surrounding
the base of the teal, there are 2 number of modified sebaccous plands which are developed during
pregnancy. These are known as (ubercles of Montgomery. These glands secret a lubricating substance
which protect the (eat during suckling. In goat and sheep only two glands (inguinal) are devetoped
and others remain rudimentary, The glands arc comparatively large in size. Therzefore there are only
w0 developed teats, one for each gland in this aminal,

Blood supply—Pudendoepigastric trunk is one of the
chiel branch of the exicrnal iliae artery. Its terminal
branches are caudal {decp) epigastric and external
pudendal artery. This caternal pudendal ariery continues
as mammary arlery. During Iaciation this vessel becomes
very large. This vessel divides inlo (wo branches to supply
cranial and caudal aspecel of the gland.

Pecloral
Nerve supply—Second and third lumbar spinal nerves,
superficial perincal nerve and eandal mesenteric plexus
of Ihe sympathetic systcm are the nerves to these plands. Abdominal

Mammary veins—A venous cirele is Tormed around
the base of the udder which is connecicd with (i) a large
subcutancous abdominal vein, (i) external pudendal vein
and (i1} the perincal vein, i

Ingininal

Mammary Iymph nodes—They are (wo in number, |
siluated above the candal border of the base of (he udder,
one on cither side. They are Gto 10 emin length and 5 10
7 cm in thickness. The lymph vessels are numerous in these glands,

Fig. 6,104 Posilion of mammary plands of biich,

Action of hormones on mammary gland

Fstrogen slimulales the growth and branching of the ducts. Progesierone stimulates the fermition
of alveoli. Placcnlal estrogen and progesierone stimulate formalion of true sccretary alveoli during
pregnancy. Prolactin and growth hornone maintain laciation. Oxytoecin helps in milk ejection.
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Mammary plands of mare

1. They are (wo in oumber. Sizes are smaller,

2. Each gland has a teat with wo tacliferous ducts.

3. Lactilerous sirus is small.

4. The glands are pre-pubic in position.

5. The teats are flalencd iransversely and comparalively shorler in length.

Mammary glands of biich

1. There are ten glands, five on cither side and are arranged in parallel longidinal rows,

2. Out of five glands in one side, two are pectoral, two are abdomina! and one is inguinat in
position.

3. Laclifcrous stvs is absent,

4. There are 8-12 lactiferous ducls in each of the leals.

Mammary glands of pig

1. There are 5 10 6 pairs of mammary gland in this animal,
2. Lacliferous sinus is not promincnt,
3. Each 1eat generally has two duels,

Mammary glands of rabbit

1. There are 34 pairs of glands in this species,
2. They are pectoral, abdominal and inguinal in position.
3. Lactiferous sinus is not prominent.

PLACENTAAND EXTRAEMBRYONIC MEMBRANES

Placenta

Placenta can be defined a5 an area, where a close apposition or fusion takes place between the
uterine wall and embryonic lissue for exchange of materials.

It is formed by the enion of some portions of outermost embryonic membrane (chorion and
allantois) and some modified parts of lerine muccsa. Alihough there is no direct mixing of lelal and
maternal blood within the placenta, the chorionic villi with their contained capillaries come in contacl
with the maternal vesscls present in the cetyledons, Practically the fingerlike villi of the chorion burry
themselves into the cofyledons, which are spongy nelwork of blood sinuscs. The tissue in between
lhe lwo groups of blood capillarics is sufficicntly thin (o permil absorptzon of oxyger and nulritive
taterials into the fetal blood and climination of waste products from 1.

Other membranows structures which are developed from the theee germinal layers for the protection
and support of the embryo are () yolk sac, (b} annion and {c) allanwois.

The yolk sac is very small in mammals and remain funclional for a short lime; Le, |0 provide
nurition lo the embryo. It comprises of a small sa¢ and a stalk. The slatk is connected 1o \he gut,

The Amnion is the inermost membrane enveloping the embryo. This is formned by the foldings of
one layer of mesoderm and enc layer of ccloderm, The layers fuse above and thercby cnvelope Ihe
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embrye wilh ils ectodermal component lowards (he embryo and mesodermal component outside, Ti is
formed a1 about 18th day. The cavity is filled with the amnislic fluid in which ¢mbryo remains
suspended. This arrangement protects Lhe embryo against mechanical injury and allows it to move
[reely. In the advance stage of pregnancy (he cavity expands fast and come closc to chorion, During
parturition, the amnion ruptures and the fuid escapes and thereby helps the delivary,

Allanlois is anolher lelal membrane which develops from the hindgur. 1t is connecied 1o the
bladder with the help of urachus and contrbute Lo the formation of umbilical cord and placeata. The
allantoic cavity expands, come in conlzcl with the culermosl {trophoblastic) layer and combinely
{orm e allapto-chedon, The chorion thus developed becomes very rich in blood vessels, sumounds
the embryo and lie in apposilion 1o the endometrivm.

Stomach

Chorion

Allantois

Amnion

Amniotic cavily

Umbilical vein

Yolk sac

Placentome

Duct of
yolk sac

Umbilical artery Wharton's

jelly

Umbilical

arleries .
Allantais

Umbilical
vein

Umbilical vein Umbilical arlery

Chorioni¢ vitlus

Fig. 6.105 Schematie diagram of bovine placenla and extra-embryonic membranes along wlth Lhe scetlon
of Ihe umblllcol cord.
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11 is a hollow muscular organ consisling of wo atria, the receiving chambers and 1wo venlricles,
the discharging chambers, It acts as a cenlral pump for Pulmonary and systemic circulation,

There are three layers in the walt of heart, Ouler serpus layer is known as epicardium, middle

muscular layer calied myocardinm
and jnner cndotheljat membrane
" known as endocardium, The

myocardium, unlike other viscera|
© musclesare disposed in a complex
manner. Muscular bundics arc
attached 1o the fibrous framework

Pertcardivm

heart Fibrous layee  patiern in the wal] of the
Setous layey  * Chambers. Conlraction of these
Perieantial sz § Muscle bundles cause reduction iy
Perieardinco. ¢ Lhe siz.cof Ihccorrcspondingcnvily

slernal and ejects the blood our through
li gament . the orifices, The conlraclion of
" cardiac muscle js regulated by
YaEUs nerve and sympathetic

system. These nerves act on a
speeial lomp of lissue siluated at the wall of the right auricle known g5 sinu-atrial (SA) node or
pace-niaker of heart, The impulse initfated at the SA nede is relayed 1o (he ventricles by atrig-
venlricular (AV) node,

The weight of an adult heart is aboul 0.4% to 0.5% of the body weight,

Fig: 7.1 Scclion of a heart showing dilferent paris of
pericardium (Dlagrammailc).

Skelelon of heart

The fibrous [mework which forms longh rings around the orifjecs of the heart is considered as
the skeleton of heart, They are atlached to the muscles of the heart and the valyes of the orifices. Two
small wiangular bones {right and left} are lodged at the base of the ventricles, on either side of the
aorti¢ ring, The left is smaller and inconstant. These are known as oscardis, and characlerislje of
domestic raminents and not zencrally found in other domeslic mammals,

Pericardium

Ivis the covering of heart and consists of a parietal and a viscera| part. The parietal pedcardium is
cemposed of an outer fibrous layer which is Jined interaily by a scrous membrane, This serous

and are arranged in p circular
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membrang is reflected and invested over the surface of the heart, called viscera| pericardium or the
epicardium, The parictal and visceral layers are separaled by a small space, known as pericardial
sac, which is occupicd by a serous
fluid known as Jiquor pericardii, This
fluid keeps' the apposed surfaces
moist and“smooth, Pericardium is
attached (o the dorsal surface of the b 1R Diaphragm
sletnum by (wo (left and right)
pericardiaco-siernal ligaments, At
the base il is picreed by ascending : Yem cava
aorta, cranial and caudal venacava,
two pulmonary arteries and four
pulmonary veing, Perieacdiem keeps

Vena azypos

Abdeminal aorma

Sternom

the hearl in position and prevenls
overdilatation of heart,

. Fig_ 7.2 Position of heart of ox,
Position ol heart 5

Ilis a cone shaped organ sitated at the ventral half of the middle mediastinum with the base
directed wpward and apex downward, The base extends from 3rd 1o €1h rib and is Placed about 10 10
12 ¢ below the spine. The apex is placcd opposile 16 (he 6k chondrosiernal joint and is very close
to the diaphragm. Aboul 5/7th pertion of heart lies on the telt side of the medion planc, because right
lung is considerably farpe in size,

Borders and surfices

Anterior border is convex and its venural part is paralle] o the siemum. Posterior barder is nearly
vertical and eorrespond to the anterior border of 6th rib. Bolh the surfaces (right and lef) are convex.
The sucfaces are traversed by transverse and longitndinal grooves for the occupalion of the
correspording coronary vessels. The transverse groove which encircles the heart at the base of
ventricles demarcates Lhe separation belween the avricles and venlricles. The tongitudingl 8rooves
are mainly 1o in number (left and right) which extend from the basc of the ventricles and run
towards Ihe apex al 1he concemed sutfaces, The lelt one is cranial and the right one is caudal in
posilion. However, none of these longitudingl grooves reach the apex but becomes conlinuous with
cach other a litlle above (he apex. There is small inlermediate longitudinal groove which descends
from the Iransverse proove along the posterior border of heart. The right and left longiludinal grooves
mark the margin of the interventricalar septum,

Right alrium

This thin walled muscular chamber is smaller than the feft and reccives venous blood [rom: the
body. It is placed a1 the anterior portion of (ke base of the hearl, 1t possesses the sinus venosus, the
Tuain cavily aed an appendix. Itis related (o the Jeft algum medially and right ventricle venimally. It
reccives the cranial venacava at the level of dth rib and the eavdat venacava a the level of 5th rib. The
appendix is a conical pouch winds round tha cranial wall of the begining of aortz and cnds at the left,
The vena hemi azygos opens below e opening of pesierior venacava and very close to the coronary
sinus, The vein which returns major part of blood from the wall of the heart itself, opens al the
coronary sinus. Close to the septal wall there are some minue openings of small veins which return
small quantity of blood from (he substance of hearl directly, The opening of the coronary sinus
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Right venlricle

It forms the right and cranizl part of the heart. This thickwalled conical chamber reccives bload
from the right atrium through the tricuspid orifice and discharge it through the coates arferiosus ino
the pulmonary Lruok. The conus is placed al the left side and the right atdo-ventricular orifiee js
placed at Ihe right side of the base of Lhis ventricle.

The wall is uneven inlemally dug to the presence of muscular beams, known as Lrabecolze
carneae. Some of these muscular prominences project into the cavily and give alachment 1o the
cordae (endineae. They are called papillary muscles. One large muscular band (somelimes more

. than onc} is found 1o cxlend from the lateral wall to Lhe intervenlricular septum across the cavily of
this ventricle, known as moderator band. It prevents excess dilalation of heart, Tt 15 also called
, septornarginal frabeenla.

The triangular tricuspid valves are three in number and are formed by the infolding of the
endathelial lining of the hear.. Their free margines are atlached 10 the chordac tendineae. In benween
the large cusps threz smaller cusps are also present. The exil of the pulmonary attery is guarded by
three semilunar valves, These are thin and convex al Lheir ventricular surface and prevent re-cntry
of the bload, when the veniricle relaxes.

Left airium

Troccupics the lefi caudal part of the heart and is targer than the right airiom, Tureceives oxygenated
blood through pulmonary veins which open on its dorsal wall of the sinus venosus. Usually four -
_— p.ulmonnry veins, two tjro_m cach Iun_g open inlo the left alri_um. The lelt nlrio_-vcnl:icu]ar orifice is
nerve situated al the base. This 15 comparalively smaller (han (he right one. The pectinale muscles are less
) in number. The appendix is litde larger than that of righe atrium. [ts ouler edge is scrrated and placed

Ligamenwm arteriosuin

Drachiocephalic tunk

Pulmonary veins

Yagus nerve (5)

Caudal venacava

Lelt Cranial vena<ava
altiom -

(5 Right atium Vena azygos

Lel atrium

Brachio cephalic trunk (7) Cranial Palmonary Lell ventricle

venaeava (8)  ynternal thoracic artery (9} anery (10} (i

i i i ity wlth Ii i Lelt covonary anc
Fig. 7.3 Disecied thoratic cavity w int diagram. ry y Left venricle [
remains guarded by a valve, which closes during conlraclion. Cranial to the opening of posterior
venacava at Lhe superior aspect of the interatrial seprum, tere is a depression known a3 fossa evatis , Right ventricle
which marks the site of the foramen ovale of fetzl ife. The right airoventricular opening is large oval
and goarded by the Iricuspid valve. s,

The wall of the atium, panicolarly the appendix presents some vegtical moscular fidges and looks \ ’
like a comb and hence named peclinale musele. by

| Fig. 7.4 Left laleral view of heatt of ox.
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at the left side of the pulmonary artery. Vena hemi azygos (raverse along its lateral surface, The fossa , -
ovalis is in the form of a faint depression.

. Bracheocephalie 1munk
Left veniricle Pectinate muscle

The wall of this chamber is (hickest of all the compartments of heart, It forms thie left and caudal Right auricle

part of the heart and extends from Lhe transverse groove to the apex. So the apex is formed only by
the left ventricle. Here the thickness of the wall is less, The structures such as rabeculae carmeae, Origin of right
papillary muscles, chordac tendineae are similar to those of right ventricle. Moderator bands are caronary ariery
usually 1wao in number but far thinner than that of the fight ventricle. The rabeculag cameae are more
in number in this ventricle.

Dulbus aorticus

Pulmenary artery

Semilunar valve

Pulmonary vein

. . Lefi auricl
The great artery, the aorta leaves the lefl veniricle above ard closely relaled to the right and caudal i

o A Right ventricle
aspect of the pulmonary arlery. Like (he pulmonary ariery its opening is also guarded by semilunar

Modarator band
valves, : Inter veatricular sepium

The Iefl auriculo ventriculnr opening s guarded by two (bicuspid) valves which have similar
atachments like these of Iricuspids. These lwo cusps logether look like bishop’s mitre {cap) and
Iherelore, called mitral valves.

Auriculo ventricular valve

Chordae 1endinae

I'apillary muscle

Left vemricle

Intervemtricular septiom

This is sitaled in between the ventricles in a oblique manner. Its right ventricular surface is
convex and left surface is concave. From outside anlerior and posterior inlerventricular grooves
indicate its attachments with the ventricular walls.

Descending aoma Theracic aorta

Tl ¥ arierics

Brachiocephatic runk

Pulmonary veins Brachiocephalic trunk

———— e

. 1 ]
Caudal venacava Cranial venacava P ¥ artery

Right avricle

Pul ¥ veins

Crigin of lch
COTonary artery

Right atrium Semilunar valve

Pectinate muscles

Circymficx branch of
leit coronary antery

Righl coronary ariery Inter venurieular seplum

Left auricle

i Right venriele
Left auricule-

veatrcular valve

Papillary muscle

. Trabecelae carneae
Left ventricle

L = Right veniricle
Lelt venuricle v T .

'\ v Saglital sectlon of the hearl of vx {lelt halt),

1: \ —e !

Fip. 7.6 |

Fig. 7.5 Righi Jateral vicw of the hearl of ox,
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Arterial supply to the heart

The structwre of the hearl is moslly supplied by left and right coronary arterics. These may be
considered 25 vasa yasorum becaunse heart itself is derived from blood vessels,

Anatomically coronary arterics are nol end-arteries, althouph lunctionally they behave like cnd
arteries.

Left coronary artery [Fig. 1.8]

It is larger (han the right. It originates from the left side of the aortie sinus al the level of
semilurar valves. It passes between the left atrinm and (the pulmonary artery, reaches the
atrtoventricular groove and divides into descending and circumflex branches, The descending
branch goes down along the left longitudinal groove reaches the apical noich and make poor
anastomosis with the branches of the right coronary artery at the right longitudinal groove. The
circumflex branch winds round Ihe transverse groove caudally reaches the right longitudinal
groove and descends along it.

Righi coronary arlery

It is smaller and arises from the right side of the aortic sinus al the same level, It ravels along the
night part of the transverse groove and divides inlo a descending branch and a small caudal brevich,
The descending branch fravels along the fight longiludinal groove.

Ligamentum aricriosum

Pectinate muscle

Descending sora

Pulmonary artery
Pulmonacy vein
Caudal venacava
Scmitunar valve al the Viena hemi azygos
conuy aneriosus
Mitral valve
Wall of Ieft ventricle
Chordae Lendineae

Papillary muscles
Mederator bands of e ventricle

Caudal border of heart

Moderator band of right ventricle

Inlervenidcular seplum

Apex of the heant

Trabcoulae ameae

Fig- 2.7 Interior of heart of ox
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Both the right and lefl descending branches supply in interveatricular seplum, Separale seplal
arterics may arise dircclly from parent arleries.

Coronary veins

A number of veins drains the blood from the walls of the hearl Many small veins return blooi
from the wall of the right side and open into the right auricle at the coronary groove. The great
coromary vein receives (ribularies from the wall of both the veotricles and left atrium and join to
the coronary sinus. The middle coronary vein comes [rom the region of inlerveniricular septvm.

Nerve supply to the heart

The sympathetic Nber from cranial, middle and caudal cervical panglia and few thoracic
ganplia and parasympathelic fibers [rom vagus nerve form cardiac plexus 1o inncrvate the heart.
Stimulation of sympathelic nerves increase and the parasympathetic nerves decrease the heart
rale,

Structire of the heart

The structure of heart comprises of epicardium, myocardium, endocardium, Gbrous famework,
cardiac bones, vessels and nerves. Everything has already been mentioned except 1he endocardium .53
and myocardiun. &

Endocardiun lines the cavilics of heart and becomes conlinuoss with the internal tunic of the -3
vessels connected (o (he hearl. The valves are dedved by the folds of endecardivm.

Myocardium

The atrial muscle fibers are separated from those of ventricular fibres at the {ibrous ring of
the atrioventricotar groove. The alrial fibers aze of two sets—superficial and deep. The superficial

Oxigin of right coronary artery
Ongin al lefl corenary artery

Circumiflex branch of lefl
coronary arlery

Desoending branch of right
coronary arlery

coronary artery

Fig. 7.8 Coronary arleries
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fibers are common to both the atria. The decp fibers are arranged in the specific atrium in the
form of rings or in the fonn of loops.

The ventricular musculatere is thicker nd according to Leibel consists of three layers -
Superficial, Middie and Deep, The superficial fibess arise from the skeleton of the heart and undergo
a spiral course. Middle layer is the thickest, form a cylinder and presens a lower frec mazgin, Decp
layer fibers ascend al right angle o those of superficial laycr

The cardiae muscle and conduciion sysler of heari

A cardiac muscle fiber consists of 2 number of short cylindrical cells which are joined end to end
by intercalated dises and possesses side branches 1o connect willy (he adjacent fibers. A cardiag
muscle cell contains usually one centrally placed nucleus, far droplets, glycogen, golgi-apparaius,
myoltbrils and pigment granules. The intercalaled disc is composed of apposition of cells membrancs
of the muscle cells and some electron dense ynalerials.

The cardiac muscle cells are of Fouralypcs ~(a) ordinary cells, (b) nodal cells, (¢} transitional
cells and (d) purkinje cells. The last three
are the specially dilfereniiated cells and
form the conduetion system of hearl.

The S.A. node {pace maker) regulales
intrinsic rlythemic contractions of cardiac
. muscles. On the other hand the thythemicity
of pace maker in regulated by nerve impulses
from the autonomic nervous system.
However, it is 2156 to be noled thal the wave
of coniraclion is myogenic rather than
NELrogenic in origin due 10 the fact that in
Ihe cmbryo cardiac musele fibers slarts
rhythemic contraction before neeve fibers
. rcach the developing heart.

Opcning of

cranial venacava

inlercalaled diﬂ

Flg- 7.9 Cardiac muscle.

The nodal fibers which act ag pace-
maker of heart arc present in the SA node
and AV node. These [ibcrs are fusiform in

5A node shape and are profusely branched. The SA
nodeis situated in the right atrial wall, close
Rt airi - -
airim o the opening of anterior vena cava and
Opening of the AY .nodc s snlu:flcd_undcr the
coronary endocardium of right airtum in rhe lower
sinus

part of the inter-alria septum. Purkinje
fibers are present in the periphery of the
3A and AV nodes and along the terminal
branches of wo fasciculj of atrio-
veniricular bundle. The AV bundles remifies
under the endocardium as a plexus in the

ventricular wall and becomes continugus
Fig. 7.10 Conducting system af heart (Disgramaic), with oridinary myocardial fibers,

R venticle
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The impulse of contraction stars a1 the SA node, aclivates atrial muscelature and conveyed to the
AV node through internodal tracts, AV bundle, ils two fasciculi and purkinje fikers tmnsmit the impuise
from AV node 0 ventricular myocardium,

Heart of horse

L1t is situnted at the leve! of second intercostal space 1o 6th rib.

2. The basc is comparatively broader,

3. The surfaces are Matter in comparison to those of ox.

4. Cranial border is more convex and the caudal border is nearly verlical.

5. Apex is placed on the 7th sternebr.

6. Lefl and right longiludinal grooves do not mect logether,

Hearl of dog
1. Pericardium js attached to the stermal part of diaphragm by perieardiaco phrenic ligament.
2, Apex is blunt and rounded.
3. The ergan is phaced obliquely at the level between the third rib 10 sixth interchondral space.
4. The right and the left longitudinal grooves meet logether to the right of the apex,

Heart of pig

" L. The organ is comparatively small,
2.1t is broad and the apex is blunt.
3. The intermediate groove is small or absent,
4. Fossa ovalis is exlenstve.

3. Arch of aorta is strongly
curved and the lefi subelavian
artery and brachiocephalic trunk
arise separately from il.

Icart of rabbit
1. 1t is cenical in siape.

Pulmonary
veins

2. The sinus venosus and
lruteus arlerigsus arc not well
marked.

Lelt atrivm

Bicuspid valve

3. Lelt subclavian artery arises Teicuspid valye

Leil ventricle
separalely,

4. Arch of aora is strongly
curved,

Heart of fowl

I. Beartis placed at the midline
in the cranial part of he thoraco-

abdominal cavity, Flg. 711 Seetion of heacd {Disgramatlc) showlng NMow af blosd,

Semilunar valve




" oxygenated blood from lef
atrium and pumps it 1o the

- goria and its branches. Afler the
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2. Size is comparatively large,

3. Apex is placed between the eraninl parts of the 1wo lobes of liver.

4. Right auriculo ventricular valve is guarded by only one strong nwuscular feaf.
5. The AV valves are thick.

Pulmenary circalation

The branches of pulmonary artery accompany the branches of bronchial tree. Finally the
capillaries derived from arterioles of the pulmonary arterics enclosc the ajr spaces, as the
breachioles finally end as alveoli. From the capillarics venous bloed returns through venous tree.

Pulmenary trunk

This is very short ariery leaves the hearl at the conus artericsus al the base of the right
ventricle between the appendices of right and left atria. It eourses dersally and caudally along the
left side of the apria, reaches (he caudoveniral aspect of descending zorta and divides into lefl
and right branches. A lillle before its bifurcation inte the left and right pulmonary arteries, the
common pulmonary truek is connecied to the descending aorta by a fibrous cord known as
ligamentum arteriosum, the remnant of the doclus arteriosus of foelal life,

The right pulmonary artery is longer and broader than the left, I passes caudally under the

 bifurcalion of trachea and above the right atdum, reaches the hilum of right Tung and enters it

below the right bronchus. The Ieft pulmenary ariery is sher, passcs caudally and entezs the

B hilem of left Tung below the Jefl bronchus,

Systeric cireulation

A sel of veins bring cxygenated blood 1o the lefl atrum. Thesc are (he pulmoenary veins, The
lefi  ventricle  receives

remotest capillaries through the P 5K I B

exchanges of  nulritive
malerials, oxygen, CO, and
waste products wilh Lhe ti§sucs, Endothelivm  Easic lugins
finally blood returms Lo the right |1 | )
alrium of heart through venules, Tuniea intima
veins, cranial and caudal vena
cava, From righl atrium
deoxygenated blood goes o right venliricte, The right venlricle pumps the blood to the lungs
through pulmonary arlery. In the lungs the blood in reoxygenated and relurns to the lell airium
of keart,

Tunica media Tunica adventitin

Fig. 7.12 Structure of an arlery schematlc.

Siracture of arteries and veins
The arterial wall is composed of (1) Tunica intima, (2) Tunica media and {3) Tunica adventitia,

The tunica intima consisis of (a) an endothelial lining of the Tumen of the vessel, (b) a
delicate laycr of connective tissue (basal lamina) and {c) inlernal elastic laming.

ANGIOLOGY 307

R
RS Ay

Fipg. 7.13 Systemic circulalion {schemallc).

The tunica media consists of smeoth muscle cells with the varying amount of collagenous and
clastic lissue. The muscle fibers are arranged in circular or in spirl manner.

The tuniea adventitia consists of (a) external clastic lamina and (b} conneclive lissue.

The venous wall is also composed of ali the three layers but is much thiner duc 1o rcduction_of
muscutar and elasiic tissue components and lack of limiling membranes. Most of the veins exeepring
the trunk veins are provided with valve. These valves are formed by infolding of Lunica intima.

SYSTEMIC ARTERIES

The [ollowing lerms are often encounlered at the lime of studying this chapler.
Muscular branch-—These arteries supply blood 1o muscles.
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Anastomosis—Communications between blood vessels are known as anas tonroses, They may
be of lollowing Lypes :

Qcelpital

a) Inter-arierial anastomesis — This is a comnurication belween adjacent arterias,

b) Arlcrio-venous anastomosis (AVA) - Here the arterioles eommunicale with vemslcs. They are
found ac the up of nose, lips, finger lips, eys lids, cle.

External caratid

Collateral branches—These are the branches whicl: arise from any artery before its lermination,

End arteries—Most of the arteries anasiomose with one another at the capillary and precapillary
levels. End arlerics are those which do not form any pre-capillary snastomasis. An obstruction of the
cnd artery produces local death of the tssue, End arleries are found in central artery of retina,
cercbral arteries, splenic arlery renal anery, ele,

Carolid sinus
Bicarotid

Yesa vasorum—{hese are the vessels for ihick blood vessels. Minute blood vessels supply nutrilion i
te the Lunica adventitia and outer part of (unica media, The arterial blood is derived [rom the branch '
of the same vessel or from neighbouring artery. The venous bleod drains into the veins which
accompany the arlery,

Brachiol nriery

Ulnar

Tnternal carolie
Radial

Axillary ¢lefe)

|

Right common carotid

This great arterial lrunk originates at the base of the lefl ventricle and ascends between the pulmonary -=%
artery on the left and right awrium on the right. This begining portion is called ascending aoria. :
The ascending aoria inclines backward afier forming a sharp curve, the aertic arch. From the -, &
arch the vessel continues caudatly along the dorsal aspeet of the thoracic abdominal and pelvic
cavilies a5 descending aorta, It is also sometimes called caudal norla.

Brachiocephalic trunk

Caudal vena eava

Just al the begining, i.e., closc to the seimilunar valves, the walt of the aorta is dilated in the form y
of bulbus swelling, known as aortie sinus or bulbus aorticus, The lelt and ight coronary aneries -
originate from the corresponding sides of the bulbus, g

Esophagial

Celiac

Dorsal intcreaosials
Cranial mesenteric

Brachiocephalic trunk

This vessels originates from the aorlic arch at the level of 4(h rib and proceeds cranially, As it is a
very lacge vessel and originates in the form of bifurcation of the main aorla, semetimes relemred as
anlerior aorta, ’

The brachiocephalic trunk leaves the pericardium and passes forward in (he ecanial mediastinum.
Tt is related dersally 1o the trachea and Taierally to the vagus and phrenic nerve a1 the lefi side and
anterior venaeava at the right side. It detaches the Ieft axillary (subclavian) artery at the level of
second intercosial space and the right axillary artery at the level of first rib and continues as bicarotid
trunk. In dogs and pigs the lelt axillary attery anises directly from the aertic arch and thercfore not
detached from brachiocephalic trunk. The right axitlary artery, however, arises from the bachio
cephalic tnmk. [Fig. 7.15]

Afler a short course of about 4 ¢m, close lo the thoracic inlet and ventral 10 the wachea the :
| bicarotid trunk bifurcmes into Jefl and right common carolid arleries,

Renal

Testicularfovarian
Dorsal
melararsal

Coudal mesenteric

Cranial tibial

ig, 7.14 Dlogrom of Arterful system in cow {vnly mnjor vessels arc shown).

Mediun sacral

Inicrmal iliag

Ext, iliac (lef)

COMMON CAROTIDARTERY .

Deep circumflex itine

Exr, |liac
(right)
Drecp
femoral
Femoral
arcery

L ! The artery passes forward and upward in the neck in company wilh the vage-sympathetic tunk
i and a small internal jugular vein in 2 common fibrous covering, called carotid sireath, The right one |
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Right oxillary arlcry

Borsal intercostal arterics

Right common caretid

Pulinonary artery
Lzfr commen carotid

Dicarmid trunk

Left axillary anery

Laft ventricle

OX and HORSE TYPE

Right axillary artery

= Darsa] inlereosial
/] arleries

. Pulmenary artery
Brachio cephalic trunk

Lefv axillary artery

DOG and I'IG TYTE

Fip. .15 Patrern of orlgin of oxillary (Subelavian} arieries.

crosses the laleral aspect of Ihe Imchea and the leftene passes along the lateral aspect of the oesophagus,
They reach 10 the superior face of wrachea at the comesponding side al the middle of 1he :n:l:.k .:m(l
mainlain this relation up to their teaminations at the level of the digastricus where cach of them divides
imo external caretid and internal carotid arlerics. Al the lerminalion it {s related 10 parolid and
mandibular gland externally and esophagus and lymph glands internzlly. The collateral branch are {a}
teachial, (b} esophageal, (¢) muscular, {d) caudal thyroid, (e} cranial thyroid, () laryngeal and (g}
pharyngeal, .
(a) Tracheal and (b) ocsophagial branches are small and iheir origins are alse variable. Cervical
lymph nodes gel supply Irom branches of these vesscls.
{c) Muscular brunches are few in number, These arlerics are small and are distibuted 1o 1the muscles
of inferior cervical group.
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{d) Caudal (hyroid is a slender vessel and inconsiant, Tt supplics 10 the caudal part of the (hyroid
gland.

(¢) Cranial thyroid artery originates from Lhe carotid artery close to (he pland, gives twe branches lo

it and divides inta few branches 1o supply pharynx, cricothyroideus muscles and caudal part of
the larynx.

(f) Laryngeal branch supplies the cranial part of Jarynx.
(g} Fharyngeal branch remifies (o the pharyns.

" Internal carolid arlery

Ttis detached from the common carotid at the level of larynx. This is a slender vessel and enters
the cranial cavily threugh jugular foramen in prenatal life. In adult life the pant outside the cranium
degencrates,

Rust after origin it gives off ils main branch — the occipila] arery.

Occipital artery—It ascends towards the bula tympany and gives ofl the following branches.
(2} Palatine artery—Tis vesse] goes downward and forward to suppl); the soft palate.

(b} Stylomastoid artery—It enters the slylomasloid fommes and supplics the middle ear.

(c) Middle meningeal ariery—It enters the cranial cavily lhrough jupalar foramen.

(d) Candal meningeal branch—il passes up 1a the occipilal bone and remifies locally.

e} Condyloid artery—Itis a very small branch and supplics the caudal aspeel of the oecipital condyle.

Carolid sinus

Semetimes a little dilatation is observed at the point of common origin of internal carotid and
occipital areries from the dorsal aspect of the common carotid artery. This is the carotid sinus. The
wall of the sinus is comparatively thin and conlains large number of sensory nerve cndings. This
sinus acls as barorceeptor.

External carolid arlery

Aclually extemal carolid artery is the direct conlinuation of the common carotid ariery. It courses =%

cranio-dorsally and then along the caudal border of the ramus of the mandible, reaches below Lhe
temporo mandibular joint, detaches the superficial temporal vessel and continues as maxillary artery.
On the way it gives off following branches.

I. Linguafacial arters— This is a large vessel gives off branches o parolid and mandibular salivary
glands and divides into lingual and facial branches :

(a) Lingual artery—It sometimes originates scparaiely [rom the carotid artery, passes forward along
the extrinsic museles of the tongue and travels along the tateral surface of the genioglossus
muscle, enlers the tongue and remifies within the organ.

(b) Facial artery—Afler the origin it gocs little downward and forward between the mandibular gland
and digastricus muscle and reaches in front of the angle of (he lower jaw. Here il gels the company
of the corresponding vein, duct of the parotid salivary gland, veniral buccal branch of seventh
eranial nerve and courses along the eranial border of massaler musele. The arlery passes o the
ventral aspect of the upper jaw, continues further forward and terminates at the laterat aspect of
the nose. Tt gives off submental artery a the ventral border of the mandible, mandibular Jabial

VA-11
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anery lowards the buccinator and maxillary labial artery lowards the depressor fabii maxillaris
muscle.

2. Caudal aurienlar artery—This vessel ori ginates from the caudal aspcél of the parent trunk,

passes dorsally towards the temporal area under the parotid gland and remifies around the base of the
€ar.

3. Masseteric arfery—Itis a slender branch courses anteroventrally to supply the massater muscle,

4. Superficial temporal arfery—1It originates from the dorsal curvature of the extemal carotid, a
litle above the erigin of the candal auricular artery and under the cover of the parotid gland, 11
ascends towards Ihe temporomandibular articulation and lerminates by bifurcating into the Iacrimal
and cornual branches. [is collateral branches are as follows ;

(a) Transverse facial artery—Il courses anleroventrally 1o supply the massater.

(b) Cranial auricular artery—1I1 passes backward, gives branches 1o parotid gland and supplics o
the external ear. Tt also gives meningeal branches after passing through termporal canal.

(€} Palpebral arteries are 1wo and supply the coresponding superior and inferior eyelids.

Lacrimal artery—This is one of the terminal branches passes to the lacrimal £land and
anastomeses with (he similar artery of the ophthalmic rete,

Cornnal arfery—This terminal branch courses along the lateral surface of the base of the

horm, supplies the hom core and anastomoses with the artery of 1he opposile side behind the
S - frontal tuberosity,
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Fig- 7.16 Disposltlon of carolld atlery with Its main branches (Diagrammalje},
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Muxillary artery

The extemnal carolid artery continues as maxillazy artery after the orgin of supetficial iemporal
branch. It ascends anteriorly through the plecygopalatine fossa and ullimately divides into two terminal
(infta arbital and descending palatine) branches,

On its course the maxillary artery gives off lollowing branches

L. Mandibulo alveslor artery—It ori ginates caudal to the plerypaideus Iteralis muscle, goes
downward and forward defaches a small muscular branch and cniers into the mandibular canal,
Inside the canal it gives off inferior dental branches to the lecth and comes oul of the ecanal as mental

artery to supply Lhe chin.

2. Prerygoid artery—This small vessel arises close o mandibulo alveolar arlery and remifics in the .
plerypoidus medialis muscle, '

3. Deep temporal artery—It ascends from the dorsal aspeet of the parent vessel and becomes
distribuled at the lemporl region, On the way it gives off massetcric branch,

4. Buccal artery—It originates from the anlerior surface of the maxillary aniery. It poes downward
and ferward and divides into severl branches 1o supply buccinalor, masseter, plerygaidus and depressor
labii muscles,
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5. Rete arteries (rosiral ond distal J—These are dorsally directed smail arleries arise from the
maxiilary vessclalitle before its division inta lerminal branches. There are two groups of vesscls
- anterior and posterior, which enter the cranial cavity through loramen orbitorowndum and

foramen ovale respectively, These vessels join the epidurally situated arierial network at the base
of 1he skull.
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6. Ophihatic arrery—It oniginates al the level of foramen orbitorotundun. The vessel enters the
orbit at ils apex aller crossing the maxillary nerve laleratly and forms a vascular network - the
aplithalmic rete mirable, between extraocular muscles. From (he rete arises one vessel which goes
forward and upsward and forms {wo terminal branches. These are supraerbital artery and external
cthmoidal artery. The supraorbital branch passes through the supraorbital canal and remifes at the
fronlal region. Afler a very short course he exlernal ethmoidnl artery Ieaves (he orbit threugh ethmoidal
foramen and enters the cranial cavity. The collateral branches are lacrimal adtery, posterior cifiary
artery, central retinal artery periorbital artery and conjunctival artery,

1. Malar artery—It originates in common with inlraorbilal at the pierygopalatine fossa, reaches
the medial angle of the eyc afier passing through the orbital fossa and passes 2o the Iateral aspeel
of the facc. It gives a small branch 10 the nictitaling membrane and goes forward as dorsal nasal
vessel.

Descending palatine artery is one of the 1erminal branches of the maxillary artery at the
plerygopalatine fossa. 1L goes forward Lo supply sofl and hard palaies and the loor of the nasal
cavily. One of ils branches enters (he nasal cavity through sphenopalatine foramen and applics the
caudal part of the nasal cavily.

Infraorbital artery is the other Lerminal branch of the maxillary artery. It enters the maxillary
canal afong with infraorbital nerve, gives off branches of the teeth of the upper jaw and comes out
through infraorbital foramen. Afler its exit the vessel remilies 1o the uppes lip and the surrounding
arca.

AXILLARYARTERY (SUBCLAVIAN ARTERY)

The lefl axillary ariery arises from the brachiocephalic trunk opposite (o the second intercostal
space and the right one arises oppesite (o (he firsi rib. Each artery gives ol following intrathoracic
branches at their thoracic course and then leaves the thoracic cavity throwgh the thoraeic in Jet to be
continued as extra thoracic (axillary) artery,

- Intra thoracic part

At the begining both the arteries are close to each other and pass forward at the anterior mediastinal
space below the trachea, Subsequently the diverge from each ether and procecd wowards the thorcie
inlel,

1. Costocervical artery — It is common Irunk for dorsal, intercostal, deep cervical and vertcbral
arteries.

(a) Dorsel artery—Sometimes it originates commonly with intereosial artery. Tt aseends under the
serralus cervices, Lowards the anterior angle of seapula and remify to the upper paris of trapezius
and rhomboideus muscles. Frequently it delaches first intercostal anery,

(b} ercostal ariery—This vessel goes upward and backward and divides inte few branches 1o
form second to feurih intercostal arlerics, The first intercostal artery also sometimes
onginates from this vessel,

(¢} Deep cervical ariery—It s variable inils origin, 1| courses upward and lorward ut the level of Tth
cervical vertebra, reaches the dorsal and lateral aspect of the ncck and provides branches 1o
longissimus darsi, trapizivs, hombodius, serratus cervices, splenius and complex muscles.
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{d} Vertebral artery—As the continuation of the costocervical artery, this vessel passes forward
and enters the transverse canal through the foramen transversarium of 6th cervical veriebra,
At the level of each intervertebral foramen, it detaches a spinal artery for the spinal cord and
meninges. The spinal branches inside the spiral canal divide and join with the adjoining vessels
to form dorsat and ventral spinal arieries, The vertebral artery reaches the level between
second and third cervical vericbrae gives off anasiomolic branch to occipilal artery and
enlers the veriebral canal. Here it detaches a small branch which joins with condylar artery
and the main 1runk continues as descending branch. On the way it supplics branches 1o the
muscles of head and neck.

2, Superficial or inferior cervical artery — Tt originaies from the axillary artery at the level of
Ist rib. It passes downwaid and forward and divides into a number of branches 10 supply
prescapular and prepecloral lymph glands and brachiocephalicus, omotransversarins and
supraspinalus muoseles. ‘

3. Iuternal theracie artery — It anises from the axillary artery at the level of 1st rib, 2085
downward and backward to the thoracic face of sternum and wnder 1he transversus thorzcic
muscle. Near the 8ih costal cartilage it divides tnto (a) musculophrenic and (b} anlerior abdominal
(cranial epigastric) arterics. On the way this vessel detaches branches to the pericardium, thymus,
pleura, dinphragm and pectoral muscles. It gives off ventral inlercostal branches at each intercostal

space. These arteries go upward and anastomoses wilh the respective dorsal intercostal arterles. --
Musculophrenic arlery passes backward and upward, detaches ventral primary branches and |

supplics 10 the diaphragm ard Lransversus abdominalis muscle.

The anlerior abdominal artery courses along the floor of the abdominal cavity by catering in 3
1he rectus abdominalis muscle. It gives few branches to the vertra! abdeminal wnll and ultimately RE

its finer branches anasiomose with the poslerior abdominal arlery,

Exira thoracic part

The axillary artery afier giving off the intra-thoracie branches leaves the thoracic cavily by -

curving round the anteriar border of the first riv. It reaches the medial aspcet of the shoulder by
passing between median and ulnar nerves of brachial plexus. It continues along the disial part of
teres major and subscapular muscle as brachial artcry. This arery accompanics the median
nerve passes downward at the medial surface of the elbow joint under the inscriion of biceps
brachii and in front of pronater ieres, gives off common intcrosseous arlery at the level of
proximal inlerosscous space between radius and ulna and continue as median arlery. Il gives off
following branches

1. External theracic artery

Tt arises from the axillary actery close to the first rib, goes downward and becomes distribuled
to pectoral, biceps brachii and brachineephalicus muscles.

2. Suprascapular artery

T is 2 small vessel goes upward and supplics supraspinatous muscle and 1o the medial aspect
of the shonlder joint,
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3. Subscapular artery

Itis a large vessel eriginates from the dorsal aspeel of the main artery al the angular junction
between the axillary and brachial part, It goes upward and backward beween subscapularis and teres
major and along the posterior border of scapula, Tt supplies subscapular, tezes major, leres minor,
deltoid and infraspinatus muscles and gives off thoraco-dorsal and posterior ciccumMex humeral
artezies. 1 provides a outrdent arlery 1o scapula,

(@) Thoraco-dorsal arlery accompanies thoraco-dorsal nerve and finally ramifics in (he latissimus
dorsi muscle. On the way i supplizs teres major and subscapular muscles.

(b) Posterior circumflex hmoral—Somelimes it directly origirates from the axillacy artery. This
vessel passes lateral to the shoulder jeint and divides into one upper and one lower branch. The

upper one supplics the deltoid, triceps, brachialis, teres minor and the Jower one gives nulrient
arery to the humerous. This aricry remifies at (he lateral aspeet of arm and forearm,

4. Anterior circumflex umeral artery

This is a small vesse? arises from the anterior aspect of the brachial artery, gocs forward and
supplies corcobmehialis and biceps brachii muscles. Tt also gives branches 1o the medial aspect of

the shoulder joinl.

5. Deep brachial astery

It originates from the posterior aspect of the braclial ariecy gaes backward and supplics to the
triceps muscle, It somclimes anastomoses with collaleral ulnar antery,

6. Collateral ulnar artery
Al the level of the olecrmon process and close to the medial condyle of humerus, this artery

- originates from the postericr aspecl of the brachial artery. Somelimes more than onc vessels are scen,
“ It divides into an ascending and a descending branch, Ascending artery supplics the lower end of

triceps, biceps brachii and upper cnd of llexor muscles. The descending vessel supplies pecioral

S mescle, skin and may anastemose with ene branch of proximal interosseos arery.

7. Transverse cubital arlery

Itis a small artery arises from the anicrior aspect of the brachial artery at the (evel of clbow joinl.

It divides into aa ascending and a descending branch to supply biceps brachii and the upper ends of
catensor muscles,

8. Common interosseons artery

Tis 2 large vessel detached from the parent arery at the level of proximal inlerossrous space, It
Eives ofl branches to (ke proximal ends of flexor muscles, passes through the proximal interosseous
space and conlinues as anterior inlerosseous artery along the groove belween radius and ulna, On the
way it gives branches to the extensor teuscles of fore arm. The vessel at the level of disial
interosseous space delaches a posterior branch and conlinues downward and helps in the formation
of anterior carpal rete, The posterior branch which was given off at the level of disial interosscous
Space, goes backward through this space and then gaes downward contributes in (he formation
of posterior carpal rete. This vessel then continues further downward and rakes part in the
formation of proximal planter arch. The Flanter arch is formed belween the posterior surface of

the metacarpal bone and anicrior surface of the suspensory ligament, It then continues as Jateral
volar digital artery.

ANGIOLOGY
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Flg- 7.17 Dispositlon of right axlllary artery {Schematic).
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surface of the metacarpal bone, forms superficial planter arch and finalty conlinues as medial valar
digital ariery. The radial artery contributes branches to posterior and anteiror carpal rete. One branch
of this artery passes theough the protimal foramina of melacarpal, reaches Uie anterdor surface of the
bone and joins the anterior rets, From this area one arlery originates and passes along the znterior
greove and cantinues as dorsal metacarpal artery ar the metacarpal region and as dersal common
digital artery below fellock joinl. The common digita) divides into two proper di eital arterics,

s

el

Ulnar artery

artery

ILis the main continvation of the median artery. It descends down under e flexor carpi radialis,
croscses the posterior aspect of the carpus and then conlinues further dowa Lo the metacarpad region
and ultimately forms roler common digital ariery. Atthe distal part of the melacarpus, it gives off a
vessel which passes through the disial foramina and unile with (he dorsal metacarpal anery, is known
as perforating branch. The volar commeon digital artery divides inlo two velar proper digital arterics
at he level of the distal part of first phaianx.

Inler osseaus

Anterior carpal rele

J+— Ulnar

DESCENDING AORTA

This is a very large voluminous and (hick walled tube which begins from the level of 4th thoracic
vertebra and extends backward through the thoracic and abdominal cavilies. Al the begining il goes -3
upward and backward and thereby forms the arch of aorfa. Here it is inclined slighly towards left, .
graduaily becomes narrow, passes between the lungs atong the ventral surface of the bodies of veriebra -
and reaches the median position at the hiatus aorticus and enters the abdorninal eavily,

Posterior carpal ric 1 Y Dersal melacacpal

Proximal planier arch

Dogsal common digital ; . . ) . L T
The thoracic portion of descending aoria is known as thoracic arota, The leflt surface of the aortic
archis relaled to left lung, pulmonary artery, lefi vagus and venahemiazygos. Lignmentum arteriosum, &
the remnent of ducts arteriosus conneets the pulmonary artery and 1horacic aorta just ahove the base .
of the heart at the left side. The right face of the arch s related lo cesophagus and terminal part of -
Lateral volar digital (from trachea, In the posterior mediastinum it is refated to both the mediastinal surfaccs of Iungs. Iis terminal
Tnteresseousy part is relaled to the bodies of last few thoracic verlebrae, t gives off following branches :

Dorsal proper digital
Medial volar digital
{(rom radial)

Volar comman digital (from wlnar)

1. Brenchial arterp—Itis a small vessel eriginates from the ventral wall of the aonaal the level of .
s the 6th thoracic verichr, It divides into left and i ght branches to enter the corresponding lung. These
vessels accompany beanches and sub-branches of bronchi,

Volar proper distal

Fig- 718 Dispeslifon of rlght aaillary arlery (Schematic) after elbow. 2. Esophageal arterp—Tt originates from the ventral wall of the aontic arch and divides into cranjal

. and caudal branches to supply (he corresponding portions of oesophagus. 1L gives branches to (he
Median artery mediaslinal lymph rodes and pericardium,
Itis the distal continuation of brachial anery after it delaches the interosseous artery. 1t passes

! 3. Intercostal arteries—Ou of the 12 pairs of intercostal arlerics, last 9 pairs originate dirccily
downward alang the posteromedial aspect of the radius along with median nerve and divides into

from the dorsal wall of the thoracic zorta. First three pairs arise from the correspending costoceryical

Radial and Ulnzr arlerics. (branch of axiMary) arteries.

Radial arte Each intercostal artery ascends dorsally, reaches the caudal border of the proximal end of Lhe
fac artery corresponding ribs, gives ofT a dorsal branch and contines downward along the inlercostal space and
It goes along the posteromedial aspect of the radius and reaches the posterior surface of the ullimately anasiomoses with cormesponding veniral inlcrcostal arlery. On the way it supplies to the

carpus and continues as volar mediat metacarpal artcry. This vesscl al the distal part and posierior intercostal muscle plewra and ribs. The dorsal branch divides into (a} muscular branch for the local
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Fig. 7.19 Orpans In the thorax {Lunga removed),

Muscles and {b) spinal branch, which enters the spinal canal through intervertchral foramen, supplies
 Meninges and anastomoses wilh the venteal spinal artery,

4 Phrenic arteries—Thesc arc [ew small vesscls originale from the ventral aspect of the aorta
€lose (0 the hiatus aorticus and supply the diaphragmalie crura, '

ABDOMINALAORTA

The abdominat part of 1he aerla is known as abdeminal aoma. It exiends [rom hialus aomicus,
Passes below the bodies of lumbar vertebrae, sublumbar muscles, ventral common veriebeal ligaments
and terminates below 5th or 6th Tumbar vertebra by dividing into lwo external and (wo internal iliac
arteris, However, this abdominal 2ora continues in the sacrocaudal region as median sacral artery. Tt
detaches ihe following branches *

L. Celiar arfery — It is a short but thick vessel (6 1o 10 cm) eriginates from the abdominal aorta
Ust aflier iis entry inlo the abdominal cavily. It is related (o the pancreas and rumen at the left and the
fight erus of diaphragm and caudal venacava at the right side. The celiac artery gives off a number of
branches for difterent organs. The level of origin is 1st lumbar vertebra,

(@) Phrenic artery—Itis a small vessel originates from the celize ariery and supplies the diaphragm.
Sometimes there may be two arteries one for cach crus of diaphragm.

Jus
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(b) Splenic arterp—Itis also a slender vessel and generally criginales in common with righl uminal
areery. Tt passes cranially, crosses the dorsal surface of rmen, reaches the lelt side and enlers (he
hilus of the splcen.

(c} Right ruminal artery—Itis a large vessel descends caudally along the ight ramina] groove, lraverses

he caudal groove, reaches the lefi side of the rumen and anastomoses with the left raminal artery.

On the way it gives off branches to the dorsal and ventral sacs of the rumen and pancreas.

(d) Left ruminal artery—It descends cranially, passes along the right surface of the cranial partof the
rumen, traverse the cranial groove and then Lhe left longiludinal groove and anastomeses with the
righl ruminal artery. Its branches supply the reticulum and cranial part of the rumcn.

(e} Hepatic artery—Itis given off from the eeliac artery at the right side when it passes lhe venacava.
1 gives off a number of branches as follows :

{i} Pancreatic branch for pancreas,

{ii) Cystic branch for galt bladder,

(iii} Right hepatic for right part of liver.

{iv} LefL hepatic branch for lefi par of the liver. One vesse) {right gastric) originates [rom the
feft branch which passes in the lesser omentum along the lesser curvature and anaslomoses
with lell gastric artery.

(v} Gaslroducdenal artery—It divides into pancneato duodenal and right gastrocpiplios branchies
for pancreas, ducdenuin and abomasum respectively. This artery passes downward and
forward along the greater curvatare of abomasum and anastomoses with the left pastroepigloic
arlery.

{f) Lefi gastriciomasoabomasat artery-—ILis the contimeation of the celiac artery. It descends craninlly
to the lesser curvature of omasums and detaches the Teft gasiro epiploic artery. The parent artery
passes caudally, reaches the lesser curvature of the abomasum and anastomeses with one branch
of (he hepalic artery, The lelt gastroecpiploic artery descends between omasum and rumen in

front, reaches the greater curvature of the abomasum and anastomoses with right gastro epiploic - »

arlery.

. Celiac artery
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Flg. 7.20 Dranches of celiac avtery.

2. Cranial mesenteric artery — Il oniginates behind cclinc, descends between pancreas and caudal
venacava and then passes behind transverse colon and ramifies in the mesentery to supply most of
the parts of inlestine, Tts branches are (3} pancrealic, (b middle colic, {¢) ileocolic, (d) collateral and
(¢} jejunal arteries zccording 10 their aren of distrbution.

3. Renal arteries — These are (wo, onc for each kidney. Right one originales a1 the level of 2nd
lumbar vericbra, crosses the dorsal surface of the posterior venacava, passes lateraily and enlers Lhe
hilus of the right kidney. The left vesscl is longer than right. It criginates further bebind, passes
crnially and ventrally 1o enter the hilus of the lelt kidney.

Inside the kidneys each of the renal aneries divide into loba, interlobar, arcuate, inter-'obular and
finally affarent glomerutar aneries.

4. Testicular/Overian arteries (right and {efl) — These vessels in the male are called testicular
arteries and in the Jemale are lermed as overan aneries according to their supply,

Each testicular artery criginales from the venteal aspecl of the 2ora close Lo the origin of caudal
mescnleric artery. It descends downward and backward, traverses along the lateral wall of the pelvic
<avily and reach the inguinal canal. Here it becomes included within the spermatic cord and supplics
the tunica vaginalis, vas, cpididymis and testis.

ANGIOLOGY Y]

Ovarian aricry (cranial ulerine artery) originates in a similar manner, deseends downward
pusses along the free border of the broad ligament and divides to supply the ovary and fallopian
nbe,

5. Lumbar arieries — Out of the six pairs ef lumbar arerics, st five pairs originate from the
abdominal aorta and the last pair from the corresponding inlcrnal iliac ancries. Their course and
distribulion paltern are almest similar 1o that of intercostal arterics, The ventral branches supply the
abdominal wall,

6. Candal mesenteric artery — 11 originates from t(he abdominal aoria at the level of 5th Jumbar
vertebra. IL divides inlo a cranjal colic branch and a caudal rectal branch to supply Ihe celon and
reclum respectively.

Exlernal ilize (right) Internal iliag (right)

Testicolar f ovarian
(Tefy

Renal Caudal mesenteric

Conlinualion of
Internal Hiae

Celiag

Median sacrl

Cranial ) Ureleric

mescRicnc |
Iliomuscular

Cranial gluteal

Urogenital

/gg?/f

v i
i

Middle uterine

Dorsal anery of
penis

Differemial

Vesicular

Owarian

Testicular

Fig. 7.21 Branches of abdomlnal aorta {Schemalie Male ond Female comblned).
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MEDIAN SACRALARTERY

It is the continuation of the abdaminal aora after the detachment of cxtemal and internal ihac
arteries. It passes backward at the ventral surface of the sacromand then along the veniral surfaces of
all the caudal veriebrae, On the way il detaches paired sacral aricries. These sacral arlerics pass
through ventral sacr2l foramina and Supply the meninges and then pass through darsal sacral foraming
tothe muscles of the dorsat watl of the pelvic cavity. The parcnt artery couarses the whole lenpth of the
Iail along the ventral surface of the bodics of the caugal veriebrae, In between the caudal veriebrae (he
median sacral artery releases paired vesscls on eilher side, each of which divides into dersal and
ventral branches and form dorsolaleral caudal and ventrolateral caudal arieries. These vessels also
extend along (he whole length of the 1ail.

INTERNALILIACARTERY

These large paired arteries supply the pelvic viscera and the pelvie wall. They originate close to the
external jliac ancries at the lermination of the aorta below 5th or 6th lumbar verichra. Each vesscl
descends in a backward direction on the intemal surface of the sacrosciatic ligament and finally
divides into caudal gluteal and internal pudendal areries at the level of lesser sciatic foramen. Its
collateral branches are as lollows :

L. Unibilical artery—This is a very polentartery al the foetal siage, Alter birth it becomes obliteraed
2t the end and transforms into the round li gament of bladder. 1 gives olf

{a) Ureleric branch (o ureter,
{b) Vesteular braneh 1o the eranial parl of bladder and

(¢} Ulerine branch (middle uterine artery) to the hom and body of the uteras in the female
and deferenlial branch to the ducllus deferens in the male.

2. Hiomusesdar artery—This small vessel su pplies the iliacus and psoas major muscles. Somelimes
6th lumbar venebral arery originates from ji.

3. Cranial glitenl artery—Occasionally this arery originales in common with iliolumber at the
level of superior ischialic spine, It leaves the pelvic cavily hrough greater scialic foramen and suppiics
the museles of the hip.

4. Urogenitat artery—11 originates from the ventral aspec! of the iniernal iline a1 the level of ischiatic
spinc. In male its branches supply 10 the bladder, vas, seminal vesicle and pelvie part of urethira. In
female its branches supply the uterus (caudal uterine artery}, bladder urethra and vestibule,

5. Obturator arteries—These are small and inconstant vessels, supply the obturator externus and
internes moscles,

6. Condat gliteal artery—IL leaves he pelvie cavily throu gh lesser sciatic foramen after the or gin
and remifies in biceps femoris and middle glutcus muscles,

1. Internal pudendar ariery-—Itis one of the terminal branch of the internal ilie arery. It gives
branches lo the muscles of perinium, reclum, oblurator cxlemus {mira pelvic part), bulb of the penis
and in case of male continues as dorsa) arlery of penis after detaching deep artery of penis. The
latier supplies the corpus covernosem Penis. The dorsal artery of the penis Passes along the dorsal
aspecl of the penis upta the plans.
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Inthe female this vessel after previding muscularand recial branches, supplies the vagina vestibule
and vulva, Tts lerminal continuation passes beyond ischial arch and ramilies in the cliloris.

EXTERNALILIACARTERY

This large vessel supplics blood 1o the hind limb. Below the 5th or 6th lumber veriebra, these
left and right arterics originate from the abdeminal aoria. Eacly artery passes downward and
backward uplo the cranial border of pubis and then continues as fomoral arlery through the
femoral canal with saphencus nerve in front and the femoral vein behind. The continuation of the
same artery below stifle joint is known as popliteal ariery. Beyond 1he proximal third of the tibia
iLis calfed cranfal fibial artery and below rarsus the same vessel is known as dorsal pedatl
arlery. It gives off following branches :

1. Deep circumflex iliae artery—This vosse] is delached from the external iline close to its origin
from the abdominal aorta. It divides into 2 eranial and a caudal branch 10 supply the abdomina
muscles, lensor faseia lata and craniolateral part of the guadriceps [emoral muscles,

2. Deep femoral artery—Ii ori ginates at the Jevel of ventrl margin of pelvic inlet, descends a little

and divides into (a) Pudende epigasirie and (b) Medial circumMex femoral arteries, The pudendo ..
epigastric artery again divdes inlo (i) External pudendal and (i) Posterior abdoning! (caudal -

cpigasiric) arlerics.

The external pudendal artery passes oul of the abdominal cavity through the inguinal canal and js

disinbuted in the local lymph nodes, scrotum and prepuce in the male. This artery continues as 5

mammary arlery in female. The caudal abdominal artery courses Ihrougl: abdominal muscles and
anaslomoses with cranial abdominal artery. The medial cireumflex [emoral arfery passcs backward,
and downward to supply the museles of the medial and pesierior aspect of thigh,

3. Laterad circumflex femoral arfery—It is also known as anicrior femoral arlery. Just afler the -

origin at the level of upper third of fermur it divides into an ascending and a descending branch and
supplies quadriceps femoris muscle,

4. Saphenons artery—This large vessel originates from the parent trunk &1 the middle of the Lhigh ‘

and courses distally along the anterior aspect of the calcaneal (Achielles) tendon, Behind the tarsus it
divides inlo (2) medial and (b) lateral planter arterics, The medial planier artery passes down the
posterior aspeet of the larsus, joins the proximal perforating branch of the dorsal pedal artery. Tt
forms proximal planter arch by joining with a branch of the lateral Planier artery on the proximal part
of the planier surface of the metatarsus,

The Inferal planter artery also descends down and at the distal third of the metatarsus. Bath the
planter aneries joint together 1o form distal planter arch, The distal perforaling artery arises from the
distal arch, passes through the distal metatarsal canal and Joins with the dorsal metatarsa) artery. The
Planter arteries continue ps digital arteries.

3. Genicudar artery—Nt arises at the distal third of thigh and supplies to sartorius, semimembranosus
and distal part of quadriceps femoris muscles,

6. Candal femoral ariery —This vessel originates from the femoral ariery, just above the stifle
joinL Ldivides inlo ascending branches and supplics 1o adductor, vasius intermediatus, gastrocacmins
and superficial digital flexor muscles,
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Medial cireumiles femoral

Deep circumflex iliag —

Femoral

{ateral circumfiex femoral |~ Cudendo epigasiric

Genicular
Posierior abdominal [~ Caudal femom]

Mammary [ Saphenuus

Serotal - [— Caudal tibial

Cranial tilial

Medial plapter
Dorsal pesdal Lateral planter
Proximal planier

arch
Dorsal melalarsal

. Distal planter arch
Dersal commen digital

Fig. .22 Branches of cxternal fliac artery (Schemalic),

Popliteal artery

It is the continuation of the femoral, passes between the two heads of gastrocnemius, then throu gh
popliteal region and divides into (@) cranial and (b) candal tibiat arteries, afler giving some branches 1o

biceps femoris and gasireenemius muscles, The caudal tibial artery is smalland supplies the poplilcus
and digitat Nlexor muscles.

The eramial fibial artery is large, passes down through the inlerosscous space 10 the anlerior
aspect of the tibiz and tarsus and conlinues os dorsal pedal arlery. It gives branches (o poplilcus,
semimembranosus and most of (he extensor muscles. The dorsal pedal artery gives few branches o
form tarsal rete in front of the fursal Joint and ar a lide below pives one perforating branch, which

communicaies with the proximal planier arch. It continues down on the metatarsal groove as dorsal
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melatarsal artery. This vessel gives off a dislal perforating branch, which also communicates with
the distal planier arch, The dorsal metalarsal artery descends down below fellock joint as dorsal
common digilal artery,

BLOOD SUPPLY TO THE BRAIN

The rete branches (rostral and distal) of maxillary ariery, Meningeal branch of occipital arlery and
cranial branches of veriebral arerics together form a fine vaseular network at the floor of the cranial
cavily around Lhe sella wrtica, known as Refe mirabile Cerebrale. The rostral and disial rete branches
of maxillary arfery and the meningeal branch of occipital artery enter the craniom through foramen
orbiterorundum, foramen evale and Jugular foramen respectively.
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Flg. 7.23 Arieclal supply 1o (he brajns.

From the superior aspect of the rete, emerge two arterial trunks {left and i ght) which pierce the
duramaler on ¢ither side of (he pituitary stalk. These are knowa as emergent arferies.
VA-22
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Each emergen artery immcdinlcly divides

1. Anterior Primary branch—Thig vessel
middle cerebral artery and conlinues pog

inte anterior ang posterior Primary branghes -

» Crosses the oplic et detaches the
o artery :

in [ront of (he pyriform
d supplies the lateral mass of cercbrum,

primary branch continues forward

lobe, The vesse] 8ains the Sylvian fissure ap,
(b) Anterior cerobrg artery—The anteripr
the front of oplic chiasma, come close 1o

backward ang inward, detaches
tanial nerve, Iy Passes [urther b
th eranig) nerve, reaches the

0 POSICrior cerehral
ackward detaches anlerioy

midline und Joins with the

to supply anterior par of cercbeltum,

(c} The basilar artery is formed in fron of the pons, |y Boes backward alang the venyry mcdian
Sroove and gives off 41 § collateral small branches at the ventral surface of Pons. Just in front of

COrpus trapizoidum j defaches pnslcdorccrcbc;‘larancries on cither side whic, supply the posterior

aspect of the cerebeifupm, The basitar arge longitudinat fissure ofthe

medulia oblongatg and spimal cord,

Circle of Willg of Circular arerigsys

The anterior cerebral arteries with their anastomosis jn front and the formation of basilar artery by
the vnion of terminal vessels of posterior primary branches behing, make a vaseujar cirel at the
interpeduncular fossa at the base of the brain in the subarachnojd space is popularly known as cirgle
tlising pressure jn arteries of lwo sides. also helps in maintaining blaod

supply 1o dilferent Parts of brain in case of obslruction of main artery of ong side,
Venous drainage of brain—The veipg of the brain are thin
these veing drajy into dural Yenous sipuses alierpicreing the arach

These are threp sels of vejng - (3) from cerchry) hemispher
cerebellum,

walled and devoig of valves, Most of
noid and meningeal layer of, duramaier,
€ (b) from brajp Stem and (c) from

arrier—The light junction belween (he crdothelial cells of eapillarics and the foot

od and brain tisgye which does noi

FETALCIRC ULATION

The umbilical vein camying placenta {oxygenated) blood, enters the
umbilicus ang|

abdomen of he fetus af the
Elers the Jiver. At ihe carly

Part of embryonie life (wo umnbilical veins gre present.,
Later only the left veip PErSists. 1 then joins the portal vein, hepatic vein ang finally opens inig the

abdominal yenacaya through duciys venosus, The blood s then conveyed ta he right atrium, Through
the foramen svale maximum bjgag PASSEs inlg the [ef; atrium ang thereby 10 1he left ventriels, The
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foranien ovale closes a1 birth, Through the aorta most of the blocd 2o¢s 1o lh;lhc?jd nlnd forlnlz l{I]T;T
i i urns thr
5 i bdominal aoria. From the crinial aspec! blood re
and a small amounl passes into the a : .
anterior venacava o ¢ ri ghtatriem. This blood aleng with o small amount of b].ood from the nf}dor;:g:ll
venacava passes into the right ventricle. The right ventricular blood gocs: via pulmonarydlrunmnn
nslead of going 1o the inactive fetal lungs most of the amount passes inte the descending

I i ind li he
thzough the aorta, passes backward, supplics to some exlent to the .wlsccm an_d hind limbs and
maximum ameunt finally passes out to the Placenia through (he nmbilical arterics.

Duclus arteriosus

Right vemeicle

Urmbitical anerivs
Left ventricle

Yolk sac Developing

porial vein

U:ﬁbilicn] cord

Placenta

L

Fig. 7.24 Feial clreulallon (Schemalije).

VEINS

From different tissues of (he body the sysiemic veins drajn bluod. lo th.a hcanl.lMosl ofllﬁfc»;;n‘:
cxcept the eranial and candal Venacava contains a series of valves (bICIJ.'.CpId) wh.]c h clanlro oo
of bleod in one direction, i.e., towards heart, In the portal sysicin of veins nnd 1}1; pu clc:-r;zry rﬁcjal,
the valves are noi present. Majorily of the Iributaries of veing nccmn.pnny arterics. o}vcrc ! ,f:comm
veins which make ne(work under the skin do not accompany arlcrl:cs. Therclore, only Cw imp
venous disiributions which undzrgo independent course will be discussed here,

Cranial venous sinus

i i i i . The

The upper edge of falx cerehy accommodales Lhe superior sagiual s?‘mus.nlong.rjts lcngll;dzlls

lower edge accommodales the inferior sagittal sinus, The [enloriun:l cerebellj on cithersi ]r;'ac[;zT[mighl
the left and right transverse sinuses. At the juncrion of falx cerebri and lentorium cerebe i
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sinus 3s sitvaled. It receives great cerebral vein 2t ls anlerior cnd. The czvernous sinus s sifuated on

l'.'.ilhf.:l’ Sid.g of the body_of sphenoid bone, It is spongy in appearance. It is connccted with (he superior
and inferior petrosat sinuscs which are situated a1 the cortesponding <dge of the temporal bone

Inlernal jugular yein '

. It bn'nlgs blood rrlom all the veins of the cranial cavily, exiends from the jugular foramen pets
]ncludcd in the carotid sheath with the carolid arlery and vagus nerve and finally joins the exiernal
Jugular vein. However controversy is Lhere regarding the termization of intemnal jugular vein,

Exlernal Jugular vein

I.[ is a lnrge vessel formed by the union of superficial temporal and maxillary veins below and
behind the tempero-maxillary articulation. It drains blood from the superficial aspect of head and
ncck._Al the begining it is covered by parotid gland. At the neck it is lodged in a [urrow behween
!Jmchmccph:l]icus muscle 2bove and slermomaxilaries muscle below, In front of the thoracic inlet the
mtlcn?all and external jugular veins of each side join o form common jugular vein. The common jugular
vein jeins the axillary vein and forms the jugular confluent [rom where cranial venacava inilialcs.‘

The porial vein

\ The 1ributaries of (his large vein receive the products of digestion, absorbed by the capillaries at
lie sucous membrane of small intesline. The inlestinal villi contains larze number of capillares in the

Hepalic veins
Abdeminal venacaya

Left ruminal vein

Portal vein

Cranial mescnleric vein
Caudal ic ¥¢in

Fig. 7.25 Schemotle dlogram of dlscribuilon of por(sl vein.
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form of a fine network, They join with seme other veins from siomach and spleen and form the
posial vein, This is a vein which begins and also ends in capiltarics.

Formation—Two mesenleric (Cranial and caudal) veins join wilh the right niminal and lefi raminal
vein 1o form the portal vein. Right ruminal vein is formed by union of right ruminal vein proper and
splenic vein, while (he lefl raminal vein is formed by the union of lefi ruminal, reticular and omaso-
abomasal veins. The veins from the jejunum and ileum join to form (he cranial mesenteric vein and
thesc of different parts of colon unile to form the caudal mesenleric vein. The portal vein passes
forward below (he abdominal venacava and enter the liver at the porial fissure, close 10 the entry of
hepatic artery.

Inside the liver the poria! vein divides inte branches. Each finer branch accompanies a branch of
hepatic anery and bile duct. These three Lubes pass through triangular spaces betwecn the lobules of
liver. The porfal vein thus gives rise (o its terminat branches— the interlobular veins. Blood from
lhese vessels passes (hrough hepatic sinusoids 1owards the center of he lobule and enters the central
vein, The hepatic cells on cither side of the sinusoid absorb the glucose brought 10 il from digestive
tract and [orm glycogen. The venules of the cenler of the lobules repeatedly unite to form large veins.
These veins join Lo form hepalic veins which ultimately open inlo the cawdal venacava.

YENAAZYGOS

It is a single vein drains blood from the dorsal walls of Lhe et side of the theracic and abdominal

- cavity and opens independently to the heart,

Vena arygos

Aoz

Pul ry ariry

Lefi atrinm

Lelt ventricle

Fig. 7-26 Yena Azygos, its posliion and Lribularles,
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ith 1he some intercostal veins and csophageal
reaches at the back of e

base of heant, receives the grear cardiac veijn and immediately opens into the right atrium, ventral

1o the termination of caudal venacays,

LYMPHATICS

These are the vessels other than blagy
vesscls, which transport tissue flujd (o e
blood stream, Lymph is a colourless lissue
fluid drained by lymphaties. These vessels
are small, delicate and POSSess numerous
valves which allow the lymph to Now iy
one direction, These are mainly distributed
in the mucous, serous gpd synovial
membranes, glands and j; skins but not
found in nervaus System. The flow of the
iymph is very slow. The vessels pass
through lymph nodes, Finally the vessels
cnd at the theracic duct ang right lymphatic
duct which Open inio the venoys syslem,

Efferent lymphatic

The Iymphatie system may he
Sumimarised as follows -

Lymph capillaries are blind ended
vessels, take up excessive tissue flujd and
lymphocytes to form the [ymph. The
Iymph flows slowly through lymph vessals
ofincrcasing caliber, These lymph vessels
have valveg, Lymphocytes produced from
the local Iymph wodulcs gpe drained intg

these vessels, The lymph is fillered through JDB‘ ]
the tymph nodcs, anithgdies and more

Affeccnt Iymphaiic

Lymph nodules

Thick lymph
vessely

T [_ X Fine Iymph
lymphocytes are added and finaily joing : - ’7!_ el
wilk the vein as showy inthe figure, These Hﬁ ?‘\ fﬁ'q i cnl;)irlrrnafits

nodules are composed of aggregated

tymphacytes. Flg. 7.27 Schematic dlagram of me Iymphaike

Lymph nodes
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blood vessels and effarent Iymph
Trabecula vessels enter or leave the gland, The

Afferent lympkatics allerent vessels are found at different

el H

‘ Efferent points along the convex surface of the
Iympalic node. The nodes are covered by a

conneclive lissue capsule. The capsule
send septa or trabeculac inside the
vode. The rabeculae form
Artery compartmenis a the cortical arca, The
compariments accommeodate cortical
nodules. The ceniral portion of a nodule
is known as permjnai center. The
germinal center is lighter in colour and
preduction of lymphacytes occures in
these germinal cenlers. The corlical
nodules are separated from the capsulz

Fig. 7. 28 Lymph nede {Dlagramatlc),

as well as wrabecntac by lymph sinuses. The medulla is composed of lymph cords }vluch c‘}liﬂg =
from the nodules, lymphaeytes, RE celis, meshwork of lrabeculac and lymph smduscslh(:Dunh R
medulla, In ox large pigmented branching cells are found. The Iymph cnter thc':?o ;s m:m‘:” N
afferent lympharics, percolate through sinusoids and Lhe filtered lymph emcrges via the ¢ :

lymphatic through the hilus.

Allhough variable in number the lymph nodes are constantly found in certain definite arcas -

such as axilfa, inguinal region, meseniery, pre-scapuler arca, supra mammary region, efc.

Cisterna chyli

Cisterna cliyli is a dilated and elongated sac about 2-3 inches in iength and 0.5 inch in thickness,

placed to the right of the abdominal aorta al the lavel of 2nd and 3rd lumbar vertebrae :l?‘ld on-[h?
right face of ll:t: crus of diaphragm, It is formed by the union of lumber nnq gasirointesling
lymphatic trunks, It is the reservoir of lymph. From ils cranial end the thoracic duct staris.

Thoracic duct -
This is the main lymphatic wunk which reccives lymph fromn all parts of the body e{cccpl lr ::
right side of the head, neck, thorax and right forelimb. It enters the therax through ao‘rjuc aplc: u ¢
‘ : cives
i ight pazt of the dorsal face of the aorta and ree
of diaphragm, passcs forward along the rig v o
i fasti h glands. It then crosses the dorsal face of 1he phag
large ducl, coming from mediastinal lymph g ‘ : o Comoplais
idl; finally terminates in the eranial venn
and aorla to reach the Jeft of the midline and mial vei i
common jugular vein in front of Lst rib. In the thorax the vcssFl may Ec divided into two - left
and right branches which again unile a1 (he level of 61h tharacic vertebra.

Right Iymphaltic duet - ‘ |
It reccives lymph from right side of the head, neck, thorax and right forelinb 2nd opens into
right common jugular vein or in the jugular conflucnl.
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Right lymphalic duct

Therzcic duct

% Mediastinat lymph glands

Cisrerng clyli

—

Prescapular lymph gland

Mesenteric jym ph
Elands

[nguinal

iymph
Eland

Fig_ 7.29 Schemalie dlagram af the lymphatle system,
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Major variations in the arterial disiributions
in other domestic animals

1IORSE

Intercosial arleries—They are 18 pairs in number.

Celiac artery—IL divides into () lefr gastric, (b} hepatic and {c¢) splenic branches.
It criginates at the level of 17th 1o 18th thoracic vedebra and thereflcre intrahiatic in posilion.

Abdominal soma

Splenic amery Ciliae artery
il

1lepalic artery

Riphl gastrocpiploic
artery
Lelt gastrocpiploie artery

Fig. 7.30 Cellac arlery of Iorse.

Median sacral arfery is absent. However, the median coccygeal artery, an unpaired vesse] originalcs
from the caudal glulcal (right or lell) artery takes the position of median sacral artery of ax.
Axillary artery—As harse has only one digit, the median artery, alone continucs down as a major
vessel (0 the exireame end (o supply the limb. At the posterior aspect of the distal third of the large
metatarpal bone it bifurcates into laterz] and medial posierior digital artenies, The terminal branches of :
these digital arterics finally cater the volar foramen of third phalanx, The radial artery does not continue’

The left gasicic artery pives off
pancreatic, csophagial, parietal and
visceral branches. The hepatic arlery
divides inlo pancreatie, right gastric and
gastroducdenal branches. The splenic
arlery is \he largest of the three. Il
provides pancrealic, splenic, lefl
gastroepiploic and short gastric arferies.

The left  gastrocpiploic  artery
anastomoses with right gastrocpiploic 3
branch of hepalic artery afier coursing
along the greater carvature of the 3%

slomach,

up to the phalanges but forms proximal and disial palmar arches with the other collateral branches Of-;;

median arlcry.

from the cranial tibial artery. The saphenous ariery (caudal branch) joins with the coudal (ibial ariery
in [ront of (uber caleis and forms double curve in masl of the cases. -

DOG

Celiac artery—It is very short and usually divides inlo {2} Jeft gastric, (b) hepatic and (c) splenic

arterics. It orginates at the level of Ist lumbar vertebra,

Lumbar arteries—Oul of seven pairs of lambar arteries [irst six pairs arise from aorta and the

last pair from inlernal iliac arferics.

Intercosial arierics—Thay are 12 pairs in sumber. Firsl three pairs usually originate from thoracic
veriebral artery and rest 9 pairs originate dicectly from the aorta,

Median sacral ariery is developed.

Axillary artery—In case of dog and pig lefl axillary ariery arises independently from the ﬂ_ortic
arch. The right axillacy, howcever eriginates from the brachiocephalic trunk but very closely associated
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with the begining of left and tight common carerid anteries. In the metacarpus angd digital region two

dorsal scis {superficial ang deep} and 1wo palmar scts {supcrficial and deep} arterics are present,
The dorsal commen digital arleries (superficial seQ) are I 1o [V which arise from cranig| superficial

antibrachial artery, This vegsel is 1 branch of superficial brachial artery which is detached from the

brachial artery just abgve cibow joint. The dorsa) metacarpal arleries (decpseryare Il (o 1y and are
the branches of radial ang caudal interosscous aperjes.

Parial system

When two scts of capillaries are
connecled with @ blood vessel, for the
purpose of collection and distribution of
malerials  through blood, 1he
arrangement is called porial system.

Torta] vein

Liver

. . . ¢ availab! Small intestine
The palmar comnion digital I 10 1V {superlicial ser) arierjes ar the branches of medjan and Four such portal sysiems are available
caudal interosseous arterics. The palmar metacarpal 11 1 IV, (deep se1) arieries originale from in the body.
radial and cauds) interossequs arleries,

1. Hepatic portal system

Allaren! arteriole

The dorsal and palmar vessels communicate withip themselves at the disa) portion of met

P fterent anieriole
acarpus Here the capillarics of the gul are Eiftent arer
and finally divides info digital arterics, cannecied to hepatic sinusoids by Adi / 55— Feritubular capillary
External iliac artery—In the hind limb also 1wo dorsal sets and two palmar sets of yessels arp the portal vein. ) C
present. It collects absorbed food materials
Dorsal common digital arferics {superficial ser) are e branches of saphengus artery and 1he from the gul and ransport 1o liver.
dorsal metatarsal {deep sct) arleries are the branches of dorsal Pedal artery. The dorsa| pedal 2. Renal portal systen
artery is the continuation of cranial tibial arery,

Efferenl glomerular arteriolcs RENAL PORTAL SYSTEM

corneel glomenular plexus witl 30 ventsicle

perilabularplexus of blood vessels,
Optic chizsma

Planter common digital arieries (superficial se) originate from the media
candal division of saphenous artery. The planier nrelatqrs
lateral planter artery which is a branch of the caudal divisi

. The paltern of distribution of these vessels

planter branch of e
al arieries {deep set) e branched o
on of saphenous artery.

This mechanism helps in
are mostly similar to (hose of fore {imh.

reabsorplion of essenlial elemenls

: ’ of glomenlar filuate back 1o the Portal vessels
o) TYPESOFA RTERIES blood.
. . i N hypophysis
=" There are two Lypes of anerics—(a) Elastjc arlery, (b) Muscular artery, 3. Hypophyseal porial sysiem £ :M : I_
. . . . Al ysIs
9" (a}Large arteria! trunks, such as Aora, Brachiocephatic irunk, Pulmonary trunk comaing more Here shon portal vessels connect noee pep
LR elastic tissue in the wnica mediy and therefore these are Elastic arleries, the capilfarics of ‘"rﬁnd'b":"m_lo
, . e . 1ysis.
(b)Most of the olher ancries conain more musele tissue in theirqunica mediiz and therefore called thosc ;:f ll::\dcnzrl):ﬁol: :lcm Capsular artery
Muscular arteries. The muscles gre mainly circular and can respand to nerve stinwli, Through this p yaem
hypothalamus conlrolsfregulates
- Capillaries

Adrenal cortex

the aclivities of adenohypophysis.
nin distributed in the lissues begween arterioles 4

- Supra renal portal sysiem
and venules, Each capillary has a length of abou | nm and diameter of about § microns,

Conneeting vessels
Some small porial vessels connecl

and a the cortical sinusoids wilh those of cvo o Mchll

aees the basal lamina js splitied (o enclose some polyzg

gonal cells with long medullary  sinusoids.  This N Medullary copiltarics
cytoplasmic processes called pericytes. The capillary endothelium may be fenestrated in some organg arrangement is said to 1.1'2113 SUPRA RENAL PORTAL SYSTEM
like Kidney ¢renat corpuscle), cndocring glands cre. transporiation of some chemicals ———
directly to medulla. -
Cavernous (issucs

In some lissues blood filled spaces are seen, They are lined by endothcliy
Swrrounded by irabeculae and e arterises and venule,
tissue are found ip ereclile tissue of penis and i the

Sinusoids

mand generally remain
s directly open ino these spaces, These Lype of '
mucous membrane of nosa cavily.

i
These are spces within the parenchyma of some organs like liver, spleen, Pituitazy, adrenal ere,

They are more dilgted and lortuous than capiilarics and lingd by Mattencd cndotheliym or by other : |
variety of cef} lype. They may be fenestrated or ¢loscd type.
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Nervous system

Itis the system (hat receives he information with regard 10 the changes in the eavironment
{cxiemal and internal) of the body and in response regulates approprizle function,

Neurons

The unit of the nervous syslem is the nearon. A ncrve celt with all its processes or parts is called
a neuron, The nerve cells have wo Lypes of processes. A long process which carries the impulse
away [rom the cell bedy 7s known as axon. One or more shorl and branched processes which carry
impulses (owards the ccl? body is knows as derdrans, Axon is always single and dendrons may be
numerous. These processes are also called fibers. The motar reurons are generally multipolar and the
Scnsory ncurens are bipolar or unipelar in nalure.

The cell body generally contains a large nueleus, neuroplasm, neurali brils, Niss! bodies {angular
granules), mitochondria, Golgi apparaws, endoplasmic reticatum, ribosomes, inclusions,
heurescceclary materials and cell membrane. Centriofes are absent in nerve cells and therefore
incapable of reproduction in post-nalal life, The Nissl bodies are composed of rough sarfaced
endoplasmic reticulum, sarrounded by closely packed ribosome granules combined with iron,
These bodies are associated with synthesis of neswy proleins and enzymes. They disappear when
anerve cell is injured or fatigued. Nissle bodies extend into the dendrites but do not do so in the
axons beeause Lhey cannol percolale through the crowded newro fibrils ai the axon hillock, The
cetls are classified according 1o their nomber of processes, such as Apolar, Unipolar, Bipolar,
Multipolar, erc. Neurons ean be classified according Lo relative lengths of axons and dendrons,
{a) Golgt type-T — Here the dendrites are short and numerous. The axons are long. Peripheral
nzurons and those forming tracls in CNS belong Lo this category. (b) Golgi type-I — In these
cells, axons are short and morpholigazally similar to 1hose of dendrites, They are confined within
grey maller and eslablish synaptic conncctions with other nearons. Amacrine neurons — These
are unusual neozons of retina and possess numerons neurires {lerminal fibers of axon and dendrons)
without axons. The Axons or nerve fibers which carry inipulscs from the ceniral nervous syslem
(CNS) to periphery are termed effercnt or motor fibers and Lhose carry impulses to the CNS are
known as affarent or sensory Jibers.

Nerve Irunk—A number of fibers group logether to form a faseiculvs, Each fascicle contains a
aumber of myclonated nerve fibers of dillerent diameters, Generally the diameters vary from2 (¢ 20
microns (Fig. 8.3). Each fasciculus is enclosed by a conneclive tissue membrane known as
perincurium. Endoneurium is the conncctive tissue present in the spaces between the nerve fibers,
Amerve wrunk is composed of a number of fasciculi of different sizes which are enclosed logcther by
a dense irrcgular conneclive tisse sheath—the Epincurium.

)
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Muldipolar

Unipatar

Bipolar

Pscudo_ unipolar

Apolar

Fig. 8.1

Myelin shealh—The ncrve fibers with in Ihe grey maltce o_f brain and sEinaI Ford Erc dC\'?-ld
of any covering. These are naked fibers. The fbers get their l"]_rsl cc.)vcnng, i.e., the myl]:]:n
sheath, when they enler into while matter and get second covering, i.e., nenrolemma, w ;n
they come cut of the CNS. At the termination the [ibers lo_osc the ncurolcn_1ma ﬁrsl,.lhclr: 1”:1:
myclin sheath, The axis cylinder ends as naked processes withoul any covering. Myelin shea '
imparts white celeur of nerves. All post ganglionic libers of AUIOROMIC NErvous System an
somatic fibers less than | micron diamelcr are unmyelinated, The Myelin sheath is formed by a
set of Schwann cells which are armanged along the length of axon,
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(If Nissl body
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\
Axon hillak Dendron
Schwann :cll-@i——- _—
Azxon
Myelin sheath

v

a—
Newrolemma

Schwann cell

Mode of ranvicr

Nerve 1erminal

i
Terminal branches /(fk]
{\ » Terminal knob

Fig. 8.2 Structure of a oeoron.
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Peripheral nerves if damaged, may regencrate, but the nerves within the CNS cannot. This is due
to absence of neurelemma in the central nervous system, These damaged nerves of the CNS lead to
degencration of the celt bodies and their processes, which is followed by replacement by neuroglial
lissuc. This process in known as pliosis.

A seclion of 3
Tasciculus showing
nerve Nbers of
various sires

Endoneurium  Nerve fiber

A section of a
nerve Irunk
shwaing fasciculi
ol diflercnl
shapes and sizes

Perincutum

Fip- 8.3 Sectlon of a nerve fruak ond ils fider,

The axort is filled up by axeplasm - a inteacellular uid. The axon is surcounded by a myelin
sheath. The schwann cells underge spiralling around (he axen and deposil concentric layers of lipids
and proteins to form myclin sheath. In the somatic nerves the myclin sheath is covered by ncurolemma
— [ormed by the body of Schwann cell. Post panglionic anlonomic fibers have no myelin sheath. The
preganglionic autonomic fibers are medullated. In the CNS the myelin sheath s derived [rom
oligodendrocyies. In the myelinated nerve collateral branches arise at right angles from the side of the
axon at the nodes of Ranvier, The terminal branches of the axon or its collaterals are known as
telodendria, These terminals from bulbus swelling at their ends knawn as terminal knebs or boulons.
A special form of termination of axon in a skelelal muscle is known as motor end-plate. The distance
berween nedes varies between 150 and 1500 microns.

Nodes of Ranvier—At the myelinated nerve fibers, gaps oceur 2t the junction belween Schawann
cells where the axon cylinder is exposed. These gaps are known as nodes of Ranvier.

Newrolemma—This sheath is formed by the body of the Schwann cells, i.e. the cell membrane,
cyloplasm and nucleus. This sheath is absent in CNS, Dug te presence of neurelemma the peripheral
nerve may re-generaie if damaged but that of CNS cannol.

Elfects of Nerve injuries

Nerve fibers may be damaged due (o various reasens. In case of minor injuries like pressure or
pull or moderate crushing, complete healing takes place. However, in the cvent of culting and severe
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crushing, the following changes occur :

In the cell body—If the injury is elose 10 the cell body, chromalolysis starts within 48 hours
Nissl bodics disappear, Nevrofibrils breakup inlo small fragments, Gelgi bodies decrease in numbc‘r‘
Cell bodies increasc in size and Nuclens become ¢ecentric, In scvere cases the cell dies, Byl in lcs;
severe cases repait begins within 40 days and may be completed by 80 days. Nissl granules rc-appcn;'
and re-growth of axon in the proximal scgoients siars,

Il:l the !Jt:uximnl s?gmcnl——Proximnl segmenl is the part of the axon berween The cell body and
the site of injury, In this segment degeneration octurs up 4o the first node of Ranvier, next 1o the sile

aof Injury. The axis cylinder breaks up inlo fragments and the Myel; i i
Inj 1 yelin sheath is converted into droplers
This is called Refrograde degencration. T fopes

In the distal segment—This is the part of the axon, distal 10 the site of injury. This whole part of
: the axo.n degenenales completely in the same procedure, This is called Antegrade degeneration or
E Wallarian degeneration (in the name of the scientis| Wailer).

Disral Proximal

sepment

segment

Site of injury

Regeneration—With the recovery of the cell body, the proxinal Part regeneralcs. At the begining
few fine branches appear at he endoncural wbe in the form of spreulings and explorc lhcbl:lisml
scgmeat When one of these branches car find the degencrated distal segment by the guidance of the
strands of Schwann cells, it staris growing quickly and Ihe other branches disappear. At first the
regrown fiber is thin and unmyelinated. Subsequently it becomes thicker and very siowly become

myclil?alefi. However, sometimes the regrown fiber (axon) may end at 2 wrong destination and lead 1o
complications,

Summary on Nerve injurics

1. In casc of minor injurics (pressure, puli, crushing) regencralion is complelc.

2. In cut injuries, compleie regeneration may oceur, bul Tunctionally it does not become pericel

'3. When graft is applicd to‘ beidge the gap between cul ends, salislactory resull is not always
achieved becanse Lhe TEEeNCraling AXon may encounier obstacles frequently.

Injury in CNS

Degenerationin CNS, following injury oceurs as in peripheral nervous system, How

: _ ever, il becomes '
more extensive and spreads beyond the sile of injury. This is ealled Trans-

Synaplic degencration. In
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CNS, re-generation docs not 1ake place which may be due te lack of endoncuronal tube. The degencrated
area is filled by growth of neuroglia.

Neuroglin—These are the supporting interstitial cells of nervous lissue. Unlike nerve cells, the
glial cells are non-exitable and undergo mitotic division and that is why the brain tumors arc moslly
neuroglial, meningeal or vaseular in origin. These cells take active part in the ioniz wanspont and
nictabolism of the brain. The number of neuroglial cells is several limes more than that of nerve cells.
They may be of [ellowing varicties :

(n) Astrecytes—Slcllale shaped cells with many cytoplasmic processes,

In some astrocyles, there are seme microlilaments around the nucleus and in the processes.
The cells with fbrils are called fibrons asrrocyies and (hose without [ibrils are known as
protoplasmic astroeytes. The fibrous astrocyles are having lenger processes and arc situaled
in the white malier. The protoplasmic astroeytes have thick and short processes and are
mostly silualed in the grey matter, Asirocytes helps (i) in the formalion of Blood Brain
barricr, {i3) synaplic contact between eells, (i) pump potassium in (o capillarics and (iv)
store glycogen.

Aslrocyles Mligodendraglia Microglia

(b) Oligodendroglin—These cells have few processcs.

They are found in both white and grey matter, They are smaller than astrocytes and help in
the formalion and maintenance of myclin sheath arpund the nerves of CNS.

(e) Microglia—They are very small in size. They possess amocboid movement and acl as
macrophage cclls of CNS.

The astrocyles and oligodendroglia are ectodermal in origin bul the microglia criginate from
mesodeem. Most of these neuroglial cells are smaller in size and also lake part in phagocytosis,
formation of myclin sheath and blood brain barrier.

Ependyma—The fining membrane of veniricles of brain and central canal of spinal cord are
formed by alayer of simple ciliated columnar cells and called cpendyma, The cilia resemble microvilli
and help exchange of subslances batween brain and CSE Some cells of the ventricular lining send
long cyloplasmic processes deep tawards the nevrons and other glial cells called fanycytes. These
layer of cells, lining the choreid plexus helps actively in the fermalion of CSE. The cpendymal cells
[orm germinal layer of primitive neural lbe and give rise to the development of Neuroblasts and
Spengioblasts.

YA-23
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Synapse—This is the junction where one neuron eads and other neuron b

| C3ins. Here the tormi
branches of one 2xon come in contact will the teminal

t Lhe cell body or dendrites of other Reuryy,
Ganglion—This may be defined as 2 nerve tissue where
in the peripheral nervous system,

Nucleus—When 2 group of cell bodies of n
nervous system, the collection is called nuclens,

anumberof nerve cell bodjag areagpregated

curons are embedded in (he Substance of cengra

Classilieation of Neivous System

a—

. ’ ’ I ’ V ) :
+ - Peripherdl Nervous System (PNS)

Ccnml_ Ncrvuué System (CNS) -

Drain - Spinal cord Cmniosjlnilha] - Vlscl:rancrjph,,m
Crnial = Spinal sfmll’\“m“'.ic P-.1msymp:|lhctic
Lerves perves (Thoracolumbar) (Cnmiusacr:ll)

Autonomic nervous system (ANS
componenls are theracolumber gn
Flaced within the CNS,

) is the visceral par of the nervous syslem,

: lis peripherai
d craniosacral oulflows and central components of 4 e perd

his system aze

Neurobioiaxis

I is a process in which (he cel| bodies of the motor ard connecior NEUEONS Move, as g resuly of
)

\f

. Source of
@ slimulaljon
— )
> — fi

Some atlzactive force, lowards their chief source of stimulation, Therefore the dendriteg or motor
and connector neurons lend 1o be shor and their axons lengthen in opposit direction
Sensory neurons are not involved in this

T Process, because in them the urge (or cenypalicaiion ;
more important than neurchjotaxis, wisation is

MENINGES

The brain and spinat cord are enclosed by three membranous <overings for their Proteclion, These
are known as meninges. They are Duramater, Arachnoid and Piamaier from ouiside inwqrg )

Duramater

This is the outermost strong and Lough lbrous covering, For descri

! ftion this can be g3y 1nq -
cranial diramater and spinal duramater. divided into
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Cranial duramater not enly acts as a covering of the brain but also lines the inner surface of the
craninl eavity and serves the purpose of periosteum, Folds of duramaicr form paslilions which project
between major divisions of the brain and divide the eranial cavily intoincomplete compartments. Falx
cerchri is 1 sickle shaped vertical fold sitaled at the midling in between two cerebral hemispheres.
The superior border of this fold is attached 1o the intemal occipital protuberanee, interparictal and
Trontal crests and crista gaili. The anteriar portion of the inferior borler of falx cercbri is thin and free
but the posierior pertion meels with the tentorium cerebelli at fight angles. Tentorivm cerebell; is
another infolding of durameter and forms a partial transverse pactition between the cerebr hemispheres
and cerebellun, Qul of the (wo borders 1he upper border is altached to internal occipital protuberance
and pelrosal erest. The lower border is concave and free, The ducamaler conlains large venous
channels along certain lines in association with fafx cerehri and tenlorium cerebelli. These are known
as cranial venous sinuses, Diaphragm sellac is a fold of doramater extending Iransversely zcross
the selfa turcica {piluitary fossa) and makes the roof over the pituitary body. It is perforalcd at the

middle for the infundiblum of the pituitary gland and laterslly for the emergent arteries and 3rd
cranial nerve respectively.

Spinal duramaier starts from the foramen magnum and lerminates at the middle of the sacrum.
Unlike eranial duramater, its external surface js scparated from the wall of the spinal canal and the
space between the spinal capal and e duramater, which remains fiiled with areolar and adipose
lissue is known as epidural space. At the cranial part of the verichral colamn the epidural space is
very less and gradvally increases towards caudal portion. This membrane is picreed by roots of spinal

Cutramaler
coveting
cricbrum

Venous sinus exposed

Falx cerebri - .
Tenlorium cercbelli

Cranial duramater of cow dissectad ot (upside down)

Arnachnoid ganulation

Fronal sinus

Arachnoid -
. Rl T
Cerebral coriex Piamater . .

el by

Flg. 8.5 Duramater and scheme of meninges of ¢ranlum,




The spinal part is less vascalar and thicker. Lamino splendens is a thick
the inferfor median line of spina] card through which inferior
Superior and inferior roats of spinal nerves the
conskitule a longiwdinal band, known ag denticulate lipament

form chroidal plexus. CSF
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nerves. However, the roots of the nerves are surrounded by
Internally the duramater js lined by arachneid, The pot
amchnoid which centains 2 small amount of fuid is kno

Arachnoid

special sheaths send of ! by the duramater,
enlial space in between the duramater and
wn a5 subdural space.

It is a very thin delicate membrane covers the brai
duramaterexiernatly and plamazler imernally. The space belween the arachnoid and piamater is known
as subarachnoid space. It remains filled up by cerebro spinal fluid (CSF). The arachnoid is thick a1
the base of the brain and in different points ilis widely separated from piamater by large subarachnoid

Spaces or cistems. Small buds of arachnoid sometimes inva ginate inside the venous sinuses of du ramater,
These are called arachnoid granulations.

n and spinal cord. It remains in between he

Epidural spage
Subarachnoid space Arachnoid

Piamater

1lip bone

Flg. 86 Termloal part of spinal cord showling dispesition of epldural spage,

Piamater

This is a mete delicae membrane, closely invests the b
very minute blood vessels and fine areolar tssue. The cranial partdips belwean cerebral By, cerebellar
larina and invaginales 1o form tela choreida and choroid plexuses of ventricles, The fela choroidy
is a bilamilar fold of piamater situaled along the roof of 3r

_ d ventricle s well as of dth ventricle, In
bath oceasions the Lela provides vaseutar tuft of cheroid plexuses which projectinlo adjacent veniricles.

riin and spinal cord, This i composcd of

ening of piamaler lje along
. spinal artery passes, In between the
plamater produees series of pointed processas which

Cerebrospinal Nuid — Tufis of capillaries inside the ventricles are covered by ¢pendyma to

is mainly formed by (he choroid plexuses of laleral ventricles, CSF
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)

""'--..-.__...__—--‘

L Buramaler

Subarachnoid space ————

Arachnoid

Denticulale
ligamemi

Lamiza
splendens

Flg. 8.7 Scheme of splnal meninges.

thus formed passes to the 3rd ventricle through the two foramen of Monro. From 3rd ventricle
it passes to the 4th ventricle through aquiduct of Sylvius, From the 4th ventricle a small amount
of fluid passes throngh the central canal of spinal cord and the major portion escapes to the
subarachnoid space through Foramina Magendie and Luschka. The foramina Lusehka are the
two Jaterally placed apertures and foramen of Magendie is the centrally placed aperture at the
roof of 4th ventricle. The flutd is drained into the venous system mainly through arachnoid
granuelalions,

Excess accumulation of CSF due to difficully in the circulation of the fluid may lead to
hydrocephalus.

Neural wbe  Fermation of three ___ Hemilpl_zere_ﬁ‘
primary vesicles formalien

Fig. 8.8 Schemalle diagram of early development of brals.




PRIMARY VETERS, YARY ANATOMY
i .....\..._r..‘.e.-..-....-_...-_.._.....mn,:,-..r__u_.-.h-m—.q_.._,_,..____.___

THI BRAIN

Inthe developmenyal stage tte upper end of the neural tu
marked from one another by consirictions. These three ves
mid brain (mescnccphnlcm) and hind braip (rhombcnccp

The derivatives of the three vesicles are as follows :

be lakes the form of three roung swej lings

icles give rise 1o fore brain (proscnccphﬂlonj.
halon).

Vesicles of nen) trbe

Prosencephalon Mesencephalon Rhomhcnccphalon

Telencephalon Diencephalan Agueduct of sylvii Compora quadrigeming Crura cerchy

Thalami, Opiic Pineal Festetior part of Interpeduncu)ar Piluitary bady
nerve and Reting body Ird venirie]e struclore
Cerchrl Lateral Anterior part of Melencephaton Mylencephalon
Hemisphere venirieles third ventrigle
Cerebellum Pons Medulla oblongata
~ Analomically the brain may be divided intg cerebrum, cerebellum, pons and medulla objon gala,
o For description fiye divisions may be considered, These are (a) Cerebral liemispheres, (b) Inter brain,
3 (c) Mid braip, {d) Hind brain and (d) Medulla oblongata,
i~
e) CEREBRALHI*J\[ISPHERES
g The cerebrum is a ovoid mass and the largest part of the brain, It is incnmp]etely divided into pwo
E symmetrical halves by a deepmedian longitudinal cerebral fissure. Gach half presents similar sirucpupag

and components and therelore calleg hemispheres, Bac

h cercbral hemisphere has threg Surfaces
(superolnleral, medial and ventral).

Basal ganplia

atic movemen of
-pyramidal motor pathway which influences
¢ spinal coryd through various lracts fike rupre-
spinal trac, reliculo spinal tracy, olivo-spinal Iract, vestibulo-spinal lracl, ctc. The &angliz aze (i)
Carpus siriatum (i) elausirum and (jii} amypdaloid nueleus.

The corpus striatum is o mass of gry matter Placed ar ihe anterolateral aspect of Ualamus, 1y j
divided into two parts by anterior limp of intemal capsule, These aze candate nucleus {medial) and
lenticular nucleus (lateral), The fenticular nugleys js subdivided inio an extermal part the pwtamen

and an interna| part the globus pellidys, External capsule 5 4 | issue situated on the ouler side
of the lenticular nugicys,

e ——————

" ———————
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Genu of corpus callosem

Caudaic nuclens

Sepium lucidum
Globus pellidus

Putamen ~ Clausicum

Inlcrnal capanle

Thalamus

Fig. 8.9 IMorizontal sectlon of the braln showlng basal ganglia,

The elaustrun is a thin layer of grey matter placed on the outer surface ofcxlem:l]‘capsuic. This
slrecture is also belongs to corpus srtalum. Iis specifie funclion is still not well explained.

The amygdaloid nucleus is an almond shaped thickening of the (lrorlcx atthe apex of the lemporal
lobe placed on the roof of 1he descending corm of the lateral ventricle,

Surfaces of cerchral hemispheres

The great Jongitudinal fissure, which lodges the falx cerebri divides the cerebrum into Lo cqufll
halves incompletely, Centrally the fissure exlend up 1o the corpus callosum, The corpus callosum is
the connection between the two hemispheres at the medizn plane.

Each hemisphere has theee surfaces and wwo ends. The supero [ateral surface is convcx.r"l[:c
inferdor surface is irregular and the medial surface is Ml and forms the Iz}tcr:ll bound:Lry] riionsc
longitudinal fissure. The surfaces of the hemisphere presents a number of lmgu]:.lrrt:on:::;l uﬂr Ihc,
known as Gyri, These gyri are separated by depressions or {urrows known as st.:h(:Jll. n TJ ¥l
cerebral hemisphere five lobes may be considered—{a) P:?rfclnl lobe (tlppcr mid Lf.':}‘ L ) Mor (;. )
lobe (anterion), {c) Temporal lobe (below middle}, (d) Occipital (posicrior) and (e) Limbic
lhe base),

The lobes have been named according the overlying bones of the skull.

Parietal lobe occupies the upper middle part of the cerebrzl corex, It co-ordinates audito, v;:;ula];
Molor and somalo-sensory funetion, It is responsible for planned movement and also accommodate
taste sensalion,

Frontal lobe is the anterioy part of the hemisphere. Tt is associated with t|‘10 malor system, :’t}:s
parl is responstble for performing sequential Jobs, two work al a tine, sloring programumes, ¢te,

i i odates
Terporal lobe is siwaed at the Tower midd{e pant of the cerebral h.cmlsp]]cl'c, _Il_ acconum
audijory area and audilory association azea 1t is also involved in oifaction and equilibrium,

:
o
o
<
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Parietat lobe

However the pre-central area {arca 9-12) located zt ihe anterior most part of frontal Tobe js associated
with the depth of [eelings and is responsible for mature judgment, foresight and 1acifulness.

Sensory arca — Somesthelic (analysis, discriminatit_m and differentiation of culanecus :]mg
proprioccplive senses} sensory area are localed al the medial aspect ol’ post-central gizrusl(:u'e:ae 1\;55
and 3). Visual area is situated at the extreme caudal aspeet of the occipita! lobe (area . i rec
inputs of oplic radiation from the lateral geniculate body,

Psychical corlex (area) — 1t is Jocaled at the anterior part of the lemporal lobe and Associated
ipi i ics of past cxpcrience,

Occipital lobe ' with the memorics . _

: Beside the sulci Lhere are some longer depressions on the surface of the hemispheres. These are

known as fissurcs. The fissures are as follows ;

Fronial pole
Olfactery bulb

v
i
b
:
|

Cerebral gyrus

Cerebral sulcus
Tempora? lobe

Sylvian fissure

Fig. 8.10 Lobes of the cerebral hemlsphere.

Occipital Iobe occupics the

Poslerior part of the cerchral hemisphere
area of brain.

and is the primary visual

Limbic arca is situgted atthe b

ase of the brain and is the seat of emolion. It has been discussed ' i
in the imbic system,

i Longitudinal
. Parictal lobe fissure
Functional areas of cercbral cortex :
Broadly the cerebral coriex is subdivi

ded into (a) Motor arca, (b} Sensory arca and (c) Psychical
area on the basis of functiona) analysis.

Motor area — The primary motor area {arca 4}
o the medial surface, I cotlrals movement of volu

s situated a1 the Pre-central gyrus and extends on
nlary muscle of the contralateral side of the bady.

Yermiform lobe of cercbellum

. 1
Occipital pole Cerebellar sulcus

o Dorsal groove of medulla
. v -

Lateral Yobe of cerebellum

11th eranial nerve

Fig. 8,11

Fig. 3.12 Dorsal surface of the braln of px.
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. Sylvian Assure—]; ariginates from the middi; of hase,
tacommodates the middle cercbral artery,

Suprasylvi;m fissure js
Tr

Th

ansverse fissure is sh

{a) Posterosuperior central,
(b) Fosterosuperior medial and
{c) Posterosuperior lareral

§o¢es ourward and gains the jatera aspect.

Placed longitudinally on the sylvian fissure in an oblique manner.

ort and situated at the middle in i [ransverse manner.
€ Posterasuperior fissures are theee in number,

Anlcm su 3 H .
Sulens 1 perior fissure js decp and placed al the dorsal aspecl of the anterigr part. Rhinal

lengitugiy

a] manner. Callosa] Tissure is

an extended groove which pass

es along the inferolatera) aspect of the hemisphere ip 4
the furrow, situated belween corpus callosum and callosg

Moleeular layer

Exterpat Branular layer —

Exierpal p)"[.‘ln‘lidﬂl‘-i';
layer |

i
Bernal granular layer

Tnternal pyramidal J2o2oke
layer "

Pﬁlymnrphus cel} layer
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convelulion at the medial surface. Callosomarginat Gssure s a long curved depression at the
medial surface between callosal convelution and the cenvelutions at the dersomedial border of

the hemisphere. Al the posterior part of the medial surface there is a short lincar depression,
known as calcarine sulcus.

Grey malter

It is the outer layer of the cerebral mass composed of nerve celis, nerve Mbers and neuroglia,
This is also called the cerebral cortex. The grey maller is subdivided into 6 layers. These are as
lollows :

{a) Molecular layer — Composed of horizonlal cells and their Processcs, axon terminals
and synapscs.

(b) External granular layer — Consists ol tightly packed granule cells and small pyramidal
cells,

(c) External pyramidal layer — Contains smal] and medium sized pycamidal and granule
{stellale) cells.
(d} Internal granular tayer — Composed of closely packed pranule cells and some medium

sized pyramiidal cells. Tt also accommodates some fibers which are derived from association
or projeclion fibers.

{c) Internal pycamidal layer — Contains medium and large pyramidal cells and fibers at jts
outer parl. The large neurons are calied giant pyramidal cells of Bez.

(f) Polymorplus cell layer — This layer is composed of fusiform multipolar cells and cel!
ol Mortinotti. Axons of Lhese Mortinotti cells project vertically upwards (o ramily in the
molecular layer and tranversed by plenty of corticopetal and corticolugal libers.

White matter

It is remaining below the grey mawer and composcd of (hree groups of medullated [ibers,
These are (2) Projeciion [ibers, (b) Association fibers, and (¢} Commisseral [ibers,

(a) The projection libers are projected out from or into the cerebral corlex, asscmble to a
narrower bundle to enter at the narrow zonc of the brain siem and in cach hemisphere they
appear as a spray of [ibers, known as Corona radiata. The corona radinta passes through
the fibers of corpus striatum, reaches the base of te hemisphere, splits the corpus striatum
into lateral and medial paris (laleral - lenticular and medial - caudale) and ferms internal and
cxternal capsules, These Mbers are mastly intersected by the commissural fibers at the €OTpus
callosum,

(b) Association fibers connect the diffcrent parts of same hemisphere, The short Nbers connect
onc gyrus lo next gyrus near the cortex and lake a IJ shaped course, The long fibers in a
bundle pass rom one region (o a distant region of the corlex,

() Commissural fibers pass transverscly along the midline from onc hemisphere Lo the other
tiemisphere and form a compact Plate of structure, known as corpus callesum. These fibers
connect wide arcas of cerebral corlex of 1wo hemisphers across the midline. Most of these
lbers conneel identical arcas of (wo hemispheres but some Mbers do not. These Gbers are
mostly derived from the axons of Pyramidal cclis.

Duc 10 lack of pores and presence of tight junctions in the wall of the capillaries of the cenral
Nervous system, diffusion of materials to the parenchyma is either stopped or restricted. This so
called obstruction between the blood and CNS parenchyma is known as blood brain barrier,
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Ollactory bulbs

These are ovat elongaled structures one for cach hemisphere, siluated at the anteroventral aspect
of the feonial pole and are lodged in the oifactory fossae, Each bulb receives olfactory nerves coming
front nasal mucosa through the perforations of 1he cribriform Plaic of cthmoid bone, The ol factory
lract is a (hick short bundle of fibers which pxtends backward and divides into inner and outer
ollactory strine. The ol actory iriponc s a triangular area placed between the two striae, The outer
strae is longer, passes backward and outward along the medial aspect of Rhinal sulens and enters the
inferior pant of (he hippacampal convolations, The inner one passes backward and inward ang gaes

center for smejl.
Limbic system

In macrosmatic verichrates (Dog, Cal ctc), the sense of smell or olfaction is highly developed and
the fore brain was termed rhinencephalon. The olfactory system not only reecives smell b nclivates
the emotionat behaviour in the form of increage salivation, aggiession for self defence, sex urge and

other sensory miodalities Jike vision, hearing, taste and on the influence of psychic coriex. Broca
(1878) introduced the name Limbic system which includes (a) Olfzactory pathway, (b) Pyriform
lobe, (¢) Amygdaloid body, (d} Hippocampal formation, (¢) Limbic lobe (Cingulate Byrus,
parahippacampal gyrug and () Hypothalamus. All these components of limbic system are associated
wilhk the emotional inlegration. As rthe motor syslem expresses the molgr Programme of brain, the
limbic system ig responsible for outward expression of infemal staze.

Lateral ventrieles

These are two iregular clongated cavities simated within each cerebral hemisphere and remaiy
separaied from each olher by a thin venical partition, the seplum petlucidum, These cavilies
communicate with each other and with 3rd venlricle by a 'Y shaped opening, the foramen of Monro,
The roof and Iateral walls are formed by carpus callosum, medial wal] by sepim peilucidim and the
flooris formed by caudate nucleas, thalamus, choroid plexus and hippocampus from before backward.

Corpus callosum

It is formed by (he largest band of commissural fibers which conneey wide areas of cerebra]
cortices of (wo bemisphers,

Fornix

This is a curved Stoucture, made up chicfly oflongitudina]ly directed white fibers, placed below
the corpus callosum ang Just above the telachoroidea of 3rd ventricle, The anterior end s separated

by seplum pellueidum and the posterior end js continuous with (he corpus callosum. The anterior
pillars are (wo cords staris from 1he antcrior ends of fomix, eurve downward 1o the base of the brajp
from the mammilary body (corpora aibicans) and terminate n the thalami. The posterior pillars pass
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Cerebral coriex {Groy mater)

Cerebral medulla {(White mater)

Caudate nuclews

Choreid plexus

Nippocampus

Pineal pland

Superior colliculus
Inferiar colliculus
Anterior peduncle of ecrebellum

Cercbellum (part) 5th cranial nerve
Middle cerebellar pedunele

Medulla oblongata Posterior cerebellar pedunele

Superior median fIssure Calamus scripiorius

§th Craninl nerve

Fig. 8.14 Frontal secton of the brain of ox.

down (he pesterior horns of lateral ventricles along the cuncaviltics of hippecampus major and continue
as corpus fimbriatum inte Lthe hook of hippocampal convolutions,

Septum pellucidum

This bilamilar pantition extends from the under surface of coTpus t:‘nlln_su_rn to thf-. upper suhr:'.ll‘ir; ::
the body of fornx. It consiss ef both grey and while matier, Avery thin slitlike cavity exisls
iwo layers. When the scplum is removed, the Tateral ventricle is cxposed,

Hippocampus . ‘
It is an invaginaton of the cerebral cortex at the Jateral veniricle through the hlif’ocampnl ASKI':::
The convex ventricular surface has a layer of white matier below the ependymu:: 0::111 :lsg .md_na]_
ix i fibers of alveus at the mid-longiludi
i % is formed by the convergence of (he ;

i;lclzrlm];):;:ﬁ;'ag:_u; is 2 small band of gray malter placed between the hippocampus and para

hippocampal pyrus. - '
Pléorosslp 1hgis component of brain is a curved stnuclurcs occupics the posterior parts of lateral
uic]cs):lnd made u-p of two curved horns which meet at he midline, The horns are broader a.l lhe
;:;ining at the midline and gradually become curved dorsally, lalerally and yentrally and anteriorly
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into the pyriform lobe, Sych turvatere of (he structure

called hippocampus,

It comprises of the region of 3rd ventricle and also the thalamj

Third ventricla

It Es a fissure like space sitoateq in the midlin
cho_rmda. 4 membranous ofd of piamaer. From (
teral

Project downward. The Jare

lateral venuricles by interven

\ walls are formed by the thalam; and hypoth lam
The Moor is formed by infundibulum, wber cincriu o ete Ame

lamina cineria and posteriorly by pineal gland. The cavily is
ricufar foramen (foramien of M

looks like the horns of tam and tha js why

INTER BRAIN

and pinea] bedy,

e berween the thalam;, Tis rool is formed by the oa
hetela choroida, 1wo choroijg plexus of third venlricle

i ar rom above downwarg,
m, oplic chiasma, erc. Anteriorly it js bounded by

communicated antero-superiorly with

. onroy and i 1
ventricle by cerebral aqueducy (aqueduct of Sylyi) } and posteriorly with the foury,

Thalami
They arc two oval g

main nuclear masses, Their anteri
side of median plane, The poslerior
quadrigeminal bodies) are situale
[rce, A groove on thjs surfice se

Thalamus isa Ereat sensory cente

Geniculate bodses

These are ill defineg elevat
geniculale bodies and wo me

{ inuctures of prey malier placed at the 1
boundary of intemat capsule and larerat boundary of third v

or ends are narrow ang

rand relays sensory impulses (o corlex, Each thalamus
- sl acts as a link between basy] ganglia

ions situated af the posterior aspect of (he haj

dial geniculate bodics, The Lateral geniculate
laterally and antesiory. They are connceted ta the o, ;

op of the midbrain and form (he medial
entricle. Ench thalamug cansisis of five
are placed close with ench other on cither
d apart and the superior Colljeulj (anterior
rsal surface of each thalamus is conves ang

pacales the thalamus from (he cnudate nucleus,

Tepresents
and ceehellum with (he
. tves as the perception cenler for some

ami. There are (wo laier)
bodies (LGB} are Placed

e . - neerned superior colliculj and arp i i
vision. The medial genicalgte bodies (MGB) arc placed o 7 Toey a0 co il

wilh the inferior colliculi and

Pineal plangd (Epiphysis cerebri)

Itis a cone shaped grey body situaled bety
stalk to the roof of (he third ventricie, This gl
o_thcr glands like adenohypophysis, neuroh

pmenl_ocylcs. newroglial cells and biogd vessels and covered by

Lebulations are very clear in birds.

This portion comprises of Cerebra]

e associated with audiiion,

Posteriorly and medial Ly. They are connocreq

veen the superior collieylj and is attached by a hollow
and by j|s inhibitory action regulales the 2CLivily of soma
ypophysis, parathyroid, efc. The Bland is composcd of
Pizmaler, It gets blood supply (rom
ery. Some Irabeculag extend from the eapsule invade the
flobules. In birds i1 js placed superficially just under he
dis allached to the roof of the 3rd ventricle by 2 fong sialk.

MIDBRAIN

aqueduct, Corpora quadrigeming and Crurg cerebri,
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Cerebral aqueduct

This is a narrow passage through the mesencephalon and connects Ihe third and fowrth
ventricies, It is sitwated at the median planc. The shape of the lumen is variable a| different
places. [t is lined by ciliated columnar epithelivm. Surrounding it is a layer of gray malter which
is conlinuous anteriorly with that of 3rd vencicle and coudally with the grey matler of fourth
ventricle, This grey matter accommodales the nuclei of third, fourth and fifth cranial nerves,

Corpora quadrigenina

These are two pairs of rounded bodics at the dorsal aspect of mid brain. They are also called
superior and inferior colliculi. The superior calliculi are called nales and the inferior colliculi arc
known as teslis for their likeness of hips and testicles of man, The pincal body is sitated in the
space between the anterior pans of superior colliculi. These coliculi contain nuclei, associated
with sight and hearing. |See Fig. 3.14]

The superior collicili receive input from (2) relina, (b) cerebral cortex, (c) inferior colliculi,
(d) spinal cord and send efferent Mibers 10 {a) spinal cord, (b} nuclei of 11, IV and VI cranial
nerves, (¢) pontine nuclens, (d) thalamug and (e} LGB. Superior colliculi acl as reflex and
intergrading cenlers of the visval System. Superior colliculi are enlarged to form the oplic lobe in
submammalian vericbrates. The inferior colliculi reecive fibers from (2} MGB, (b) inferior colliculi
of other side and (c} lateral Iaminiscus, They wransmit fibers to (a) MGE, (b) opposil inferior
collicuii and (c) superior colliculi of the same side, (d) cerebellum and (c) superior olivary
nucleus. They aet as relay center ol andilory pathway and are concerned with auditory reflexes.

Crura cerebri (Cerebral peduncles)

These are twao broad bundles situated at (he ventral surface of the mid brain, Caudally the
bundles approach one another and disappear into the pons. Crinially the peduncies diverge as
they pass forward and sink into the corresponding cerebral hemisphere. At this point the infesior
and laleral surfaces of cach peduncle is crossed by optic tract. The medial surfaces form the
lateral boundary of interpeduncular fossa, Third cranial nerve originates from this surface. Each
peduncle consists of a dorsal parl, the tegmentum, middle part, the substantia niagra and the
veniral part, the crus cerebri. The crus cerebri consists of corlico-spinal, cortico-nuclear and
cortico-pontine fibers, Substanlia niagra is a Jayer of grey malter and composed of numerous
deeply pigmented nerve cells. These neurons are multipolac. The egmentem is contineous wilh
that of pans and conlains some fiber tracfs. At the dorsomedial aspect of each subsianlia niagra,
remains an ovoid mass of nerve cells with pinkish tinge, This is known as Red nuclens. The rad
nucleus is an important Tmolor comiponent and contribulor to the extra pyramidal system,

Inter peduncular fossa

Ttis a space, formed by the cercbral peduncles and optic tracts and chiasma. It accommodates
a hollow tubercle known as Tuber efnerium and a smal! nodule Iike structure situated behind the
luber, known as Mamillary body or Corpus nlbicans, Dorsally the tuber cinerium is conneeled
with the 3rd ventricle and ventrally with a conjcal Lube, the infundibulum, The Infundibulum is
attached 1o the pituitary gland.
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Flg. 8.15D Yentral surface of braln of ox (llne dingram),
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Fip. 8.16 Medial surlace of brain of ox.

IIIND BRAIN v

Hind brain consists of cerebellupm, pons and medulla oblongata.

Cerebellum

This is the Iargest part of the hind brain ard silvaled above the pons and mct.!u‘]]n oblopgala. Itis
scparated [roim its' underlying structures by the 4th ventricle. It is median in position and 1rr.cgular_ly
divided into threc lobes by two longitudinal fissures. The middle lobe is known as vermis for ils
likeness to that of a worm. The lateral lobes arc itregular in shape, The surface presenls numerous
transverse but curved fissures of varying depth and thercby form the lolds or folia. The surface of
vermiform Iobe presents len such folia and according to Larscll, they are called Lingula, Central
lehule, Culumen, Declive, Folium vermis, Tuber vermis, Pyramid, Uvela and Nodule Irom
front to back (sec figure 8.16 and B.17). These folds give off secondary or tertiary !nmlin:u: and llhus
appear as a branching pattemn in sagital section and henee popularly known as Arl.wr vitae. ]I? birds,
however the secondary or terliary lamination are nol found and only the vermiform lobe is wall
developed. The vermiform lobe presents all the 10 folia as found in mammals. .

The cerebellar cortex is made up of a layer of grey malter which covers the white matler, It is
composcd of (hree distinct layers of cells. The outer molecutar layer contains Molcculnr cells,
Stellate cclls and Busket cells; the middtc layer comprises of a single layer of lirge flask shaped
Purkinje cells and (ke inner layer conlains small Granule eells and Goloi celis.

VA-24
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Fig. 8,17

The white mater s composed of {a) Inirinsje fibers, conlined within jecti
[ibers (peduncles), (¢) Axons of Puzkinje cells (d} Mossy Fibers anl: (c;hglt;ﬁ:gih:;;lge.fsb) Frleston

In higher veriebrates the cerebeilum consists
Noclens Blobosus, Nucleus emhbolilormis {sitwa
(situated at the latera] lobes),

The cerebellury b
known as brachjumg

of 4 pairs of nuelei, These are Noclous Tastipij,
ted at the roof of vermis) and Nucleus Dentate

as lhn.:c pairs of peduncles, The middie peduncle originates from the pons and
pontis, The anterior peduncle s known as brachium tonjuretivam, which
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runs forward to conncel the cerebellum with 1he mid-brain. The posterior peduncle is called corpus
restiforme, which runs from the medulla oblongala, in forward and upward direction and enters the
cerebellum,

Functions of cerchellun — (i} i maintaing cquilibrium, muscie lone, postuze and skilful movemenl
of the body, (ii} it receives inputs from vestibular, auditory and visual syslems, (it} (he sensations
received by it are processed in the circnits of cerebellum and integrated in to motor syslem lhrough
cerebral molor coney, red nucleus, veslibular nucleus and brain stem reticelar formation, These
motor sensalions are conveyed through vestibule spinal, rubro spinal, corlics spinal and religulo
spinal tracts,

The cavily of the fourth ventricle is formed dorsally by cerebelium and valve of Vicussens,
faterally by the cerebeller peduneles and ventrally by pons and medulla. This is a diamend shaped
space anteriorly continuous wilh the third venircle by aqueduct of Sylvius and posteriorly willy the
central canal of the spinal cord, Beside this the fourth venlricle communicates with the sub-arachnoid
space by (wo laleral foramina (foramina of Luschka) and one middle foramen (Teramen of
Magendie), at the cando-dorsal aspect.

Pons

Tuis a pairof tranverse prominences sitated in front and ventral to medully oblongala. Ventraly jt
appears as a bulging mass of transverse fibers and s separated from the cerebellum dorsally by
fourth ventricle. It is demareated from the erus cerebri and from ventral surface of the medulla by
sulei, The iransverse fibers are disposed in a arched manner across te median plane and converge
o0 each side inlo 2 compact mass and form the middle cerebellac peduncle, The trigeminal nerve
originales from the antero lateral aspeet of the pans,

Pons accommodates varions auelei and tracis and Lakes part in the control of zespiration and clher
vital regulations.

Medulla oblongats

1t is the eranial continuation of the spinal cord and exiends from the Toramen magnum 1o the
caudul margin of pons. It §s a part of brin siem, wide cranially and corsespond 1o the spinal cord
caudally. It rests on the cranial face of tasioccipital bone. The posterior third s the closed pan and
contains the centrl canal, The anterior two third is the open part and conlains the posterior two (hird
of the fourth veniricle. This veniriele is roofed by a very thin membrane known as inferior velum.
The grey matier at the Roor of (e cavity accommedales very imporlani centers for the regulation of
respiration, body temperaturc and heart rate. The superior and inferior median Gssures of the spinal
cord are continued cranially in the median line of the corresponding surfaces of the medulla oblongatn.
Al the ventral surface, imunediately behind the pons, there is a lransverse band, known as Corpos
{rapezoidum. On this surface g pair of elongaled rounded mass — the pyramids, cach of which is
Placed on cither side of the median groove. They earry major clferent pathways of the central nervous
system. On the laleral side of the cach pyramid there is a rounded mass called olive or olivary body,
The filaments of 12th crania| nerve arise from (he depression between the pyranid and olive. Laeral
lo the olive there is the restilorm body, fibers from which pass forward into Ihe cerebellum 1o form
the posterior peduncle,

Since the medulla contains vila) centers {respiratory, cardiag amnd vasomolor}, lesions in the medulla
will lead lo failure of vital functions, especially, respiratory [ailure.
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SPINAL CORD

This is 2 thick cy¥indrical sirgcrare situated in the vertebral colump and lics loosely by ils coverings.
It extends from the foramen magnum (o the middle of the sacrum, This cord is not uni

spinal nerves which pass dircctly and laterally 1owards (he intervertebral foramen, do not do soat the
terminal part. Here the roots increase in Iength and travel a considerable distance caudally within the
vertebral canal, Thus at the termination, Lthe verichral canal occupies a Iash of

Some sacral and coocygeal spinal nerves which are altached 10 the spinal cord and as a whole [ooks
like the 1ail of a horse, termed cauda equina, '

-

Cervieal Thoragic Lumbar Sacral

Fig. 8.18 Strocture of braln and spinal corg aleng wilh the attachmenls of spinal oerves.

The body of the oord although eylindrical, is slightiy dorsoventrally compressed and is partially
divided into two symmetrical hatves by dorsal and ventral longitudinal median fissures. The dorsal
Fissure is shallow and the venusz] one is deep. The ventral fissure 2CCOMmo
anery. At the entrance of the dorsal root at the dorso-lateral aspect of the cor
along the length known as derso lleal groove. About 37 pairs of spinal n
lateral aspect of the spinal cord and they can be grovped with the concerned veriebrae such as
cervical, thoracic, Tumbar, sacral and coceygeal. Each nerve is attached 1o the cord by 2 dorsa] root
and a ventral root, Each rool is in the form of several nerve Nlaments (root-lets) atlached 10 the

thereby sensory in naiure

dates the ventral spinal
d, there is a fainl groove
erves are altached 1o (he

The
matter. In a typical cross seetion of the spinal cord the gre

At the cenler of the cord and within the grey malter, there is a minute canal k
of the cord. It is lined by cubical ciliated cpithetium - the ependyma.

Grey malter

There are three important aggregations of nerve cells in the grey matter, The ventral hom of the
Erey matler has a collection of ihe bodjes of multipolar cells whose axons make the ventral root. They
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known as ventral hom (molor) cells. The dorsal hom cells (sensory) are placed in the (;l-o[;s:'lnl:irz
f:rcmc grey matler which are the relay stafions for dorsal nerve l-r(t;»:)lsl]_]”I’l':ico f;:: rt::::;n(; e nere
i i flvated outside 1he cord in (he .
fibers which are making the dorsal rool are si e oo o e
i 1 aspeet of the hom and are .
ts (aulonomic) are placed al the laera p ' . e
ho:;n' Cfll]: ((:r:mh] porlion of the lembar regions. This is the relay station for ﬂl.l(l}Ol‘lClm]C scn'ssa:;ro;s e
cone l 4 [EY COomnuss .
i [ grey malter are known as
neclion berween the wo laleral masses o ) o
;?nled end of the dorszl hom is translucent in appearance and called substomiia gelalin

Dorsal fissure

Daorsal hom c:_lls Dorsal raot

Venlral primary branch
Yentral root
While malter

Yeniral hern cells Ceniral canal

jssure
Lateral hom cclls Grey commiss

Yeniral fissure

Fig. 8.19 Trapsvecse secllon of sploal cord.
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4.20 General patfera of distribution of some astendlng and descending tracls fn the spinal c
Flg. 4.
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White matier
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Fig. 8.22 Touch and pressure pathways,

Fig. 8.21 Pain and temperature pathway.

Pyramidal tracts (Corico spinal tract) [Fig. 8,23)
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through corena radiata and then posterior limb of in
peduncle, pons and the mos| Yeniral sur
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Extra pyramidal system

The cell badics of the first order neurons are siteated at the Eyri in [tonl of the motor area and in
some parls of parictal and temporal region. Axons pass threugh corona radiata, intemai capsulc,
cercbral pedencle and reach the pontine nuclcus. The axons of these second order ncurons pass
through the middle crrebellar peduncle to opposite cerebellar cortex. From this place Mbers of 3rd
order neurons (Purkinge cells) go to dentale nucleus of the cerebellum. Axons of (he 4th order
neurons feave the denlate nucleus as well as the cerebellum (hrongh the anterior peduncle, cross the
midbrain, go to the opposile side and reach the red nucleus. The fbers of these 5th order neurons
cross immediately agair to the oppesile side znd exlend (hrough (he cord as rubro spinal wzct at the
laceral funiculus. These axons also terminate at the veniral homn cells. (Fig. 3.24).

Cercbral comex

4th ordet neuren
Red noglews

151 ozder neuron
Deolale nucleus i
Pontline nucleus

) 2nd order ncuron
3rd onder neuron

Cerebellar corex

Sth order neuran
Rubrospinal 1raci

Efferent fibre
Ventral horn

Flg. 8.24 Exira pyramldal sysiem.

CRANIALNERVES

There are 12 paics of cranial nerves connecled lo the base of (he brain and Iraverse through
different foramina of the skult. The nerve wrunks carry molor fibers or the sensory [iders er both
types of fibers. The molor fibers originale from the concerned nuclei in the brin and the sensory
fibers arise from the ncurens outside the brain. So funciionally he eranial nerves may be grouped
under three heads.
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I, Optic nerve {sensory)

The neurons of the retina are rods and conces, bipofar cells and ganglionic cells. The rods and
cones are sensitive to light, The axons of ganglion cclis constitule the fibers of e optic nerve whick
leave Lhe eye ball through blind spot. It is silualed a litte medial to the posterior pele of the eye ball,
The nerve enlers the cranial cavity throngh opiic feramen and Joins the nerve of other side 1o form
optic chiasma. Fromn (he chiosma the optic tracts diverge and each of them winds round the concerned
eras cercbri and enters the lateral geniculate body.

An objectis seen by (he reting of lateral (temporal) half of onc eye and by the medial (nasal) half of
the other eye. The fibers of nasal half of each retina cross at the optic chizsma and run along the optic
tract of the other side. The fbers of lemporal half of the retina do not cross. Thus fibers carrying
impulsc from a visual field reach wgether to (he same cortical center, Each oplic tract winds round the
respective cerebral peduncle and the fibers terminate in diffecent areas according 1o the funcdon.

(n) Yisual path—Only for recognisation of the obiject, the fibers end i the fueral geniculate body,
The axons of the nearons of the LGB pass backward as oplic radiation 1o the cortical cenler
{vistal area) siluated at the oceipital pole,

(b} Light reflex—Fibers coneerncd with 1he quantity of light, cnd al the pre-tectal mucteus near
the superior colliculus. Axons of the pre-tectal neurons pass to the accessory motor nucleus
which is sitvated further forward, This is known as Edinger - Westphal nucleus. The axons
of the cells of this noeleus go out of the brain with ocelomator nerve 1o 1he ciliary ganglion
which is situazed al the back of the eye ball. From ciliary ganglion post panglionic fibers
enicr the eyeball and censiricl the pupil and increase the convexily of lens zecording 1o the
magnilude of the impulse,

(c) Somatie reflex—The concerned fibers end at the superior colliculus, From the cell bodies,
the axons may pass craniaily as the tectobulbar tract 1o the cells of the motor cranial nerves
of the eye (oculomotor, rochlear abducenl) or may go caudally as fibers of lecto-spinal Lracl
1o the veniral horn cells. Generalised motor responsc can oceur by this path in response 1o
light.

IIL. Oculontolor nerve (mofer)

This nerve originates from the medial aspect of Ihe cerebral peduncle, leaves 1he cranial
cavily through foramen orbitorolundum and supplies all the extraocular muscles except
superior oblique and lateral rectus. This nerve, however, carries preganglionic parasympathelic
clferent fibers Lo the ciliary ganglion for the supply of the sphincier muscles of iris and ciliary
muscles. Lesion on the nucleus of this nerve may lead to Prosis (drooping of upper eye lid),
Praptosis (abnormal protrusion of eye ball) and Diplepia (double vision).

1V. Trochlear nerve (motor)

This is the slendercst of all the cranial nerves. Ji originzles from the anterior parl of the
superior medullary velum behind the inferior colliculus. The nerve passes through foramen
otbitorotundum, enters the orbit and supplics the superior oblique muscle. Tt is also called
palhetic nerve,

V. Trigeminal nerve (mired)

Itis the largest cranial nerve but not the longest. IL carrfes sensory fibers from face, tecth, oral aind
nasal cavities and molor fibers to the nuscles of mastication. It is attached (o (he anterofateral aspect
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(a} The zygomalicotemporal branch courses dorsolaleralty (o the ventral border of leerimat gland,
gives off some branches lo the skin of (emporal region and orbital masgin, traverses caudally,
exchanges twigs with the zygomatic branch of 7th and finally becomes distributed to the
base of the hom as cornual branch.

(b) The lacrimal branch originates along with zygomalicotemporal nerve, reaches the gland a1
the medial surface along with lacrimal arlery and is distribuled within the lacrimat gland,

{c) The fronlal nerve is slender and originates from the ophthalmic nerve, medial Lo the origin of
lacrimal nerve. It extends dersally enlers the supraorbital canal through its orbital cpening
and emerges through supraorbital loramen. Here it remilies in the skin of lorehead and upper
eyelid,

(d} The nasociliary branch is the continuation of the ophthalmic nerve in the orbit. It runs forward
between the extraocular muscles and divides into ¢thmoid and infrawochlear nerves,

(1) The cthmoid nerve re-cnters the cranial cavily throngh ethmoid foramen and leaves il through
aslitin the dorsomedial aspecl of the cribriferm plate and enlers the nasal cavily to supply the
mucosa of (he nasal seplum and dorsal turbinate.

(i} Theinfralrochlear nerve courses anterodorsally, below the trochlea, reaches the medial canthus
and remifics in the surmounding skin, conjunctiva, lacrimal sac and caruncle,

The nasociliary nerve communicate wilh the ciliary ganglion from where fibers enler 1he
sclera and finally remify in the ciliary body, iris and comea,

2. Maxilary nerve (sensory)—I1 is the largest of the three divisions. It passes through foramen
orbiterolundum and enters the plerygopalatine fossa. It reaches the maxillary hialus and enters the
infrocrbital canal. The trunk conlinues a5 infraorbilal nerve inside the canal and comes out of the
canal through infraorbital foramen. Tt passes downward and divides into a number of branches to
ramify in the nosiat and upper lip. In the prerygopalaline fossa it gives ofF the following branches.
(a) Zygometico facial—t enters the ozbit, passcs along the lateral wall and becomes dislributed 1o the

lower eye lid and skin.

(b) Candal pasal—Tt is a small branch, passes through pterygopalatine foramen and innervates the
nasal muccus membrane.

(c) Pasterior palmine—11 somelimes originales with anterior palatine. It poes forward and downward
to inncrvale the soft palate.

(d) Anterior palatine—This is a uunk of mederale thickness, passes through pesterior palatine foramen
and supplies the hard palaic and pum of upper jaw.

[ Inside the infraorbilal canal, this division gives off alveolar branches which supply Lhe upper

cheek leclk.
3. Mandibular nerve {mixed)—This is Lhe czudal and ventral branch of Irigeminal ncrve and
15 2 trigeminal i contains beth molor and Mibers, It exils through oval fi trally and laterall
2 ar) at the apex of (he Irous esen E ganglion ntains molor and sensory [ibers, It exils through oval foramen, courses ventrally and laterally
1t without any ronpecrion, The ganglicn rcicsenlsi?p:ml bone Emd the molor root passes beneath under plerygoidens lateralis muscle gives off the following branches on its way and finally divides
!Tbcrs. Three main nerve trunks - ophthalmic, maxilla : a::;sal (SP_lﬂﬂlJ reat ganglion for ail sensory ! into lingual and mandibulo alveolar ncrves.
In a radiating manner, i Ty and mandibular are attached to this ganglicn l (a) Prerypgoid nerve-—l1 originales from the venlromedial side of the mandibular nerve and innervates

the pleryzoid muscle,

i (b} Biceal nerve—Itis detached from the mandibular nerve close to the foramen ovzle. It passes
» Frontal and 3 downward and forward across the superficial surface of the lateral plerygoid muscle, gives
few fibers 10 temporalis muscle, crosses Lhe maxillary artery and innervates buceal glands,
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Inferior branch

Fip. 8.28 Facinl nerve, outside [acial canal.

VI, Abducent nerve (rrixed)

It originates from the corpus teapezoideum, leaves the eranial cavity through foramen
orbilorotundum reaches the orbjial cavity and supplics to the retractor oeuli and lateral recfus
muscles. Lateral rectus muscle acls as abductor of eye and thercfore this nerve is called abduceni. It
also carry some Sensory proprioceplive fibers from museles.

Paralysis of abducen( nerve icad to Diplopia (double vision),

VIL. Facial nerye (nu‘.tgd)

This nerve originates from the lateral aspect of medulla oblongata in front of auditory nerve, Both
the 7th and 8th cranial nerves enter the inlemal 2udilery meaws. The facial nerve alone cnicrs the
facial canal and forms (he Zcnicelate ganglion and comes ou( through stylomasioid foramen, Facial
¢anal is an irregular canular space between the intemnal auditory meates and stylomastoid foramen,
Here it reaches under the Parotid gland and divides intg threc lerminal branches, These are oy riculo
Palpebral, dorsal buecal and ventral buecal.

Within the facial canat i gives oll tirec branches as follows :

(a} Great petrosa] nerve—It slarts from the genicufalg Banglicn, coniributes some fibers to

{b) Stapedial branch—It is a very small braneh supplics to the stapedius muscle,

{¢) Chorda Lympani—Jusl after the origin from the facial nerve in the facial canal it enters (he
lympanic cavily, passes across it and exits through petro tympanic [ssere and then passes down
the tateral wall of the bulla lympany below the maxillary artery and mandibular nerve and finally
Joins with the Jingual branch of 5th cranial nerve and remifies ag Bustalory fibers to (he anterior
bwvo third of the 1ongue.
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Just at the exit at the stylomastoid forame
facial nerve gives some small branches. The:
auricuiar, (iii) Stylomastoid and {iv) Digastri

N and before dividing inte termingl branches, the
e are (i} Caudal auricular, (i) Middic or iniemal
cus. They isnervale ihe loca} muscles and skin.

Termintal branches
1. Avriculopaipebral nerve—This nerve proceeds dorsally with e superfici
and supplics branches to cranial auricelar, orbiculars oeuli apd fevator anguli nyy
2. Dorsal buccal nerve—l| s the largest of all the terminal branches,
botder of the ramus of the mandible appears on the rosim} margin of paratid
aspect of massater musele and Join the buccal nerve of §ij erznial nerve,
It crosses the parotid duct, passes along (he facial
branches. Shortly tiwese branches rewnite to form a single trunk, The brnches of this trunk innervare
mafarics, buccinater, orbicularis oris and muscles of the Jagers| aspect of nose,
3. Yentral buceal nerye—Ii passes venlrally throug
border of the ramus of the mandible. The nerve then

al lemporal vessels
scles,

- It crosses the posierior
gland, reaches the Iatern!

vein as 2 single nerve and divides inlo 1wo

h the parotid gland parallel to the posterior

courses forward, crosscs |he parotid duct,
i the dorsal buceal nerve, The

te. Few of il branches proceed

ot lip.

VI, Cochleo-vestibulr nerve {sensory}

Cochlear part (Rearing)

pons, passcs craniatly through lateral Jaminiscus and &nd at the medial geniculate body. From medial
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geniculate body (he axons of 3rd order newrons pass below Lhe lenticular nucleus to the hearing
center at the temporal lobe.

Yestibular part (equilibrium)

The axons of the vestibular ganglionic cells situated within the pelrous bone, pass through the
internal auditory meaius in campany with the cochlear division. These neurons carry impulses from
the semicircular canals of the inlernal car, They end al the vestibular nucleus in the medulla oblongala,
deep al the floor of (he 4th ventricle. From this place impulse may go in dilferent ways by the axons
of the cells of vesiibular ruclous. Impulse may go (a} directly 10 the cerebellar cortex vig poslerier
cercbellar peduncle; (b} cranially (o the motor cranial nerves of the cye and (¢) caudally as the
vestibuile spinal teact to the ventral horn cells.

Lesian on vestibular nerve may lead to vertigo (sensation of whirling molion), Ataxin (loss of
muscular co-ordination) and Nystagmus (spasmodic movement of cye balls}).

IX. Glosso pharyngeal nerve {mixed)

Ttis attached to the lateral aspect of (he medulla oblongala, just ventral to the posterior cerebellar
pedunele. The rootlcls converge to form a single nerve which emerges through the Jugular foramen
incompany with 10th and 111 cranial nerves and presents onc proximal and onc distal ganglion. These
bwo ganglia ofien remain fused with each other.

The nerve passes forward and downward behind the greal comu of the hyoid bone and divides
inlo pharyngeal and lingual branches, Before dividing into terminal branches the (runk detaches the
following nerves :

(3} Tympanic nerve—N originates from e distal ganglion, passes dorsally, enters the lympanic
cavity by passing through the lympanic and petrous part of the lemporal bone and joins with the
branches of carolid plexus of sympathelic Lo form the tympanic plexus. The lesser potrosal
merve arises from the tympanic plexus, leaves the tympanic cavity alter passing over the ensor
tympani muscle and joins the otic ganglion. From this ganglion posi ganglinic fibers arise and
provide secretometor fibers to parotid gland,

(1) Carotid sinus branch—Being detached at the ventral margin of the lympanic bullz, this nerves
runs caudally and (erminates around the carotid sinus fo act as chemo and baro rcceptors.

Terminal branches

1. The pharyngeal branch forms pharyngeal plexus with the banches of vagus and sympathelic,
The fibers of this plexus innervate the mucaus membrane and muscls of pharynx,

2. The lingual branch carries tasle fibers and ramifies into the posterior third of the tongue, solt
palate and isthmus faucium.

X, Yagus nerve (mived)

Ttis the longest of ol the craninl nerves. It s allached ar the latera] aspect of the medulla oblongata
ond with the libers of 9th and {1th nerves it leaves the cragial cavity through jugular foramen. In (he
foramen il presenis the jugular ganglion which is having communication with the 11th and 1210
nerves and Lhe ganglion of 9th recve. For a short distance this nerve goes downward and backward
along with the 11th nerve. Then the two nerves separaic and the 12th nerve passes in between these
iwo nerves. [l passes [urther venlrally and caudally with the cervieal sympathelic nerve and forms
the vago-sympathetic (runk. The sympathetic fibers come from cranial cervical ganglion. The common
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bom - nlers thy passes eranially, and reaches the veatral surface of the Lrachza by crossing Lhe dorsal surface of
cavily the right vagus passes under the 1
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and infcriorz-. cm}fscs the aorta at jts origin, reaches he root of the left lung and (:Il)ivid Hnder the I_”n ' dih intercostal space. It winds round Lhe aortic arch 2nd runs cranially along the ventral surface
left and rieht nznc esal the upper ¢z of the csophagus, The superior as well ag inl'cr:':s ";m Superior of the ¢sophagos. Further cranially it conrses between the trackea and esophagus and splils into
caudal o cgd_ -TVES Join sepanately at the ¢oncemed aspec of the esophagus, pass ¢ du;" ranches of 2-3 branches at the level of 3rd tracheal ring under the thyroid gland to supply the pharyngeal
1astinum and enter the gbdomen throug > % PAss caudally along e muscles and larynx.
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Continans . Phageal aperture as superior ang i C rves—Right vagus 4
mrcnu]' {b) ardiae nerves ighl pATL ctaches righl cardiag nerves al the | | I'3rd cib. The lef

,— cardiac branches are detached at the level of 5ih rib from the left vagus nerve. Nerves of

fegular ganglion  Crarial cervieal gangiion - : . . . : : -
Dersal continuzriog botl sides contribute fibers along with the fibers of sympathetic for the formation of cardiac

Auricular branch /4 opiic branch plexus.

(c) Prlmonary branches—They arc delached by each vagus at the level of tracheal bifurcalion.
They join with the sympathelic nerves and form pulmonary plexus 10 innervale the lungs.

Abdoeminal course

The superior esophageal continuation of vagi gozs caudally, communicates with splanchnic nerve,
forms hepatic and reticulo-emasal plexuses and remifies (o the right surface of all comparments
of stomach, 1L also contribules fibers Lo ke celiac plexus.

The inferior csophageal continualion also contributes 1o the hepatic and reticulo-omasal plexuses
and supplies the stemach.

Fibers of the vagus nerve also innervate the mucous membranc of intestine and olher viscera like
Kidneys, adrenal gland etc.

Effect of lesion on vagus nerve arc Dysphagia (dilficulty in swallowing), change of voice and
absence of certain movement of palate.

Pulmonary ,

——— _ Cardiae branghes branches  Ventral conlinuation Xi AI:CCSSOI'Y nerve (mo.'ﬂr)

Fip. 830 Sthematlc o : s . . . ; ' .
e dlagram of Jelt vagus nerve, This nerve has two rools of origin—craniaf and spinat. The cranial root arise from the dorsolzleral
aspect of the medulla oblongata. Spinal root comprises of nerve fibers from five cranial cervical
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ghirccnment taryngeal nerve arises behind the level of i

artery, detaches sensory bran iy I

ches 1o 1rach ‘ k o e
ca and CSOPhZIg"S. Flg. 8.3) 9th, 10ih and 11th craplal neeves In dog (Schematic),

Sao O




H . mejed pue
. 2SOL JO SURIGIIIE
' SOOI (AT)
-onue) Jo pImp
0] JoLvy (1}
*uoySued

JoIng |puvieqns pey
sunepdodAog (1}
sa[asnm [oroed (1)

-0op- wolg (11)
249 JO sM22I
[exae] o (1)

uonRRqrIsy

NEUROLOGY

waureioy
PIOISTWO] )5 e—
Tewes Terany
—STITI0E
Am1mne jewraiug

uendued
F1TMArU20)

WNPWNIOT
-01IQJO UaUILIo]

1o Iups 28psstg

~uondued
;eadruacy (ar)
STI[aNN AInAtjes
Jouadng (1)
apInuda i Jjo
100{J 21 1u paorpd
S[ JAITN [BIOTT

3O snaaAN (1)

S[3INUA ip O
YInauag paicmis
S1 SN3[INN]

suod uy
S0D[INY JOIOT (1)

nupTe fo sprasy

NEUROLOGY

muiuojqo
Tnpam Ja
199450 [araeg

wnptoziden
sndro> 01 2561y

1P FHM
JHPLEIRIY

anguo) Jo
PALN-0A T0UIR
wolj {Juaayre}
w19qy Q1STL (181}
“spuepd
[elrLon] pue
[endurg qns ‘rw[ng
~TpUnUI O] Sk
I0MOU-01315338 (1)
531 pum I
JO s3)8nI J0T
s33q1] Wa1agg (1)
S{Fsour
5TYDRI [UINT] WO}
s1aqtp sandeoopd
-01d aarog (1)
Teq aks Jo
WUILSACUL JOf
§12qt) yuorayg (1)

mel romop

JO sjuduIBACUL O]
P2IT]AI S3]dS0W o
IaJ s12q1y Iuaraplg
*2)0 5O[OST

) anodiios

IPRaNaNnF

eas)

(paxrA)
IVIDVE 'TTA

(pax1A)
INFONATY TA

oDy A

FALLINS

DAID |RTURID JO AT V

Ay

'SpI[ 942 ‘011 ud
‘onduo; '{itama
[Z5rU pue pun)d
[CWILIae] *uror *aony
Jo unys pur vonea
-[ISEUr Jo apasnu
‘wad ‘tpoo aong

PRIMARY VETERINARY ANATOAMY

24D Jo a[asnur

anbrgo logadng

SM)22I [E12)o|

| Puv anbrqo zomu
-2dns 1d29%2 apasnur
T3IN30 BOX? [y

srod midiono

IR X2U03 ensiy
"SA3 edunraoddry
PUE Xauod unojudd
17 vare Jooe)in

nonnqLIsty

378

"3]0AQ UdUITIO)
Ydnonp sassed
y3um1g Jupng
-Tpuzt 3t pue
WNPpUMaIDIqIo
usuneoy yinoap
ssed tauciq
Ameyreur

pur onieyd oy

{mounnuas
fULL2sseny)

uo)Fung
reuruadiy

wnpumor
01110 UatEIog

uol Fued rumm
-231n wolf p1os
reutds 1o Junudos
IC21A122 pIg

10 pUZ 1F snapanu
[eutds *ozerq pru
24| UL snapany
oledasuasapy
‘suod ut snapono
Llosuag (1)

uTeIq pru jo
ianpanbe jo [em
[enuda otp e pay
-CO1s ST snaponp

(smajanu lojouwomao

uaptmooiqie Liossaoon) smapanp

usLeIog

uowTIoy srxkley

QU0q prowing Jjo
o1e(d wrajuquy

nwonduns 28psstrgy

mrydisom -1oFupg

Bunas
Jo 1afe| suoy
-dued yo suoznopg

EL02NIU [5TU Jo
sli?a Loae)n

w3rro fo 5399

100 701000
Iewrs

B pue Lros
-uas a8 e £q
suod jo 13adse
[2101E[-0121y

EDT LR (IR
Iopsjuy
ap pupgag

afaunpad

Mqeran yjo
1939dsu [oipopy

BwseIys s1dg

qInq L1008y

NU2AG (I
manigIngy

AB[NOQ-CNX2 uonEea
-NISBW JO $3[a8nWr
WO NORTSUIs
aandascoudoid jo
$12q1) Wora) ]y
wng ‘a9 ‘s
‘UTYS Jo uonesuas
a1mmiadw pue
Yqanc ‘ured 107
ST3QIT Uy )y

“Ieq 243 Jo
1UDtUDAO O JOF

STaQE [Wazay g

lreq 242 yo
UIIACUT TOT

SI3qYy uazs g
XaJa1 1y T
Arpidnd 20y
SIeIagry (1)
ToISTA

Jo uonesmay rof
SIaq1) JuaraYy (1)
I1Pws jo
ucnesuss 10]
SaeqL Judra)yy

qistroditas
JOHONIIILF

aalau

[eluTIasaimg

(paxIy)
TYNTWEOMHL ‘A

aa13u

[EIURL) 15213pUn)s

DAIDU SNBIpTg

{ao101)
AVYITHDOUL AT

(roopp
ACLOWOTINIO "

(A1osuag)
SLLAO T

(Kaosmag)
AMOLIVITIO 1

andan

A1 o1 jo 2yq0y v



e ———

A

" NEUROLOGY

{xola)
ressofod iy 11y

{2010y
A1055900V ¥

FIueD "X

DRIV

...... PAOD) 340U |OIUTID JO 20 W

=)
Lo
s[atuA ip niefitergo
0 100 a1 1 [[OpIw aniuo Jo
usumIo) snajonu .—ﬂmmo._m Jjo 1a0dse TUIUIA DI 10)
anfiuoy _ fesso[RodAy -0d41q Jo 8|19 [eI210] enuas $1941J WUITAJT
*p102 [eutds jo
1usFas [raratas
AT ISIIT )
01 parome sy
1001 Eurdg (11}
meduciqo
“pLo2 Tourds e[(npaut
p— Jo vwun|os £213 Jo199dse
. [enooa 1md 1910] [eIaie[osIop
1J0s “Yuire| a1 3o s 1) 2171 01 pay> SO[ISNW I3PINOLS
‘1apnoys mnzmmn:.._.d -Tne s1 1001 Poe oou o}
haﬂwﬂu —  usweoj mnSng snafenN (1) Teauns (1) 51991 12101TH
Anaisuss
[CI2DSTA JO s1001)
TUIBTTY {11
"I pUuU Sam
THLUST oI 13
1D Jo saposnue
UIDLG 5T anoduroa
ronnqusiq woySung aSossog 118ute fo span ILONIIBNY . et ST
.
o
=]
3
5 N
=
B
g,
=i ‘SAD0pD| ‘uaapds worpSued Amun|oaur o)
H _, IR tsearsund rndng () S13QIy wdIaYg {1t)
&= “I2AT] *sTuny 'woyonn EJINpILr 3 Uy 'Xuirep
w.._.. . ‘aURsSNUY 'yIriolg SN21ONU |esIoCT (11) ‘vinfuoigo PUT xudlmyd
m..u ‘snBeydosg uornFued snnfqumy ujnpant 3o FO IUIUIAOL 107
3 "xudzo] ‘xufmyg Teinfar URWILIG; minTnr STI[2NU JO $[1a7) (1) 192ds0 M2y QI Ry (1
W . s1192 a1eonTuen) (a)
m sprg “DI5T 107 s12q17
= NET) JO ST (an) W21y (AT}
& £poq puormes SNUIS proseo
3o s[p] (o WoJy 512q1y
“BlinpIW Ay uy 3y (1)
snnBiqure snajon N "xuizeyd
“an3uoy Jes|po (i JO wdutzaow o5
JO pIitp Joumsod uorn Jued redupciqo aquy waray I (11}
xudrvyd jo REIET Ay ™SIy Tinpsur uy tieduo|go puerd Arearos
snuis priores uolSues SRaponp Lrealmes C[[Npst Jo pnomed o
puc(S pnoreg [Crna, UNULIOY re[nIng IoUayuy (1) 133dse |P191E] S19Q1 WAL (1)
umuqmnba
0] [euna
TH[AIINUDS o)
einduo|qo 29) A v {11)
volffued 1ong e[npaur uones
: “NS3A JO S[R2D (11) put suod ~uds Fuureay oy
) [CUTD IE[RATI IS TR ngnsea STIE oW uoy[Sund Jo uonaun( SIS oy woxy
_m 2inqnsaa vopyooy) pue rendg A1o1pNo revisul 0a1ds Jo s|[a (1) Ay 01 2501 S12q1J w153y (1)
: DG W3 neewadios
i HOLGLISTCT HoStion 8dossog 8o fo spyan MU I B IDHON2I Y

350

N@OHOMEMZ

daTou
[ LSRR EEE (T

(Pax1p)
sndvA ¥

(paxiy)
IVIDNAY
“VHAOSSOTO X1

{Losuag)
THngnsaa
94203 II1A

244N}

P00 dasU [UUR.) 0 0jqE) W




_3_:_31 PRIMARY VETERINARY ANATOMY

Scgments, enlers (he foramen magnum and joins the cranial rool. The combined wunk leaves the
Cranial cavity through jugular foramen behind 10th cranial nerve, Qutside the cranial cavity the cranial
fibers Join branches of the vagus and ramily chicfly to the voluntary muscles of larynx, sofl palate
And pharynx.

The spinal portion passes caudally to the neck region receives twigs from 2nd and 3rd
Cervical nerves and divides into several branches to innervale the sierno mastoid and Trapezius
Muscles.

Since it is having 2 spinal roal, it is also called spinal accessory nerve,

XIL. Iypoglossal nerve (mofor)

It originates by several rootlets from the veatrolateral aspect of the medulla oblangala. The united
unk exits through the hypoglossal foramen, gives a twig to the first cervical nerve, crosses the
:"Mcmnl carotid arlery and swings forward (o supply 2ll the extrinsic and intrinsic muscles of the
Ongue,

SPINALNERYES

_ There are generally 37 pairs of spinal nerves in ox, 42 pairs in horse, 35 pairs in dog, 39 pairs in
Pig, 37 pairs in rabbit and 36 pairs in fow] (vide wble).

Cervieal T.';o’rhti: ST Lumbar Secral . C.acqge\ql_ -
Ox 8 Ik é 5 5
Norse 8 18 6 5 5
Dog 8 13 7 a 4
Pig 8 15 63 4 5
Rabb;, 8 12 7 4 6
Toy; 15 7 (L#5=14)

There is a general paltern of arrangement in the origin and distdbution of all |he spinal nervesinthe
Ody. Howcver, variation are (here in the distibutian partin dillerent regions of the body,

Each spinal nerve is formed by the union of dorsal and ventral rools just outside she intervertebral
tOF-'lmc.:n. Then and there it divides again into a dorsal and a ventral ramus. The roots are formed by
iscs union c.nf scvcr:_ll roollets arising from the conesponding aspeet of the spinal cord. The dorsal rool

t:n_sory in function and presens a spinal ganglion which is known as dorsal root ganglion. These
Sangliz comain unipolar neurons. Generally the ganglions are encapsulated by conncetive (issues.
il::ﬁl:ons:!lutfnl ncuron:f are arranged in groups and are separaled by bundles of nerve fibers and
neu«rormghmmc c‘:onn‘cctwc lissue, The ncurons are n?unc.l or Cl\'.'.l] in shape (Fig. 8.33). Each of thesc
CEI‘[[OTS as ; I:mglt,. dendro-axonal process which is divided into a peripheral affarent pact and 2
) err? part, .‘dc pmphcm_l process is very long and conducts sensation fowards the cell body and
o cfore consi crt:fl ljuncuonally as an elongaied dendron, But this peripheral process has all the
Tl'llcluml characteristics of an axon. The ventral rools of the spinal nerves are motar i fonclion,

hese are formed by the axons of the nevrons whose cell bodies arc generally situated at the veniral

blom of ihe spinal grey matier. Cach ramus {primary branch of a spinal nerve), consists of fibers
TOm both dorsal and ventral rools,
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Effcrent motor  __ 75 o™
\ ==
= Alferent

Sensory neurons in the
dorsal rool ganglion

Intermediate neurons

Mpolor geurons

Efiferenl molor

Allcrent sensory

Fig. 8,32 Simplest form of a spinal nerve.

Dorsal ramus—It passes upward belween the transverse processes, rcaches the muscles of
the back and divides into lateral and medial branches la innervate the muscles and skin of
the dorsal aspect ol the body. These rami are segmenlatly disposed and are smaller than ventral
rami.

Veniral ramus—It is larger than the dorsal, It divides Lo innervale skin and muscles of lrunk
as well as those of limbs by forming plexuscs with similar branches of other spinal nerves. The
ventral branches of thoracic and lumbar spinal nerves are connected with the fibers of autonomic
nervous Systent,

The spinal nerves which join to form plexuscs lo supply different body parts will only be

discussed in details.

Cervical spinal nerves

The first cervieal spinal nerve leaves (he spinal canal through the lateral vericbral foramen of
Allzs. The second nerve emerges through the lateral vertebrat foramen of axis. Other nerves
pass as usual through correspending intervertebral foramen.




FRIMARY VE TERINARY

ANATONY
Phrenic nerye

The venirgl Primary branches of Sth, Gh and 7th
cervical spinaf neryes unite togelher 1o form this nerve,
Sometimes 4¢h nerve also contribie 1o the formation of
this nerve, A fitst 6tk & th unite 1o form a qupk and
then the Sih join i in the thoracic cavily a the jgye| of Ist

intercaost| space. T travels crudally ang ventrally over
the scalenus muscle ang eniers the i

venacava and thep dcrosses the base o

Pericardium, It now passcsalong the right face of caudal
Yenacava and reacheg the center of diaphrapm, The lefl
Phrenie nerye leavels jn company with the VagUus at the ¢
tself from she company of vagus g1 the base of the heary
and passes fyurther backwarg (g innervate the diaphrag,

{ the hear over

Fig. 833 Sectign of
showing clyg;

a dorsal ragy Banglion
ers of Rrurons,

ranga) mediastingm, The nerve separatey

55 the upper Partof perieardium
n. It is a motor nerve (o the diaphragm,

BRACHIAL PLEXUS
Formatipn_ The Plexus is formeg
and 2nd thoracic spinal nerves.

FPosition--This i Placed beiween ¢
between g branches of ¢

by tonvergence of vengraf ramii of 6eh, Tth pud Sthcervica
ist

and
he thoracic wall

and medial surfyce of shoulder apq speci
alenus musele,

fically

(b} Thorace dorsg] nerve—I is formeq by last cery;

caudaily along the axillary nerve ang Passes back:
dorsi.

cal and N thoraci

& spinal nervag, passes
ward and upwarg

O ramify in the lalissimps

al nerves. Al
PPy the peciora) muscles. Foyw
ry.

B ik formeq b

Passes backward 1o imnervarg Sermalus

moscle,

(e) Sub-scapular nerve—lJi js usually forme,
subscapular mysele.

Y 7th and §th cervical spi

&l nerves,
cervicis and forther backward 1o Supply se

Talus thoraeis

{1} Snprg seapular nerye—] g derived [yg
ranial pan of the Plexus, passes belwe
Tound the disy Part of the seapula bejoy
be distribated 1o the supraspinaioys and

m Gth and 7g, cervical spinaf nepyg, R arises from the
en the subscapular and Suprascapular muscles, winds
V acromion process ang divides into several branches (o
inftaspinalons muscles,
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—
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Long ihoracie
External thorzeic Sub scapular
Pectoral N AL f Nerve 1o leris major
Thoraca dorsal
Axillary

Radial

|

the dissection of 2 balfalg all, The
dlat aspect,

Fig. 8.35 Tiranchs of 2lsirtbullon of the brachlal plexus as appearcd In
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)
fred
ll_"

Tigkl Terellmb Is overturned to expose (ke me

{p) ::;\L:!:l]hry nfjlj\';:—‘lhis II:'ranch appears 1o be considerably thick and remain in close associatjon
@ radial nerve. Tis fibers are derived from 7(h and Bih cervi i
¢ rvical spinal perves. It pg
downward caudal 1o the shoulder Joint and supplies branches (o e deltoids, teres mnjorplzi::

]mmorand subscapular musclc_s. Italsodetaches eranial cutancons anij brachial nerve. It innervates
ateral aspect of arm and craniomedial aspect of fore arm.

{h} Nerve to teres major—It is 3 5 i
mall reove arises from the caudal aspec! of i
passes backward and supplies the reres major muscle, Pt of e bchit ples,

(i Musculo cutaneous branch—1It 51 i
. —!t staris from the eranial aspect of 1h ]
medial aspect of the shoulder jointalong with the med; Pc s 2 loop a0 e
Turther downward ang innervates

craniomediat aspect of the forearm,
(i} Radial nerve—This is (he thickest
musculo spiral groove of humens g

coraco brachialis, biceps brachii muscles and skin at the

of all.the branches. It descends caudally, reaches the
ong with the collaterat radia) arlery by passing between

NEUROLOGY 3

the anterior border of triceps and posterior border of humerus. 1 gives off few cwaneous
branches and divides iato superficial and deep trunks. On the way il gives off few muscular
branches to triceps, tensor fascia aniibracki and anconeous muscles. The deep trunk emerges
belween the brachialis and exlensor carpi radzalis and innervales all extensor muselas and
ulnaris Jateralis of the forearm. The superficial inunk atso cmerges along wilh the deep branch
and reaches the antero-lateral aspeel of the ferearm. It joins with a branch of median nerve
abave Lhe carpus, passes down le the middle of the metacarpus and finally divides to form
anferier commen axial digial and anterior medial abaxial digital nerve to supply the
corresponding aspect of the digil,

{k) Ulnar nerve—It accompanies median nerve al ils origin, reaches the middle of the arm and gives
a small cutaneows branch at thal region. The nerve then reaches the space between the medial
condyle of the humerus and olecranon process of ulna and detaches an articular branch to the
clbow. It then passes bewween the heads of Mexor carpi ulnaris, detaches few muscular branches,
passes below Lhe flexor muscles, goes externally inclines further outward, reaches the tendon of
ulnaris Jateralis and divides imtosuperficial and deep branches just above the carpus. The superficial
branch descends down to continue as anlerior lateral abaxial digital nerve, The deep branch
descends along the carpus, gives few fibers lo the suspensory ligament, joins with 2 branch of
median nerve and confinues downward as posterior lateral abaxial digital nerve.

a

—

Median nerve—This large nerve forms 2 loop with the musculocutancous nerve at the origin
through which axillary artery passcs. It runs downward along the medial aspect of the ann,
crosses the elbow and reaches beneath the pronalor teres muscle, It passes between the radius
and flexor carpi radialis, descends further down through carpal sheath, reaches the lower third of
Ihe metacarpus and divides into lateral and medial branches. Each of these branches are subdivided
into axial and abaxial branches as shown in the diagram. The abaxial branch of tse medial branch
continues downward as posterior medial abaxial digilial nerve. The abaxial division of the
lateral branch joins with a branch of ulnar nerve and continues downward as posterior lateral
abaxial digital nerve. The axial branches of both the laleral and medial branches of median nerve
unite again to form a single Lrunk. It continues down in between of the digits as posterior
common axial digifal nerve.

LUMBO-SACRAL PLEXUS

Fermalion—The venual rami of 4th, 51h and 6th lumbar along with those of first and second
sacral spinal nerves converge to form this plexus,

Position—The plexus comprises of a eranial {(lumbar) and a candal (sacral) part. The lumbar
plexos s siwated at the vensroaterad aspect of lmber transverse processes of Sth and Gth verichra
and the sacral plexus is placed below and lateral 1o the cranial aspect of Ihe wings of sacrum.

Distribution—Branches from these plexuses innervale museles and skin of caudat lumbar region,
hip, thigh and hind limb.

Lumbor plexus

The nerves cmerging from tumbar plexus are as follows :

{a} Lateral cutancous femoral nerve—Iis fibers are derived from 4th lvmbar with occasional
contribulion from 3rd and Sih. I passes caudally towards the cranial aspect of tuber coxac,
innervates psoas and iliacus muscles and amifies to the skin.
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Thick muscalar braagh

Caudy culanecus (saphenos)

! Peronea) Tibial
; | Tibial
; Superfizial branch
i Seperficiy)
, il Deep branch
| Deep brancy .
i \ Lateral af tibiat
l Pc;rcrinr fatera b T i Medicl of 1ibial
abaxial yfing
i £l \’ \ Pesicrior medial |
| Antcrion L abaxial digita]
oy ; !
Tcral ab.:n‘u:? tof ] f Anterior media)
digina R = zbaxial digiial
P Fil n
Oslerior ' Anieri
) Crior comma
common axiq) B Y axial digial
digita)

Fip,
£ 834 Lumbaq.saeral

{b} Femory, ne

- .
branch o , YE~It is formed by the Mbers from 4, Sih and 614

he

detaches the iy :"nbﬂr pan. It goes downward and backward be
muscles, Ty, in l:ml saphena necve a little above the pelvic brim and Ierminates jp
the SaMtoriys ™nal saphena nerve passes down through the femoral canal, em

Lhe stiﬂcjoim Sracialis o

-Ony
(c) Obturatoy , he way

erve.__
backwarg ””dﬂv‘:h Tt geis

© peritonium and reaches the

Cranial pluieal

Ischiatic

Continuation of
Ischiatic nerve

Poslerior view Lateral vlew

plexus and its braoches of lefL hind {imh [Latcral view).

lumbar nerves, It is the largest
liveen the psoas muscles ang
he quadriceps
erges between

nd becomes distributed at the fascia and skin at 1he medijal aspecl of

L gives variable branches to the thigh muscles,

fibers from dth, 5th and 61h lumbar nerves, Boes downward angd .
obteralor foramen, It supplics the obturator "

NEUROLOGY 3

internus, passes out of the pelvic cavity through the anterior part of (he obturator foramen and
ramifies o the muscles al the medial aspect of thigh.

Sacral plexus

The Jollowing main nerves arise from sacral parl of this plexus :

() Cranial gluteal—It slans from the cranial aspecl of the sacral pan of the plexus, The fibers are
derived from last Jumbar and first sacral spinal nerves. It exits through the greater ischialic
foramen and innervates the middle and deep gluteal museles. A long branch exiends forward (o
supplics Icnsor aseia lata,

(b} Ischiatic nerve—It is (he largesl nerve in the body. The fibers are derived Trom last lumbar and
1stand 2nd sacral nerves. It comes out through the greater ischiatic foramen passes caudoventrally
between the trochanter major and tuber ischi, runs along the pamellus and quadralus femonis
muscles and enters into the muscular canal fermed laterlly by scmilendinosus and biceps femoris
and medially by adductor and semimembranosus muoscles. It then comes downward and dips in
bewween Lhe (wo heads of gastrocnemius and continues as &ibial nerve. On the way it gives off
foliowing imporant branches ;

() A thin muscular branch passes aleng 1he deep face and re-coters the pelvic cavity through
the lesser ischiatic foramen Lo supply obwrator internus.

(i) A small muscular branch oripinates [rom the cauda! aspect of the ischiatic nerve ar the
lateral aspecl of the pelvic cavity, passes backward and supply the gamellus and quadratus
femoris muscles.

(i) A thick muscular branch is given off at the level of hip o innervate part of biceps femoris,
semilerdinosus and senimembranosus muscles. :

(iv} Caudal cutancous (external snphenus) nerve—Ii originales close to the hip joint, courses
downward, communicales with peroneal and passes over the laleral head of pasirocnemius
lovards the lower third of the leg. 11 finally ramilies to the skin and lateral aspect of the larsal
and melatarsal area,

Peroneal (external popledeal) nerve—IL is a large trunk, originates [rom the ischiatic nerve
at the middle of the thigh, descends along the laterd aspest of the gastroenemivs and divides
into superficial and decp branches at the level of the origin of the extensor musclzs.

The superficial branch goes down between Lhe extensar muscles at the middle of the
melatarsal region and divides into Lhree branches. The lateral onc continues down as
anterior lateral abaxial digital nerve; the medial branch descends down as anterior
medial abaxial digital nerve and the middle one joins with the lateral branch of the deep
part of this peroneal nerve and conlinues down as anferior commeon axial digital nerve,
The deep pars divides into 1wo branches — the lalerl branch joins with the middle branch
of superficial trunk as stated above and the medial one joins with the axial branch of
medial division of tibial nerve lo form posterior commen axizl digital.

Tibial nerve—Ii is the continuation of the ischiatic nerve which passes belween the
wa heads of gastrocnemius and descends down behind the superficial digital Nexor
and gasirocnemius muscles, becomes superficial, passes along the Iront of Achilles
tendon and divides into lateral and medial branches at the level of the hock. The
medial ene goes belween the tendons of muscles and suspensory Jigament, reaches
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the [etlock joint and divides imo two branches. lis axial branch joins wilh the axial
branch of the deep part of the peroneal nerve and forms posterior commeon axial digitat
nerve and the abaxial branch continues downward as posterior medial abaxial digital
ncrve. The lateral branch descends down and continues as poslerior laieral abaxial
digital ncrve,

(c) Caudal pluteal—1I1 ariscs from the caudal aspect of the ischiatic nerve, Iis libers are derived
from 1st and 2nd sacral spinal nerves. It exils through the greater ischiatic foramen alonp
with the ischiatic nerve, passes along the middle glutcus and divides into superfizial and deep
branches to supply gluteals, biceps femoris and semilendinesus muscles and skin of the
area,

Pudendal nerve

1L is Tormed by the union of the ventral primary branches of 2nd, 3rd and 4th sacral spinal
nerves. IL passes caudoventrally along the medial surlace of sacroscialic ligament, crosscs the
lesser ischiatic foramen and leaves the pelvic cavily at the ischial arch. Tt bends downward and
divides in case of males into dorsal nerve of penis and superficial perineal nerve. The laller
innervates the scrotum and prepuce. In the female it divides into dorsal nerve of the clitoris and
the nerve of mammary gland. The pudendal nerve gives off following branches
(0) While passing in the pelvic cavily, from its medial aspeet it delaches a large pebvic nerve. It
provides branches to sphincler ani externus,
(b) Proximal culaneous nerve—Afler the origin, the nerve emerges Ihrough lesser ischialic
foramen, [t passes caudally and supply the skin over semitendinosus muscle.
(c) Disial culaneous nerve—Ii arises just dislal 10 the preceding nerve, passes through the
ischiorectal fossa emerges superficially and divides into two branches to supply the skin of
perincal region and medial aspeet of the thigh,

Muscular/middle hemorrhoidal

Caudal regtal

Pelvic nerve

Distal cutancous

Desp perineal

Dozsal nerve of penisfclitoris

Superfeial perinealf

MAmmary nerve Praximal culancous

i

Fig. 8.38 Nerve supply ta the pelvie and perincal region (Schemaiicl.
YA-15
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The preganglionic parasympathetic clferent fibers of the oculomolor nerve originae from the
Edinger Westphal nucleus and utlimately enter the ciliary ganglion afler travetling through the nerve.
The postganglionic fibers leave the ganglion pass through short ciliary nerves and are disiributed 1o
the circular ciliary muscles of the eye.

The pregarglionic parasympathetic efferent [ibers of Tacial nerve eriginale from superior salivary
nucleus, travel through corda tympani, Lravers the tympanic cavity, reaches the lingual nerve and
coler in the sub-mandibular ganplion. From here secretomotor post ganglionic fibers arise for
submandibular salivary gland. It is said that facial nerve also contains efferent parasympathetic fibers
which trave] through great petrosal branch, reaches the pterygopalating ganglion from where
posiganglionic secretometor fibers arise for lacrimal gland.

The glossopharyngeal efferent parasympathetic fibers are derived fromthe inferior salivary nuclens.
They reach the efic ganglion after travelling through Lympanic plexus and lesser petrosal nerve,
From the olic ganglion the post ganglionic fibers travel via auriculo temporal branch and reach the
parohid gland.

The preganglionic parasympathetic clferent fibers of the vagns nerve are derived from dorsal
nucleusand travel through the main trunk and its different branches like cardiae, pulmonary, cesophagial,
gaslric, inlestinal branch, efe. They reach the minute ganglia sitwated in the walls of individual
viscera in which these fibers are relayed,

The ventral rami of 2nd, 3rd and 41h sacral spinal nerves ransmit the preganglionic
parasympalhelic efferent fibers Lo constitute the pelvic splanchnic nerve. Tt is distribuled to the
Structures of the pelvic cavily such’as rectum, bladder, penig/clitoris, testisfovary, uterine wbe
and ulerus, In mos of the cases the post ganglionic fibers are relayed from the small ganglia
placed in the walls of the individual viscera.

IMPORTANCE OF PARASYMPATHETIC SYSTEM

One pre-ganglicnic parasympathetic fiber synapses with only one post-ganglionic fiber and
therefore, ils actions are accurate and localised. On stimulalion this system produces following

effects:
L. Inhibilion of heart rate.
2. Fall of bloed pressure.
3. Constriclion of pupil.
4. Conslriction of bronchi and bronchioles.
5. Promotion of secretomolor and peristaliie activity of gut.
6. Relaxation of sphincters of the gul.
7. Evacualion of bladder and reclum.

SYMPATHETIC SYSTEM

This system is composed of two ganglionated sympatheric tinks extending aleng cach side
of Lhe vertebral column, some ganglionated plexuses and a number of communicating and
distributing fibers. The ganglin of the sympathetic (runk are connected with the central nervous
system by while and grey rami communicans.
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The ccll bodies of first order ncurens (present only between 1st thoracic 1o 2nd lumbar
segments of Lhe spinal cord) are siluated at the lateral hom. Their myelinated pre-ganglionic
f1bers pass out of the cord via ventral roof of the spinal nerve and enter the paravertebral ganglion
{as shown in the figure 8.41 and 8.42) via white rami communicans, These pre-ganglionic

fibers may terminale in the following ways :

(a) Some fibers synapse with the cells of the ganglia at the snme level,

(b) Some fibers go cranially through the chain and synapse with the cells in cranially placed
ganglin

(e) Other fibers go caudally and synapsc wilh the eell bodies of caudally ptaced ganplia.

(d) Some other fihers pass down without synapsing in any ganglia of the paravertebral chain and
form splanchnic nerves. These nerve fibers synapse on the cell bodies al the pre-acriic
ganglia (ganglia around the roots of main branches of aoria).

{e} Few fibers go direcily 1o the terminal organs such as chromalfin cells of adrenal medulla.

The post-ganglionic fibers going to the peripheral blood vessels, swate and sebacious
glands, hair follicles, efc. run in the spinal nerves. These post ganglionic fibers pass through
grey rami communicans and thus make cenneclion with (he sympathetic chain in each
level. The posl-ganglionic fibers are very less myelinated and that's why grey,

The smooth muscle and glands of the head region get post-ganglionic fibers from cranial
cervical ganglion,

The pre-ganglionic [ibers going Lo the abdominal organs synapse with the cell bodies in the
pre-aortic ganglia, placed in irregular secies around the rools of the main branches of the aoria.
The paired ecliac ganglia are important amongst them. To the abdominal organs the posl-ganglicnic
{ibers travel along the main blood vessels of the organ. To the thoracic organs, these fibers run
as discrete nerves (o the roots of (he great vessels to form cardize and pulmonary plexuses,

IMPORTANCE OF SYMPATHETIC SYSTEM

One pre-ganglionic ncuron of sympathelic system usually makes synapse with 20 or more
post-ganglionic sympathctic neurons and thereby makes wide spread response and praduce the

following effects :
l. (a) Vascconsiriclion of cutancous vessels.
(b) Vaso dilatation of coromary and skelelal muscles providing more blood (o the heart
muscles and brain and incrzases heart rale, blood sugar and blood pressure.
2. Dilate the pupil, bronchi and bronchioles,
3. Decrcase peristalsis, glandular secretion and absorption of gut.
4. Sphincter museles of the gut is stimulated.

5. Swate glands are stimulated and perspiration is increased. This leads to fall of bady
temperature and produce goose flesh appearance.
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Major differences in the organs of nervous sysfem irt other an fanals

HORSE

Brain—The brain is clongaled and comparatively depressed from abave downwards. Medulla
oblongala is longer. Avarage weight is about 600 gm. Fourth venlriclc is elongaled, Pons is

comparatively larger. Olfactory bulb is atso larger.
Spinal nerves—They are 42 pairs in number. {C,. T\ Ly S, and Cy))

Nerves at the distal end of the limbs

Out of the two preper digital nerves of the fore limb the lateral patmar nerve is formed by the
fibers of ulnar nerve with a small contribution of median nerve, The medial paimar nerve is the
main conlinualion of the median nerve.

The distal parl of the hind limb is supplied by the medial and lateral placter nerves, Both the
nerves are branched from the tibial nerve.

boG

Drain—The sizé is highly variable according to the breed. In general the brain is wider and
thicker in comparison lo other domestic mammals. The sulci and gyri are less complicated, The
gyri are comparalively thick. The olfactory bulbs are well demarcated and elengated.

Spinal nerves—They arc 36 lo 38 pairs in number. (€, TL,5adCy, )

Neves al (he distal end of the limbs
The superficial nerves of the metacarpal/metatarsal regions are designaled as common digilal
nerves and the deep ncrves of these areas are designated as metecarpalfmelalarsal nerves.

In the fore limbe, the dorsal common digital nerves are detached (rom radial and ulnar nerves
and the palmar nerves (dorsal and melacarpal) are derived from median and ulrar nerve, Darsal
Tis derived [rom medial branch of Radial and dorsal 11, Il and TV are derived from lateral branch
of Radial nerve. Dorsal V is a branch of Ulnar nerve. The medial branch of Median gives rise lo
palmar-I and the lateral branch of Median forms palmar 11 and 115 Palmar branch of ulnar form

palmar IV and V.

In the hind limb, the dorsal common and metacarpal nerves are formed by the common
fibular nerve (peroneal) which is a branch of ischiatic nerve, detached above the stifle joint. The
planter digital nerves are (he branches of the lzteral and medial divisions of libial nerve.

PiG

The whole brain is comparatively elongated. Ol faclory bulbs are well developed. Cercbellum
is broad and the lateral lobes are large. Medulla obtongata is wide. Rhinal sulcus is more laterally

placed.
The spinat nerves are usually 39 pairs in number.
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EYE

Eye balls arc the chief apparatus for vision. Each eye ball is heused comfortably in the orbit within
a soft atmosphere of surounding fat and maintained in position by the action of cxtra ocalar muscles.

Eye lids—These are two fibrous sheets, attached to the periphery of Lthe orbital margin which
caver the anterior portion of the eyc ball when it is closed. The slit between them is known as
palpebral fissure. External angle of the (issure is thick and the inner angle is rounded, At the margin
of the lids there are stdf hairs, termed cilia or eye lashes, There is a number of ciliary plands close
o the margin of the lids. The ducts of these plands open near the allachments of the cilia. The eye lids
are composcd of skin, subculancous arcolar tissue, fibers from orbicularis oculi muscle, tarsus {a
dense plate of fibrous tissue which forms the butk of the lid) and conjuncliva.

Conjuncliva—This is a thin iransparent mermbrane which covers the front portion of sclera and

cornea and is reflected to the inner surface of palpebra at the palpebral fissure. The palpebral conjunctiva
T is highly vascular. The membrane is

looscly connecled aver the sclera and
continues as coreal cpithelism over
the cornea.

Orbit—The bony cavity which
accommodates the eye ball is known
as orbit. It is roughly conical in shape
with the apex inward and (he base
Naso lscrimal duct downward at 1he orbilat margin, The
cavily is formed by lacrimal, fronral,
malar and sphenoid bones. The rim of
(he cavity is formed by lrontal, lacrimal
and malar bones. The supra erbital
process is prominent. The whole margin is roughly serrated. The optic foramen is placed al the apex.
At the ventro Lateral aspect of the apex, foramen orbitorotundum s placed, Orbital opening of he
supraorbitai canal is situaied at the dorsal wall and Ui ethmoid canal is situated at the medial wall.

Pupclum
Tacimalis

Lacrimal 526 —=——t
S

Lacrimal canal amak
Caruncela lacnmalis

Fig. #.! Lacrimal apparalus.

Lacrimal apparatus

This is composed of lacrimal gland, caruncula lacrimalis, puncla lacrimalis, lacrimal canals, lacrimal
sac and nasolacrimal duct ‘The gland is situated below supraorbilal process and inside of he upper
lateral margin of the orbital eavity. The gland is lobulated and whbulo-acinar in structure. The secretion
{lear) is conveyed through excratery ducls (about 12 in number) to the superior conjunctival fomix.
There is a triangular space ol the medial angle of (he eye known as lacus lacrimalis, Carnncula
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lacrimalis is a small rounded body situated in (hig lacug

direction. Puncta Incrimalis are mimuge orilices of (he |
on the margin of each lid 2nd close 10 he tacus taerimali
superior and inferior, They connect the lacus Jacrimali
fossa at the front end of the medig) wall or the orbit.
passcs through the nasolacrimal canal and opens on the

5.

and helps in the flow of tears in proper

acrimal canal at the lacrigmal papilla, sivared

The Incrimal canals are Iwo in number —

§ 1o the lacrimal sae. The sac is lodged in 5
The nasolacrimal duct Starts from the sae,
externat wall of the nostril,

Ocular muscles Retra

There are seven moscles —
four recti, two oblique and one
retractor. The recii museles are
superior, inferior, lateral and
medial. They help in (he axial
movement of he eyeball, These e
nuscles originaic around the i
oplic foramen, proceed forward -
ina diverging manner and eng al '
the corresponding area of sclera

clor ocul

o) Superior oblique
I
J J {l‘ !Ir.'_.

¥
r];. 3
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in the form of thin [ar tendons.
The obligue museles are

muscles are responsible for

T LoTETIT

The superior oblique muscie ryns along the angle between n
. above medial recus, 1t Tolales the visual axis downuw
=% 1uns posicrolaterally below inferior recius and inseris

o

<+ larger due 10 forward bulging of comea. The eye ball is co

This is the outer protective and hard coat of the bafl. The
sclera and (he anterior Lransparent one sixth is known as
portions is known as sclerocorneal junction,

The selera is composed of while fibrous (issue intermixcd with
junctival mucous me oibrane,

d by oplic nerve, ciliary vessels and ciliary nerves, The oplic
o the posierior pole at (he oplic
arcithas an appearance of 3 cribriform plate known as Eamina cribr

in colour and covered in [ront by con
has grooves, Posteriorly it js pierce
Nerve pierces the sclera just medial ¢

central retinal vessels along with n

) . N optic nerve
superior and inferior, These

Tt is spherical in shape with a transverse diameler of aubout 3-4 em, The

erve bundles. Suprachoroid Ian;

Inferior oblique

Lateral reclus

Inferior recrus

Fig. %.2 The muscles of the orhit.
retatory move-ment of (e cyc.

iedial and dorsal walls of the arbit and Jics

ard, The infetor oblique arises from 1he-floor,

close (o thar of supener oblique ar the back of
B3¢ sclera. It rotates the visual axisupward, Relractor geuli origin
> '_‘

.- the oplic nerve and inserts at the posterior walf of he sclera.

ates around the optic foramen, encloses

axial diameter js slightly

mposed of three coals — fibrous, vascular

9Opaque posterior fifth sixth part is called
cornca. The junction between the (o

elaslic fibers. Exlernally it is white
The intcrmal surface is brows and

disc or hlind spot of the cye. The
osa selerae. The lamina transmits
Ning, a delicate layer occupies the
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[:C p i j i Circﬁng
i i 5 } DCOmCﬂ] _]UnCl.lOTl
rich 0.("] A I rold. Wit [h | h
ichor al space between lthC era and choroid, Withir .l i | ] l:]n cn l
canal Or .!]- A3 is Siluall:d kﬂl)w'ﬂ as mnﬂl of Sch]Emnl ar Slmls LCDDSUS 5.]l:||‘.‘.'l Ak Inlerna, ly IIC. (-]
»
isa ]l)I[?iCC”:‘!l'j fim DrSC]Crﬂl tissue h:hi"d lhc canal known as Sflcl ﬂl. Spllr]. The :qtucous mour II:C'Ill.
:') r lh lIIlcriol Chnmbcr 10 l.he canal lhl'oun'h i.‘s \Vﬂ" and ultimale: y go o the venous SyS LI
nss Irom the d
H m

RN ﬂmc'nor . 1m:nr:;:rl'ﬂ}l:um. convex in front, concave behind and is 1.5_ n.nn in lhic:z;s;
st i a‘fﬂnle;l:Cl:m than the peripheral part. From before bu‘c};w_arc?..n is m"';l::nc o

on Cenll'ﬂll PH{I - !olrnlimil.ing membrane, substantia propria, poslerior limiling membra

cordtiilt:riﬂ]r:]z]; LH!“c 22:22::; chamber. It is one of (he refracling media of the eye.

iy

i Wl A 1) 0. Clllﬂ[y body and ins.
ThIS lunic remians belween the sclera and retina m'ld COTSISIS Of Cth’ ]d,

| I 0, CE]J' ar y plcxus{!s, Sm:!.]l
he Chﬂrﬂid iS a dark ¢ ]Du[cd Lhin VﬂSCUIﬂI membrane FOn?PC:Scd]]Or h l” i .1 : '
b Ood YCSSEIS lIId ive Li whi 1ains plgmcn celis. The c_hO]o. d Ul ﬂl][]:l- S
4 It 003¢ conneclive Lissuc, Y hl!.‘h con C. : ;
; i ]ly lh ) Of nlUC[Umﬂl hﬂbil, pfcsclﬂs i} rcﬂccting siruclure, lhc fﬂpf’f"l", \\"h]Ch g YC5 4 BICCI sh
SPCClﬂ 0sc
!‘ - b[)(l 0 I 1 is d C¢p csenee
I [nl hLy ¥ i h .d hlS l]lickcnlng Is duc 1o Ih T
ili i i ll:rio].' u'llckcncd P.'.l.n. of choroid.
he Clllﬂr 15 ll'l{.. an

i ipinate from the
i i s of fine fibers which originate from
of 70 10 80 raised ridges — the eiliary processes. Group: e B e o iy

pracesses and extend uplothe capsule
of the lens are the sus;_mnsory
ligaments of lens, These ligamenls
majntain the position of the !cns‘. The .
involuntary ciliary muscle lies in the 2

attached 0 the scleral spur’g

C Contraction of 1hese muscle fibers 3G
Qrmel

Pupil

nuation of the vascular tunic, which R

. . i ¢ queous
Fig. 93 Front view of eye ball. remains suspended in the F' ol
(Perliens of sclera cornea amd s removed} humour behind cornea and infro 28

he lens I adiating and circular muscle fibers,”;
i i i ing 1« ircu} U
i Iroma which conlains radiating o T .
., IL is composed of fibrous s . ! o
lp'gnl \n. 'cc”“. vessels and a layer of endothelial covering. The central :]lpellllllc of 1! 5 i5 klml""“ “ls
]J]I p]] 'Il'hc ",[: of the pupil is l'l:glll:l'[cd by (he conlraclion of these muscle [ibers, The pigment c& 5
upil 812 ' 1 -
which are present it the iris are I'GpDnSIb]C for the colour of the eye

‘ous coal . . is called Retin.
N o'ust he innermost lunic of the cye ball. This very lhi‘_‘ and delicale mt'm.l;lr]zngplica] pari of the
e Hly a membranous expansion of 1he oplic nerve elements. ta. Tt [urther prolongs
Thc Retina is nc_:lun h)' 2 fﬁ bedy in a sermaled border, known as o'r? serrala. s citiary and jridzal
;ﬂlmﬂ:é":: 1b;:1ilnn?nlnfbiangp to the back of the ciliary process and iris kpown
o :

llow
i sents an oval ye
t of the retina, At the center of the postericr pole of the eyeball the relina pre '
part o '




4
'
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Spol, termed macula lulea, At the middle o
Cenlralis in which the scnse of vision is
absence of some Tayers of cclls,

——

{ the macula lutea there is a depressed area named foven
mest actue. At this point the reting js very thin due (o

Selern
Chroid

Reling

_— Ciliary process

Ciliary muscle

Suspentory ligamenty of lens
Lena

Anlerior chamber
Pupil

Visual axis
Iris
Cornca

Canal of schigmm

Conjunctiva

Exir ocular muse)p

Fig. 9.4 Struclure of o eye ball (Paniially opcoed).

The retina
" “cslla;scc:nrliowj f)f;icﬂwnus elements, blood vessels, pigment cells and modified connzetive
=T BeC In [0 conventional Jayers — (i) pi it '
onog. (s nged : Cigment cell layer, (i) Layer of
P ;;(;:12_] E:LT:W] hmlunﬁ membrane, (f") Extemal nuclear layer, (¥) External pjlrexifor;ﬁd; o
by oo o l:lr il)]fCl:. (\lvl.l)Inlcmalp]emform layer, (¥ilf) Ganglionic cell layer, (ix)L'lycrol'ncycr,
inton IimiLingn ;E:b :i:llgl::g membrane. I’fhc pigment cell Tayer is altached 1a choroid and ll:g
. i 7 In conlact with the hyaloid memb, i ‘
ety . : cmorane, However,
‘1 contains many chains of thiee MICCOSCOPIC Neurons - {2) Rods and concs (l:;];]:;::'ilra: clrI:' lh;
. arcells an

(c) Gﬂllgl]‘l)]‘] cel . I [0 )] ]|||'_l|' of rod are Lhree NS more ll an cones and are IIIS( more sensiljve
|S h n r T
sare hr times m
G hghL Thcsc arc lhc end D:gans.

Aquegys humour

is t;;h;i::a c!c;r fluid oceupics bnlh_:mtcrior and
ball 1y anorl: amber um! the room in belween i
he iy queows humour i secreled by the ciliar
Passes 1o the anterior chamber throu

nterior ciliary veing via sinus ve
and e of water glucose, amin
PIRLory gases (o the avascu|

med; i
, dium. Interference in the circuiar
% glaucomg

_pustcrior chambers. The space in fron( of iris
ris and lens is the postericr chamber of the cye
¥ body and deposited in the posterior chamber,
sh the pupil and escapes from the iridccomcai
S venosus sclerac and hence nol g stagnani fuid, Tt
0 acids, ascorbic acid, erc., and mcdiatc: ,
ar lissue like lens and cornea. 1t alse Serves as
ton of his Muid may increase Intraocular pressy

melabolites
a refractive
te and leads
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Yilreous body

1t is a poorly sct jelly like subsiance occupies the posterior compartment (vilreous
chamber} of the eye ball and covered by hyaloid membrane. A canal is found wilhin the vitreous
bacly for the passage of the hyaloid artery in embryonic life roughly aleng the long axis of (he eye is
known as hyaleid canal. Anteriorly there is n depression for the accommodalion of lense, termed
hyaloid fossa. The vilreous is
cemposed ol waler, salis,
glycoprolein, hyaluronates
and very fine fibrils. Il acts
as a refractive medium and
helps lo maintain shape and
pressure of the cye ball,

Layer of nerve fibers

Internal limiting membrane

Ganglionic eell layer
Internal plexiform
layer

Tntemal nuelear layer

Exlernal plexiform Lens

layer ) )
It is a Dbiconvex

Lransparem disc encloscd in
a capsule and is the chiel

External nuclear layer

External limiting

membrane .
refractory medium ol the eye
Layer of rods and L .
cones ball. It is siluated behind (he

pupil and in front of vitreous
body and held in position by
fibers ol lhe suspensory
ligament. The poslerior

Pigment cell layer —[05 :

Choreld

Sclera

Flg. 5.5 Layers af retlna.
(Rc‘ina is mapoified many limes In comparison to sclera and chorold)

of modificd cells, which are clongated in structure. Al old age the lens may become opague and
cafaract occurs,

Third eye lid or Niclitating membrane

It is a picce of thin Tshaped cartilage enveloped by a fold of conjunctiva. Tt is siluated at the-;

medial angle of the eye. The free end is pigmented and partially moves aver the anicromedial aspect
of the eye ball. Palpcbral surface is convex and the bulber surface is concave. The base of the third
eyelid remains surrounded by plandular tissue, This is called Harder’s gland or Niclitating gland
and the sccrelion of this gland is similar 1o (hal of Lacimal gland.

In birds this membrane is thin, semi-trmnsparent, clastic and without any cartilage, fis allached to”»
the inner angle of the eye and is highly mavable across the surface of the eye. The movement 15.;

controlled by muscles.

EAR

This is an organ associated with hearing and equilibrium and may be considered as vestibulecochlear
organ. It comprises of three paris — External ear, Middle car and Internal ear.

External ear
It can be divided again into two portions. (i} Auricle or Pinna and (ii) External acoustic mealus.

surface is more convex. 11 is “3
made up of concenlric layers-$

ra

e m e mm e o
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The Auriele, unlike that of human, ean be moved in desired
elongaled funnel shaped siructure, having two surfaces, two
anterior surface is concave, ridged and possesses the opening
convex and covered by hairy skin, Upper and lower borders
broad and ntached o the exiemal auditory process of pelrous (
in the exiernal ear. Conchal cardilage is |

posilion by muscles. It is roughly an
borders, a base and an apex. The
of extemal ear. Posterior surface is
are thick and the apex is blunt. Base is
emporal bone. There are three carlilages

arge and actually forms the shape of the ear. Scutiform
cartilage is small quadrilateral in shape. It is anached 10 the anterior aspect of the base of conchal

cartilage. Annular cartilage is in the form of small incomplete ring. It is atlached (o the osscous

cxtemal acoustic mealus. With the help of other carlilages it forms (he cartilagenous portion of the
meatus,

Tympanic cavily

Temporal area of
cerebral corex

Internal ear
Onsieles
Ear
Esternal auditory
rieals Pharynx

E hian 1ube

Semi circular canal

Tncus

Malleus Oval window

Medialus

Cochlea
Stapes

Fig. 9.6 Scheme of ear passages.

The external acoustic me
slighily curved venlrally and ¢
osseows, The lining

Atus is a canal shich leads medially towards the middlc ear. 1L is
ranially, Iis laleral one third is carltlagenous and medial wo third js
cpithelium of the meatus accomodales some sehaceous and sweat glands ‘which
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i i in is
secrel cernpen or car wax. Infeciions of externat car is generally very p.unﬁjl bcci]usc the ski ;
[ i i i in.
firmly adherent to the undedying bone and cartilage. so a linle swalling due 1o infection causes pa

Tympanic membrane {eardrum) o '
This is a thin membranous oval structure silualed at the junclion belween the c_:ctc?alla;olusl;;
wd i w8 lo
mealus and tympanic cavity in a lilled manner and separates l:lc 1wo. llsd (-]I.:H;ﬁla(;l‘ [:u :0::5 e
i i : | cusicular, middle fibrous and mnte .
mm. This membrane is composed of extemal o
is believed that these three layers are derived from cetoderns, mesoderm and cndo;l‘lclr;'qmmgﬁurh :c
Trs margin is thick and is altached lo (he tympanic sulcus at the end of the meaius, e i suer
is concave and the medial surface is convex. The handle of the mallews is altacned Lo
i : 1
surface.

Middle car (lympanic cavily)
ithi ween the
It is an irregularly biconcave small space within the petrous lemporal bc_)nc 1:;]_:1l|:cxlitl::}lI1 e the
Lympanic membraneand the internal car. This space is also called the lym.pnplc cn;: g- ——
i i d 2ir. The ouler wall is Formed by
ossicles, part of the chorda lympani, muscles an _ : ymponie
mcmbra'nz inner wall is formed by the laleral wal! of inlemal car which presents (.1.: oval :; :?:r o
Mued Wilh'lhl.‘. foot plarc of stapes and (b) round window — c]us?d by a men;:m;;.m];:rp‘»::” s
presents opening of mastoid antum, the air cavity in the mastold process. The i
the opening of a canal which lodges the tensor Lympani muscle :1_nd another oPcT;]lg :ﬁdd]c -
i i intains armospheric pressure in
or audilory lube. The audilory tube main . : ! i
communicariun with the pharynx and for the same reasons throal infection cccasionally sp!
middle ear.

d Stapes)
Tympanic ossicles are three in number. They are very small bones (Malleus, Incus and Stapes)

i i i i ear. These ar
arranged in a chain to connect the lympanic membrane with oval window of intemal
the smallest variely of bones in (he bedy.

lon
Malleus—1t is a hammer shaped bone which presents a hc:_ld, neek, a shor:l &rg«l::;s.d?: :1 o
process or the handle. The Jong process is altached o the tympanic membrane an

with incus.

Tead

Long process
Leng process

STAPES

MALLEUS INCUS

Flg. 9.7 Audllory ossicles.

iculales
Incus—IL is an anvil shaped structure, presenls a head and 4 long process. Thc“:'ﬁﬂ: ;:u]:clp or
with 1hat of malleas, The long process articulates with the head of (he stapes
lenticular process. ‘ | o
Stepes—This stirrup shaped bone has a head, neck, bwo crura and a base.. The b;ST i3 ?;itcsn:cms_
oval window at the lateral watl of internal ear. The bones articulme logether with the help ot lig

Yi-27
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membrane tense and curved jnw i igi

ards. Stapedius originates from the i i

; ten sicnor wal

ity and is jnseried 10 the neek of the siapes, " e e mpane
C!lorda lympani is a branch of fagj

C:]J-']ﬂ]ICLI]LIS, crosses the cavity belween [

¢xit by anterior canaliculus.

al nerve which enters the middle ear through the posieriar
he malleos and incus, reaches the anlerior wall and makes its

Internal car

]t'is the main portion of fhe org
COnsIsts of 2 pgsegus labyrinth (ex
Stuclure ~ (he membranous Ik
Tuid, known 5 perilymph whic

an of hearing and situated within the Pelrous lemporal bene, Tt
cavation) which accommodales almost similar shaped membranous
yrinth. The space between the two Labyrinths are filied with a
h resembles cerebrospinal fluid.

The bony [abyrinih cempriscs of {a)

Yestibule

veslibule, (b) cochlea and (c) semicireular canals,

m]dll 52 lfony eavily placed medial to the tympanic cavit
e :::;ilzllr‘l.:vl:llﬁr c:m{:;l‘s behind. The oval window (Fencstra vestibuliy is situared 4 the lateral watl.
of veuio lis pe nmlcFI for the passage of the fi lamenis of vestibulocochlear ferve and aqueduct

&, This aqueduct is extended through the petrous part of temporal bane, Three semicireular

l::m:lls are Cl[[:]chcd b H v I Cs I D03 Y&l ﬂ\-’lly of tl [ +] U(:Sl]hl.'l ¢
YLl onlices at he oslenor P'll'l Of [.hB &8 b“[c T]']E

i - ¢
]Edgcs lhc ulricle (nd saccule of mthlﬂnUUS Iﬂbyn nlh. |

¥. It is continuous with the cochlea in front

Stapes

Semi circular canals l

1

1421 "L

Yestibule —_

LI L

Tympanic membrang

Cochlea | Round window

Auditory tube

Flg. 9.8 Scheme of middic and infernal car.
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Cochlea

It is a bony spiral canal winds lwo and a half turn around a osscous modicfus and has a
appearance of a shell of a snail. A bony spiral lamina projects [rom the modiolus makes an
incomplete partilion wilhin the canal which is completed by the basitar membrane. The modiolus
along with its lamina looks like a threaded screw, The basilar membranc cxtends from the cdge
of the Jamina to the outer wall of the canal and thus divides the canal into seala veslibuli and
scala tympani. These lwo scalae arc continuous at the apex of the cochlea, termed Helicolrema,
Aqueduact of cochlea is 2 minute ducl cxiends from the scala Lympani lowards the jugular
foramen below internal accustic meatus through the petrous temporal bone which brings the
perilymph within the bony Labyrinth. The perilymph is probably originaling ftom three sources
¢+ {a) From surrounding blood vessels as a transudale, (b) From cerebro spinal Muid, (c) From
fluids surrounding 8th cranial nerve.

Semicircular eanals

These arc three in number - (a) Superier or anterior, {b) Posterior and (¢} Latcral, They
are curved tubes placed ar right angles (o each other. These canals are about 25 to 30 mm long
and join with the vestibule by five openings. The anterior and posterior canals have a common
opening. The terminal parts of 1he tubes al their juictions with the vestibule are dilaled to form
ampullae.

Crscous semicireular canal

Membraoony semicircular canal

Utricle
Agueduct of vetibule
P Sacaule

Ductus endalymphaticus Aqueduct of eochles

Dascous cmhla
Ducl of cochlea

Fip. 9.9 Scheme of ducis In the inlernal car.

Membranous Labyrinth

It incfudes (a} Cochlear duct, (b) Saccule and ulircle and (c) Threz ducts of semicircular canals,
Duclus endolymphaticus extends from saceule and lricle throu ghagueduct of vestibule and werminaie
in a cavity which acts as a safety expansion sac. The sac of this endolymphalic ducl lics under
duramater. The cavily of the membranous labyrinth is filled with endolymph. Utricle is larger than
saccule. They communicate with cach other by utriculosaceular duct. The membranous semicircular
canals have same shape as the osseous canals, The membranous cochlea is the seala media which is
formed by the basilar membrane, Reissners (vestibular) membrane and periostcum of bony cochlear
wall. This spiral lube contains endo lymph and the organ of Corti, the semsc organ of hearing,




410 PRIMARY VETERINARY A NATOATY

Organ of Corti

This organ is situaled on the basilar membrane, [ conlzins hair cells, wnne] of corti, tectorial

gan is winded spirally throughout the lengsh of the membranous
cochlear duct,

The hair cells are placed or the bas

itar membrane in
inner cells are arranged in

an ouler and an inner row, The
& single line and the ouer cel]

8 arc arranged in four lines, The
ereby enclose the funnel of corli.
nding reds. The hairs of the hair
cd by the processes of the supporting

on cither side of (he carrespo
cells project through 1 perforations of a reticular faming form
cells which remains in between ke hair cclls. The tectorial membrane is attached to the ouler
border of spiral lamnina. It is made up of gelatinons substance and overhangs the hair cells,

Spiral ganglions are situated on the bony spiral lamina, Its bipolar cells receive fibers from the
bases of inner and outer hair cells,

The axons of these spiral ganglionic nerve cells constitute the
cochlear division of tie audilary nerye,

Formation of Impulse

The sound waves recived by the exiemnal ear is
lympanic membrane and ossicles of middle ear,

Reissner's membrane

Scala vestibulj

Propagated to the perilymph of interal ear by the

Cochlear duct

Teclerial Cochlear nerve

Dasilar membrane

Fig. 2,10 Sapinal sectlon theough cochles,

As the hair cells are placed on the
receiving stinvalus by different sounds,
higher tones. This vibration of hair cells will resuit in bending of the
between relicular membtane and leclorial membrane, This wilt produce
of the spiral ganglionic nerve cells whose axons Torm the cochlear

basilar membrane, 2 part of it will v

ibrate accordingly cn
Apex will respond to lower

and the base will respend (o
hairs due 10 shearing motion

slimulus 1o the nerve endings
nerve,

NOSE

avatics. The
ilagencus framewaork.
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Exlernzlly it is covered by skin and inlernally lined by mucous mcmbranc.T_hc nasal cn:;l;;shliiﬁ
i iy open in from by anterier nares a

ight are jrregular and separated by seplum nasi, ope o nar chin

;nd;::ilerior n::?'us The olfactory epithelinm is that part of the n:]l:sarl1 -.I]jmhc]l:un; \]v::;:: }::
. dis limi binales, adjacent part of the dorsal nasa

itive to smell and is limiled 1o the ethmoturbinates, ) :
S(:!I;S::;\sgll?cqptum Dog being a macrosmatic (having acute smell sensations) animal has a large
a .
ollaclory area. . . |

The olfactory area conlains rod shaped receplor (blp[)]:!‘.l'] cells. The dendrites 0; u:sn?:]ll;::c vﬁg

rods again form projecting cilia. When the panticles of edoriferous subs'lam:cs COIT:; i oo
the cillfz: of receptor cells, generalor potentials are developed, When sufficient ?l:tcnu s arn R
it 1§ propagated (o the olfactory bulb through the axens of these receplor cells.

INTEGUMENT
Skin

The skin of cow is aboul 3 1o 4 mm thick. The .thickncss vnncs.fm;n r:[g!;):llclznrdt:golfc::rl].c'il:it;.
colour, size and thickness of the hairs are highly variable, The mane is ;1 sgs :;m P o of the 1
[cscnlls long hairs in the form of brush. The sweal and ?'ebnc!:ous glan o e tine womi
]]JBcIuw the m:zzlc there is a laycr of nasolabial glands. Tacllllc halrfi are foup [:;med mus;lc P
eye lids and on lhe external ear. In this animal the subcutis conlnms_somers e e
wyhich ar¢ atlached Lo the skin but not with the skelelon. Contraction of |
bwitehing of the skin,

Siructure of skin - - N
The skin consists of a superficial layer — the Epidermis and a Qc.ep lf]yer‘ dc: ,
The Epidermis is composed of the following layers of alls from outside inwards

ini idi tin.
layer. It is composed of flattened cells comtaining Eleidin, the precursor of kerali

1 i ntain 4
1L Stratum granulosum—IL is composed of several layers of rhomboidal eells which co

many keratohyaline pranules, - et
1. Stratum spinosum—This layer 1s thick and cemposed of multiple layers of pelyhedra

.y ipheral
The cells have spine like process on their surfaces and therefore called prickle cells. The perip ;
AV

cells divide Lo form the cells of sirztum granulosum, _ s o basoment
V. Stratum basale (Germinalivam)—A single layer of cuboidal (?r columll1|ar O owards

mcm;arnnc form this layer, There cells divide to produce new gcncmu.on (?f cc s:::zmzining ol aro

the sacface giving rise to stratum spinosunL Malanocyics, the melarin pigmen

present in (his layer. o ctions in the
This lalyer along wilh same prickle cells invaginale in the form of blunt proj

derns : : d a deep reticular
The Dermis is the true skin and composed of a superficial papitlary Jayer and a deep

layer.

1
I
|




S

selastie fibers impregnated with fal and loose areolar tissue. This layer accon,

G;" hEZI‘Ih i.s formed by the eells which are remaining at the parjetal layer
5 Conlinuation of surface epidermal laycr. The shafl has a central comifj
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Opening of sweal gland

Arecctor pili

Stratum Corneym,

Stratum lucidym

L i e e o

Syl sl daly /00 AR Simtun gy

Eig’%." (%%%%q,f ’ﬁ"%ﬁ?)fﬁ 2 Franulosum, Epidermis
F00 ol 1f4 2ereyt .

oy L g Gk saskei s Stratom spinosgm

i~

e Y p s
‘.‘cﬂ-e-" "-’:’%: - 1f: :;:t,‘?

Stragm BETMinativy;, _|
Hzir byj 7]

R

e

5'% .
i)

a3 J Y ¢
B
ST ST Sweat glang

bR, ey ... ceous glang
E }f_.dx}%\(‘g,; 74 ,@3 : R

s b Blood vesse)s
Dy Fe

J¥ L'———Cnnru-cmr: Liss
te ] “.‘fPDd'crmis

Fig. 9.11 Mlcroscaple structure of Skin {Dlagramaric),

_l. Th.c Pallillary layor is compact and projeet in the form of blupg finger like 1,
Lpidennis. This Iayer contains blood vessels, nerve endings and lymphatic, Papillag ing lhe
I, The Reticular layer binds the skin with deeper siruciures ang composed o
etiey|

ar and
mﬂdﬂlcs hﬂir fo

. %Bhnds, some smooth museles and cells like fibroblasts and histiocyles, llicles,

Mair—Hairs are thread Jike Structures, developed from epidem;
. & g pidemyis. They are keragini
ol the skin and has a shafts and a roo1, Since the hairs are developed frp aliniseq Ippendages

m the gp; .
&rowths expand to fornt hair bulbs © epidermis, e down

 Erection of hairs occur due 1o contraction of some very small smooth Muscles
Pf'{ﬂnrm. These muscles are situated in the dermis anet are atached 1o the hair fojj; I —the arrectors
. les of Jop B lactile

Each bulb is invaginated by a.condensed mesoderm in the form of Projection, ca|jeg

around the
¢d part he

Papi";]_ Root
ulb ang is (he
Cortey, Medu)yy and 3

Glands

o Sweat glands—These are presentall over the skin exceptin some places [ika glans pory
Cmbrane, elc. These are af 1wo lypes—(a) Mcroerine and (b} Apocrine, penis, tympanic

‘ Merocrines are long tubular coiled glands and produce sweal. Apocrines ar,
Wuated ar e axilta, cxl-anditory me

Sebaccus glands are sm
Schum, These are pear sha

¢ modifieg
s, mammary gland, ele. and sigr fllnClioning ;lwc

all alveolar glands which open at the hair follig]e. These g
ped glands and remain close to the bujhs of hair. s

at glands
er puberry,

Us produce
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Hool

The hoofs are the hard and horny coverings of the ends of the digits. There are two chief and (wo
accessory hoofs on ¢ach limb. The chief hool compriscs of three parts—{a) Periople, (b) Walt and
(c) Sole. This hard covering is the modification of the epidermis of that region,

The periople is a solt, Mat, light coloured band which surrounds the coronary (upper) border of
the hoof. This is about | em thick, In the heels the band widexs (o cover the large convexity of the
balb.

The wall presents wo surfaces, The abaxial surface is convex and presenls transverse ridges,
The axial surface is slighly concave. These nwo surfaces Join at the toe. Towards the bulb the walls
become thin,

The sele is slightly concave and Placed at the ground surface of the hoof. Caudally the solz is
continuous with the periople of (he buth,

MNails, ¢laws and hoofs, elc. consist of hardest keralin. Keratin is synthesized pamarily by stratified
squamous cpithelia. It is a fibrous albuminoid protein and relatively hard, elastic and resistant (o
friclion.

Corium of loot

The corium or dermis of the ool is highly modified and vascelar tissuc which addopl the
shape of the corresponding outer coviring. Accordingly ils different part are called perioplic
corium, Coronary corium, Lzminar corinm, Solar corium, eic. The laminar corium receive the
horny lamellac of the wall, As the hoof is not a vascular structure, il dedves nutrilion from
corium.

The digital cuslion is a modified subcutaneous lissue which helps in mimimising concussion. Il 32=
remains in the form of a faty elastic tissue in between the corium of bulb and the fexor iendon.

The two accessory digits zre placed a little above and behizd the corresponding the chief
hoofs. Each of them comprises of a conical homy covering and a corium. The corium covers a Nt
nodular vestigial phalanx which is connected to the third phalanx and sesamoid bones and the
elastic pad of the heel by some fibers,

Horns

The comual processes of the frontal bones are enclosed by a homy cevering, The homs as a. %
Whale form varicus curvatures and shape. Sometimes the shape and size are specilic Lo the .
breeds. The horny cover is thin at the base and thickest al the apex, Al the basc, il presents a sofl .
horn which is identical 1o that of perioplic band of hoof. The corium of horn is remaining n -

between the hern and the periosteum, It presents papillac of variable sizes. In some breed of L q |
animals the horns are absenz. |

Nerve supply—Cornual nerve, a branche of ophthalmie of 5th cranial nerve,
Blood supply—Comual artery, a branch of soperficial temporal artery of external carotid.

HORSE
Skin
L. It is far thiner than that of cow.
2. Sweal and sebaccous plands are well developed
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Groave for coronary corium

ITorn of Abaxigt
Inierdigital the bulb surface
wall (Cat) A
Lami Groove for Laminage
MM perigplic  Laminac of sole
Groove for

Distal sesamoid

Digiral pads ?;

_

Fig. 9.12 A, loaves of Cow, B, Hoof of harse, C. Claw af dag,

3. The dorsal border of wi ] : i
— wither, neck and forehead presenis long hairs. This is the mane of the

4. The tail bears long hairs, typical o the species.
Hoot

L There is only one hoof for cach limb.
2. The hoof is well buj)y and presents the wall, sole and [rog.
3. The Iamina and corium are wej| developed,

4. The wall is reflocred at the back on cither side at acule

3. In between the bars g w
bwo surfaces, a base and a5, 5

Erogols—Small homny areas
Placed at the postero-medial strfaces of all the f joi
. : 0 ( :
known as ergots, They are considered as vestiges of second and fowth dipits prisock s e

Chesiouts—These are masses of h i
! oms siwaled a Jilite above on the medial
and tarsus in all the four legs. These are considered as vestiges of the first digl?t e ofcapus

angles Lo form bars,

edge shaped structure is present. This is known ag frop. It presenis

pex.

ORGANS OF SPECIAL SENSES 415

DOG
Skin
1. The skin is loose with the variable thickness.
2. Scbaccous glands are well dcvclo;;cd.
3. The palmar surfates of carpus, melacarpus and digils are hareless and bear pads, The pads are
composed of fibroclastic lissue, fat and a thick keratinized epidermal covering.
4. The sizes of the hairs are highly variable from breed Lo breed.

Claws
L. There are five claws in a limb, one for each digil.
2, The horn of each claw covers the concemed third phalanx and presents a bedy and a sole.
3, They are curved downward.

PIG
Skin
1. The skin of pig is thick due to accumulaticn of subcutanecus fat, the panniculus adipasus,
2, The hairs on the skin is sparse.
3. The epidermis of snoul is very Lhick.
4. Subcutancous plands are less in number,

Hool
L. They resemble the hooves of cow.
2. Hooves of accessory digits arc well developed.
3. Digit 4th is larger then digil 3rd.
4. Bulb of hoof is larger in size.

RABBIT
Skin
L. It is very soft due to presence of moderale amount of subculaneous fat.
2. The hairs are long and soft and cover most of the skin cxcepl (he muzzle.
3. The 1ait is covered by thick soft hairs.
4, Sebaccous and swate glands wre moderate in number.
5. Palmar suface of foot bears pads.

Claws
1. They are etongated and curved downwards.
2, The tips are blunt.
3. The clows are [ive in number, one for each digit.

'FOWL

Skin
k. The appandages of the epidermis of low] are—comb, wattles, ear lobes, feathers, scales and claws.
2. Beaks are the homy covering of upper and lower jaws,
3. The distal end of metatarsns presents the metatarsal spur, It is capped by homy covering.
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SUpporteg by reticular fibers and pleni
*9Me useful chemical substance into ¢
Clump type or (b) lollicular type. In cord or clump type of glands, the ceils are g
form of cords or clumps. The sceretions are dircctly delivered 1o capill
Elands, the secretions are stored in follicles and subsequenlly absorbe

re ductless glands or glands of internal seerelion, The glands conain epithelial cells
y of capillary plexus, These glands sccrete hormons and
he blood capillaries. These glards may be of ¢a) cord and
rranged in the
aries. [n follicular Llype of
d into the blood,

HYPOPHYSIS CEREBRI (FITUITARY GLAND)

This i an oval reddish grey celoured body about Ihe size of g large pea situaled in the sella
Wrcieq of sphenoid bone, connected at the base of the brain with a s1alk and enclosed by duramaler.
*CWally an exiension ol duramater while enclosing the gland, roofs the selta urcica is known ag
"pbragm sellac, The pituilary stalk pzsses through a small aperture in (he diaphragm. It consists
O two gpgs — anterior lobe and posierior labe, The gland is developed from Rathke's pouch, as

ad aneural down growth from third veniricle,

Sinusoids

Chromophils

Flg. 16.1

A Pstologleal tection of aglerdor plinliary (Pars anlerlor},
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T ——

Pars mbenalis

r\dcnohypnph)'sis Pars distalis

. Pars nervosa
(anterior)

l Meuroh 'POPhlI"-!is
postenor Iobe ¥

Chremophobe cell

Basophil cell

Acidophils cell

Fig. 102 IMfstological sectlon of piloitary gland {Higher magnlficatlon),
’ - L4 r

The portions which are developed frem the Rathke's pouch are inciuded L.mdcr the term
:\dcnohypophysis. These are (a) Pars distalis or Pars anlerior, (b) Pars (uberalis and (c) Pars
intermegi, These parls constiute the major and important portion of the gland.

The Neurchypophysis includes {a) Pars nervosa (posterior lobe) and (b) ]nﬁfndibulun?. Hov.w:,vcr.
PArS anlerior and pars twberalis constitute anterior lobe and parsnervosa and pars inter media conslilute
Posterior Jobe of the gland.

Pars anterior is composed nunicrous cells amanged ir inlcrlacing cords or clusters with some
Eonective (issue siroma mainl y of retictlar [thers and abundant blood vessels.

Dcpending epon the staining reactions these cells have been classificd into two types. The c.clls
Which have very lintle affinity for stain arc called chromophobes, They fjnmr 50% of the to1al population.
They are mostly devoid of secretery gramules, Thesc cells are smallcr in size. The othcr.cclls have .lhc
Property of staining with acid or basic dyes and called chmmuph.ils. The chromophil cc.lls which
take acidic siains are known as acidophils. In hematoxylin and cosin, these cells appear p|]1k. They
Secret Gawoth hormone (GH} and prolactin (PRL). Basophil cclls take basic slair?. They s_tmn darker
than Acidophils with hemotoxylin and eosin. The basophil cclls secret Adrenacorticolrophic hormone
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{ACTH), Thyroid stimulating hormone (TSH), Follicle simulating hormane {FSH), and Lutcinising
{LH)nterstitial celt stimulating hermone (ICSHy.
Pars luberalis is composed of cubajd

al cells and exhibit similar histologicat features 1o thai of
Ppars anlerior,

The cells (pituicyles) look |ike glial cells. They arg clongated in shape and passess long processes,
This acurohypophysis alsg contains the dilated ends of the axons of hypomalamo-hypophyscul tract.
These nerve terminals are known as Herring bodies,

Bleod supply—Branches from left and right carolid arierics an

d circle of Willi supply this gland,
A second set of blood eirculation in the organ oceurs via port

al system af veins, It convays the
clivities of adcnohypophysis,

is communicated by hypotheiamo hypophysea (raci.

In other domestic animals and birds no much appreciable difference is observed other than size,

ADRENAL (SUPRA RENAL)GLANDS

These are (wo in number. Each one is situated ejase to the cranial aspect of comesponding kidney.
Inthe umincnis the right one i5 V shaped and the Icft one is © shaped. The right ona js placed at the
medial aspect of the eranial end of the right kidney and Todged in the renal impression of liver, The
Icfi one is placed on the midlinc about 6 cm anterior 1o the cranial end of Jefy kidney and behind the

cranial mesenieric antery. Average weight of (hese glands is about 10 gm. Whole gland is covered by
& capsule,

The gland comprises of an outer cortical part and ar inner medullacy part, The cortex is derived
from mesoderm and comprises of three hist
Tasciculata (middlc) and (iji} zona reticularis
ol imegularly aranged masses of
sinuscs,

ological zones — (i} zonz glomerulosg (outer), (ii) zona
(inner). Medulla is cetodermal jn origin. It is composed
potyhedral cells. These ceils are granular and surounded by blaad

419
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Blood supply—Branches of renal ancry and lumbar artery.

Nerve supply—From adrenal plexus, -

In the herse both the glands are sitwated at the medial aspect of the cranial pole ol'!hc cocll'resp;:ml:l::ng
Kidneys, Right gland is comma shaped and the lelt gland is Illlllc shorter. In do?; the right a ;c?ln g ,_:e_
is triangular with the base directed cranially. The lefi gland is c]on.g:llcq and m']l'}]]]c form ol ¢ :1 ivﬂ]
eight In the fowl these glands are placed eranial (o the corresponding kidneys. They are roughly

of Iriangular in outline,

THYROID GLAND

These are lwo iangular dark brown coloured glands sitated at lhc.vcnlrol:]ler.:ll aspect of $2
Jjunction of larynx and Irachea, Both the gland are conncc{cd vcnlr.lll.y by isthmus \?’hl?:‘l ua:'.tl:;sisand
venlral aspecl of the trachea a1 the Jevel of 2nd ring. Medial surface is _rc]alcd lo‘cncm 1 car 1hg o
[irsl one or two tracheal rings. Laterally il is retaled 10 muscles, carotid arlery, inlernal jugular veir,

vagus nerve and escphagus,

Para follicular cells

Tollicular celly

Colloid

Follicle

Flg. 10.4A4 Uistolegical seclion of Thyroid gland,

Each glands is encapsulated by conneclive Llissue covering with rich ﬂcl;sllf)flcngzlla::rse. ;Trz
i i 5 ther H
i ber of jollicles of various sizes. In between the follicle > are

ool T s i ingle 1 [ glandular cpithelium.

i i ical in shape and lined by a single layer of g
[oMicular cells. The Totlicles are spherical in s . . 8 _
'T?hcsc cells are simple cuboidal or short columnar depending l.!])O]'l I.I_]ctr conleni—a (_:olicud rs}ub;ta;;:
called thyroglobulin. The cells have micro villi and pinocytic vesicle on'lh‘:: luminat surfac ].mne
parafollicular cells are arranged in single or in clusler form but are found within bascment membr:
but outside the fotlicular cclls.

i id artcrics.

Blood supply—Cramial and caudal thyroi . l

Nerve supply—Sympathelic fibers lrom cervical ganglion and parasympathetic fibers from recurren
laryageal nerve.

SANVTO ANRIDOANT

3
'
I
i
1
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In the horse these glands are sitared on ither side of the trachea and just behind the larynx. They
are oval in shape and conpeeted by isthmus. In dog they are oval-clongated and flat structures

sitvated at the Jaterg! aspecl of [irst six iracheal carttlages. Caudal ends are generally comnecied by
glandular isthmus, The jsthmus is inconstant,

T ——
Epiglonis

Aryteaoid cantilage

Lefi thyroid gland

Thyroid cartilage

Cricold canilage sthmus ~ 3rd trachial nng

Fig. 1048 Thyrold gland and its relation.

In the fowl these are qwo reddish-dark coloured round small bodies situated at the venteal aspect
of the common carglid artery close to the thoracic inlet.

PARATHYROID GLANDS

These are four (2 cranig) and 2 caudal) reddish yellow coloured small bodies situaied al variablg

posillions, close 1o the thyrojd gland. They may be closely associated with the thyroids. Generally
cranial glands are locaied cranial to the thyroid glands and the caudal glands are localed al (he caugy)
cdges of the corres ponding thyroid gland.

Blood stpply—Similar to that of thyroid glands.

Nerve suppli—Sympathetic fivers from cervical ganglia.

Pancreas

Ovary Described in the
Teslis Concemed chapters
Pincal gland

WILD ANIMALS

Brief Anatomical Note)

B T S L

11

In this chapter some informtaion on the gross anatomy of few common wild animals hag
been presentcd. The idea behind such presenlation is to help field veterinary doctors 10 provide
Some basic anatomical knowledge who have 1o encounter wild animals for the purpose of izeatment
including surgery or for performing post-mortem, So far 1 understand, in most of (he
circumslances Lhe veterinary doctors have 1o perform such jobs by using only philosophical
knowledge on the subject because such relerences are nol available in the standard 1ext book of
Yelerinary anatomy.

@

However, this chapler doss nol include every delails of various organ systems but only some
imporiant comparative peints which were searched from exisling lileralure, books, some museum
specimens and from inlernct. So Lhe information provided here may not be exact but very closed
10 it and I am sure, it will serve some Ppurpose as stated above. Moreover, the wild animals are
numerous and all could not be accommodated here and only few selecied animals (Elephant,
Tiger, Decr, Camed, Monkey, Rhinoceros and Crocodile) have been chosen which zre
commonly found in the country.

Some specics specific structures like Tirsk and Trunk of clephants, Herns of rhinoceros,
Antlers of deer, Hump of camel, Canine tooth of 1i ger, Foramen of Panizza in crocodile, etc. are
important and interesting subjeet to the anatomists. In this chapicr only the special anatomical
features have been mentioned white describing an crgans or a body part.

It may also be noted that structural variations do exist amongst the animals of same species
and threfore data which have been provided in this chapler are on the basis of average findings
and hag been deseribed as per zoological anatomy rather than Medical / Velerinary Anatomy,

Suggestions for improvement and corrections in this regard witl be highly appreciated,
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Theracic verebr Lumbar vertebra

Cervical veriebra

Coztygeal
vertebra

Hip

Femut

Skefetal System Tuask

: Yertchral Formula Ratlius and ulna

Alrican elephant : Cervical - 7. Thoracic - 20-21, Lumbar - 3, Sacral - 5, Coceygeal - 19-21, .
Asian elephant : Cervieal - 7, Thoracic - 19-20, Lumbar - 4-5, Sacral - 4-3, Coceygeal - 24-33, Pl

Ribs

They are 20.2| pairs in Alrican elephant and 19-20 pairs in Asian clephant. The [irs! rib is very
wide al the distal pant.

Sternum

Itis composed of 5 stemebrae arranged in threg segments,

[1]24]5]

Allas

Skulf

It is volumnus. Cranial cavity 15 small and situaled at the back of the skull, well away [rom the )
forchead, Most of the bulk of the forchead is formed by numerous large hony comb like spaces. Orbital socket
Orbilal rim is incomplete and continuous with lemporal fossa. Corenoid process of mandibul §s small
and does nol insert much inte the temporal fossa. [

Zygomalic process

Infra arbit2l fommen Temparn mandibular joint
nlia orbi

Fused molar and premoiar lccth

Limbs Mandible

Scapula presents well developed spine which is exiended backward. Radius and Ulna are almost
separated bul remain in close comacl, Ulna is massive, Number of carpat bones is cight and that of

WILD ANIMALS

STVININY A TIM
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Melacarpal bones are five. There are foor banes a1 the proximal
rov and four bones at the distal row jn carpus, Tarsal bones
are libial tarsal, [ibular tarsal, contral larsal at the proximal
Tow and 1st, 2nd, 3rd and 4th tarsal gt (he distal row, Number
of tarsal bones is seven and that of Meratarsal bones is [ve,
Each digit have three phalanges. Tibia and fibula are scparale

and interosscous spacc is wide. Tibial luberosity is bifid like
that of horse.

Dental formulg
1 0 3 3
T S5 Py oMy

The cheek leeth are generally fused. The enamel and dentn of these teeth
are inuicately intcrfolded. The enamel js disposed on ridges on enormons plateaus
of naked dentin. These tceth are lermed Laphodons.

Cheek Tooth

Tusks

These are the exlended and elongaled incisor teeth. The tusks are found in beth male and female
{%fncan elephants. In Asian elephanis only the males have tusks, In some breeds tusks are absent both
I male and female, The fusks grow throughour the |jfe, Ivory is the dentin of the tooth,

AirColls  Eetemal ear Sphcn _
Drin | Esophegps Lung Kicney  Spinalcord
Cranium o
AT o Uterus
57 i g
Lk
Nosil o ‘? - '?,
. )
= \3 \
Mandible / :
Pharynx f ]
Tusk._ j Reproductive
" traci
' Tail
e
Vi
Trunk “ Stomach L 1Ena
Proboscideal e l Intestines Femur
Artery Uma | Al Tibia Patclla
Proboscideal £,
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Trunk

It is an extension of (he nose with 1wo nosirls nmning through the whole lenpih alorg with the
upper lip. It is made up of skin, muscles and lining mucous membranc, A good number of muscles
form the bulk of the thick wall of the trunk.
Heart

Hearl is a large apple shaped siucture with double ventricular apices. The weighl canges (rom [2-
21 kg.
Stomach

It is simple bul cylindrical in shape, The average capacily is 30-70 liters. The Tundus is dilated.
The whole of the structure is sinated at the leht side of the abdomen and closely applicd o the
diaphragm.
Intesting

Tt is composed of Duodenum (1.5 ft.), Jejunum (11 £1), Cecurn {5-7 f.}, Colon (20-22 i) and
Reclum {12-14 i),
Liver

Liver is volumnus and devoid of Gail bladder. These are mulliple bile ducts. Tt is placed at the right
cranial part of the abdomen.
Kidneys

Kidncys are multilobar. Each kidney is composed of 5-7 lobes and siluated at the sublombar
region.
Testes

Tesles are tennis ball shaped in structure and intra-2hdominal in position, They are silvated
behind the comresponding kidney.
Penis

It is elongaled, without sigmeid flexure and aboul 2 meter in length,

Uterus

Uterus is bicornuale. Vidva is situaled in the inguinal region.

Mammary plands

The glands are two in cumber and located pectorally Tike primales.

STVININY A TIM
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RHINOCEROS

Skeletal System
Yertebral Formula

Cervical - 7, Thoracic - 18-19, Lumbar - 4, Saeral - 5, Coceygeal - 5-10.
Ribs

The.y are 18-19 pairs in number. The bodies are mostly rounded in shape, They are extended along
the major part of the body barrel and cover a considerable part of abdomen,

Rough Cervical vericbra
ouph ares on
the nasal bone Saph

for hom

Thomcic vertebm Lumbar venebr

Coeccypeal
vertebm

Tibia and

‘Third phatang

First phalanx
Metacarpal Second phalanx Meiatarsal
Sternum

1t is boat shaped and Taterully compressed. All stermebrae are [used,
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Skall

Itis compacl and very hard, Nasal bones are fused and extended over the pre-maxilla. Cranially
the nasal bone bears rouganess which marks the position of the horn. Orbilal tim is incomplete and
the orbit is continuous with the temporal fossa. Boih the upper and tower jaws bear leeth.

Orbital sockel
Nasal Temporo mandibalar joinl
Maxilla
Paramasterd process
Premaxilla

Mandibls,.

Memal foramen Zygomalic process

Infr orbital foramen

Limbs

Scapula is flat club shaped rather than trangular. The seapular spine is lacge but blunt. Deltoid
luberosily of humerus is well developed and sharp. Radius and uina are separate. Ulna is well developed
and massive, Olecranon process is broad. Carpal boncs are 7 in number, 4 at the proximal row and 3
at the dislal row. There are 3 melacarpal bones and each melacarpat bears three phalanges. Middle
digit is massive and strong. The Yljum of hip bone is very large. The femur is massive. In one hom
Indian rhino, the trechanter major and 3rd rochanter have joined 10gether and thereby [onmed an
oval clongated space which may be lermed as foramen elongaia femoris, Tibia and fibula are separate.
Fibula is ilt developed. Tarsal bones are tbial tarsal, fibular tarsal, cenral tarsal, 2nd, 3rd and 4th
tarsals. Metatarsals and phalanges are similar to those of fore limb.

Foramen
elongata
femoris

Condyle

m

Carpals and dlpits of thino.
ra - Radial Carpal, pi — Fisiform, in — Tnierrediate
Carpal, ul ~ Ulnar Carpal, €2-24 - Carpals of distal mow
m2-md — Melacarpals

Femur of ene horn Indlan rhino.

STVININV A'IIM
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Horn

Horn of this animal is made up of keratin and grows continoously. It is [ixed
firmly at the rough area on the fused nasal bones which over hangs premaxilla.
Unlike other animals the horn does not have a bope core. Since Lhis slruciure is
compased of agplutinated keratinized hair Jike epidermal fibers and form a solid
man, it is called Hair hors. Homs are [ound jn both males and females and are nol
shed. Some Alrican rhinoecroses have two homg and placed one behind other,

Dental formula
1 i c E_ P~3— Mi ]In!Horn
l 1 3 3

Stomach .
Stomach is simple but the cardia, fundus and Pylorus are demarcated by grooves. Lesser curvature

is short and therefore the esophagus and the pyloric cnd are closely situated. The pylorus is smaller
in comparison {o that of other herbivores,

Lesser curvatupe ————

Stomzch of Rhlnoceros

Spleen

It is clongatcd in shape, The orgar is brozd above and rarrow below. It is silvaled close o (he
cardia along the preater curvalure.

Liver
Tt has four dislinct Jobes and g papitlary process. Gall bladder is absen;.
Kedneys
Kidneys are lobulated. Each kidney possesses about 80 lobules. Renal papillae arc absen,
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Testes

Testes are ellipse shaped simiciures placed at the inguinal region, Average weight is about 1.3 kg,

Penis

Itis less clongated and about 15 cm in length.

Uteris

Uterus is bicomuate.

Ieart
The shape resembles 1o that of buffalo and the weight is about 9.5 kg,

Muammary gland

The paired glands are inguinal in position,

STVININV ATIM
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CAMEL

Skelelal System

Vertebral Formula

Cervical - 7, Thoracic - 13, Lumbar - 6, Sacrat - 3, Coccygeal - 10-15.
Cervical bones are elonpated.

Ribs

E!c\v:cn pair of ribs arc found. They are mostly flat. Last twe are Moating. Thoracic cage is small in
comparison 10 other mammals.
Cervical verichra
Seapata Thoracie vertebra  Lumbar vertebra

Saeum Hip

2 & Coceygeal
if vertebra
A RUT'S
Sy ¥
e
ﬁﬁ oﬂéd r\
Bumerus u :‘ s,
Stermum Femur
Radius and ulna ng;;nd
Carpals e < Tarsals
¥
Melaca Second Menatarsal
el phalapx
iy r, e ),
~ s
Third phalanx  First phalanx

Sternim

It is laterally compressed backward and dorsoventrally compressed ({121} in front,
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Skutl

It is anterierly tapered and triangular in fronl. Orbital margin is complete. Nasat bones are short,
MMaxilla is upwardly placed and thereby the gap with the mandible in (his place is more. Zypgomatic
process is prominen:, Frental bone is short. Interparietal bone is exlended backward. Temporal fossa
isnot deep. Maxilla and pre-maxillaarelong. Yentral mrbinates are well developed. Mandible is massive
and rami are fused rostrally. Parictal crest is promineni, Hamulus is developed. Mandible presents o
deep nolch below and behind the condyle.

Orbital sockel

Nasal

Infra orbital fermmen Zygomalic process
Orecipital condyle

Maxiita Tgmpnm mandibular jDiI‘Jl

Paramastoid process

Noich

Premaxilla

hMandible

Mental lormen

Limbs

Limbs are almost similar 1o Lthose of cow. Radivs and
Ulna arctotzlly fused without having any interosscous space.
Somctimes, proximal inicrosscous space is found in the
form of alarge foramina, Carpal bones are seven in number,
four at the proximal row and threc at the disial row. Proximal
bones are radial carpal, inlermediale carpal, ulnar ¢arpal
and accessory carpal. Distal row bones are 2nd, 3rd and
4th. There is only one large and long melacarpal bone which
bears tivo condyles at the distal end. Functional digis are
Iwo represcnting 3rd and 4th, Phalanges are three for each
digit. Tarsal bones are six in number. They are tibiat tarsal,
[ibolar tarsal, central tarsal, 1st tarsal, 2nd and 3cd fused
tarsal and 4th tarsal. Fibula is rudimentary. There are two
proximal sesamoid bones in each digiv. Inter condyloid clelis
both in metacarpal and metatarsal are deep and extended
upward.

Carpals and digits of camel.

Denital fomm!a £a — Radial Carpal, in — Tntermediate Carpal,
ul — Ulnar Carpal, m}-m4 - Fused metacarpals
| 1 2.3 3 3rd and 4ih, £2-¢5 — Distal ow carpals.
[— C— P~ M—
3 1 1.2 3
Hump

Hump is situated on the back i.e. over the thoraco-lumbar region. Tt is composed of masses of fat
withoul any cormesponding curvature ai the vertebral column. The bulk of the hump serve Lhe purpose
of reserver of nourishment.
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Stomach

Camels possess ruminant stomach, Alihough 4 campariments are present but from ont side 3
comparments arc visible. The internal structures differs from (hose of ox and shecp. The wall of the

first compariment (rumen) accommodites a number of Little pouches which siore water, called water
cells.

Liver

It is composed of five labes - lef laterat lobe, lefi medial lobe, right lobe, caudate lobe and
quadrale lobe. Gall bladder s absent.

Kidneys

They are bean shaped and smooth surfaced, Hylus is situaled deep at the medial border. Beth the
dorsal and ventral surfaces are convex. Lateral border is more convex,

Lateral border

Crarial end Caudalend

Ilyus
Ventral surface of the kidney of camel.
Testes

Oval clengaled testes with large sized epididymis are placed within the scrotal sac which are
situated at the inguinal region,

Penis

The penis is long and presents a sipmaid Nexure maintained by retraclor penis muscle. The tip is
hook shaped. The orilice of prepuce is directed caudally and for this reason camels urinate backward.

varies
They are Mattened and lobulated.
Uterus

Uterus is bicomuate. The shape is like the feiter T than classical "Y* shape as found in other
bicomuate mammals,

Manmary gland

The udder of camel cow has four quariers wilh its own teat. They are sitated in the inguinal
region. Each Leat conlains 1wa streak canals,
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MONKEY (Chirmpanjee)

Skeletal System
Vertebral Formunla

Cervical - 7, Thoragic - 11-12, Lumbar - 5, Sacral - 5, Coccygeal - 4-40.
Thoraco-cervical region of the vertebral column is bent forward. Sacrum is almost vertical in
position. Duc Lo change of pelvic diaphragm, the pelvic inlel is directed upward,

Ribs

There are eleven 10 welve pairs of ribs. Somelimes one or two [loling ribs are found, Clavicles
are well developed and extend [rom shoulder 1o first siemebra.

Seapula Clavicle
Stermum
Rits
Tlumerus Lumbar vertehra
Sacrum
11ip

Coceypeal vertebra

Raclius ang ulna
Femur
Tibia and fibula Patella
Carpals
Sccond phalanx

Mectacarpal First phalanx

‘Third phalanx

STTVININY 'TIA.
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Sternnm
Sternum is flat and expanded at the upper part to aniiculate with ficst pair of ribs and clavicle.
Skult

Cranial cavity is large. Foramen magnum is venirally placed, Maxilla and Mandible are extended
forward. Nasal boncs arc short. Parjelal bone is cxtensive. Fromal bone is dome shaped. Orbital rim
is complele. Rami of the mandible are fused.

Orbital socket
Zypomalic process

Infra onbital foramen

‘Temporo mandibular joint

Premanilla

Mental foramen Mandible

Limbs

Fore limbs are comparatively long and free from (he i
body at the level of shoulder joint. Coracoid and acromion Tita
processes are developed. Radius and lna are separate.
Number of crpal benes is eight, four at the proximal row
and four at the distal row. Digits arc five. Exceptiag 1st, I
alt digits possess three phalanges cach. Firs| digit have
wo phalanges. Hind fimbs arz free from the body ot the
level of hip joint. Natural'swing of the limbs are incraased.
Hip bone and hip joints are larger and provide partial  y-===<
support to the trunk. Tibia and fibula are separate. Tarsal
bones are seven in aumber. Tarsals melatarsals and
phalanges togcther pariially support body weight and ot
the same time remain partially opposable.

Fibula

Tibfal
larsal

5 Bl
Tarsus of monkey
i-3 - Distal row tarsal bones
IV~ Meta amsaly

Dental formula

12 el p3 3

Sirueture of canine teeth varies from breed to breed,
2 1 3 3
Stomach

Stomach is simplc and withour any proventicular or non glandular part. Pyloras is litile clongated.
Shape is almost identical 1o that of human,
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Liver

There are Iour lobes in the liver, These are Median (largest), Right lateral, Left lateral and Caudare,
Gal} bladder is present.
Kidneys

Kidneys are smooth surfaced and bean shaped.

Testes

They are ovoid in shape and situated in the pendolus scrotal sac ar the inguinal region. Seminal
vesicles are pyramidal and the prostate is conical in shape.
Penis

It is clongated and prismatic in appearance.

Ovaries

These are aval clongated stuclures, smeath surfaced in young and rough surfaced in adulis.

Uterus

It is a pear shaped sac like skucture, identical 1o that of human and situaled in the pelvie cavily,
Due 10 maximum [usion of muclledan ducts in monkey and human the oviducts beceme shorl, homns
are not developed and thus simplex wterus is formed,

Ovary —Q
Fallopian fube
Body of the uterus

Neck of the uterus

N) ;
Genital orifice —_i

The uterus and bladder of monkey.

Mammary gland

Onc pair of pecloral mammary glands are present. Structures are identical 1o those of human or
bitch.
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Skelelal System
The whole of the skeleton is idemical 1o that of large goats, but some variations are found,

Vertebral formula

Cervical - 7, Thoracic - 1213, Lumbar - 7, Szczal - 4-5, Coceygeal - 5-15. A
Ribs !

Ribs are iwelve 1o thirlcen pairs in number, They are mosily fat. Floaling ribs are also found.

Hom

Cervical veniebra

. f.umbar verichm
Thoracic vesichr

lip
Coccygeal verebra

Tibfa and fibula

Radius and wlna

Meracarpal

WILD ANIMALS
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Sternum

Sternum is boat shaped and laterally compressed. All stemebrac arc fused.,

Skull

Nasal bones are short. Orbital margin is cornplete, round and wide. No alveolar sockel at the pre-
maxilla, Zygomatic process is prominent. Maxitla is well built. Infraorbital foramen is promingnl.
Cornual processes ace present in males and extend from frontal bones, Premaxilla is extended forward,
In some brecds, the beginning of the naso-lacremal canal js exposed. Angle of the jaw is extended
backward. Horizontal part of ramus of mandible is long and the coronoid process is exlended upwards,

Comual process
Orbital secket
Comnoid process

Zypomalic process

Premaxilla Extemnal suditory meaius

Temporo

Mental feramen macdibular joint

Herns {Antlers)

They are present in male animals and are ofien branched.

These are the bony projections from the frontal bone and Ralius
remain covered by a sheve of keralion, Hoewever, new growing in
homs are covered witl soft vascular skin and velvely hair. .:; S ‘
The antelars gencrally shed annually which is dependent on ms m2 -
androgenic concentration of the body, The branching patiem
as well as curvatures are highly variable ftom breed to breed, m 3
Linths é

Radivs and ulna arc [used, Interosseous space is present.
There are six carpal bones arranged in two rows. The large ) :
melacarpal bone has been formed by the [usion of 3rd and > !
4th. Two small vestigial melacarpals are present representing vy IQ"
2nd and 5th, There arc two main digits having three phalanges
each and two vestigial digits. Tarsal bones are six in number.
Lateral malleolus is present. Metmarszls and digits are W Il
structurally similar to those of fore limb. Carpals and digits of deer.

1~ Radial Carpal. jn - [niermediate Carpal,
Denral formula ul - Ulnar Camal, m - Large melacarpal
(3rd and 4th (used), m2 and m5 — Small
0 1 3 3 metacarpals, ¢3 and o - Distal rew carpals,
[— C— P— M= Caninciecthareill devcloped. 1 and ¥ - Vestigeal digits, [T and [V —
3 1 3 3 Developed digits.
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Stomach

It is identical to that of small ruminants, i.e sheep and goat. Rumen, reticolum, omasum and
abomasom are il defined from oulside. Abomasum is in the form of a clongated and expanded tube.
Ventral sac of umen is larger than dorsal sac.

Pylorus

Dodenum
Esophagus

Splesn

Rumen {dorsal sac)

Caudal blind sacs
Reticulum

Rumen {ventral sac)

Liver

Gross siructure of liver is identical to that of runtinanis bul no gall bladder is found in most of the
breeds,

Kidneys
~ Kidneys ar¢ smooth surfaced and bean shaped.
Testes
They are vertically placed within the scrotal sac which is silualed al the ingvinal region belween
thighs.
Penis

This is in the form of a cylindricat fibro-muscutar structure like smatl mminants but withowt any
sigmoid Hexure,

Uiterus

Beers have bicornuale ulerus. Ulerine earuneles are very less in number. Sub-uzethral diverliculum
is absent.

Mammary glanid

Mammary glands are two in number and identical to those of sheep and goal. However ihey are
comparalively smaller in size,
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TIGER (BIG CAT)

Skeletal System

The whole of the skelelon is idenlical to that of cat, bul seme variations are found,

Vertebral jormula

Cervical - 7, Thoracie - 33, Lumbar - 7, Sacral - 3, Coccygeal - 10-30.
Ribs

There are thircen pairs of ribs. The bodies of the ribs are round and nol flat as found in cther
animals.

Sternum
Rod shaped siemebrac, numbering cight to ten form the stermum. The stemnebrae are nol complelely
fused wilh each other.

Sharll Cervical venebr
Thomcic vernebra

ygeal venebra

Siemum

YA-29

STVIAINYV AT
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Skult

Frontal bone is short and diamond shaped. Parictal bone is Jarge. Maxilla is well built, Zygomatic
process is curved and strong. Orbital ring is incomplele. Nasal bones have extended process
anterolaterally at the margin of the nasal opening. Infra orbital foramen is large. Mandible bears a
fossa at the lateral aspect and a hook like prajection at the angle of jaw. Bulla tympani is oval and

strong. Pammastoid processes are short, Interparietal bones are fused cach other and has formed a
dorsal projcction. '

Orbital socka
Zygomalic process

Temporo
mandibular foint

Infra orbital foramen

Mental foramen Gecipilal condyle

Parmmastoid process

Premolar 12eth
Molu tooth

Mandble  Extemnal auditary meatus

Limbs

Seapular sping js blunt. Radius and ulna are separate. Carpal bones are seven in number. There are
five digits having three Phalanges each except the Ist. The thisd phelanx (claw} is in the form of 2
laterally compressed cup wilh a central hook. Tibia and fibula are alse separare. Number of tarsal
bones is also seven. 4th tarsal is long. Metatarsals and digits are similar 1o thase of lore limb,

Dental formmla

3 1 3 1
7 0T Py oMy
Upper molar and last premolar are peg shaped with a broad base. Lower molar is hoat shaped and

premolars are crown shaped. Canine Leclh are very strong and look like a curved spear. Upper jaw
canines are longer than those of lower jaw.

Stomach

The shape of the stomach is identical 1o those of cat and dog and possesses al| Lhe features —

cardiac, fundic and pyloric paris. It is pyriform in appearance, Greater curvature and lesser curvalure
are prominent. Constriction belween fundic parl and pyloric part is absenl. The inlerior presenls
numerous longitudinal as well as some iregular folds, '

Liver

Liver consisted of five lobes — right Iateral, right central, left Lateral, lefl central and eaudate, The
gall Bladder is situated in the right central lobe.
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Kidneys

Kidneys are bean shaped but surface is marked with Faing grooves arranged in a diverging manner
from hilus to periphery. Calour of the organ is comparazvely reddish.

Testes

These oval shaped structures silualed obliquely behind ihe inguinal region and below the anus. The
scrolal sac is liule blackish in colour.

Penis

This is in the form of a eylindrical oro-muscular struclure 2nd eontains os-penis. Bulbus glandis
is nol developed. Sigmoid flexor is absent.

Uterus

Tigress has bicornuate uterus. Qvarics are not lobulated, The homs are long and extended forward
in the form of a Structure 'V",

Manunary gland

Mammary glands are five pairs, wo pectoral, two abdominal and one inguinal,

STVIAINV A TIm
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CROCODILE

Skeletal System }

The skelcton of this reptile is an elongated structure with fat and broad skull and extended tail.
The thoracic eage is dorso-venlrally compressed. The limbs are short in comparisen Lo trunk.

Vertebral Formula

Cervical - 6.7, Thoracic - 11-15, Lumbar - 3, Sacral - 2, Coccygeal - 30-35.

The bodies of the veriebrae are convex caudally unlike those
of mammals. AL the 1ail "v* shaped ventral spines are allached
with the concerned facets of the (wo consequlive coccygeal
vericbrae at the ventral aspect of 1he bodics. Supra spinous
processes of most of the veriebrag excepling those of cerviczl
and coccygeal groups zre quadrilateral in shape,

Ribs

The number of ribs is normally 14 pairs. Presence of few cervica] ribs and few floaling nbs are
found. Clavicles are developed and Mot at the ends.

Sternnm

Itis Nac. 8-9 scgments fused 10 form this structure. Coslal cartilages arc flat and exiensive. First
sternebra is long and extended forward.

Lumbar veachra
Ay
O

Skull Cervical vertebra  Thomacic venebra

ks
oy

: X
R L

Tibia and fzbula
Tarsals
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Skult

The skull has a well ossified neurceraninm, a single occipilal condyle and a large number of
membrane bones. Frontal bone is small and clongated. Maxiila and pre-maxilla are also elongaed,
Palace is smooth and spacious due to close fusion of pre-maxilla, maxilla and ethmoid. In between the
two premasilla benes there is a large round space which communicate ventrally, Mandible is longer
than skull. Coronoid process is extended backward and upward and rcmains free. The condyle of
mandible anticulates with parietal bone, Lateral 1o the frontal bones al the supra-orbital fossa there is
a pair of large oval foramina on the forehead.

Foramen of forchead Orbital sockel

Tempoto

Large round mandibular joint

space betwern
pre-maxilla

Zygomalic process

Premaxilla

Canine 1ooth Maxilla

Large mund space belween pre-maxilla

Tncisor tooth

Moaxilla

Canine togth

Palatine

Ethmoid
Incisor of Tower jaw

Canine of lower jaw

Mandible

STVININV A TIM
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Limbs

Limbs are in general short, Torelimbs are shorter than hind limbs, Radiug and ulna are separate,
Carpals arc small rod shaped structures, Digils are five, Excepting the first, all bears three phalanges
cach. Ilium, ischivm and Pubis arc not conpletely fused. Pubis i extended forward and keeps a wide
gap from izchium and therefore oburair foramen is absent, Tibia and fibula are separale. Tarsals
bones are irregular, volumnus and 4-5 in number. Metatarsal benes are Jarger than melacarpals,

Dental formula (Highly variabie amangst different breeds)

4 6 4 4

Last canine is the largest. Molars are ill developed.
Esophagus
Duotlenum-

Stomach
L. Proveniniculus

Pyloric
cocom

Like that of birds, the siomach is divided inlo two parts
= proventriculus and gizzarg, However, the proventricular
part in some breeds are not developed. Proventriculus js
the glandular part and gizzard is the grinding part. The
gizzard is lined by a bemy mucous membrane, Between
the pyloric end of stomach and begining of duodenum 2
diverticulum is found called pyloric cccum.

Liver

It is bi-lobed and situated in the coclomic cavity at the
level of 3rd to 9th ribs and below the heart. Right lobe is
targer and a poach like gall bladder s attached with it. The
diaphragm is not {ully developed.

Stomach of Crocodile.

Kidneys

Metanephric kidneys are bilaterally placed in the dorsal as pectof abdomen, They are oval-clongated
in shape and presens lobulalions on the surface. Ureters open in the cloaca.
Respiratory organs

To prevent entry of warer into the respiralory Passage, the crocodiles have 2 fleshy valve, the
Ppalatine velum, which consists of two large transverse folds suspended Irom caudal end of the leng
palate, just anterior to the inlemal nares,

Each lung is in the form of a elongated sac and divided jnio numerous chambers. Small oug
pockets from each lung with traped air are semetimes feund,

Testes

Testes are namrow and clongated structures situated 21 the medial aspect of the corresponding
kidney within the abdomino-pelvic cavily.
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Penis

Itis short, conjcal striciure witha pointed end. Tt bears 4 urogenital groove, Normally, the phallus
is not visible from outside as jt remains cretosed wilin the cloaeal pouch in non-erectile state,

Ovary
Two ovarics are altached 10 (he dorsal wall of (he kody.
Uterus

The herns of (he uterus have infundibulum, magnum or albumin scereting portion and the shell
gland secreting part just prior (o cloaca, In some variety of crocodiles, only one of the lwo embryonic
mucllerian duets differentiares,

Heart

Heart is conical and have four chambers. However, the venlricles are connected gbove by the
loramen of Panizza, which occured due 1o incomplele development of inlcrveniricular Seprum.

STVIINV ' TIm
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Abdomen, 202
Abducent nerve, 373
Abduction, 103
Abhomasum, 211
Accessory digil, 414
Acctabulum, 42
Achilles lendon, 155
Acouslic meatus, 406
Aetomion process, 16
Adduerion, 103
Adenohypophysis. 417
Adilus

laryngls, 248

pharyngis, 200
Adrenal, 418
Air sacs, 256
Alveoli, 252
Amphiarthreses, 101, 105
Ampulla

hepate-pancreatic, 238

of oviduct, 281

of vas, 271

of vator, 222
Anal s1e, 224
Anasiomosis, 309
Anosmia, 368
Antlers of deer, 437
Anus, 221
Angiolopy, 296
Aorla, 309

abdeminal, 320 -

decending, 319

theracic, 319
Aorlic

arch, 309

bulb, 309
Aponcureosis, 127
Apparatus stay, 156
Apparatus lacrimal, 401
Apparatus suspensory, 291
Appendix, 297
Aquedugt

cochlea, 409

sylvius, 359

veslibuli, 409
Aqueons humour, 404
Anrchnoid, 336
Artery

axillary, 3k4

brachial, 315
brachiocephalic trunk, 309
bronchial, 319
carolid, 309

celrag, 320
cercbellar, 328
cercbral (53, 328
circum{lex, 325
coronary, 302
costoeervical, 314
cranial mesenlerie, 322
cranial ibial, 326
digital, 319,327
cmergent, 327
esophageal, 319
femoral, 325
gastric, 32|
gnsiro-duodenal, 321
gluteal, 324
helicing, 274
hepalic. 321

iliac, 324, 325
inlercostal, 319
inicrosscons, 316
lingual, 311

lumbar, 323
mammary, 325
mazxillary, 313
median, 318
meningeal, 311
menral, 313
melalarsal, 327
obluralcr, 324
omasoabomasal, 321
ophthalmic, 314
pancreatie, 121
phrenie, 320
popleteal, 326
pedendo epigasiric, 323
pulmonary, 306
radial, 318

renal, 322
ruminal, 321

sacral, 324
saphenovs, 325
splenic, 321
subclavian, 314
subscapular, 315
superficial lemporal, 312
syslemic, 307
resticular, 322

thoracice, 315
exrernal, 315
inlernal, 315
nbial, 326
wlnar, 31%
umbiligal, 324
uvlerine, 283
ulero-ovarian, 285
vertebral, 315
Articulalion (s) {scc joinis)
atlanto axial, 123
carpal, 109
chondio-sternal, 125
costo-chondrai, 125
coslo-vertebral, 124
hyoidean, 10§
interchondral, 126
melacarpe phalangea?, 110
tempoto mendibular, 105
Ataxia, 175
Atrium
lef1, 259
right, 297
Audilory
hulla, 65
mealus, 406
ossieles, 407
Autonomic nervous system, 392

B

Beiz calls, 353
Bile duoct, 235
Biadynamics, 180
Biomechanics, 180
Biostatics, 180
Bladder
urinary, 266
gall, 235
Blood brain barnier, 328
Done {s)
allas, 81
axis, 82
cannon, 32
carpals, 27
clavicle, 94
diaphysis, &
car ossicles, 407
endosieum, 69
coiphysis,
cfhﬁm)ird. [13)




443

FRIMARY VET| ERINARY ANATOMY

femur, 46
fibula, 53
{roata), 65
humerus, 19
hip, 39
hynid, 78
. . 1,63
1aterpariclal,
is.:t?um, 40
Tong, 4
lacrima), 66
malar, 66
malleolus, 55
mandible, 72
maxilla, 66
maTOw, 9! )
metacarpal, 3
metalarsal, 59
nasal, 67
navicular, 35
occipilal, 63
ossification, |1
palaling, 65
parictal, 63
palelia, 50
pelvic, 39
phalany 35
pin, 40
pisiform, 27
pocamatie, 4
premaxiilaz, 66
plecygoid, 67
pubis, 40
radius, 24
rib, 95
round, 46
SacTupm, 87
scaphoid, 27
scapula, 16
s=samoid, 4, 36
skull, 62
sphenoid, §3
splint, 33
slernom, 92

vomar, 69
Bow and string, 185
Bowanan's capsule, 240
Brachium
conjunctiveum, 160
pontis, 36)

inler, 156
mid, 356
Broncheole, 252
Bronchus, 248
apical, 248
Broncho pulmonary segment, 252
Duceal cavity, 191
Buibus gorlices, 309
glandis, 276
Bursa
labricius, 230
synavial, 101
Bursae of slifle joint, 118

C

Cacosmin, 368
Calamus scriptonius, 355
Calyces, 253
Canajs
alimeniary, 187
femoral, 388
of gartner, 287
haversian, §
inguinal, 271
laceimal, 402
mandibulaz, 72
nasolacrimal, 402
neural, 78
semicircular, 409
supraorbiial, 65
Canalicul, 6
Cantilevers, 186
Capillarics, 336
Capsulc
joint, 100
Cameae trabeculae, 299
Cartilage
alar, 245
anieular, 7
arylenoid, 247
conchil, 406
corniculate, 247
costal, 94
cricoid, 247
cuneiform, 254
inlm-nrlicu]‘nr. 100
laryngeal, 247
thyroid, 247
sculiform, 406
xipheid, 92
Caruncula
laerimalis, 401
sublingualis, 192
Cauda equina, 362
Coudate nucieus, 330
Cavernous Lissue, 320
Caviry
abdominal, 202
buceal, 191
cranial, 69
glenoid, 1§
laryngeal, 247
marrow,
nasal, 245

peritancal, 204
Ihoracic, 249
Center of gravity, 183
Cerebellum, 359
Cercbral pedunclc, 357
Cerebro spinal Muid, 346
Cerebrum, 343 -
Cervix, 284
Chalaza, 283
Chestnut, 414
Choanae, 200
Choroid, 403
Choroid-Flexus, 346
Ciliary body, 403
Cingulum, 197 '
Cirele of willis, 328 !
Circumduction, 103 '
Cislerna clyli, 333 |
Claustrum, 349
Claw. 415
Cittoris, 288
Cloaca, 230
Cochlea, 409
Cochica-vestibulay nerve, 374
Colliculus seminalis, 272
Celon, 219
Commissure
gray, 363 ~
white, 384 |
Condyle, 15 |
Conjunctiva, 401
Conus
arteriosus, 299
medullaris, 362
Corzcoid process, |7 !
Corda tympani, 373 |
Cordac tendinae, 209
Cornea, 403 |
Carona glandis, 275
Corona radiar, 280,353 |
Corpora quadrigemina, 357 |
Corpus
albicans, 157
callosum, 354
loteum, 280
resliform, 361
strialum, 348
trapezoidum, 361
Coslal
faget, 35
groove, 95
Coryledon, 285
Colylaid cavity, 42
Cowper's gland, 272
Cranial
cavily, 69
nerves {5), 367
Test
petrosal, 145
renal, 261
sacral, §7
tibial, 5]
Cribriform plaie, 55
Crista galli, 66
Crap, 202

INDEX 449
Crown, 196 » Flezion, 103
Crura cerebri, 357 E Foramen
Crurs Ear alar, 82
diaphragm, 164 drum, 407 condyleid, 63
Cupula, 249 cxtcmnll. :igg l:|l;_ll'llg.'1_l:l I;cg;ons. 427
i 2 internal, 4 epiploie, 2
Cystie duet, 233 middle, 407 hypoglsal, 3
Egp, 283 infraorhilal,
D Eﬁgmel. 196 Jugular, 71
Dartos, 268 End arleries, 309 lacerum, 71
Delioid Endocardium, 398 luschkz, 347
ridge, 19 Endomeirium, 284 mapcndie, 347
lubcrosity, 19 Endomysium, 127 magnum, 63
Dental formula, 197 Endoncurium, 338 mandibular, 72
Dental pad, 191 Endosteum, 9 mental, 72
Denlate gyrus, 355 Enlcrocytes, 219 of monro, 354
Denticulate kgameni, 347 Epicardiom, 208 oblumter, 43 )
Dentina Epicondyle, 20, 47 optic, 71 |
fiber, 196 Cpidural space. 345 orbitorotundum, 63
tubule, 196 Epiglottis, 247 ovale, 63 |
Denin, 196 Epididymis, 271 palatine, 66 ;
Diaphragm, 164 Epincurium, 338 pinazza, 444 ;
DizphragmSellas, 145 Epiphysis, 13 posl gicaoid, 71 ‘
Dinphragmatic flexure, 222 Equilibrium, 180 supraorbiial, 71
Diaphysis, 13 Ereciion mechanism, 274 supratrochlear, 22
Diarthroses, 100 Esophagus, 201 transyersarium, 8| |
Diastema, 197 Erogot, 414 Iriosseum, 19 |
Dicncephalon, 348 Eustachian tubc, 407 winslow, 204 ) )
Digilal cushion, 413 ExL. oceipital prowberance, 63 Foramen elongata femoris, 427 X
Diplopia, 369, 373 Ext. urcthral orifice, 285 Foramen of forchead |

Dipolcs, 4
Diverticulum
duodeni (see hepatopancrea-ric
ampulla), 221, 138
suburethral, 286
Dominance of bemisphere, 400
Dorsum linguae, 194
Ducl
alveolar, 253
Bellini, 260
bile, 235
cystie, 235
cpididymis, 27|
hepalic, 235
incisival, 246 |
hepaio cystic, 240
hepato enieric, 240
lactimal, 401
naso lacrimal, 402
naso palatine, 246
Pancreatic, 241
parolid, 231
prosiatie, 272
slenton's, 231
sublingual, 232
Lhoracie, 33
wharion's, 232
wollTian, 287
Duclus
areriosus, 306
incisive, 246
mullcrian, 252
Duodeoum, 217
Durmmatar, 245
Dysphagia, 377

Exira hepatie biliary aparatus,
Extra pyramidal system, 236
Eyc

ball, 462

lash, 401

lid, 401

r

Fabellz, 48
Facer, 15
Facial, bones, 62
Facial nerve, 373
Fallapian tube, 28]
Falx cerebri, 345
Fascia cremastie, 268
Faseia seretal, 268
Fascia Iransversalis, 268
Facial nerve, 373
Fasciculus
pracialis, 363
cunealus, 363
Fetal circulatian, 323
Filiform, 194
Filwn terminale, 362
Fimbriae, 281
Fissure
antero superior, 352
callosomarginal, 353
palpebral, 401
portal, 234
suprasylvian, 352
syivian, 352
transverse, 352
umbilical, 234

of crocodile, 443
Foramer of pinazza, 445
Force, |80
Formnix, 354
Fossa

atlantis, §2

condyloid, 63 !

eoronoid, 20

exlensor, 47

glandis, 274

infraspinous, 18

inlcrpedunculzr, 357

lacrimal, 66

olecranon, 20

ollaclocy, 66

ovalis, 298

ovulation, 281

piluitary, 63

subscapular, |8

sopra-acetabular, 42

supranspinows, 18
Fova

capilis, 47

deniis, 82
Fracture, B3
Fremum

labii inferionis, 191

linguae, 192
Frog, 414
Fronix vaginac, 285

G

Gall bladder, 235
Gallop, 188
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Ganglion
ciliary, 368, 394
dorsal rocr, 383
gasscrian, 370
geniculate, 373
i Jugular, 376
oli¢, 393
semilunar, 370
spiral, 374
Genienlate body, 356
Genita? fold, 205
Giant pyramidal cells of Belz, 353
Ginglymus, 183
Gizzard, 229
Gland (s)
adrenal, 418
buegal, 191
bulbourethral, 272
cardiac, 213
ciliary, 401
cowper's, 272
Harder’s, 405
lacrimal, 401
liver, 234
lymph, 333
mammary, 29]
mandibular, 231
pancreas, 210
parotid, 231
parathyreid, 420
pilullary, 416
prostale, 272
salivary, 231
sebaceous, 412
: sudlingual, 232
N suprarenal, 418
sweat, 412
thyroid, 419
zygomatic salivary, 233
Glandis
bulbous, 276
corona, 274
fossa, 274
Glans
clitoris, 288
penis, 274
- Gliding movement, 103
Gliosis, 341
 Glomerulus, 259
e Glossa-pharyngeal nerve, 375
- Gluieal
line, 41
surfage, 4]
~ Gomphosis, 105
Graafian follicle, 280
+. Gray mater, 348, 363

bictpital, 19

coronary, 206

costal, 96

musculospiral, 21

» _reticular, 208

= Guitural pouch, 200
2 Gyri

cerebral, 351

H

Bair, 412
Hair cell, 410
Hair homn, 428
Hamstring, 146
Jlamulus, 67
Harvertian sysiem, 6
Heart, 298
alrium
left, 259
right, 297
venlricle

left, 300

tight, 269
Helicotrema, 409
Hepato pancreatic ampulla, 238
Hind brain, 359
Hippocampus, 355
Hool, 414
Horm, 413
Hom of rhino, 428
Hump of camel, 431
Hyaloid membrane, 405
Hymen, 233
Hyperosmia, 368
Hypocleidium, 95
Hypoglessal nerve, 382
Hypophysis cerebri, 416

I

Tlewm, 218
Iliopubic eminence, 39
Tlium, 41
Incizor, 193
Ineus, 407
Infundibulum, 281
Inguinal canal, 271
Insula, 206
Inter condyloid clefi, 34
Interealated disc, 104
Intervertcbral disc, 121
Interverrcbral feremen, 33, 121
Intestine

large, 219

small, 217
Tris, 403
Tschiurn, 40
Tslets of Langerhans, 24

J

Jejunum, 217

Iwint {s)
amphianhroses, 99
qlanto-avial, 123
ball and socket, 103
carpal, 109
coffin, 113
crack, 104
dianhrodial, 101
elbow, 103
fetlock, 110
ginglymus, 103

glinding, 103

gomphosis, 105

hinge, 103

bip, 115

hock, LID

pastern, 111

pivot, 103 oy

radio-ulnar, 108

shoulder, 107

stifle, 116

symphysis (Pelvis), 115

synarthorses, 103

synchondrosis, 105

syndesmosis, 105

tharax, 124

rrechoid, 103

veriebral column, 120
Tugular confluent, 330

K

Keel, 93
Kidney b
left, 258
right, 257
Kinclics, 150

L

Labia vulvae, 288
Labyrinth, 409
Lacrimal apparalus, 401
Lacieals, 219
Lactiferous duct, 293
Lacunac, 6
Lamella
haversian, 6
Lamina
cribosa sclerae, 402
of vetebra, 80
splendens, 347
supracharoid, 402
Larynx, 246
Lateral veniricle, 354
Lens, 405
Lenlicular nucleus, 348
Lesser ischialie nolch, 42
Lesser omentum, 205
Ligament {s}
accessory, 116
annular, 102
archilerm, 103
broad, 285 :
capsular, 100 I
caudate, 236 i
check, 116
collateral, 102
conjugate, 113
coronary, 117
colyloi?: 15 :
cruciale, 119
iliclumber, 115
inguinal, 134
inlcrasseans, 102
interspinous, 122 :
intra articular, 102

INDEX

ol liver, 236
pericardiaco-slernal, 282
poupart’s, 157
radiale, 13
round, 1[5, 235
ronnd of uterus, 269
sacro-seialic, 115
sesamoidean, 111
suspensory, 111, 291
Ligamenium
arteriosum, 299, 306
denliculatum, 346
mechae, 122
Limbic systcm, 354
Linea alba, 156
Lingula, 359
Lips, 191
Liver
ox, 233
horse, 237
dog, 238
fowl, 240
pig, 239
rabbit, 239
Locomotien, 187
Lephodant, 424
Lumbo-sacral plexis, 387
Lungs, 250
Lymph gland, 333

* Lymph nodes, 332

Lymph vessel, 333
Lymphatic, duct
right, 333
thoracic, 333
Lyssa, 195

A

Macula lutea, 404
Magnum, 282
Malphagian corpuscles, 25%
Mammary gland, 290
Mammillary

body, 357

pracess, B4
Mane, 414
Manubrium sterni, 92
Margoplicaius, 214
Marrow

cavity, 8, 9

red, 9

yellow, 10
Mater

tdura, 344

gray, 353, 362

pia, 346

white, 353, 364
Mearus

acouslic, 406

cxlernal, 406
internal. 69

nasal, 245
Mediastinum teslis, 259, 249
Medulla oblongata, 261
Medullary cavity, &

Membrana
nictilans, 405
tympani, 407
Membranous labyrinth, 409
Meninpes, 344
Meniscus, 117
Mesencephalon, 348
Mesentery, 204
Mesoreetum, 205
Mesovarium, 279
Melaphysis, 14
Metencephalon, 348
Milk cislern, 293
Milral valve, 300
Modarator band, 299
Modiclus, 409
Momeni, 182
Mealor end plale, 341
Mouth
ox, 190
harse, 193
dog, 193
fowl, 193
piE, 19
rabbil. 193
Mullerian dues, 282
Muscles
abdominal, 156
adducrer, 148
auconeus, 136
arlicular genu, 151
biceps
brachii, 135
femons, 145
brachalis. |35
brachiocephalicus, 130
buccinator, 173
cardiac, J04
ol cervical group, [66
ciliary, 403
coccygeus, 288
complex, 151
complexus, L71
coraco brachialis, 135
corrugalor supercilli, 175
cremaster, 269
cutancous, 129
delioideus, |33
depressor
labii inferioris, 174
labiz superioris, 174
dizphragm, 164
digastricus, 177
dilator naris
apicalis, 175
inflerioris, 175
lateralis, 175
superionis, 175
€xlcnsors
bravis, 153
carpi obliquus, 138
carpi radzalis, 138
commen digilal, 139
extraocular, 402

flexors

carpi radialis, 141

carpi ulnaris, 141

deep digital, 143
pastrocnemius, 154
pemellus, 150

penio glossus, 105

Ecnio hyoidews, 177

gluteus, 144

gracialis, 148
iliacus, 163
infraspinalos, 134
inlercostals, 161
inlerosseous rmedius, 143
ischio covemnsus, 274
Tatissimus dorsi, 130
levalor

ani, 288

Iabil inferioris, 174

Iabii superioris, 174

accessories. 174

nasolabialis, 173
costarum, 160
longissimus

costarum, 159

dorsi, 159
longus coli, 168
lumbricalis, 143
masseter, 176
medial digitl extensor, 138
multihidus cervices, 17
muliilidus dorsi, 160
mylo hyoidens, 177
abliquus

abdominis extemnus, 157

abdominis intcrnos, 158
oblurater

calernos, 150

internus, 149
occipile hyoideus, 177
of mastication, 176
omo hyoidens, 167
omo transversanus, 131
orbicularis

oculi, 175

oris, 173
palalo glossus, 195
palato pharyngeus, 200
parolido auricularis, 173
peclincus, 148
pecloral

decp, 133

superhcial, 132

in birds, 133
peanale, 128
peroneus

lonsus. 152

lertius, 152
poplilcus, 155
pranator teres, 141
psoas

major, 162

miner, 162
quadratus [emeris, 151
quadratus lumborum, 163
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quadriceps [emoris, 149
recuts
abdominis, 158

capilis ventralis majer, 166
capilis venlrlis minor, 166

femons, 151
thoracis, 162

chorda lympani. 373
corcygeal, 382
cochlear, 374

cianial, 367

digital, 387, 91
faciat, 573

femoral, 338

scialic
grealer, 38
lesser, 40
semilunar, 23
Mucleus pelposus, 121
Nutrient foramina, 10
Nystagmus, 375

INDEX

453

Papilla (¢}
circumvillate, 194
(iliform, 194
foliate, 195
fungiform, 194
incisiva, 191
lenticular, 1594

Purkinje cells, 359
Pygostyle, 05
Pyleric cecum, 444
Pylorus, 211
Pyramid, 361

Q

Sella worcicn, 63, 345
Semicircular canals, 4109
Seminal vesicle. 272

Seminiferous lbules, 269

Seplum pellucidum, 355
Shell (egp), 283
Sigmoid flexure, 273

retracter glossopharyngeal, 375 renal, 259 Sinns
penis, 274 gluteal, 389 O salivalis, 231 - carolid, 311
costarum, 161 haemorrhoidal, 392 vallate, |94 R dural venous, 345
thomboideus, 130 hypoglossal, 382 QOcular muscles, 402 Papillary ducr, 260 elthmaid, 72
sa¢ro coccygeus, 178 injuries, 341 Occulomestor nerve, 369 Paramasloid process, 63 Rack, 188 frontal, 72
sartorius, 148 ischialic, 389 QOdentoblasis, 196 Paranasal sinus, 72 Ramas of mandible, 72 maxillacy, 72
semimembranosus, 145 lagrimal, 371 Odonloid peocess, 83 Parathyroid, 420 Raphe palatine. 72
semitendinosus, 146 laryngeal, 376 Olecranon process, 24 Paratid gland, 231 scrolal, 263 paranasal, 72
serratus recurrenl, 376 Ollactory bulb, 354 Partellz, 50 Recium, 221 renal, 258
cervicis, 131 lingual, 372 Olivary body, 361 Pedicles of veriebra, 80 Red nuclens, 357 sphenoidal, 72
dorsal anficus, 161 lumtbar, 382 Omasum, 210 Pedunele (s} Red pulp, 243 venosus, 297
venlralis, 131 mandibular, 371 Omecatum, 204 cerebellar, 360 Referred pain, 364 Skeleton, 3
dorsalis posticus, 161 median, 337 Optic cerebral, 357 Renal horse, 37
thoracis, 131 masculo culancous, 386 chiasma, 363 Peclvic inlet, 43 arlery, 261 ox, 3
shune, 12§ maxillary, 371 loramen, 63 Pelvie oullet, 43 crest. 261 dog, 91
soleus, 155 median, 187 nerve, 368 ! Pelvic symphysis, 105 p!pillhc. 259 fow], 95
splenius, 170 chiurator, 388 Ora serrala, 403 Penis, 273 pelvis, 258 pig. 93
spurt, 128 ocalomotor, 369 Organ Penicillar vessels, 243 pyramid, 259 rabbit, 94
slapedius, 408 olfaclory, 363 ol corti, 410 Pericardium, 296 sinus, 258 of hearl, 296
slernocephalices, 166 optic, 369 of jacobson, 246 Pericytes, 136 Renal portal system, 337 Skin, 411
sterno thyro-hyordeus, 166 pathetie, 369 Os ! Perilymph, 408 Resissner’s membrane, 410 Skull. 62
stylo glossus, 195 pecloral, 384 cordis, 98 Pcr!nt_:unum. 338 Reslifarm body, 361 Slip dise, 121
stylo hyoidews, 177 perontal. 389 coxae, 39 Periniom, 43 Resultant forea, 131 Sole, 414
subscapular, 134 phicnic, 384 magnus, 27 Perioplic corium, 413 Rele Sound of joint, 104
supraspinalus, 133 popleical, 389 opli_cus. 08 Pcrfustuum. 9 mirabile cecebrale, 327 Space 1345
temporoauricularis, 178 pudendal, 391 peais, 98 Pcnlolncllm. 2 orbitale, 314 cpidural, 34
ensor radial, 336 rostrale, 77 Pcyer's patches, 218 estis, 269 subarachneid, 348
Iaciac lata, 144 recurzent laryngeal, 376 Osscous labyrinth, 108 Pharynx, 199 Reticulo omasal orifice, 209 subdural, 346
lascia antibrachi, 136 sacral, 389 Qssicles auditory, 407 Philtrum, 193 Reticulum. 209 Spermaltic
eres saphcnous. 389 Ossificalion Pia maler, 346 Retin 40‘:‘ cord, 271
major, 134 spinal intracartilaginous, 1 Pincal gland, 356 Relcograde degencration, 342 plexns, 271
minor, 134 . accessery, 377 intramembranous, 11 Piwitary gland, 416 Rhinal suleus, 358 Sphincler -
thyro pharyngeus, 200 suprascapular, 384 Osteagenic layer, 9 Placenta, 294 Ribs anf extecaus, 221
tibralis anticus, 152 sympathclic, 395 Oslcablasts, 11 Plaie steenal, 05 ani internus,
transverse abdominis, 158 teres major, 386 Osteoclasts, 11 cribrilorm, 66 asternal. 05 pylorie, 211
Iransversus thoracis, 162 theracodorsal, 384 Osteon, 6 Pleura, 249 Ridge Spinal accessory nerve, i
trapezius, 130 libial, 339 COval window, 408 Plexus twochanterie, 47 Spinal cord, 362
triceps, 135 Iigeminal, 370 Ovarics, 279 brachial, 384 Riger, 179 Spinal nerve, 382
ulnaris tataralis, 143 Irochlear, 369 Oviducl, 281 lumbosacral, 387 Reaelte, 192 Spleen, 242
zygomalics auricularis, 178 Iypanic, 375 QOvulation fossa, 251 Preumocyte, 252 Rostrum, 94 Splenium, 334 156
* zygematicus, 174 ulnar, 387 Pons, 361 Round ligament, 115, 233, 266 Stay ap:_tml:us. 551
Myacardium, 303 vagus, 375 P i Portal system, 337 Rumen. 206 Sienson squcl.
Myomelrium, 284 vestibulae, 375 Pouch > Stomach, 205
: Myalin sheath, 330 Neural Pace maker, 304 guttural, 200 S Strain, 182
Muzzle, 151 arch, 30 Pad {dental), 191 vesico genital, 205 Suress, 182
' ) canal, 79 Palaie Prepuce, 274 5.A. node, 3 Strng
ning, 79 ) hard, 191 Proctodcem, 230 Saceulus rotundus, 227 dorsal. 135
Neurobiotaxis, 244 sefl, 192 Proplosis, 169 Saceule, 409 ycn_lral, 186
Neurolemma, 341 Palatine Peoscncephnlon, 348 Saccus cecus, 215 m(hrccl_. 156
Newren, 340 sinus, 72 Prostale gland, 272 Sacs, oir, 256 Subsiantia
Nissl bodies, 322 velum, 44 , Praventriculus, 216 Salivary glands, 231 pelatinosa, 363
Nerves Nodes of Ranvicr, 341 Palatoglossal arch, 192 Psychical cortex, 351 Sarcolemma, 127 nigra, 357
accessory, 377 Nosuril, 231 Palalopharyngeal arch, 192 Prosis, 369 Scala tympani, 410 Suburetteal diverticulum, 288
abducenl, 373 Notch Palpcbral Pubis, 41 Scala vestibuli, 510 Sulcus
aortic, 376 acetabular, 42 canjunciiva, 401 Pulp of 1woth, 196 Schindylesis, 105 muscularis, 51
audilary, 374 cardiag, 251 fissure, 401 Pulmonary circulaticn, 253 Schwann cells, 341 rhinal, 358
auriculopalpebral, 373 esophagial, 235 Pampiniform plexus, 272 : Puncium lacrimatis, 402 Selera, 402 Supraorbital
axillary, 336 . gleniod, 17 Pancreas, 240 Pupil, 403 Scrotumn, 263 canal, 74
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foramen, 65 .
Supratenal pland, 418
Suspensory apparaius, 29}
Sustentaenium fali, 51
Sulura

harmenia, 184

serrata, 104

squamonsa, |04
Sympathetie system, 395
Symphysis pejvic, 115
Synovial fuid, 162
Syninx, 255

T

Talus, 55
Tanyeyes, 343,
Tapelum, 403
Teals, 203

_ Teetn, 195

crown, 195

deciduous, 197

incisors, 10§

molar, |97

premolar, 195

lemporary, 197

epmenium, 357
Tcl:nccphnmn, 48
Tendon Ackilles, |55
Tendon prepudic, 158
Tentorium cerebelli, 345
Teslis, 263, 157
Thalamus, 356
Third eye jid, 185
Third veniricle, 354
Thoracic duct, 317
Thyroid, 419
Tongue, 193
Tonsil (palatine), (92
Tonsillar sinus, 192
Torus frontalis, 65
Trabecuiac tameae, 299
Trachea, 248
Trajectarial pattern, 185
Tricuspid valve, 209
Trigeminal nerve,

-Tngcmin:ll heuralgiz, 372
:Trigonum vesicae, 252
Trochanrer

Tidge, 46
Trochlea, 49
Trachlear nerve, 169
Trocheid, 103
Trunk of elephant, 424
Tuber

caleis, 55
cinerium_ 357
coxae, 39
ischii, 40
sacrale, 39
scapulae, 17
unica
albugenia, 269, 279
vaginalis, 268
vasculosa, 269
Tusk, 424
Tympanic cavity, 407
Tympanic membrane, 407

L 4]

Umbilical cord, 329
arlery, 324
fissure, 235
vein, 324
Uncinate process, og
Ureter, 269
Urethra, 272
Urethral crest, 272
Urinary bladder, 266
Uradeum, 230
Ulerus, 283
Utricle, 400
Uvula, 350

| 4

Vagina, 287

Yagus nerve, 375
Vago-sympathetic lrunk, 375
Valve

bicuspid, 300
milral, 360
semilunar, 295
Iricuspid, 299
Vas deferens, 271
Vasaelferentia, 269
yasorum, 309
Vector, 18D
Vein (s)
jugular, 330
mammary, 293
portal, 330

]

Yema

azygos, 131
Veniral tubercle, 42
Yentricle {5}

fourzh, 361

lareral, 354

fefr, 300

right, 209

third, 356
Vermis, 350
Vertchral column, 79
Verligo, 375
Vesicula seminalis, 273
Vitreous body, 405
Vocal cord, 248
Vomeronasal organ, 246
Vulva, 298

w

Walk, 187

Wallarian degeneration, 342
Wharten’s duet, 212

White polp, 243

White mairers, 353

While musele, 127

Vhile TaMi Communicans, 397
Wolffian ducl, 287

X

K-Ray plates
clbmv.pID‘J
hip, 116
corpus, 31
lumber, 90
tarsus, 57
stifle, 49
Xipheid cartifage, 52

Y

Yolk, 283
Yolk sac, 294

VA

Zona

lasciculata, 4] 8

Blomerulosa, 418

pellucida, 230

relicularis, 41§
Zygomatic Pprocess, 66
Zygomalic salivary gland, 233






