1. INTRODUCTION TO HUMAN ANATOMY

Anatomy isthe study of structure of human body. Study of anatomy helpsin

understanding the functions of body. Different aspectsincluded in anatomy

areHistology, Osteology, Myology, Arthrology and Neurology etc. Histology

isstudy of tissues. Osteology isstudy of bones. Myology isstudy of muscles.

Arthrology isstudy of Joints. Neurology isstudy of nervesand nervoussystem.

Several terms used in anatomy to describe anatomical positions:

Some of theterms are- Median or sagittal line

1) Superior : Nearer to head.

2) Inferior : Lower or below

3) Anterior or ventral : Front

4) Posterior or dorsal: Back

5) Proximal : Nearer '

6) Distal : Away Laterdl« !

7) Superficial : Nearer to the skin surface. "

8) Deep : Deeper from skin surface. “ _
_
I
i
i

Media

9) Media : Nearer to midline.
10) Lateral : Away from midline.
Median lineor sagittal line: It isimaginary _. |
planedividing the body into two halves. ~ Inferior Fig. 1.1
Horizontal section: It dividesbody into superior and inferior portions.
Sagittal section: It dividesbody into right and | eft portions.
Coronal section: It dividesthe body into anterior and posterior portions.
Termsto describe movementsoccuring at variousjoints:
1) Flexion: Fexionisthe movement wheresimilar surfacescomenearer to
each other reducing the angle between them.
ex: Bending of forearm near elbow.
2) Extension: Itisthe movement causing similar surfacesto go apart. Itis
oppositeto flexion.
ex : Straightening of bent forearm.
3) Adduction: It isthe movement bringing thelimb towardsmid line.
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4) Abduction: It isthe movement taking thelimb away from themid line.
5) Rotation: It isthe movement around central axisinvolving 360°.
6) Medial rotation : Rotation towards medial directioniscalled medial
rotation.
7) Lateral rotation: Rotation towards lateral direction is called lateral
direction.
8) Circumduction: Itisthemovement involving flexion, abduction, extension
and adduction occuring in sequence.
Summary
Anatomy isthe science dealing with structure of body. Subject mat-
ter of anatomy includes Histology, Osteology, Myology, Arthrology, Neu-
rology etc. Various terms describing the human body are - Median line,
medial, lateral superior, inferior,anterior, posterior, proximal, distal, superfi-
cial, deep etc. Terms describing the movements occuring at variousjoints of
body are- Flexion, extension, adduction, abduction, rotation, medial rota-
tion, lateral rotation, circumduction etc.

Essay Questions
1) DefineAnatomy and Writetheintroduction of Anatomy.

Short Answer Questions
1) Defineanatomy and mention various subjectswhich enrich anatomy.
2) Writethedefinitionsof a) Histology b) Osteology.
3) Whatare a) Myology b) Arthrology c) Neurology ?
4) Explainterms-Median line, medial and lateral.
5) Definetermssuperior andinferior.
6) Writethedefinitionsof a)Anterior b) Posterior.
7) Givethedefinitionsof a) Proximal b) Distal.
8) Explaintheterms- Superficial and deep.
9) Definethemovements a) Flexion b) Extension.
10) Writethe definitions of Adduction and Abduction.
11) Explaintheterms a) Rotation b) Circumduction.
12) Definethetemrs a) Medial rotation b) Lateral rotation.
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2. CELL and TISSUES

Cell

Cdl isthesmdlest and bas c structurd and functiond unit of living matter. It
iscapableof carrying life processesindependently.

Properties of cell :
Propertiesof cdl inunicellular organismslikeamoebaare-

a) lrritability b) Conductivity

c) Contractility d) Absorption

€) Excretion f) Growth and reproduction
g) Matility h) Secretion

Typesof cellsof body: They aretwo typesof cellsin body.

1) Somaticcells  2) Gonadal cells.
Somatic cellsare diverse cellswhich make up somatic structure of bodly.
Gonada cdllsaregameteswhich can uniteto form new individud.

Sructureof cdl : Cellsvary insizeand shape. Most of the cellscontain similar
typeof intracel lular components. Average sizeof mammalian cell is102mmin
diameter.

Every cdl comprisesfollowing parts.

1) Cdl wall (cell membrane)

2) Protoplasm, consisting of Cytoplasm and Nucleus
‘ ~— Centrosome

with ribosomes
- Nucleus

Nucleolus

Nuclear
Membrane

—- Endoplasmic
" reticulum

Fig.2.1 Cell

Cdlwadl : Itisdsocaled asplansdemmacor plasmamembraneor cell membrane.
It is the outer protective layer of cell. It isolates cell from neighbouring
environment. It cannot be seen by light microscope. It can be seen by electron
microscope. Itisabout 8OAC thick. It hastrilaminar structure of phospholipid
bilayer sandwitched between two densaly stained protein layers. Phospholipid
moleculeshavetwo parts.

-1)Head (Phosphate) and 2) Tail (Fatty acid)
outer surfaceof cell wall containspinocytotic vesicles. Inner surfaceiscontinuous
with endoplasmicreticulum (ER).
Functionsof cdl wall:

1) Transport of materias(main function) 2) Protection

3) Reception of external stimuli.  4) Ingestion of nutrients

5) Excretion of waste productsof cellular metabolism.

Cytoplasm: Cytoplasmisthemassof living matter between cdll wall and nucleus.
It contains stored foods, secretion granules, pigmentsand crystals. Theseare
called cytoplasmicinclusions. Stored foods are carbohydrates, fats, proteins,
mineralsand vitamins. Pigmentsaretwo types- endogenous and exogenous.
Endogenous pigments are haemogl obin and melanin. Exogenous pigmentsare
carotenefrom vegetables, dusts(carbon) and minerals(silver, lead etc.)

Cytoplasmic organelles are- Endoplasmic reticulum, Golgi apparatus,
Mitochondria, Lysosomes, Ribosomes, Centrosomesetc.

Endoplasmic reticulum: Endoplasmic reticulum issystem that continueswith
infoldingsof cell membraneand interlaceswith theinterior of cdll. Therearetwo
typesof endoplasmic reticulum- Smooth ER& Rough ER

Smooth ER isnetwork of smooth tubules. Rough ER consistsof ribosomes. Itis
prominent in Adrenal cortex, liver and striated muscle.

Functionsof smooth ER : Concerned with metabolism and synthesisof steroids
and glycogen.



Functionsof roughER:
1) Proteinsynthes's
2) Trandation of language of nucleic acids.
Golgi apparatus: Itisshaped likenetwork of threads.
Functions: 1) Synthesisof various secretions.
2) Storage of enzymes, ascorbicacid and some other substances.

Mitochondria: They aregranular, filamentous or rod shaped solid bodies. They
vary insizefrom 0.5to 5 microns. They are surrounded by trilaminar double
membrane. Inner one remains folded to form partitions called cristae
mitochondriaes. Intramitochondria space containsfluid called matrix. Number
and sizeof mitochondriaof acell are determined by energy requirementsof cell.
Cdllsof liver, kidney and heart possess|arge amount of mitochondria.

Functions: 1) Mitichondriaare called power housesof cells. They supply 95%
of cell’s energy requirement. In presence of oxygen, Kreb’s cycle runs in
mitochondriawith the hel p of respiratory enzymes- flavoprotein enzymesand
cytochrome. Theseenzymeshel pin oxidative phosphorylation They providesite
for formation of ATP.

2) Synthesisof RNA and DNA.

Lysosomes: They aredigestiveorgansof cells. They arealso called suicidebags
of cells. They aredigestive organel lesof cells. They contain powerful hydrolytic
enzymes. Lysosomesare absent in RBC.

Functions: 1) Breaking down of particlestakeninto cell and digestion. 2)
Autolysis 3) Phagocytosis 4) Killing of cells(planned way) 5) Cell division.

Ribosomes: They are scattered through out cytoplasm singly or as groups.
They areribonucleoproteinin nature.

Functions. Proteinsynthess.

Centrosome: Centrosome containscentrioles.
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Function : Centriolescontrol polarisation of spindlefibres. Centrioleisclosaly
related to spindleformation during cdll divison (Mitosis).

Plasmosin: Plasmosinisconstant constituent of cytoplasm. They form
- Tondfibrilsinepithdid cdls myofibrilsinmusclesand neurdfibrilsin nerves.
They congist of long protein moleculesrich in deoxy-ribonucleoprotein.

Vacuoles: They aredso cytoplasmic organelles. They arefound covered by fat
on staining with dilute neutra red solution.

Nisd bodies: They arefoundinnervecdls.

Secretory granules. They store secretory products of cell and are found in-
Golgi apparatusand E.R.

Nucleus: Itisthekey structureof living cell. Nucleusis covered by nuclear
membrane. Nucleus consistsof chromatin and nucleolus. Chromatinisdense
chromosoma network. Thereisusually smplenucleolusor 2-5nucleoli inacell.
Nucleolus contains nucleolemma. Nuclear materia differsfrom cytoplasmin
several ways. Chromosomes seen in interphase nucleus are densely stained
portionsof chromosomes. Chromatin containsdifferent geneswhich determine
heredity of cell.

Chromosomes. Chromosomesare present asindividua bodiesininterphaseas
well asinmitosis. Predominant component in chromosomeisDNA. Genesare
located in chromosome. They are discrete units of transmission of hereditary
characters. Infemale, 2X chromosomesandinmaes1X and 1Y chromosomes
arepresent.

Differential arrangement of cellular mass: Differentiation of cellular massis
evident when cellsarrangeinthreelayers. They are 1) Ectoderm
2) Mesoderm  3) Endoderm

Ectoderm givesriseto epithelium of mouth, nose, skin, hair, someglandslike
swest, mammary, pituitary, adrena medulla, brain and nerves. Mesoderm gives
riseto connectivetissue including blood, bonemarrow cells, cortex etc. Endoderm
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givesriseto epithelium of digestiveand respiratory tract, thyroid, parathyroid,
thymusand bladder.

Tissues
Tissue: Tissueisdefined asgroup of cellsof smilarity in structure function and
genesis.
Basictissuesof human body:
Human body containsfollowing typesof tissues.
1) Epithelial tissue2) Connective tissue3) Muscular tissued) Nervous tissue
Epithelial tissue:

Epithdial tissuegivescovering to other tissuesby forming epithelial membrane.
Epithelid membranerestsupon laminapropria. Laminapropriaisloosevascular
connectivetissue, which suppliesrequirementsto epithelial membrane, Cellsof
epithdia tissuelied osetogether cemented by amucoprotein containing hyauronic
acidand caciumsalts.

Functionsof epitheliad tissueare-
1) Protectionto underlying surfaces 2) Providing surfacefor absorption
3) Secretory activity 4) Excretion
Typesof Epithelid tissue: Epithelid tissueismgorly classifiedinto
1) Smpleepithelium - consisting of snglelayer of cells
2) Compound epithelium - consisting of multiplelayersof cells.
Smpleepithdium: Different typesof smpleepithdia tissuesare
a Sguamousor pavement epithelium- consisting of singlelayer of flat cells.
b) Cuboidal epithelium - consisting of singlelayer of cuboidal cellsof same
dimensons
¢) Columnar epithelium- congsting of snglelayer of cdlswhicharelengthier
in height than breadth.

d) Ciliated columnar and cuboidal epithelium-columnar and cuboidal cells
containingcilia
€) Glandular epithdium- lining theaveoli and ductsof glands.

Sguamous or pavement epithelium :

Itisfoundinaveoli of lungs, serousmembraneslike peritoneum, pleura, nephrons,
inner lining of heart etc.

Functions:- 1) Diaysis2) Passageof liquids3) Protection

Cuboidal epithelium: They arefound ininner partsof thyroid gland, salivary
glands, digestiveglandsetc.

Functions 1) Protection  2) Secretion 3) Storage etc.

Columnar epithelium: It issupported by basement membrane. Itisfoundin
stomach, small intestine, large intestine, alveoli, ducts of glands etc. In
alimentary canal and nephron, itisbrush bordered. Goblet cellsareanother
typeof columnar epithdiumfoundinlargeintestinemainly and secretemucus.

Functions: 1) Absorption  2) Secretion
Ciliated columnar and cuboidal epitheium:

They areciliated. Border of cell containing ciliacontainsbasa particlesinarow.
They arefound intrachea, fall opian tubes, CNSetc.

Functions:1)  Ciliary movement to maintain flow of mucusin onedirection
2) InCNS, itsfunctionissuggestedto becirculation of CSF.

Glandular-epithelium : They linethe alveoli and ductsof glandsex-salivary,
sebaceous, mammary and intestinal glands.

Functions: 1) Formation of new substances.
2) Secretion
Compound epithelium:

Compound epitheliumisclassifiedinto-
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1) Transtional epithelium-consisting of four layersof cellsand lying
between smpleepithelium and many layered srtified epithelium.

2) Stratified sqguamouscornified epithelium - consisting of many layers
and horny dueto deposition of keratin.

3) Stratified squamousnoncornified epithelium - consisting of stratified
squamous epithelium, not keratinised.

4) Stratified columnar epithelium- conssting of severd layersof columnar
cdls

5) Stratified columnar ciliated epithelium - congsting of strtified columnar
epithdium containingcilia
Trangitional epithelium: Itisfoundin pelvisof kidney, ureter, urinary bladder
and urethraetc.
Functions 1) Protection  2) Prevention of reabsorption

3) Prevention of drawing water from blood and tissues.

Stratified squamous cornified epithelium : Itisfoundin skin.Hairs, nails, horns,
enaméd of teeth aremodified stratified squamous cornified epithelium.

Functions 1) Protection from atmosphere
2) Protection from mechanical pressure
3) Protectionfrominjury andfriction

Stratified squamous non-cornified epithelium : It isfound in cornea, mouth,
pharynx, oesophagus, anal canal, urethra, vaginaand cervix etc.

Functions: Mechanica protection

Stratified columnar epithelium : Itisfound in conjunctiva, pharynx, epiglottis,
cavernous portion of urethraetc.

Stratified columnar ciliated epithelium: Itisfound inlarynx, soft palateetc.

Columnar (with goblet cells)

Pseudostratified epithelial tissues Columnar

Transitional
Pseudostratified cilliated columnar 1 — Epithelial tissue
epitheliumwith goblet cells 2 — Basement membrane

3 — Connective tissue

Fig.2.2 Epithelial tissues 4 — Gland
5 — Goblet cell

Connective Tissue:

Connective tissue is also called mesenchymal tissue. It is developed from
mesoderm. It servesthefunction of binding two tissues. Cellswill belessand
intercellular matrix will beabundant.

Several typesof connectivetissueare-
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a) Areolar tissue b) Adiposetissue

¢) Whitefibroustissue d) Yellow dastictissue
e) Reticular tissue f) Blood

g) Hemopoietictissue h) Cartilaginoustissue
i) Osseoustissue J) Jdly liketissue

k) Reticuloendothdia tissue

Areolar tissue: It issupporting and packing tissue. Itisdistributed between
muscular, vascular and nervoustissues. Itisdigtributed in subcutaneous, subserous
and submucoustissues. Itiscomposed of fibresand cdlls. Spacesinthenetwork
of fibresisfilled with ground substance. Fibres contained arewhiteor collagenous
fibresand yellow elasticfibres.

Typesof cellsfoundinareolar tissueare-

a) Fibroblasts b) Histiocytes.
) Basophiliccdls d) Plasmacells
€) Pigment cdls f)Mast cells

g) Lymphocytes h) Monocytes

Adiposetissue: Itisasoknown asloose connectivetissue. It containsfat inside
fat cells. Itisfound bel ow skinin mesentery, omentum etc. It preventsinjury to
organs. It givesshapetolimbs.

It storesenergy intheform of fat. It helpsin regulation of body temperature.

Whitefibroustissue: Itismadeof whitefirbresformed by fibroblasts. These
fibresarenon branching and present in bundles. They are present intendonsand
ligamentsof limbs. Itismadeof collagen.

Yellow dastictissue: Itisanother variety of fibroustissue. Itisyellowincolour.
Fibresarethicker, bundlesarewavy, but follow astraight course. Fibres appear
angular. Fibresare made of elastin. Itismost resistant to many chemicals. Itis
digested by pancrestin.
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It isfound in areolar tissue throughout body. It isin concentrated form in
ligamentum nuchae of quadrupedsand ligamentum flavaof vertebra. Itisalso
present in bronchi, larynx, arterial wallsetc. Itisfunctionsasstrong el astic rope.
Itisservesto maintain circulation and blood pressure by itselastic recoil .

Reticular tissue: Reticular tissueissimilar towhitefibroustissuewith certain
differences. Reticular tissueiswidely distributed and formsbasement membrane
of many epithdlia. Itisfoundin spleen, liver, lymph and bone marrow etc.

Blood: Bloodisfluid connectivetissueof body. Itisdealtindetail in Blood
chapter.

Haemopoietictissue: Therearetwo typesof haemopoietictissues. They are-
a) Myedoidtissue b) Lymphatictissue

Myeloidtissue: Myeloidtissueisblood forming tissueaswell asphagocytic.
Mye oidtissueissynonimoudy used for bone marrow. ‘Myel oS meansmarrow.
Therearetwo typesof bone marrow

a) Red bonemarrow ... Activeform
b) Yellow bone marrow - Inactiveform.

Red cellsare produced in red bone marrow. In foetal life, most of the bones
contain red bone marrow. In postnatal life and with advancement of agered
bonemarrow islocated only in upper endsof humerusand femur, bonesof skull,
thorax, vertebrae and pelvicinnominate bones. Yellow bone marrow occupies
the space wherered bone marrow will not be present. Although half of thebone
marrow (red bone marrow) isactiveand half isinactivein adult, activehaf is
enormoudy functiond.

Lymphatictissue: Lymphatictissueistwo types-
a) Non capsulated lymphnodul es present in loose connectivetissue.

b) Capsulated lymph tissue present inlymph organs- lymph node, spleen,
thymus, tonsils.
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Cartilaginoustissue: Itisconnectivetissue, whichisintermediate between fibrous
tissue and osseoustissuein firmnessand e agticity. Componentsof cartilaginous
tissueare cartilage cells, chondrobl asts, inter cellular ground substance called
matrix, fibres and two types of proteins called chondromucoid and

chondroal bumoid. Chondromucoid on hydrolysisgiveschondroitin sulphate.
Polymorphonuclear

H_| Perichondrium

o 5 Mast cell Hry ... lacuna
W\.ﬂ_ Elagticfibres \g_mﬁ bl OIO:Q_.OOV\_HQ
YT o eyt \
" Plasmacdl
Collagenous Macrophage
fibres . .
Areolar connective Hyalinecartilage
et globue s =7 i) Fat globule
- Fat cell e .._n.m.. i — Chondrocyte
. S e == Collagenous
-~ Capillary T T fibers

connective

tissue cells . .
Fibrouscartilage

Chondrocyte
={acuna
™ Elasticfibres

Reticular connectivetissue Elastic cartilage

Dense connectivetissue

fibres

Reticular connectivetissue

Cartilaginoustissueisdivided into threeclasses.
a) Hydlinecartilageb) Fibrocartilagec) Elastic cartilage.

Hydinecartilage: Itismadeof cartilaginouscellsand clear homogenousground
substance. Cartilage cellsare d so called chondrocytes and occupy small empty
spacesin matrix. These small empty spacesin the matrix are called lacunae.
Matrix issolidintercellular substance of cartilageor bone. Itisdistributedinthe
articular end of bones.

Fibrocartilage: Thistypeof cartilagehasgrest tenslestrengthwith flexibility and
rigidity. It can sand with shearing forces. Itisfoundinintervertebra discs menisci
of kneejoints, mandibular joints, pubissymphiss, liningsof tendon, groovesin
bonesetc.

Elasticcartilage: Itisinbetweenfibroustissueand osseoustissue. Itisyelow
incolour and containseladticfibres. It differsfrom hydinecartilage asit contains
largenumber of dadticfibresinthematrix. Itisdistributed inexternd ear, epiglattis,
eustachian tubeand somelaryngeal cartilages.

Eladtic cartilage Strengthens attached organs.

Jelly like connectivetissue: Itisanembryonicform of areolar tissue. Cellsare
largefibroblasts. A few macro phagesand lymphocytesarea so present. Ground
substanceismucininnature. Itisfoundinumbilica cord. Itiscaled asWharton's
jely here. Vitreoushumour of eyeball iscomposed of thistissueinadult life.

Reticuloendothdlia tissue: It possessesvarioustypesof connectivetissuecdlls,
widely distributed in body. Main functionsare phagocytos's, antibody formation,
erythropoiesis, haemolysisetc.

Osseoustissue : Osseoustissue congtitutes skeleton. It isthe hardest connective
tissue of body. It ismade of bonecellsand intercellular ground substance. There
arethreetypesof bonecdlls. They are- Osteoblasts, osteocytesand osteoclasts.
Organic part of intercellular ground substanceismade of osteocollagenousfibres,
bound by ossein.
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Therearetwo typesof bonetissues according to density and hardness.
They are 1) Compact bonetissue.
2) Spongy bonetissue

Outer layer of all bonesand shaft iscompact bonetissue. Inner partsof flat
bones, rounded ends of long bones, body of vertebrae posses spongy bone
tissue.

Boneiscovered with periosteum. Periosteum hastwo layers- Outer layer
andinner layer called cambium. Cambiumisosteogenicinitsfunctionsto produce
osteobl astsand osteocl asts. Endosteum isthelining membrane of marrow cavity.
It possesses osteogeni ¢ and haemopoietic functions. Bursae consist of small
sacsof connectivetissuewith synovid fluid. Bursaeact likecushionsandrelieve
pressurein moving parts. Bone cavity isthe hollow spacein sidethe boneand
filled with bone marrow. Bone marrow istwo types - Red bone marrow and
yellow bone marrow. Further reference of bone marrow can be had at myeloid
tissue.

Transverse section of bone: T.S. of bone under microscope shows haversian
system consisting of

1) Centra haversian cana 2) Lamellae
3) Lacunae 4) Candiculi

Central haversian canal containsblood vessals, nervesand lymphatic vessals.
Lamellae arelayersof bone deposited in concentric circlesaround haversian
canal. Lacunae areinterlamellar spaces. Canaliculi areminute canalsjoining
lamellae and communi cating with central haversiancandl.

Composition of bone
Osdficaion v Refer to Bonesand Joints.
Typesof bones

Muscular Tissue

It is type of tissue having
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contractileability onexcitation. Ithas =] , -Sarcolemma
also property of conductivity. Thereare [ fous Striations

different types of muscular ti -~ Saroopizsm
| mq.mﬁ V\Umm O. Mmuscular tissues. d Nudeus

Their classifications are based on g

physiological and anatomical aspects. o~ WV\ Skeletal muscular tissue

Types of muscular tissues based on
striation : Onthisbasis, they aretwo
types 1) Striated muscles

2) Non striated muscles.
Striated muscleshave crossstriations.

Non striated musclesdo not havecross
griationsand areplain.

Typesof muscular tissuesonthebas's
of control :

. . yofibrils
Onthisbasis, they aretwo types,
1) Voluntary muscles 4 £ ucleus
2) Involuntary muscles % \ Visceral muscular tissue

Voluntary musclesareunder volitiona
control. Involuntary musclesare not Fig. 2.4 Types of muscular tissue
under volitiona control.

Typesof muscular tissueson the basisof distribution:

Onthisbasis, they are
1) Skeletd muscles2) Cardiacmuscles  3) Visceral muscles.

Skeletal musclesare attached to bones. They are under the control of will
power. Hence they are voluntary muscles. Fibres of skeletal muscles show
striations. Hencethey area so striated muscles.

Epimysiumistheouter covering of skeletal muscle. Perimysiumis the outer
coveringfor smdler bundlesof skeletd muscle. Smaller bundlesintowhich skeletal
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muscleisdivided are called fasciculi. Each fasciculus contains musclefibres.
Eachfibreiscovered by endomysum.

Histology of skeletal musclefibres: Skeletad musclefibresarecylindrical. They
areelongated with several nucle.

Dimensionsof skeletal musclefibresare- 1-40 x 0.01- 0.1 mm?

Sarcolemmaisthe transparent cell wall of musclefibre. Myofibrilsare
bundles of myofilaments embedded in sarcoplasm inside the plasmalemma.
Sarcoplasm contains sarcosomes (mitochondria), small Golgi apparatus,
myoglobin, lipid glycogen, sarcoplasmic reticulum.

From electron microscopic sudies, itisrelevant that myofilamentsareformed
by thread like proteinfilaments of which, thicker oneismyosinfilament (100A°
diameter) and thinner oneisactin filament (50A°). They contain multipleflat
nucle in periphery under sarcolemma

Cadiacmuscle Itisinvoluntary, Sriated muscleof heart. It contractsrhythmicaly
and automatically.

Main differences between skeletal and cardiac muscleare
1) Spontaneous nature of rhythmicity and contractility of cardiac muscle.

2) 3-D network of Fibresof cardiac muscle gppearing like syncytiumunder light
microscope.
3) Single oval shaped nucleusat the centre of each cell.

Visceral muscles: They aresmooth, involuntary and plain musclesof viscera.
Visceral musclefibresare smooth and elongated. They arefusiformwith
tapering towards periphery. Finelongitudina striationsmay befoundin
specia preparation. They contain oneoval or rod shaped nucleus at the
centreof each cell.

Nervous Tissue:
Nervoustissue condtitutes nervoussystem. Nervoustissueisexcitabletypetissue
receiving and transmitting messages. It iscomposed of neurons. Nervous

systemisectodermal inorigin. Therearethreetypesof mattersin nervous
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tissue. They are-
1) Gray matter - forming nerve cells2) Whitematter - forming nervefibres
3) Neuroglia- holding nerve cellsand fibrestogether and supporting them.

Histogenesisof nervoustissue: Nervous system devel opsfrom ectoderm and
neutral plate (also called medullary plate). Medulloblastsgiveriseto neuroblasts
and spongioblasts. Neura cells(Neuroblasts) passthrough different stagesto
giveneurone. Spongioblastsareaso called glia cells. Spongioblastsgiveraise
toneuroglia

Neuron : Neuron isthebasic functional and structural unit of nervous system.
Partsof neuroneare-

1) Nervecell body (also called perikaryon or neurocyton or soma)
2) Nervefibres(also called processes of nervecells)

Nervecdl body: Itisthepart of neurone containing call membrane, neuroplasm
and nucleus. Neuroplasm containsneurofibrils, niss bodies, mitochondria, golgi
apparatus. Superficia reticulum of golgi, ribosome, endoplasmic reticulum,
centrosome and inclusions. Neurofibrils are fine filaments passing through
neuroplasm from dendritesto axon. Nisd bodiesare angular granules stained
with basic dyes.

Nervefibres. Two types of nervefibres (also called processes of nerve cell)
arisefromnervecell. They are-

a) Receptive processes called dendrons (al so called dendrites)
b) Discharging processescalled axon.

Dendritescarry impul sesfrom other neuronsand carry them towardsnerve
cell body. Axon carriesimpul sesaway from nerve cell. Axon consists of three
parts - axiscylinder, myelin sheath and neurolemma. Axiscylinder contains
axoplasm, neurofibrilsand mitochondria. Myelin sheath isabsent over nerve
fibreswithin grey matter. Itispresent over nervefibresafter enteringwhitemaiter.
Myelin sheathisa so called medullary shesth. Fibrescovered with myelin sheeth

18



are called myelinated fibres and fibres not covered by myelin are called non
myelinated fibres. Function of mydin sheathisinsulation of nervefibre. Nodesof
Ranvier are points of absence of myelininthe myelinated fibres (medullated
fibres). Neurolemmaisthe homogeneousnucleated covering over somatic and
autonomic nervefibres outside C.N.S. Myelinated fibresin brain and spinal
cord do not have neurolemma. Neurogliaisspecial typeof intertitial tissue
giving support andinsulation. They aredivided into- astrocytes, - oligodendrocytes
(or oligodendroglia) and microglia

Fibresof periphera nervetrunksaredivided into bundles. Individud fibres
areheld together by |oose connectivetissue called endoneurium. Each bundleis
covered by asheath called perineurium. Epineuriumisthetough enclosure of
wholenervetrunk.

Summary

Cdll isthebasic structura and functional unit of body. Typesof cellsof body are
somatic cellsand gonadal cells. Structureof cell containscell wall, cytoplasm
and nucleus. Cytoplasm contains cytoplasmic organelles and cytoplasmic
inclusions. Cytoplasmic organelles are endopl asmic reticulum, mitochondria,
lysosomes, ribosomes, centrosomesetc. E.R. containsribosomes. Ribosomes
synthesise proteins. Golgi apparatus has secretory and storage functions.
Mitochondriaare power housesof cell. Lysosomesare digestive organsof cell.
Centrosomeisrelated with cdll division.

Differentiation of cdll massstartswith formation of - Ectoderm, mesoderm
and endoderm.

Tissueisgroup of cells. Different types of tissuesof body are Epithelial
tissue, Connectivetissue, Muscular tissue and Nervoustissue. Epitheia tissueis
two types- smpleand compound. Connectivetissueisaso called mesenchymal
tissue. There are several types of connectivetissue. Muscular tissueisthree
types- Skeletal muscle, cardiac muscle, smooth muscles. Nervoustissueismade
of neurons. Each neuron containsnerve cell, dendritesand axon.
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Essay Questions

Writethestructure of cell with diagram.

Explain Propertiesof cell.

Classify thetissues of human body and write about epithelial tissue.

What aredifferent typesof connectivetissue? Explain myeloid tissueand
0Ssseoustissue.

Add noteon Muscular tissue.

Discussin brief about nervoustissue. Draw diagram of neuron.

Short Answer Questions

What iscdll?

Mention the propertiesof cell.
Explaintrilaminar structureof cell wall.
List out cytoplasmicorgandlles.
Explainendoplasmicreticulum.

Writethefunctionsof &) Smooth E.R. b) Rough E.R.
What arethefunctionsof Golgi apparatus?

Write about mitochondria.

What are a) Lysosomes and  b) Ribosomes?
Write about plasmosin.

. Writeabout first evidence of differentiation of cdlular mass.

Mention major classesof tissuesof human bodly.
Define @) Smpleepitheium b) Compound epithelium
Describe pavement epithelium.
Givethedistribution of pavement epithelium.
Writethedescription and distribution of cuboida epithelium.
Writeabout columnar epithelium.
Mention theclassesof compound epithelium
Writethedistribution of
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20.

21.
22.
23.
24,
25.
26.
27.
28.

29.
30.
31.
32.
33.
34.
35.
36.
37.

a) Trangtiond epithdium
b) Stratified squamous cornified epithelium.
Writethefunctionsof

a) Stratified squamousnon cornified epitheium.

b) Stratified columnar epithelium.
What arethetypesof cellsfoundinareolar tissue?
Write about whitefibroustissue.
ExplanMydoidtissue.
What aredifferent typesof cartilaginoustissue?
Write about Reticuloendothelid tissue.
What aretypes of bonetissue.
GivetheT.S. of bone
Mention different typesof muscular tissues.
Explan @ Epimysum b) Perimysium. c¢) Endomysium
Define @) Sarcolemma  b) Sarcoplasm.
Differentiate between skeletal and cardiac muscular tissues.
Write about visceral muscles.
What isnervoustissue?
Writedifferent typesof mattersof nervoustissue.
Explain Histogenes sof nervoustissue.
Whét are parts of Neurone?
Mention typesof Nerve processes.

38. Define a) Receptive processesof Nervecell.

39.
40.

41.

b) Discharging processesof Nervecell.
Write about Soma.
Define @) Myeélinated nervefibres.

b) Non myelinated nervefibres.
Explan @ Endoneurium. b) Perineurium.
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3.DIGESTIVE SYSTEM AND
HEPATOBILIARY SYSTEM

Digestive system consists of gastrointestingd tract and variousglandsat-
tached. Length of thetract isabout 8-10 metres. It startswith mouth and ends
withanus.

Various partsof the Digestivetract:

QR

T

. d

1) Mouth Oral Cavity Pharynx

2) Pharynx 7 Oesophagus
3) Oesophagus Trachea

4) Stomach

5) Smdll intestine Diaphragm

6) Largeintestine Gall Bladder

7) Rectum J_Cardiac Notch

mv>3cm W:@.UCQ . Stomach

Accessory organs of the Ucog_.m__w\,w: 7 Bile Duct

digestivetract - Pancreatic Duct ~—7% Sy Panoress

1) Teeth . S 7 Transverse Colon

. . Ascending Colon  {*j(%

2) Threepairsof sdivary T~ Small Intestine

) r@._m:n_m il o Caecum DescendingColon
Iver andbiliary system ' Pelvic Colon

4) Pancreas Appendix Rectum

Fig. 3.1 Digestive system Anus
Mouth:It isthefirst part of the digestive tract. It opens through upper and
lower lips. Roof of themouthiscalled aspaate. 1tisdome shaped. Front part
of theroof ishard palateand back part of theroof issoft palate. Wallsof the
mouth areformed by muscles Uvula  Anterior &
of cheeks. Mouthislined by Posterior
mucousmembrane.|tiscont- , Pillar of fauces
inuouswith skin of lipsand Soft Palate ‘
mucouslining of pharynx. .
Lipsencloseorbicularisoris
muscle. Y %l
Thismusclekeepsthemouth closed. N 5 TR Ciranvallate
Pharyngedl tonsilsareon either side R
at theback of oral cavity. Uvula
hangsdownfromlower borderof  pyjillae

Hard Palate

Tonsl

soft palate.
Tongue: Tongueisat thebase of themouth. Itisa musculo-membranousstruc-
ture. It consstsof 1)Stratified and cornified epithelium 2)Voluntary, crossstri-
ated musclefibresand 3)Glands.Epithelium of tongueismodified into papillae
andtaste buds. Under surface of the anterior part of tongueis connected to the
floor of themouth by frenulum. Frenulumisafold of mucousmembrance.
Teeth:Manisprovided with two setsof teethin hislife. First setiscaled as
Deciduous teeth or primary teeth. They are 10+10 in number. They erupt
through thegumsduring first and second yearsof life. Second set strartsreplac-
ing thefirst set at about sixth year and processis complete by twenty fifth year.
Second set remainsupto old ageand iscalled as permanant teeth.
Permanant teeth are 16+16 in number.Four typesof teeth arethere. They are-

1) Incisor teeth (1)

2) Canineteeth (C)

3) Premolar teeth(P)

4) Molarteeth (M)
upper teeth are attached to upper Jaw and L ower teeth are attached to lower
Jaw.
Arrangement of per manat teeth :

M P C I
Right upper jaw 3 2 1 2
Right lower jaw 3 2 1 2
I C P M
L eft upper jaw 2 1 2 3
Left lower jaw 2 1 2 3
Structureof tooth:
Eachtooth consists of three parts. They are
1) Root
2) Neck
3) Crown

Root is embedded in the alveolus of maxillaor mandible. Neck isthe con-
stricted part between root and crown. Crownisthepart projecting beyond the
gum.
Tooth iscomposed of three substances. They are-

1) Dentine 2) Enamd 3) Cementum
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Dentineformsmajor part of tooth. Enamel isthe outer covering of crown. Itis
the hardest substance. Cementumisintheneck. Itisashard asbone.

= Bone of Alveolar Process
=0\ ) )
N A Eom\= —  Periosteum

i i B e e ot o e et o i ko

Fig. 3.3 Structure of tooth
Crownsof Incisor teeth are chisel shaped.
Crownsof canineteeth arelargeand conical.
Crownsof premolar teeth are bicuspid and almost circular.
Crownsof Molar teeth are broad and tetraor pentacuspid.
Salivary glands. Therearethreepairsof salivary glandsinthemouth. They are
1)Parotid 2) Submandibular and 3) Sublingua glands.
1) Parotid glands: They arethe biggest salivary glands.One gland is present
below each ear. Each gland opensoninner side of cheek oppositeto the sec-
ond upper molar teeth through itsduct. Ductsof the parotid glandsarecalled as
Stenson’sducts.
2) Submandibular glands. They area so called as Submaxillary glands. They are
smdller than parotid glands. Oneon each sideliesunder theangleof Jaw. Each
submandibular gland hasaduct called wharton’sgland. They open near themid
lineunder thetongue.
3) Sublingua glands:  They arethesmallest sdivary glands. They lieunder the
tongue. They pour their secretionsin to the mouth through several openings.
Pharynx:  Pharynx liesbetween mouthand N
Oesophagus.ropharynx .1t isdivided into
1)Naso pharynx 2)Oropharynx and
3)Laryngopharynx.lt servescommonly for
both digestive and respiratory systems.Base
of theskull formsitsroof. Thereliesalymph

lllll Enamel !
~—— - = Dentine Crown

. . ]

_ —~'Gingival Sulcus !
LTI IIITTITITZMNeck

gV he

= — == Cementum i

"~ Peridental Membrane ]

== Stratified Squamous Epithelium _uwoﬂ

1

]

i

Parotid

. Submaxillary
node called adenoid at the back of nasophar- ;
Ynx. Sublingual mgw
Oesophagus: It ismuscular tube extending _f
between pharynx and stomach. Fig. 3.4 Salivary glands
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Tracheaand vertebral columnlieinthefront and back of oesophasus respec-
tively. Itliesin both thoracic and abdominal cavities. It passesfromthoracic
cavity into abdominal cavity through oesophaga opening of thediaphragm. On
the each side of upper part of oesophagus, are present-corresponding common
carotid artery and part of thyroid gland. Oesophagus begins at the level of 6th
vertebra, entersthe abdomen at thelevel of tenth thoracic vertebraand ends at
theleve of 11ththoracic vertebra.

Cross section of oesophagus showssimilar structure asremainder
of dimentary cand. 1t showsthefollowing layers.

1) Muscular coat  2)Submucous coat 3)Mucous coat
Itisdevoid of Serosa. Upper onethird of oesophaguscongstsof striated muscles.
Lower onethird contains smooth musclesand middle onethird contains both
typesof muscles.

Somach: Stomachisthemost dilated part of digestivetract. 1tisJ shaped. It
isstuated between theend of the oesophagusand begining of thesmall intestine.
It liesbelow thedigphragmintheabdomina cavity.ltsmgor partistotheleft of
themidlinelt distendswhenitisfilledwithfood. Average capacity of stomach
is1.5L inan adult.Stomach hastwo surfaces,two curvatures two ends,three
partsand two sphincters. They areasfollows.
Thetwo surfacesof stomach are-
1) Anterior surface 2) Posterior surface.

Twocurvaturesare- 1) Lesser curvature  2)Greater curvature.
Threepartsof stomach are-
1) Fundus(upper portion) - above

thecardiac phincter o
2) Body (middleportion) - between

fundusand pylorus.
3) Pylorus(lower portion) - below

S Mucouscoat
Muscular coat
Serouscoat
Foldsinthemucus
membranecoet

Lesser Curvature

incisuraangularisPylorusis  Greatercuvat.re
subdividedinto pyloricantrtum Pylorus_#
and pyloriccanal. Fig. 3.5 Stomach

Two endsof stomach are-

1) Cardiac end guarded by cardiac sphincter.
2) Pyloricend guarded by pyloric sphincter.
Two sphinctersof stomach are-
1) Cardiac sphincter (at thebegining).
2) Pyloric sphincter (at theending)
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C [ .Serosa

I_mO_OO_OQ_V\_ itshows K oapren .ﬁ.:. PO ———— _.m:mzca_:m_ Layers Of
1) Outer serouscoat, whichisthe =5 :

”

RS w o - _,\_:mn_wm Circularly
viscera layer of peritoneum. @W.&w%wmmu@o s ,?%_:@ Muscles
2) Muscular coat madeof threelay- v..,.w..qn\“\n......w..,\.ﬂ == T
ersconssting of longitudinal, circu- “mﬂ : L

X — = ..di .ﬁ: » Muscularis Mucosa

0

.M@ﬂ, ceNE tmt gt _ Brunner's Glands
B : - :

lar and oblique unstripped
musclefibres.
3)Submucouslayer made of loose
areolar tissue { |
4) Mucousmembrane containing » , wr T Muoosa
numerousfoldscalled asrugae. J Ne& ~"I" Rugalgastric Folds

% AN Fig. 3.6

g4 b R ._ “Histology of stomach

Small intestine:Itisacoiled tubular structure about 6 metreslong. It extends
from pyloricsphincter toitsjunction withlargeintestine a theileo-caecal valve.
It lieswithin the curves of large intastinein the central and lower parts of ab-
domind cavity.

Itisdividedintothreeparts. They are- 1) Duodenum  2) Jgjunum  3) lleum

L.~ - Gastric Glands

Duodenum: Itisthefirst part of small

intestine. Itis C shaped. Duct from
gd | bladder, bileduct and pranerestic
duct open into duodenum through the
hepato-panereatic ampulla. STl
Hepatopancreatic ampullaisguarded Yl

by a sphincter like muscle. Head of Fig. 3.7 Duodenum
the paneressliesinthe curveof duode-

num.

Jg unum: Jg unumistheupper twofifth part of remainder of thesmal intestine. It
liesin between duodenum andileum. Itisbound behind by afold of peritoneum
called mesentery which carriesblood vessdls, autonomic nervesand lymphatics
tojujunum. It hassevera glands.

Ileum:Itisthedistal threefifth of long and coiled up small intestine. it extends
between Jgunum and caecum (begining of largeintesting). Thereare number of
peyer’spatchesinileum. They areminutelymphoid Structures. lleum hassimilar
structure as Jg unum but morevilli. 1lleum also containsdigestiveglands. But

they arelessthaninthejgunum.
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Structure of small intestine:: It containsfour layerssimilarly astheremainder of
alimentary tract. They are-

1) Serouscoat, formed of peritoneum (Serosa)

2) Muscular coat with athin externa layer of longitudinal fibres
andathick internal layer of circular fibres.(Museularisexterna).

3) Submucouscoat containing blood vessels, lymph vesselsand
nerves(submucosa). It containsBrunner glands.

4) Mucousmembrance(Muscularisinternal/M uscularismucosa)
Structureof smdl intestinecontainsgoblet cellsin additiontovilli. They produce
mucus
Lining of themucous membrance hasthefollowing threefeatures. They are-

1) Mucousmembranecontainscircular folds. Unliketherugaeof
the stomach, they are permenant. They enhancethe surfaceareaavailablefor
absorption.

2) Itcontainsfinehair likeprojectionscalled villi, each continsa
lymphvessdl called lacteal and blood vessels.

3) Itissuppliedwith glandsof smple, tubular type. They secrete
intestingl juice.

Small intensine containslymphoid tissue consideribly. Mucousmembrane con-
tainssolitary lymphaticfollicles. They are most numerousinthelower part of
ileumn.

Largeintestine Ileum of thesmadll intestinemergesintolargeintestine. Thereis
ileocaecavaveat thejunction of ileum and largeintestine. Colonmeasursabout
1.5 metresinlength.

Largeintestine consstsof following parts. They are

1) Caecum.

2) Vermiform appendix.

3) Aseending colon.

4) Transversecolon.

5) Descending colon.

6) Sigmoidcolon.
1)Caecum: Itisashort rounded sac. Itliesintherightiliacfossa. It beginsat
theileoeaced valvewhereileumand caecumjoin. Itiscontinuouswith ascend-
ingcolon.
2)Vermiform gppendix: It springsout from caecum at about aninchfromileocaedl
value. Lumen of the appendix communicateswith that of caecum. It contains
samefour layersasintestine but the submucouslayer containslymphoid tissue.
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Itisavestegeal organin human body.
3)Ascending colon: It ascendsupwardsfrom crecum and infront of right kidney.
It turnstoleft below theliver. 1t formsinto transverse colon.
A)Transversecolon:lt liestransversaly below the stomach. 1tissuspended from
itsown mesertery from the posterior abdominal wall. It extendsto theleft and
merges with descending colon at the lower surface of spleen. It extends be-
tweenthelower surfacesof liver and spleen.
5)Descending colon: Itissituated verticaly
ontheleft sdeof abdomen. It extendsfrom
transverse colon and mergeswith sgmoid
colon.

6)Sigmoid colon: Itliesinthepelvis. Hence
itisasocaledaspeviccolon. Itisstuated
at theleft. It formsloops. It hasamesentery
of itsown. It continuesbelow with rectum.

Structureof largeintestine: : -
Largeintesinehasthesamestructureassmalll - 5 froneerse colon 2 Bescending colon
intestine. Differenceis- longitudina muscles 5. Ascending colon 6. Appendix
arearranged in three bands. Mucous mem- Fig. 3.8 Partsof large intestine
brane doesnot contain villi.
Rectum: Itisastraight tubelying inlower posterior part of pelvicregion. Itis
12 cmlong extendsfrom sigmoid colonto analcand. Itissituated behind urinary
bladder, prostate and seminal vesiclesin maleand behind uterusand vaginain
females. Itliesasastraight tube ontheinside of sacrumand coccyx. Mucous
coat of rectum haslongitudinal and transversefolds. Lower portion of rectumis
called asrectal ampulla. Rectal ampullaisadilated part.
Anus.Rectumendsinanus. Itisabout 1inchlong. Itisasmall canal guarded
by two sphincters. Internal sphincter isinvoluntary and external sphincter is
voluntary.
Peritoneum:
Peritoneumisaserousmembrane. In malesitisaclosed saclining the abdo-
men. Infemales, freeendsof uterinetubesopeninto peritoneal cavity.
Peritoneum congistsof two layers. They are

1) Pearietd layer liningthewallsof abdomina cavity.

2) Viscera layer covering theabdominal organs.
Peritonial cavity: It isthe space between parietal and visceral layersof perito-
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Omenta:  Foldsof the pritoneum connected to ssomach are called asomenta
Omentaaredividedinto -
1) Greater omentum
2) Lesseromentum
Greater omentum hangsfrom lower border of stomach to thefront surface of
gmall intestine. Lesser omentum extendsfrom|ower border of liver tothelesser
curvature of ssomach.
Mesentery: Mesentery isthefold of peritoneum which attachesdifferent parts
of small intestineto the posterior abdominal will. Blood vessels, nervesand
lymphaticsenter theintestinesthrough mesentery.
Pelvic peritoneum: Part of the peritoneum lyinginthepelvicregioniscaled as
pelvic peritoneum.
Peritoneal ligmemts. Foldsof the peritoneum connecting organslikeliver,
uterusetc to the posterior part of abdominal wall are called as peritoneal liga-
ments.
Pouch of Douglas: Sac of peritoneum between rectum and uterusiscalled as
pouch of Douglas.
Regionsof abdomen: Abdomenisdividedinto nineregions.
1) Righthypchondrium 2) Epigastrium
3)  Lefthypochondrium 4) Right lumbar region
5)  Umbilica region 6) Left lumbar region
7) Rightiliacfossa 8) Hypo gastrium
9) Leftiliacfossa
Accessary organs of digestive system:
Teeth and sdlivary glands are covered under mouith.
Liver: Liveristhelargest organinabdomen. Itisthelargest glandinthebody.
Itisstuated intheupper right part of abdomina equity. It occupiesamost entire
hypochondrium. It liesbelow the diaphragm under the cover of lower ribs.
Lobesof liver:Faciform ligament dividesit into two lobes. They are-
1) Rightlobe
2) Leftlobe
Right lobeof theliesover theright colic flexureand right kidney. Leftlobelies
over stomach. Rightlobeisbigger thanleftlobe. Ontheinferior surfacetwo
bandsare present. They subdivideliver into four compartments.
1) Rightlobe 2)Leftlobe
3) Quadratelobe 4)Caudatelobe.
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Right lobe 2. ~Leftlobe
2 - — Falciform ligament
a9 4 Cystic duct
Gall-bladder s/, —— Hepatic duct
Bile duct IR S\ e ) Pancrees
2 [ PG oo =—= Pancreatic duct
Opening of L % =7 9 § .
the common - .4 7 @ S — Jgjunum
bile duct Duodenum — 3 1

Fig. 3.9 Lobes of liver
Lobulesof liver:Liver consistsof large number of hepatic lobules. They
arehexagonal inshape. Diameter of eachlobuleisabout 1 mm. Eachlobulehas
asmall central intralobular vein, whichisatributary of ahepaticvein.
Portal canalsare present around the edges of |obules. Each portal canal
contains

1) Interlobular vein. 2) abranch of hepatic artery and

3) asmadl bileduct.

Thesethree structurestogether are called asportal triad.
Lobulesconsst of liver cells. Thesecellsarelargecdlls. Liver cdlsarearranged
in sheetsof onecell thickness.They are called ashepaticlaminae. Spacesbe-
tween laminae contain small veinswith many anastomosesand small bileducts
cdledcandiculi.

Surfacesof liver:

1) Superior surface. 2) Inferior surface.

3) Anterior surface. 4) Posterior surface.

- Superior surfaceof liver isin contact with inferior surface of diaphragram.
- Inferior surface facesabdominal viscera.
- Anterior surfaceis separated from ribsand costal cartilages by digphragm

- Posterior surfaceliesinfront of vertebral column, aorta, inferior venacavae
and lower end of oesophagus.
Blood supply:

Hepatic artery and portal vein carry blood toliver. Hepatic artery
supplies oxygenated blood to liver. Itisabranch of codliac plexus. Itinturn
araisesfrom abdominal aorta. Portal vein bringsbloodto liver from stomach,
spleenand intestines. It dividesintointer lobular veins. They subdivideand
finally form central veins. One central veinliesin centreof eachlobule. These
central veinsuniteto form sublobular veins. Sublobular veinsunitetoform he-
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paticveins. Thesehepatic veinsjoinwithinferior venacavaand drainimpure
blood of liver intoinferior venacava

Biliary system:Biliary system consistsof -

1) Common hepaticduct formed by theunion of right and left hepatic ductsfrom
liver.

2) Gall bladder

3) Cysticduct from gall bladder

4) Common bileduct formed by union of common hepetic duct and cystic duct.

Gall bladder:

Gall bladder isapear shaped organ situated at the under surface of
right lobeof liver.
It consistsof threeparts.

1) Fundus. 2) Body 3) Neck

Layersof gal bladder: It consistsof threelayers. They are-

1) Outer serouscoat.

2) Middlemuscular coat

3) Inner mucous coat.

Pancreas. Pancreasisasoft grey ishpink coloured gland. Itisabout 12to 15
cmlong. It liestransversely acrossthe posterior abdominal wall behind the
someach.

Pancreas hasthree parts.

1) Head 2)Bodyand 3)Tall.

Head of the pancreaslieswithin the curve of duodenum. Tail ex-
tendsasfor asthe spleen. Body liesbetween Head and tail. Pancreaticduct lies
withinthe organ. Pancreatic duct joinshileduct at the head of the pancreasand
open together into duodenum at heptopancreatic ampulla.

Pancreasiscomposed of lobules. Each consistsof tiny vessdl. All
thesetiny vesselslead to the main duct and end in number of alveoli. Alveoli
lined with cells secrete the enzymestrypsinogen, amylaseand lipase. Collec-
tionsof cellscalled asldetsof langerhans are present in between the alveali.
Alphacellsconstitute 25 percent of total number of Idetsand betacells consti-
tute 75 percent of thetotal number of I1dets.

Summary
Digestive system consistsof Gastrointestinal tract and variousglands attached.
They aremouth, pharynx, oesophagus, ssomach, small intestine, largeintestine,
rectumand anus. Theseareconcerned with functionslikelngestion, deglutition,
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absorption and excretion. Accessory organsareteeth, sdivary glands, liver and
biliary system, pancreasetc.

Essay Questions
1) DefineDigestivesystem. What arethevariousparts? Describe anatomy of mouth.
2) Describetheanatomy of pharynx and oesophagus. Draw the diagrams.
3) Writetheanatomy of stomach. Draw thediagram and labdl.
4) What aredifferent partsof small intestine? Explaintheir anatomy withfig-
ureswherever required.
5) Writetheanatomy of largeintestine. Draw thefigureand label.
6) Explaintheanatomy of liver. Draw figure.
7) Explaingal bladder and pancress.

Short answer questions

1) Listthemainpartsof Diagestivesystem.
2) Mention different accessory organsof diagestive system.
3) What arethetwo setsof teeth?
4) Mentionthetypesof permanant teeth.
5) Writethearrangement of permanant teeth.
6) What arethe partsof atooth?
7) Mentionthecomponentsof tooth.
8) Howmany pairsof salivary glandsarethereAVhat arethey?
9) Writethelocationsof sdivary glands.
10) Nametheductsof

a)parotid glands

b)Submandibular glands.
11) Mentiondifferent partsof pharynx.
12) What arethelayersin the cross section of oesophagus?
13) Mentionvariouspartsof ssomach.
14) What arethe surfacesof sscomach?
15) Namethecuvaturesof sscomach.
16) Writethenamesof sphinctersof ssomach.
17) Listthelayersof stomach.
18) Mentionthepartsof smdl intestine.
19) What arethelayersinthe structure of small intestine?
20) Defineg)Rugae  b)Villi
21) Writeabout vermiform appendix.
22) What arethelobesof liver when viewed fromtheinferior surface of liver?
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23)
24)
25)
26)
27)
28)
29)
30)

What isaportal triad?

Define  @Laminee b) Candiculi

Namethe surfacesof liver.

Writethe partsof Biliary system?

WhereisGall bladder situated? \What areits parts?
Namethelayersof gall bladder.

Mention thelocations of partsof pancress.

What areidetsof langerhans?
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4. RESPIRATORY SYSTEM

Definition : Itisthe system consisting of parts concenred with inhalation and
exhdation.

Respiration : Respiration isdefined asthe process of gaseous exchange between
body tissuesand external environment.

Partsof therespiratory system:

1. Nose , ,
_ua_:mm_c.m_:_mm Sphenoid (i) i
Nasal turbinates —ee—zTs; phenoid (air) sinus
2 _USQ.V\DX Nasal cavity & 5
3. Larynx Epiglottis _ Pharynx (throat cavity)
Vocal cleft %
4, Trachea Thyroid cartilage ~——zz4-"4 N —Oesophagus
) £ “»~Trachea
They lead tothelungs. Lung
5. Bronchi
6. Bronchioles
7. Alveolar ducts : \/
8. Alvedli Bronchi
They arewithinthelungs. Fig. 4.1 Respiratory system

Upper respiratory tract extends from upper nares to the vocal cord. Lower
respiratory tract extendsfromvocal cordtothealveoli

1. Nose: Itisthepart of respiratory system through whichAir isinhaled inand
exhaled out.

External nose: Itisthevisiblepart of nose. Itisformed by thetwo nasal bones
and cartilage. Itiscovered by skin. Therearehairsinside.

Nasal Cavity : Itisalarge cavity divided by aseptum. Itislined with ciliated
mucous membrane. Itisextremely vascular.

Anterior nares: They aretheopeningswhichleadin.
Poserior nares: They are similar openingsat the back and lead into pharynx.
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Roof : Roof of the noseisformed by ethmoid bone at the base of the skull.

Floor: Floor of the noseisformed by the hard and soft pal ates at the roof of the
mouth.

Paranasal sinuses: They arethe hollowsin the bones surrrounding the nasal
cavity, whicharelined with mucousmembraneand openinto nasa cavity. Maxillary
sinusliesbel ow the orbit and opensthrough the lateral wall of the nose.

Fronta snusliesabovetheorbit towardsthemidlineof thefrontal bone. Ethmoidal
sinusesare contained with inthe part of the ethmoid bone separating the orbit
fromthenose. They arenumerous.
Sphenoida sinusliesinthebody of the sphenoid bone.
2. Pharynx liesbetween Nasal cavity and larynx.
Pharynx isdividedintothreeparts. They are.

1) Naso pharynx2) Oro pharynx& 3)Laryngo pharynx
Naso pharynx liesbetween nasal cavity and oro pharynx.Itislined with ciliated
mucous membranewhichiscontinuouswith lining of thenose. Oro pharynx lies
in between Naso pharynx and laryngopharynx. Itslaterd wall containscollections
of lymphoidtissuecaledtonsls. Laryngopharynx isthelowest part of pharynx.
Itliesbehindlarynx.
3. Larynx: It lies below pharynx and above trachea. It is continuous with
oropharynx. Musclesof theneck lieinfront of larynx. Laryngopharynx and cervicd
vertebraeliebehind larynx. Lobesof thyroid glandlieon theeither sdeof larynx.
Larynx iscomposed of severd cartilages. They arejoined together by ligaments
and membranes.

Cartilagesof Larynx are-
1) Thyroidcartilage.  2) Cricoid cartilage.
3) Arytenoid cartilages.4) Epiglottis
Thyroid cartilage: Thyroid cartilageisformed withtwoflat piecesof cartilage. It
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isthelargest upper part. Thyroid cartilageislined with sratified epithelium. Lower
partislinedwith ciliated epithelium.

Cricoid cartilage: 1t liesbelow thethyroid cartilage. Itsshapeislikesignet ring. It
isbroad at theback. It islined with ciliated epithelium.

Arytenoid cartilages: They areapair of smnall pyramids. They are made of
hyaline cartilage. They arelocated on the broad portion of cricoid cartilage.
Vocal ligamentsare attached to them. Chink isthe gap between vocd ligaments.

Epiglottis: Epiglottisisaleaf shaped cartilage. It isattached to theinside of the
front wall of thyroid cartilage. During swallowing, larynx movesupwardsand
forward and itsopening isoccluded by epiglottis.

4) Trachea: Itisasocaledaswindpipe. Itisacylindrica tube. Itisabout 11
cm.inlength. It beginsat thelower end of pharynx. It dividesinto two bronchi at
the level of fifth thoracic vertebra. It is made of sixteen to twenty C-shaped
incomplete cartilages. They are connected by fibroustissue at the back. Itis
lined by ciliated epithelium. Ciliated epithelium containsgobl et cdlswhich secrete
mucus

5) Bronchi : Tracheadivideinto right and left bronchi. Tracheaand bronchi,
combinedly areinverted Y shaped. Right bronchusleadsintoright lung and | eft

bronchusleadsinto | eft lung. Right bronchusisshorter than left bronchus. Itis
alsowider. Bronchi aremade up of completeringsof cartilage.

6) Bronchioles: Bronchiolesarethefinest branchesof bronchi. They do not
havecartilage. They arelined by cuboida epithelium. Bronchiolesbecomefurther
smdler toformtermina bronchioles. Terminal bronchiolesareasinglelayer of
flattened epithelia cells.

7) Alveolarducts: Terminal bronchioles divide repeatedly to form minute
passages. These minute passages are called alveol ar ducts. Alveolar sacsand
alveoli openfromaveolar ducts.

8) Alvedli: Alveoli arethefina terminationsof each bonchi. They cotainathin
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layer of epithelial cells. They aresurrounded by numerouscapillaries. Capillary
network isthe site of exchange of gasesbetween blood and air inthealveoli.

Lungs: Lungsaretheprincipal organsconcerned with repiratory process. They
aretwo in number. They are spongy organs. They lieinthethoracic cavity on
either sideof heart and great vessels. They extend form roof of the neck tothe
diaphragm. Ribs, costal cartilagesand intercostal muscleslieinfront of lungs.
Behind them-ribs, intercostal muscles and transverse processes of thoracic
vertebraelie. Mediastinumisablock of tissuein betweenthetwo lungs. Within
mediastinum lie-Heart, great vesseals, trachea, oesophagus, thoracic duct and
thymusgland.

Lungsare conical in shapewith apex above and basebelow. A pex dightly rises
over theclavicle. Baseisnear thedigphragm. Eachlungisdividedintolobeshby
meansof fissures. Right lungishbigger than left lung. Right lungisdividedinto
threelobes. Left lungisdivided into two | obes. Each lobeisdivided into number
of lobules. Each lobe containsasmall bronchia tube. Thistubedividesand sub
dividestoendinair sacs.

Pleuraisaserous membrane covering thelungs. It containstwo layers. Inner
layer closetothelungsiscaled asviscerd layer. Outer layer iscaled asparietal
layer. Pleural fluid liesinthe space between viscerd and parietal layers.

Hilumisatriangular shaped depression on the concave medial surfaceof the
lung. Itisavertica dit oneachlung throughwhich structureslikeblood vessels,
nervesand lymphaticspass. Root of thelungs (Hilum) isformed by pulmonary
arteries, pulmonary veins, bronchia arteries, bronchia veins, bronchi, lympheatic
vessels. Pulmonary arteries carry deoxygenated blood to lungs from heart.
Pulmonary veinscarry oxygenated blood fromlungstotheheart. Bronchid arteries
arethe branches of thoracic aortacarrying arterial blood to lungs. Bronchial
veinsarethevessalscarrying venousblood of lungsto superior venacava.

Respiratory muscles: Intercostal musclesand digphram arerespiratory muscles.
However, during forced respiration sternocleldomastoid, scalenie, mylohyoid,

platysmaand abdomina musclesalso participate.
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Intercostal muscles. They are two series of muscles. Thusthey are 11 pairs.
They areexternd intercostal musclesandinterna intercostal muscles. They are
innervated by intercostal nerves.

Diapharagm: Itisalarge dome shaped sheath of muscle. It separatesthoracic
cavity from abdominal cavity. Itisinnervated by phrenic nerveon each side.

Summary

Respiratory systemissystem consisting of partsrel ated with respiration.
Parts of respiratory system are -Nose, pharynx, larynx, trachea, bronchi,
bronchioles, aveolar ductsand aveoli. Alveoli arethe ultimate sitesof gaseous
exchange. Lungsaretwo in number. Right lungisdivided into threelobes. L eft
lungisdividedintotwo lobes. Eachlobeisdividedintolobules. Pleuraisserous
membranecovering lungs. Hilum on each lungisdepression through which blood
vessals, nerves, lymphaticsetc. pass.

Essay Questions

1) Writetheanatomy of respiratory system.

Short Answer Questions
1) What arethe partsof respiratory system, which lead into lungs?
2) Namethepartsof respiratory syslemwhich liewithinlungs.
3) Mention the parts of nose.
4) What arethe parts of pharynx?
5) Namethe cartilagesof larynx.
6) Explaintrachea.
7) What area) Bronchi  b) Bronchioles?
8) Writeabout alveoli.
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5. CARDIO VASCULAR SYSTEM

Cardiovascular system consists of Heart and Vascular system. It iswell
organised blood transport system of body. Heart isthe central pumping organ.
Blood vessels constituting vascular system are arteries, arterioles, capillaries,
venulesandveins.

Anatomy of Heart

Heart liesontheleft upper part of thoracic cavity. It liesbetween thetwo lungs
under sternum. It isbroad aboveand conical below.

Histology of Heart : Heart consistsof threelayers. They are-

1) Pericardium - outermost layer consistingof  a) Visceral pericardium b)
Parietal pericardium

2) Myocardium- Middlelayer mededf cardiac musdecdlsandinterditid cells.
3) Endocardium - Innermost layer.

Pericardium forms bag like structure between viscera and parietal layers
containing pericardid fluid.

Chambersof Heart : Heart hasfour chambers. Two of them are upper chambers
caledatriaor auricles. Lower two chambersarecalled ventricles. Thetwo atria
are separated by interatrial septum.The two ventricles are separaed by
interventricular ssptum.

Atriaarefilling chambersand ventriclesare pumping chambers. Compared to
artia, ventricles are thicker since they are pumping chambers. Of the two
ventricles, wall of left ventricleisthreetimesthicker than that of right ventricle
snceleft ventriclepumpsoxygenated blood to dl partsof body andright ventricle
pumps deoxygenated blood to lungsonly.

Vavesof Heart : Opening betweenright artium and right ventricleisguarded by
tricuspidvalve. It preventsback entry of bloodintoright atriumfromright ventricle
at the beginning of ventricular systole. Opening between left atrium and | eft
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ventricleisguarded by bicuspid or mitral valve. It preventsback entry of blood
intoleft atrium at thebeginning of ventricular systole- Pulmonary trunk isguarded
by tricuspid semilunar valve which preventsback flow into right ventricleat the
begining of ventricular diastole. Aortahastricuspid semilunar vavewhich prevents
back flow of blood into |eft ventricleat the begining of ventricular diastole.

Chordaetendinae and papillary muscles:Papillary musclesarisefrom ventricular
walls. Chordaetendinae attach apical end of vavesand papillary muscles. They
prevent over distension of valvesduring diastole.

Right common carotid artery Trachea Left common carotid artery
, \ Left Internal jugular vein

. Left subclavian artery
Left subclavian vein

~Arch of aorta

Right internal jugular vein

= . . Y. S i T oy
s "

Right subclavian artery.

Right subclavian vein

Brachiocephalic
(Innominate) vein
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Blood vessal sattached to heart: Blood vessel s attached to heart are -

1) Superior and inferior venacavae- carrying deoxygenated blood from parts of
body toright atrium.

2) Pulmonary artery carrying venoushblood to lungsfromright ventricle.

3) Pulmonary veins carrying oxygenated blood from lungsto theleft atrium of
heart.

4) Aortacarrying oxygenated blood to all partsof body from left ventricle of
heart.
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Blood vessd ssupplying oxygenated blood to heart :Right and | eft coronary arteries
arising from Aortasupply oxygenated blood to heart.

Blood vesselsdraining heart : Coronary veinsbring deoxygenated blood of heart
into coronary sinus, which opensdirectly intoright atrium.

Ductusarteriosus: Ductusarteriosusisthevestigeal remnant of cord likestructure
whichexistedinfoetd life between arch of aortaand pulmonary trunk. Infoetal
life, it bypasses pulmonary circulation. After birth, it closes, becomes obsolete
and atrophies.

Septumovae: Itiscrescenteric mark oninteratrial setpum. Itisclosed foramen
ovaethat existedinfoetus.

Foramenovale: Itistheopeningininteratrial septuminfoetad life. It avoids
blood entry into lungsinfoetd life. After birth, it closesand formsseptumovale.
Cardiac centres: 1) Cardioinhibitory centreisdorsal motor nucleusof vagusin
medulla

2) Cardio accelerator centreissituated in lateral horn cells of upper thoracic
segmentsof spind cord.

Nerve supply to heart : Sympathetic and vagusnervessupply heart.
Conducting system of heart:

System of conducting impulsesof cardiac contraction consist of -

1) Sinoatrial node (SA node)2) Atrioventricular node (AV node)3) Bundle of
His.4) Right and | eft branches of bundle of His.5) Purkinjefibres.

SA node: Itispresent at the opening of superior venacavaintoright atrium. Itis
called pacemaker of heart. It is made of modified cardiac muscle fibres. It
measures about 5x20 mm.

AV node: Itispresentintheright atrium at the posterior part of inter atrial septum.

Itiscloseto the opening of coronary sinus. Cellsof AV nodeare cardiac muscle
fibreshaving afew myofibrils.It measuresabout 2x5 mm.

Bundleof His: Main trunk of bundle of Hisis continuouswith AV node. It
passesthrough interventricular septum. Itisabout 20 mmlong.
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Right and | eft branchesof bundleof His: Bundleof Hisdividesintoright andleft
branches. Right branch islonger than |eft branch. Left branch bifurcatesinto
superior andinferior divisons.

Purkinjefibres: They arisefrom brnachesof bundlesof His. They spread from
interventricular septum directly to papillary muscleand ultimately endin sub
endocardial network.Purkinjefibreshavelarger diameter than ordinary cardiac
musclefibres. Purkinjefibreshave diameter of 50-70 u whereascardiac muscle
fibreshave diameter of about 15

Anatomy of Vascular system

Blood vessdlsconstitute vascular system. Therearetwo typesof blood vessels
mainly. They arearteriesand veins. Arteriessubdivideinto arterioles. Arterioles
endincapillaries. Capillariesaresinglelayered thin vessals. Capillariesuniteto
form venules. Venules unite to form veins. Arteries are the vessels carrying
oxygenated blood to tissues (except pulmonary arteries). Veinsarethevessels
carrying dexoygenated blood (except pulmonary veins).

Histology of Arteriesand Veins:Arteriesand veinsconsist of threelayers

1) Tunicaexterna- outer layer made of fibroustissueand e astic tissueand aso
caledtunicaadventitia

2) Tunicamedia- middlelayer of plain musclesand network of elasticfibres.

3) Tunicainterna- innermost layer made of endothelial cellsand also called
tunicaintima.

Tunica adventitia
Tunica media

Tunica adventitia

Tunica media

Artery o
Endothel EB.
. Vein
Smooth muscle & Elastic fibres Smooth muscle & Elastic fibres

" Tunicaintima

Fig.5.2 T.S. of artery and vein
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Tunicamediain arteriesisthickeer thaninvens.

Vavesof Veins: Vavesarepresent in veins(of lower limbsparticularly). They
prevent back flow of blood from heart. Thesevalves are semilunar pocket
likeflaps. They areformed by local folding of intima.

Vasavasorum : They are blood vessels supplying blood to large arteriesand
veinsof above0.1mmdiameter.

Sinusoids: Sinusoidsand sinusoidal cappilariesarenot true cappilaries. They
havelarger sizethan capillaries. Continuousendothelia liningisabsent.

Arteriesof the body

Aorta, arising from|eft ventricleof heartisthemain artery of body.It consistsof
threeparts. They are-

1) Ascending aorta, giving off two branches i) Right coronary artery
ii) Left coronary artery. Coronary arteries supply blood to heart.

2) Archof aorta: Giving off threebranchesand supplying blood to head, neck
and upper limb-

brahcnesof arch of aortaare -
i) Innominate artery - dividing into @) Common carotid artery
& b) Right subclavian artery
i) left common carotid artery iii) left subclavian artery.

3) Descending aorta- divided into

i) Thoracic aorta- supplying blood towall of chest cavity and viscera

i) Abdonminal aortasupplyingwall of abdominal cavity anditsviscera

Right and left common carotid arteriesdivideinto-

a) Internal carotid artery  b) External carotid artery onright and left Sides.
Branchesof externa carotid artery:

i) Fecid artery, supplyingface

i) Maxillary artery, supplyingjaws
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i) Tempora artery supplying tempora partsinskull.
iv) Occipital artery supplying occipital partsinskull.
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Arteriesof thehuman body

Branchesof Internal carotid artery:

i) Anterior cerebral artery supplyingbrain ii) Middle cerebral artery
supplyingbrain & iii) Opthamic artery, supplying eyes
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Circleof willis: Circleof willisisformed by cerebral arteries and branch of
vertebral artery. Branch of vertebrd artery isalso called basilar artery.

Right and | eft sub clavian arteries, their courseand brahcnes:
- Subclavian artery after entering axillacontinuesasaxillary artery.
- It becomesbrachia artery at lower boundary of axilla.
- It runsdown thearm and dividesinto
a) Radid artery b) Ulnar artery
- PAmar archisformed by union of thesetwo arteriesinthepalm
- Pamar arch dividesinto digital arteries, which supply fingers.
Course of thoracic aorta: Desencending aorta continues asthoracic aortaabove
digphragm.
- It, then continues as abdominal aortabel ow diaphragm.
Branchesof abdomina aorta: They arei) Codiac plexusii) Mesenteric arteries
iil) Rena arteries  iv) Find branches
Codliac plexusdividesinto-
i) Hepatic artery - supplying liver
ii) Gastric artery - supplying stomach
i) Splenicartery - supplying spleen.
Mesenteric arteriesare -
i) Superior mesenteric artery
ii) Inferior mesenteric artery
Rend arteriessupply kidney.
Final branchesare-
i) Right commoniliac artery i) Left commoniliac artery
Thesecommoniliac arteriesdivideinto-
i) Internal iliac artery - suplying pelvic organs. Infemales, itsbranch uterine
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artery suppliesuterus.
i) Externdl iliac artery -
Continueinginthighasfemord artery.
Continueingin poplietea fossaaspolieted artery.
Itdividesinleginto-
a) Anterior tibial artery - givingriseto dorsalispedisartery.
b) Poterior tibia artery - giving riseto plantar artery

Plantar archisformed by union of dorsalispedisand plantar artery. Plantar arch
dividesintodigital branchessupplying thetoes.

Veins of the body

All the veins of the body join superior and inferior venacavae and drain the
collected blood into right atrium of heart.

Superior venacava: Superior venacavaisformed by union of right and left
brachiocephalic veins collecting blood from head, neck, upper extremitiesand
some part of thorax.

Inferior venacava: Inferior venacavaisformed by union of two commoniliac
veinscollecting blood fromlower extremitiesand abdomen. It extendsupwards
through abdomen and thorax and opensinto right atrium.

Veinsof thehead, neck and upper limbs:

Interna and externa jugular veinsdrain head and neck. They joinwith subclavian
veinsforming brachiocephalic veins. Subclavian veinscollect blood from upper
limbs. Subclavianveinisaxillary veininaxilla. Itisformed by union of brachia,
cephalicand basilic veinsof upper arm. Radial and ulnar veinsof forearmsjoin
with those of upper arms. Radial viens collect blood from metacarpals. Ulnar
vein collectsfrom fingersthrough palmar arch.

Veinsof abdomenandlower limbs: Poplieta veinisformed by union of anterior
and posterior tibial veins of leg. It continues asfemoral vein. Femoral vein

continuesasexternd iliacvein. Externd iliacveinjoinswithinternd iliacveinand
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Common iliac vein collects blood from lower extremities and abdomen. In

formscommoniliacvein. Commoniliac veinsof both Sdesuniteandforminferior
abdominal region, rend veinsfrom kidneys, gonada veinsfromtestesor ovaries,

venacava.
T, e suprarenal veinsfrom suprarenal glands, hapatic veinfrom liver, lumbar veins
”_,..._u._u:_.._._.._ _... oAy fromabdomina wadl andinternd iliac veinsjoininferior venacava. Interna iliac
ey Al 3 1. )m or hypogastric veinsdrain blod from gluted muscles media sideof thigh, urinary
_% . .w bladder, prostate gland, vas-deferens, uterusand vagina
A e Types of circulation
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Pulmonary circulation: Deoxygenated blood reaching right atrium goesinto
right ventricleand from here, it reacheslungsthrough pulmonary artery. After
losing CO, inlungs, it gets oxygenated and reaches|eft artium of heart through
PUMONARY VEINS. Itiscalled pulmonary circulation or lesser circulation.

Coronary circulation: Itisthearculatory network, supplying oxygenated blood
to heart itself and draining deoxygenated blood from it. Right and left coronary
arteriesarising from ascending aortasupply oxygenated blood to heart. Coronary
veinscollecting deoxygenated blood from heart join coronary sinus, which opens
intoinferior venacava.

Portal circulation : It isthe circulatory network through liver. Portal veinand
hepatic artery bring blood to liver. Portal vein carriesblood into liver through
superior mesenteric and splenic veins. Superior mesenteric vein carriesblood
frommesenteric bed (omach, smal intestine, part of largeintestineand pancress).
Splenic vein carriesfrom spleeen. Hepatic artery carriesoxygenated blood to
liver. Capillariesof portd veinjoinwith capillariesof hepatic artery. Hepatic vein
carriesblood circulated inliver toright atrium of heart through inferior venacava.
Thiscirculatory network of liver iscalled portal circulation.

Summary

Cardiovascular system consstsof heart and vascular system. Heart contains
four chambers. Upper two chambersare called atriaor auriclesand lower two
chambersarecaled ventricles. Histol ogy of heart showspericardium, myocardium
and endocardium. Conducting system of heart consistsof S.A. node, A.V. node,
bundle of His, branches of bundle of Hisand purkinjefibres. Vascular system
congsistsof arteries, arterioles, capillaries, venulesand veins. Arteriesand veins
containthreelayers- tunicaexterna, tunicamediaand tunicainterna. Aortaisthe
main artery of the body. Superior and inferior venacavae arethe main veins of
body. Veins of superior parts of body, upper parts of limbs and some parts of
thorax join superior venacava. Veinsof abdomen and lower limbsjoininferior
venacava. Different circulatory networks of body are- systemic circulation,
pulmonary circulation, coronary circulation, portal circulation etc.
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Essay Questions
1) Explainthe anatomy of heart withfigure,

2) Writeabout the histology of arteriesand veins. Discussarteries of body.

3) DiscussVeinsof body.
4)Discussthetypesof circulation of body.

Short Answer Questions

1) Namethe chambersof Heart.

2) What arethelayersof heart?

3) Mention thevalvesof heart.

4) What arethe blood vessel s attached to heart?
5) Write about ductusarteriosus.

6) Explain nervesupply to heart.

7) List the conducting tissues of heart.

8) WhereisS.A. nodelocated?

9) DescribeA.V. node.

10) What isbundle of His?

11) Namethelayersof Arteriesand Veins.

12) What arethe partsof Aorta?

13) Writethe branches of arch of aorta.

14) What arethe branches of ascending aorta?
15) Namethedivisionsof descending aorta.

16) Writethe branches of external carotid artery.
17) List thebranchesof internal carotid artery.
18) What ispamar arch?

19) Namethearteries of upper limbs.

20) What isthe course of thracic aorta?
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21) Mention the branches of bdominal aorta
22) Writethedivisionsof codliac plexus.

23) What are mesenteric arteries?

24) What isplantar arch?

25) What aremain veinsof body?

26) Namethe veinsof head and neck.

27) Mention thenamesand course of veinsof upper limbs.
28) Writetheveinsof lower limbs.

29) Mention abdominal veins.

30) What issystemic circulation?

31) Writeabout pulmonary circulation.

32) Explain portd circulatory network.

33) Describecoronary circulation.
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6. LYMPHATIC SYSTEM

Lymphatic system isaclosed system consisting of 1) Lymphatic capillaries
2)Lymphatic vessels 3) Lymph nodes and 4) Lymphducts.

1) Lymphatic capillaries: They arefinehair like vesselswith porouswalls.
They araisein thetissue spaces. They uniteto form lymphatic vessels.
Walls of the capillaries have permeability to substances of greater
molecular size than the substances permeabl e through walls of blood
capillaries. Their wallsareformed by endothelial cellsand supported by
fibrous connectivetissues.
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Fig. 6.1 Lymphatic system of human body
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2) Lymphatic vessels: Lymphatic capillariesunite to form lymph vessels.
They have onesided valves. They are superficially and deeply located.
They are found in skin, muscles and several visceral organs. Various
lymphatic vesselsarelinked together by free anastamoses. Lymph vessals
passthrough lymph nodes. They gradually increasein size. Finally lymph
collected from the body poursinto right lymphatic duct and left lymphatic
duct. Left lymphatic duct isalso called asthoracic duct.

3) Lymph nodes: Lymph nodesare small bodies made of lyumphatic tissue.
They vary in sizefrom pin head to almond. They areimportant glandular
structures spread at all strategic pointsin the body. They arelocated both
superficially and deeply. Lymphatic vessels bring lymph to lymph nodes.
They dividewithin the node and dischargelymph. Againlymphisgathered
into fresh lymphatic vessel swhich empty lymphinto lymphatic ducts after
carrying thelymph through morelymph nodes. Lympheatic vessalsentering
intothelymph nodearecalled afferent lymph vessdls. Lymph vessa sleaving
the lymph nodes are called as efferent lymph vessels.

Efferent lymphatic duct
= Artery
S~ V€IN
Medullary sinus
Lymph nodule
Capsule

Trabecula extending
in from capsule

. ’ p
S. of Lymph node

Fig. m.m, T.
Histology of Lymph node:Histology of lymph node showsthree parts. They
are-Cortex,medulla& hilum.

1) Cortex: Cortex isthe outer part of lymph node. It contsins lymphatic
nodules peripherally and germinal centresintheinner zone, Germinal
centres present in the lymph nodes produce lymphocytes. Lymph sinuses
separate lymph nodulesfrom capsule.
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2) Medulla: Itistheinner part of lymph node. It isdevoid of lymph nodules.
It containsreticulo endo thelial cells. It aso containsafew giant cells.

3) Hilum: It isthe depression at one side of lymphnode or lymph gland.
Through Hilum, an artery entersand thereisexit to avein and an efferent
lymphatic vessel. Afferent lymph vesselsenter from all sides but eferent
lymphvessd leavesthrough hilum Chief efferent vessel leaving lymph node
carriesfiltered and lymphocyte enriched lymph fluid.

Naming of lymph nodes: Lymph nodes are named accordingly asthey are
located.They are-

a) Cubital and axillary lymph nodes: They are situated in arms.
b) Poplietal and inguinal: Lymph nodes situated in legs are named so.

¢) Submaxillary and cervical lymphnodes.  Lymph nodes present in the
neck are called as submaxillary and cervical lymphnodes.

d) Mediastinal lymph nodes: These are present in Thorax.
€) Abdominal lymph nodes: They are present in abdomen. ex: Mesenteries
f) Pelvic lymph nodes: Pelvic lymph nodes are present in pelvic organs.

4) Lymph ducts: Efferent lymph vesselsleaving lymph nodes pour lymph
into right lymphatic duct and | eft lymphatic duct (thoracic duct). Thoracic
duct is comparatively larger than right lymphatic duct. It begins at
cisternachyli. Cisternachyli isasmall pouch at the back of the abdomen.
Lymphatic vesselsfrom lower [imbs, abdominal and pelvic organs empty
into this pouch. From cysternachyli, thoracic duct runs up through
mediastinum behind the heart to theroot of the neck. Here, it turnsto the
left where lymphatic vesselsfrom the | eft side of head, thorax and left
upper limpjoin. Thoracic duct finaly emptiesinto left sub clavian vein at
itsjunction with left interna jugular vein. 1tisprovided with uni directional
valvesto prevent lymph from flowinginwrong direction. Right lymphatic
duct iscomparatively smaller. Itisformed by joining of lymphatic vessels
fromright side of head, thorax m:m M_@:H upper limb at theroot of neck. It



entersinto right subclavian vein, whereit joinsright internal jugular vein.
Lymphatic ductsthusgather lymph from al the body and returnit to blood
stream.

Spleen :Spleen is the largest lymphoid tissue in the body. It is a bean
shaped,fist sized organ. Itishighly vascular organ. It islocated inthe
left hypochondrium beneath the diaphragm. It isabovetheleft kidney
and descending colon and behind the stomach. It weighsabout 150 g. in
adult human being and does not contain afferent lymphatic vessels.Itis
haemopoietic.

— Connective Tissue
: Capsule

Trabecula

White Pulp
Central artery

Red Pulp

Sinus
Trabecular Vein

.
’

Fig. 6.3 TS. of Spleen

Histology of spleen:Histology of spleen shows-

1) Capsules 2) Trabeculae

3) Hilum 4) White pulp

5) Red pulp 6) Reticular mesh work
7) Blood vessels.

Splenic pulp : Splenic pulpisthe parenchymal tissuewithinthecapsule. Itis
two types 1) White pulp 2) Red pulp.

Splenic sinuses: Splenic sinusesarelong vascular channels. They are 35to
40 u diameter.

Splenic cords. They are continuous partitionsin between splenic sinuses.

Marginal zone: It isthejunctional zone between white pulp and red pulp.

Tonsils: Tonsilsarewell-defined organs of accumulated lymphoid tissuein
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the mucous membrane at the root of tongue. Tonsils are present at the
surrounding of pharynx, where nasal and oral passages unite. Tonsilsdo
not possess afferent lymphatic vessels.

Tonsilscan bedivided into three groups.

1) Palantinetonsils-covered by stratified sqguamous epithelium

2) Lingual tonsil- situated at the root of tongue.

3) Pharyngeal tonsils - one on each side in the median posterior wall of
nasopharynx.

Thymus: Thymusis partly endocrine gland and partly lymphoid structure. It
ispresent in anterior and superior mediastinum of thorax. It extendsfrom
pericardium up into neck. It consists of two lobes.

Histology of thymus shows-

1) Capsule 2) Cortex& 3) Medulla

SUMMARY
Lymphatic systemisaclosed system consisting of lymphatic capillaries,
lymphatic vessals, lymph nodes and lymph ducts. Spleen, tonsilsand thymus
are also lymphatic tissues. Spleen ishaemopoietic organ. Splenic pulpis
parenchymal tissuewith inthe capsule of spleen.
Essay questions

1) Writetheanatomy of lymphatic system.

Short Answer Questions
1) Definelymphatic system.
2) Explainlymphatic capillaries.
3) Describelymphatic vessels.
4) What are @) Cubital and axillary lymph nodes.
b) Mediastinal lymph nodes.
5) Mentionthehistological partsof lymph node.
6) Namethelymph ducts.
7) Whatissplenic pulp?
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7. BONESand JOINTS

Bonesand Jointsform the skeletal system of body. There are about 206
bonesin human body. Main functionsof skeletdl system are-
1) Giving support and protection to soft tissuesand vital organs.

2) Giving attachment to musclesand ass sting in body movements.
3) Formation of blood cellsinthered bone marrow.
4) Storage of minerd satslike cal cium and phosphorous.
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Fig. 7.1 Bones of the human body
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Composition of bone:
Boneisstructurally acomplex organ and hasthefollowing composition.

water - 25%
Ossin,

Osseomucoid - 35%
Osseo Albumin (organic solids)

inorganicsdtsof cacium - 45%

Calcium satsimpart hardnessto bones.
Structure of bonetissue: RefertoCel and Tissues.

Functions of bone marrow :

Bonemarrow performsfunctionsof

1) Formation of blood cellS(Haemopoeisis)

2) Destruction of old RBC withthehelp of reticulo endothdia cellg(haemolysis)

3) Protection of body against infectionsby microbeswiththehelp of reticulo
endothelid cellsagaingt foreign particles(Defence mechanism)

4) Againgt foreign particles(Defence mechanism)

Ossification : Ossification isthe process of boneformation. Devel opment of
bonestakes place from spindle shaped cellscalled osteoblasts. Thereare
twotypesof ossification. They are-

1) Intramembranous ossification.
2) Intracartilaginous ossification.

1) Intra membranous ossification : Type of ossification in which, dense
connectivetissueisreplaced by depositsof calcium, forming boneiscalled
asintramembranousossification.

Ex: Bonesof skull areformed by thisprocess.

2) Intracartilaginousossification: Typeof ossficationinwhich, cartilagesare
replaced by boneiscalled asintracartilaginous ossification. Most of the
bones of the body areformed by thisprocess.

Types of Bones. Bones are mainly three types. They are - 1) Long bones.

2)Short bones 3) Flat bones4) Irregular bones 5) Seasmoid bones.
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1) Longbones: Long bonesarefoundinlimbs. A long bone hastwo ends. Ends
of along bone are called as epiphyses.
These two ends are connected by shaft,

whichiscaled asdiaphysis. Periosteumis w/

~ - Articular cartilage

“Epiphyseal artery
Tuberosity

N
Y 3~ Metaphyseal artery

l—— Periosteum

the outer membrane covering the bone.

Periosteum isfollowed by layer of compact

bone. Centrd medullary cand isinsdethis.

Through nutrient foramen, arteriesenter. % _
. opmfifomivins Medullary artery

Medullary canal contains yellow bone : ,

marrow. Extremities consist of mass of p, :

spongy bone, which contains red bone

marrow. Yellow bone marrow containsfat Epiphyseal cartilage'

and blood cells but is not rich in blood Epicondylé

supply or red blood cells. . N——— Condyle

Fig. 7.2 Long bone

Long bonesdevel op from three centrescalled centresof ossification. Centre
of ossification present in shaft iscaled digphysisand centres of ossification present
at theendsof thebonesare called epiphyses. Lineof cartilage between epiphysis
and digphysisiscalled epiphysed cartilage or epiphysed plate. Epiphysedl plate
separates epiphysisand diaphysisapproximately upto 25 yearsof age. After this
age,fusionof digphysisand epiphysistakesplace After fuson,growthinlength
of bonebecomesimpossible Acromegdy isgrowth of boneoccuringsafter fuson
of diaphysisand epiphysis by the overactivity of growth hormone.lt will be
confined mostly tothebonesof faceand limbs. Thisgrowthwill beabnormal.
Gigantismisgrowth occuring inimmeature bonesbeforefusion of digphysiswith
epiphysis due to excessive secreion of growth hormone.
2)Short bones: Short bonesdo not have shaft. They contain spongy substance
covered by shell of compact bone.ex: small bonesof wrist and ankle.

3) Flat bones: They containtwo layersof compact bonewith spongy substance
between thetwo layers. They arefound in pelvisand scapula
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4) Irregular bones: Boneswhich do not fal into any category areirregular bones.
ex: vertebrae and bones of face.

5) Seasmoid bones: They are small bonesand devel op intendons of muscles.
ex: Patellaof kneejoint.

Bonesof the human body : Total 206 bones forming the human skeleton can
be divided into 1) Bonesof Axial skeleton:

i) Bones of skull:Bones of cranium

Bones of face
ii) Bones of trunk: Sternum
Ribs
Vertebral column
2)Bones of appendicular skeleton:

Bones of upper limbs
Bones of lower limbs

Bonesof skull : Skull isalarge bony structure containing cranium and bones
of face attached to cranium.

Bonesof Cranium : Craniumiscalled asbrain box. Itisalarge, hollow bony
case. Itisformed by fusion of variousboneswith zigzag edges. Craniumis
formed by 8 bones. They are-

1) Frontal bone-1
2) Parietal bones-2 Nasal bone |
3) Temporal bones-2  Lacrimal bone. /)
4) Occipita bone-1 Ethmoid bone

5) Sphenoid bone-1
6) Ethmoid bone-1

Suturesof the Cranium ; Fig. 7.3 Bones of skull

Immovablejointsof bonesof skull arecalled sutures. Important suturesof cranium

are- 1) Coronal suture 2) Sagital suture& 3) Lambdoid suture
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Coronad suture: Corond sutureistheimmovablejoint between frontal boneand
parietal bones.

Sagital suture: Sagital sutureistheimmovablejoint between thetwo parietal
bones.

Lambdoid suture: Lambdoid sutureistheimmovablejoint between occipital
bone and parietal bones.

Frontal bone: Itisinthefront central portion of cranium. Itisjoined with two
parietal bones. It extends upto forehead and formsroof of orbital and nasal
cavities.

7% Frontal
tuberosity ///

Featuresof frontal bone: It has
thefollowing features. They

9 Zygomatic
y process
Superciliary arch

are-
Supra orbital A
. . h .
1) Supra orbital margins- note m
forming thearchesof orbit. Fig. 7.4 Frontal bone Supra orbital margin

2) Nasal notch - 1t isthe bone projecting between supraorbital margins. Nasal
bonesarefitted tothis.

3) Super ciliary arch - It liesabove these two structures.

4) Frontal tuberosities arethe two prominences of forehead.

5) Frontal sinuses are the two
cavitiesinthefrontal bone.

Parietal bones: Parietal bones are two in number. They form the roof and
sidesof theskull. They are of quadrilateral shape. Prominence of parietal
boneiscalled parietal tuberosity. Inner surface of parietal boneisconcave.
Superior andinferior tempord linesrun paralaly.

Parietal tuberosity

A parietal bonehasjoint with:
- frontal boneanteriorly.
- occipital bone posteriorly.
- other parietal bonemedially and
- tempord inferiorly

With occipital bone

With mastoid of temporal bone

With frontal bone
Fig. 7.5 Parietal bone
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Temporal bones:
Temporal bones are two in number. They form lower part of sides of skull.
Tempora boneshavejoint with: Squamous part
-sphenoid boneinthefront
-parietal bonesabove.
-occipital bonebehind. Mastoid process

Mastoid part

A tempora bonehasthefollowing parts. Fig. 7.6 Temporal bone
a) Squamouspart : Itisflat part having zygomatic process.
b) Petrouspart : It formsthebone of internal ear.
) Mastoid part : It containsmastoid process.
d) Tympanic part : It containsexterna auditory mesatus.

Occipita bone: Itisonein number. It
is Situated at the back and lower ,
part of cranial cavity. , —~ \Exteral occipital crest

External occipital pratruberance

Festuresof occipital bone: Anoccipitdl - ~—Winferior curved line
bone hasthefollowing festures. 7\

Foramen of magnum

Condyle
Jugular process

a) Externd occipitd protruberance: It (
isaprominance of occipital bone. Base of occipital bone
It givesattachment to muscles. Fig. 7.7 oOccipital bone

b) Foramen magnum : Itisalargeoval opening below the external occipital
protruberance. Crania cavity communicateswith vertebra cand throughthis

opening.
¢) Occipita condyles: They aretwo in number. They lie one on each side of

foramen magnum. They articulate with atlas. Thisjoint allows nodding
movement of head. Optical foramen

Foramen  Lesserf  Greaterwing
rotendum W9

Sohenoid bone: It isonein
number. Itissituated at thebase
of the skull infront of temporal

bones. .
Fig. 7.8 sphenoid bone
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Itformslargepart of middlecranid fossa Itisshaped likeabat with outstretching
wings

a) Body : Body containstwo largeair sinuses. They communi cate with nasal
cavity. Body aso hasadeep depression called hypophysed fossa, which contains
pituitary gland. Hypophyseal fossaisalso called assdllaturica

b) Wings: Thesewing likestructuresare called grester and lesser wings. They
have many openingsfor passage of nervesand blood vessels.

Ethmoid bone: It isone in number. It iscubical in shape. It fills the space
between orbits. Ethmoid bone consists of three parts.

They ared) Cribriform plate b) Perpendicular plate ) Labyrinths(2)

Cribriform plateisasmall horizontal plate perforated with number of fine
openingsthrough which branchesof olfactory nerve passfromnosetothebrain.
Perpendicular plate descendsfrom cribriform plate. It formsupper part of nasal
septum. Two labyrinthseach consisting of anumber of ethmoidal sinusesare
thinwalled and communicatewith nasal cavity.

Superior and middlenasal conchaearethin platesof ethmoid bone.Inferior nasal
conchaearecurved platesof bonewhichlieinthewalsof thenasal cavity below
superior and middle nasal conchae of ethmoid bone.

Cranid fossae: Anterior ammhm

Baseof theskull isdividedintothree \ « / Foramen rotundum
fossae. They are 1) Anterior crania \J.D\

fossa 2) Middle cranial fossa bﬂ

3) Posterior crania fossa Posterior cranial tossa—Rs{_ f

Middle cranial tossa—J§r t A Foramen ovale
]
ﬂ &\ Internal auditory meatus

Foramenmagnum

Fig. 7.9  cranial fossae

Anterior cranial fossaisformed by horizontal platesof frontal bone. Middle
crania fossaisformed by sphenoid bone and petrous portion of temporal bones.
Posterior cranial fossaisformed by occipital bone.
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Fontanelles: Duetoincomplete ossification of skull bonesof child at birth,
membranesfill the space between bones. These membranes at the angles of
bonesarecalled fontanelles. They are- ____ Anterior fontanelle

1) Anterior fontanelle.
2) Pogterior fontanelle.

Anterior fontanelle: Itisthelargest
fontanelle present at thejunction of
frontal and two parietal bones
where coronal and sagital sutures
meet. It closes at the age of 1% Posterior fontanelle

Years. Fig. 7.10 skull at birth showing fontane-
lles

Posterior fontandlle: Itisthefontanellepresent at thejunction of parietal bones
and occipital bone. It closesas soon asbirth takes place.

Sinuses: Sinusesarethe cavitiesinthe bonesof skull and communicating with
nose. They are 1) Frontal sinuses 2) Maxillary sinuses 3) Ethmoida and
sphenoidal snuses.

Frontal sinusesareapair of sinusespresent infrontal bones. They are present
oneon each sideof theroot of thenose. Maxillary sinusesareapair of sinuses
inmaxillary bones- each lying on each side of nose. Ethmoidal and sphenoidal
sinusesarea so presentinskull.

Functionsof sinuses: Functionsof sinusesare-
1) Lightening of bonesof faceand cranium.
2) Giving resonanceto voice.

Bones of the face :

Bonesmaking thefaceare 14 in number. They are-
Maxillae-2 (upper jaw)
Mandible-1 (lower jaw)
Zygomatic bones-2 (cheek bones)
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Palate bones-2 (roof of mouth cavity and hard palate)

Frontal process

Lacrimal boness-2

Nasal bones-2(Nasal bridge)
Turbinate bones-2 (nasal conchae)
Vomer-1(lower part of nasal septum)

Orbital surface

t " Infraorbital foramen

Zygomatic process

Maxillae: They aretwoin number.
They form upper jaw.
Featuresof maxillae: Fig. 7.11 Left Maxilla
1) Body ispyramidal in shape.
2) Zygomatic process, pal atine process, a veolar process& frontal process
arepresent. Alveolar process contains upper teeth.

Canine fossa

3) Maxillary snusispresentininternal aspect.
Mandible: Itformsthelower jaw. Itistheonly movable bone of skull.

Featuresof mandible:

Coronoid process

1) Body ishorizontal partinthe
centre. It contains lower
teeth. It formschin.

Condyle

Neck

2) Tworami are present oneon
each side. Each ramus
containscoronoid processin
thefront. Condyleof jaw lies
behind.

Fig. 7.12 Mandible (left half)

Zygomatic bones: They aretwoinnumber. They areirregular bonesforming
the prominenceof cheek and part of wallsof orbit. Each of them containstempora
process which articulates with zygomatic process of temporal boneto form
zygomaticarch.

Palatebones: They aretwo in number.They areirregular bonesforming part of

thehard palate, |ateral wall of nasal cavity and floor of orbit.
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Nasal bones: They aretwoinnumber. They aresmall bonessituated in between
socketsof orbits. They form nasal ridge.

Turbinatebones: They aretwo in number. They arecalled asnasal conchae.

Lachrymal bones. They arethesmallest bones. They arefragile. They form part
of walls of orbits. Grooved part of lacrimal bones contains lacrimal sac and
nasolacrimal duct.

Vomer : Itisoneinnumber. Itisaflat bone. It formslower part of nasal septum.
Itisavertical bone.

Hyoid bone: Itisa‘U’ shaped bone. It hasabody and two horns (lesser horn
and greater horn). It liesat the base of thetongue. It isattached to the styloid
processes of temporal bone by meansof ligaments.

Manubrium
Bonesof trunk sterni, Suprosternal notch

‘Surface for clavicle

Bonesof trunk are- Sternum, ribs,
vertebra column.
Sternum: Itisalongflat bone. It

runsdown thefront of thorax. Itis
dividedintothreeparts. (TR 4th Rib

a) Manubrium sterni b) Body - dso
called mesosternum c) Xiphoid
process

"D 6th Rib
P 7th Rib
Xyphoid

Fig. 7.13 sternum (anterior aspect)
Manubriumsterni : Manubrium sterni istriangular and articulateson either side
with clavicle, first and second costd cartilages.

Featuresof Manubrium sterni :
a) Clavicular notches- onboth sidesfor articulationwith clavicle.
b) Suprasternal notch - between clavicular notches.
c) Articular surfaces- on both sidesfor first rib.

Body : Body islonger and narrower than manubrium sterni. Thereisasmall
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notchwhereit joinsthemanubrium.

Xiphoid process: Xiphoid processissmall. It isthe lowest part of sternum.
Diaphragm, lineaa baand rectus abdominus muscles are attached to this part of
sernum.

Ribs: They are 12 pairs of arched bones attached on back side to thoracic
<Q._“®g.8. Tubercle
Featuresof rib: Angle

a) Anterior or sternal end - having depressions
for attachment of costd cartilage

b) Posterior or vertebral end - It hasthree parts
1) Head 2) Neck 3) Tubercle

C) Shaft :It hastwo surfaces-1) Inner surface

Neck

+ Subcostal groove

Shaft

Costal extremity

2) Outer surface

It hastwo borders-1) Upper border 2)Lower border. )

o Fig. 7.14 Typical Rib
Sub costal groove containsintercostal vesselsand nerve.
Classification of ribs: Onthebasisof attachment to sternum, they are classified
as-1) Trueribs-attached to the sternum directly. First seven pairsaretrueribs.
2) Falseribs- attached to the sternum through = Corvical
costal cartilages.Remaining fivepairsarefase 231
ribs. Of these, last two pairsareknown asfloating

ribs.

Costal cartilages: They are bars of hyaline
cartilage connecting ribsand sternum.

, Thoracic or dorsal

Vertebral column : Vertebral column is a
powerful and flexiblepillar made of anumber of
irregular bonescalled vertebrae. Thereare 33
vertebrae which are connected to one another.
They arecapableof limited movement. Vertebra
column providescentral axis. It protectsspinal
cord.

LT
@mmoéa

. S— Coccyx
_n_@.w.n_.m<m:m§m_oo_c3:

67

Structure of typical vertebra: Except atlasand axis, remaining vertebrae have
common features. Each vertebraconsistsof -

a) Body - cylindrical in shapeand lying to thefront.

b) Vertebral arch (also called neura arch) - posterior part. It enclosesvertebral
foramen.

c) Vertebra foramen - Spinal cord passesthrough thisforamen.

d) Spinous process- directed backwards and downwards.

€) Two transverse processes- projecting lateral ly for attachment of musclesand
ligaments

f) 4 Articular processes- Two above, Two below

They meet corresponding processes of adjoining vertebrae.

g) Laminae- wide partsof arch carrying Spinous process.

h) Intervertebra discs- They arediscsof fibrocartilagefor connecting onevertebra

to another. Each disc has- outer ring of fibrous cartilage and - inner corecalled

nucleus pul posus.

Vertebrae are divided into five groups. They are-1) Cervical vertebrae- 7in
number forming the neck region.2) Thoracic vertebrae- 12 in number forming
back of thorax.

3) Lumbar vertebrae - 5 in Body
number forming lumbar |
region.4) Sacrd vertebrae-5in
number forming sacrum.5)
Coccygeal vertebrae - 5 in
number forming coccyx.

Articular facet for
head of rib

. Pedicle

K
. J 2
i . y Neural canal

Transverse process

Lamina

Cervical vertebrae : They are
smallest. First cervical vertebrais A
called atlas. 2nd vertebraiscalled spne

XIS Fig. 7.16 Thoracic vertebra
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Atlas : It is the first cervical Anterior Lgrele
Facet for odonteid .

vertebra. Features- 1) It doesnot process of axis

have body. 2) It does not contain

spinous process. 3) It has two wmw%mhﬂaq

facets on upper surface for

articulation with condyles of .

occipital bone. Fig. 7.17 Atlas

Axis: It is the second cervical

vertebra. Features- Odontoid process:

1) Odontoid process - upward

projection from body.

2) Two facets- on anterior surface

for articulationwithatlas.

3) Spine- small and bifid part.

Thoracic vertebrae: They are

12 innumber. They carry ribs. Fig. 7.18 Axis

features: 1) Body - heart shaped 2) Facets-oneon each sidefor attachment of
ribs 3) Transverseprocess4) Vertebral foramenisnot present.

. Groover for
vertebral artery

Facet for transverse
~\ ligament
k Facet for atlas

Lumbar vertebrae: They arefivein number. They arelargest vertebrae.

Features: 1) They havenofacetsfor articulation with ribs.2) Spinous processes
arelargeand strong. They giveattachment to muscles. 3) Body isbig and kidney
shaped.

Sacral vertebrae: They arefivein
number. They are fused forming
sacrum. Sacrum istriangular and
forms wedge between two hip  sacum Obturator foramen

gjmwé_ﬁjéj_g_ﬁa_e_mmmﬁ_u_\_@\ \ Ischial tuberosity
_Jma\m m<3v:<m._m pubis

Fig. 7.19 sacral & Coccygeal Vertebrae
followingfeatures: 1) Four sacra foraminae- opening of anterior surfacethrough

which nervespass2) Latera masseson ether sde- formed by union of transverse
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Anterior superior
spine

Anterior sacral
foramen

Ischial spine

Acetabulum

DY
> $

processes. 3) Sacral promontary - projection of upper part of sacrum.

Coccyged vertebrae: They arefour innumber. They arefused to form coccyx.
Coccyx isatriangular bone. It articul ateswith sacrum.

Mainfunctionsof vertebral columnare-
1) Supporting spinal cord.
2) Protecting spinal cord.
3) Cushioning when jumping and landing onfest.
Ligaments: Ligaments holding the vertebrae together are - 1) Anterior and

posterior ligaments 2) Ligamenta flava 3) Supraspinous ligaments
4) Intervertebral discs.

Anterior and posterior ligaments connect anterior and posterior aspects of
bodiesrespectively. Ligamentaflavaconnect vertebral arches. Supraspinous
ligamentslie between spinesand connect them. Intervertebra discsaremade of
fibrocartilage and are hel pful for connecting vertebrae with one another.
Curvesof vertebra column:

Vertebral column hasfour curveswhen viewed from side.

1) Primary curves @) Thoracic curves b) pelviccurve

2) Secondary curves a) Cervica curveb) Lumbar curve

Primary curvesare present during foetal life- cervica curve appearswhen

child beginsto hold up head and sit. Lumbar curve appearswhen child stands
andwalks.

Bones of limbs: Appendicular skeleton consists of - a) Bones of upper limb
(Bonesof arms) b) Bonesof lower limb (Bonesof legs).

Bonesof upper limb : Upper limb consists of shoulder, upper arm, forearm,
wrist andfingers.

Bonesof upper limb are-
a) Bonesof shoulder girdle- Scapula, clavicle (1+1) oneach side
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b) Bonesof upper arm-Humerus (1) on each side.
) Bonesof forearm -Radius,ulna(1+1) on each side.
d) Bonesof wristand palm:
Boneswrist - carpals(8)
Bonesof palm - metacarpa (5)
(8+5=13) oneach side.

€) Bonesof fingers:

Phalanges - 3eachfor fingersother than thumb(3x4=12)

- 2for thumb
Tota - (12+2=14) oneach side.

Functionsof upper limbsare:

- handling the objects.
- performing varioustypesof work.
- movement.
Functionsof lower limbsare:
- Locomotion, posture, giving stability to trunk.
Bonesof shoulder girdle: Bonesforming shoulder girdieare-
- Scapulaand Clavicle. supetor ok

border s& )
4 ’ Coracoid

Scapula : Scapula is a large Suprascapular ocess
. . Glenoid
triangular flat bone. It contributes cavity
to thewiderange of movement of Suprascapuiar
. . . . Lateral
upper limb. It liesover ribsbehind Medical (@llary
. . (vertebral) border
thorax. It does not articulate with border
them.
It jmm._“<<0 m.:._“mumm. Inferior angle

. ~ Fig. 7.20 The Scapula
1) Anterior or costal surface- nearest theribs.

2) Pogterior or dorsal surface- divided into two fossae by spineof scapula

with endswith acromion process.
Thetwofossaeare -
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1) Supraspinousfossa- upper onegiving attachment to supraspinatous muscle.
2) Infragpinousfossa- Lower onegiving atachment toinfraspinatousmuscle.
It hasthree borders.They are-

1) Superior border - lying inthe upper part.

2) Medial border (vertebral border) - nearest the vertebral column

3) Lateral border (axillary border) - nearest theaxilla.
It hasthreeangles. They are-
1) Superior angle - between superior and medial borders.
2) Inferior angle- between media and |ateral borders (lowest point of scapula)
3) Lateral angle (external angle) - It containsglenoid cavity for receiving the
head of humerusto form shoulder joint. Coracoid process araisesinternal to
glenoid cavity. Itislargeandirregular
Clavicle: Itisdsocdledas Conoid tubercle
collar bone.lt does not ncromial end ;
contain marrow cavity. Itisa R\
long bone at the root of the Trapezoid ine o
neck just below theskin.Itis Fig. 7.21 Clavicle
weight bearing bone.
Itisroughly shaped. It hastwo ends. They are-1)Sternal extremity 2)Acromia
extremity.Sternd extremity isinner extremity articulating with sernum.Itisroughly
pyramidal in shape. Acromial extremity isouter extremity articulating with
scapulaltisflater.

=
&

. Sternal end

Humerus: Itistheboneformingupper  greater tberosiy yCx
arm. Itislong bone of upper limb.It has Surgieal neckc =)/ Anatomical neck
two extremities and a shaft. Upper

@A:Qj_q contains- Deltoid tuberosity

Spiral groove

\. Olecranon fossa
y?.\,‘

*Medial epicondyle

Fig. 7.22 Humerus
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a) Head - hemispherica inshape.
- articulatingwith glenoid cavity of scapulaat shoulder joint.
b) Anatomical neck - below the head.
c) Greater tuberosity - below the anatomical neck
- located inthe outer side of upper extremity

d) Lesser tuberosity - below the anatomical neck
- located at thefront
€) Bicipita groove - lying between the two tuberosities
f) Surgical neck - narrow point between thetwo tuberosities
Lower extremity contains-
a) Trochlea - pulley shaped surface on inner side
articulatingwithulna
b) Capitulum - onouter side

- It articulateswithradius

c¢) Coronoidfossa - Itisadepression located above articulating
surfacefor ulna

d) Olecranonfossa - It lies at back and receives olecranon
processof ulna

e)Medid and lateral epicondyle- lying oneach sideof articulating surfaces.
Shaft contains-
a) Ddtoid tuberosity - rough tubercleon lateral aspect

b) Spiral groove - dso known as radia groove. Radial nerve
passesthroughit.
Radius: It isthe outer bone of fore arm. Itisalong bone. It contains two
extremitiesand ashaft.
Upper extremity : It contains-
a) Head - Itisdisc shaped with hollow upper surfaceto articulatewith capitulum
of humerus. It dso articulateswith ulna.
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b) Neck - Itliesbelow the head. It isaconstricted portion.

c) Radial tuberosity - on the ulnaside, rrochiear notch
thereisaprojection, whichiscalled  coronoid process
radia tuberosity. Radial tuberosity Radial notch
givesinsertionto bicepsmuscle.

Head of radius

.. Neck of radius
Bicipital tuberosity

Lower extremity: Itiswider part. Itforms
wristjoint. It hasaprojectioncalled  shatt of uia
styloid process.

Shaft : Shaft of theradiushasasharpridge
facing ulna. Interosseous membrane
connects radiusand ulna.

Shaft of radius

Styloid process

Ulna: Itistheinner bone of forearm. It Fig. 7.23 Radius - Ulna
containstwo extremitiesand ashéft.

Upper extremity:Itisshaped likeahook and contains-

a) Olecranon process- upward projection at the back, which fitsinto olecranon
fossaof humerus (whenarmiskept straight). Itsupper border formsel bow.

b) Coronoid process- Itissmaler projectiontotheforwards. It fitsinto coronoid
fossaof humerus.

¢) Trochlear notch - formed by the above two processeswhich articulateswith
trochlear surface of humerus.

d) Radia notch - Itisadepresson on upper part of coronoid process. It articulates
with head of radius.

Shaft : It taperstowardslower end. It carries a sharp ridge for attachment of
interosseous membranelying between ulnaand radius.

Lower extremity : It contains-
a) Head - rounded part which articulateswith lower extremity of radius.
b) Styloid process- aprojection giving attachment to aligament of wrist joint.
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Radius

Bones of wrist : Bones of wrist Ulna
arecalled carpal bones. They ~ Lunate
areeight bonesarrangedintwo j_m_mmﬂ

rows. Capitate *
Hamate ™

Styloid process
\ Scaphoid
Trapezium
Trapezoid

Metacarpals

- Bones of proximal row are
scaphoid,lunate,triquetral and
pisformbones.

- Bones of distal row are
trapezium,trapezoid,capitate
and hamate bones. Fig. 7.24 _wo:mm of wrist and palm

Bonesof pam: Bonesof pamarecaled metacarpa bones. They arefiveminiature
long bones each having base and head.

Bases of metacarpal bones articulate with distal row carpal bonesand heads
articulatewith proximal row phalanges.

Bonesof fingers:.Bonesof fingersare called phalanges. They are 14 miniature
long bonesarrangedin rows. Thumb finger hastwo phalangesand theremaining
fingershavethree phaangeseach. Three phalangesin afinger arecalled proximal
phalange middle phaangeand distal phalange.Proximal row phaangesarticulate
with metacarpal bones and thejoints are called metacarpo phalangial joints.
Inter phalangial jointsexist between phalangia bones.

Bonesof lower limbsand pelvicgirdle:

Bonesof pelvicgirdle: Pdvicgirdleformslink between trunk and lower limbs.
Pelvic girdleisformed by 2 innominate bones, 1 on each sidewith sacrumand
coccyx behind.Pelvisisdivided into-1) Greater pelvis(false) and

2) Lesser pelvis (true)
by lineaterminalisand promontory of sacrum. Greater pelvisisupper expanded
portion. It is bounded on each side by Ilium and at back by base of sacrum.
Lesser pelvisconsistsof short curved canal. It isdeeper at back than front.
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Innominatebone: Itiscalled aspelvic boneor hip bone. Innominate boneis
made of ilium, ischium and pubis. [lium,ischium and pubisare united at deep
cavity on outer aspect of bone called acetabulum. Ossification isincomplete
among ilium,ischium and pubisbetween agesof 15-25years. They areunited by
cartilagebeforethis.

lliac crest llium llium

Anterior

Surface superior spine

Anterior superior mu_Jm forsacrum

Post inferior

spine

Acetabulum ‘Great sciatic *

Pubis

Tuberosity of

ischium Symphysis pubis

Inferior ramus
Obturator foramen

Fig. 7.25 Innominate bones

Differencesbetween maeand femaepevis: Femaepevisisshorter thanmale
pelvis. Female pelvis is wider than male pelvis. It is shallower than male
pelvis.Sacrumisshorter and wider. Pubic arch formsobtuseanglein females
whereasit formsacuteanglein males. Sciatic notchisalsowider. Thisvariation
infemal e pelvisadaptsfemal e pelvisfor pregnancy and child birth.

Symphysis pubis

Bones of the lower limb:

Bonesof lower limbare -Femur (thighbone) oneoneachside
-Patella(kneecap)  oneon each side
- Tibiaand fibula(leg bones)two on each side
-Tarsal bones(ankle bones)seven on each side
-Metatarsal bones(instep bones)five on each side

-Phalanges(bones of toes) (3 x 4) +2on each side

Femur : Itisthelongest and the strongest bone of the body. It resembles

humerusof upper arm.

Featuresof femur : 1t contains-

1)Upper extremity 2) Shaft  3) Lower extremity
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Irochanteric fossa-, Neck

Intertrochanteric line

Shaft—=———g )
Linea aspers

Lateral condyle:
Intercondyloid notch
MediaTcdndyle
Articular surface for patella

Fig. 7.26 Right femur (anterior and posterior views)
Upper extremity : It hasfollowing features.
a) Head - spherical in shapeand covered with hyaline cartilage.
b) Neck - long and flat lying below head.
c) Greater trochanter- located on the outer sidewhere neck and shaft join.
d) Lesser trochanter - located oninner sidewhere neck and shaft join.
€) Anterior and posterior inter trochantric lines- unite greater and lesser
trochanters.
Shaft : 1t hasfollowing features.
a) Lineaaspera - ridge on posterior aspect.
b) Gluted ridge- extending from lineaasperato theback of greater trochanter.
c¢) Spiral line - extending at the inner aspect from linea asperato lesser
trochanter.
Lower extremity : It hasfollowing festures.
a) Media andlatera condyles
b) Inter condylar notch - separating thetwo condyles.
¢) Adductor tubercle- lying above medial condyle.
d) Patellar surface.

€) Poplietal surface.
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Patella: Itisasmall mobiledisclocated infront of kneejoint in the tendon of
quardriceps muscle. It formsknee cap. It isaseasmoid bone. Itistriangular in
shapewithitsapex facing downwards. ltsposterior surfaceissmooth. It articulates
with condylesof femur. Itsanterior surfaceisrough.

Bonesof leg: Bonesof leg are- Tibiaand fibula
Tibia: Itisinner boneof leg. Itisstronger thanfibula

It hasfollowing features-upper extremity

- shaft

- lower extremity
Upper extremity of has-a) Head, containing two condyles. They arei) media
condyle ii) lateral condyle. Surfaces of these condyles articulate with
corresponding condylesof femur.

- b) Poplietal notch, separating the two condyles at back.
-C) Tubercle below the condylesin the front.

Shaft : Shaftistriangular inshape. It
hasthree borders and three surfaces.
Crest of tibiaislocated at themiddle
third portion of anterior border. Soleal
lineisaridgeof bone. Itisstrong. Itis ubcutaneous
present in the posterior surface. A surace

Lateral condyte

Spine lead of fubula

Medial condyle

\\.
Popliteal surface , ~. ./ Tubercle

Anterior border

) Medial malleolus

Lower extremity : It is slightly
expanded. Itssurfacearticulateswith . Mwwm_ .s.m__g_c.m
talusand formsanklejoint. 9. 7.2/ Tibia - Fibula

Fibula:Itisouter bone.It doesnot participatein weight bearing.
Ithas - upper extremity
- shaft
- lower extremity
Upper extremity has head& styloid process.Shaft is thin and gives
attachment to muscles.L ower extremity haslateral maleolusand malleolar fossa
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Tarsd bones. Tarsd bonesmetatarsal bonesand phal angesare collectively caled

bones of foot.Tarsal bones are seven bones in two rows. Tarsal bones are -
Taus,ca caneum,navicular,cuboid and 3cuneiform. Talusand calcaneum arethe
most prominent bonesamong tarsals. Talusisthe main connecting link between
foot and leg. Calcaneum isthelargest bone of foot. Navicular isdisc shaped.
Cuneform bonesarethreein number. They are-Medid, intermediateand laterdl.

Metatarsal bones: They are5bones. Their headsarticul ate with phalanges.

Phalanges: They are 14in number. Grester toe hastwo phalanges. Remaining
toes havethree phalangeseach.

Navicular

& Intermediate cuneiform

hm edial cuneiform

WS
i

823 £ 9 Phalangial bones

Wi
w Q NN Fig. 7.28 Bones of foot

Cuboid

Lateral oc:m;o::

JOINTS
Definition : Joint or articulation isajunction between two or more bones.
Arthrology: Arthrology isstudy of joints.

Classfication of joints: Jointsare dassified depending onthe degree of movement
allowed. Onthisbasis, therearethreetypesof joints. They are-

1) Fibrousjoints (Immovable) 2) Cartilaginousjoints (Sightly movable) 3)
Synovid joints(Fredy movable).
FirbrousJoint : Itisthetypeof joint wherethereisno movement of bones,
fibroustissueisthe connecting medium between the bones.

79

ex: 1) Suturesof skull. a) Coronal Fibrous tissue
suture between frontal and Pericranium
parietal bones. b) Sagittal i
suture between parietal bones
2) Tibiofibular joint between Duramater
tibia and fibula 3) Joints pagram ofa Joous ot e o <)
between teeth and jaws.

Fig. 7.29 Fibrous Joint

Cartilaginousjoints: Itisthetypeof joint wherebonesformingthejoint are
dlightly movable. Surfaces of the bonesat thejoint are covered with hyaline
cartilageand fibrouscartilage or fibrous ligamentsact as connecting medium.

Ex: 1) Intervertebrd joints
2) Joint between manubrium sterni and body of sternum.

Synovial Joints: Itisthejoint between
the bones where bones are freely Capsule -
movable.Joint forming bonesurfacesare
coveredwith articular hyaline cartilage. areuist cartiage §
Cavity around thejointiscalled synovia
cavity. Fluidinthecavity lubricating the
articulating surfacesiscalled synovid fluid.
Joint iscompletely surrounded by afibrous
capsulelined with synoviad membraneex:
elbow joint

Synovial membrane

Fig. 7.30 synovial joint

Typesof Synovid joints: Onthebasisof type of movement, synovid jointsare
dividedinto several classes. They are-

1) Hingejoints2) Pivot joints 3) Condyloidjoints4) Ball and socket joint

5) Glidingjoints6) Saddlejoint

1) HingeJoint : Itisthetypeof joint alowing unidirectional movement asinknee
and elbow.

2) Pivot Joint : Itisthetypeof joint alowingrotationonly.
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exi) Atlasand axisii) Radiusand ulna.
3) Condyloidjoint : Itisthetypeof joint alowing movement intwo planes.
ex:Anklejoint, Wristjoint.
4) Ball and socket joints: Itisthetypeof joint dlowing movementinal directions
asaball in cup shaped socket cavity.ex:shoulder joint and hipjoint.
5) Gliding Joints: Itisthetypeof joint allowing thejoint forming surfaces of
bonesto glide over each other.Ex: Carpal joints, Tarsal joints.
6) SeddleJoint : Itisthetypeof joint allowing freemovementinall directions.
Ex : Joint between metacarpal bone of thumb and trapezium.
Typesof movementsat thejoints:
Varioustypesof movementsat jointsare-
1) Rotation movements 2) Angular movements 3) Gliding movements
Rotation movements. M ovements dueto one bone moving within another bone
arerotation movements.
Ex 1) Movementsof femur inacetabulum of hip bone.
2)Movement of head rotation of radiusover ulna.
3) Movement of ball of humerusin shoulder joints.
2) Angular movements: They aredifferent types.
a) Flexion : Bending of partstowardseach other.
b) Extension : Straightening out of apart from other.
¢) Adduction : Movement of apart towardsmedial axis.
d) Abduction: Movement of apart away from medid axis.
€) Pronation : Bending of ventral surface downwardsor turning of palm
downwardsasin blessing.
f) Supination : Turning of pamupwardsasin begging.
g) Circumduction: Movement involving flexion, abduction, extensonand
adductioninasequence. ex: Movement in shoulder.
3)Gliding movements.Gliding movement istype of movement inwhichtwoflat
surfacesmove on each other.ex : 1)Movement of carpal bonesinwrist.

2)Movement of tarsal bonesin foot.
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Joints of human body:Joints of human body can be classified on the basis of
anatomical locationinto - 1) Jointsof the Head 2) Joints of trunk 3) Joints of
upper limb 4) Jointsof lower limb.

Joints of Head :

Theonly movablejointin head istemporomandibular joint. It liesbetween
temporal boneand head of mandible. Suturesof theskull areimmovablejoints.
Suturesareaready described in the previous sectionsof thischapter. Unossified
membranousareasat thejunctionsof bonesof skull arecalled fontanelles. They
have a so been dedlt in the previous sections of thischapter.

Jointsof trunk : Jointsof trunk are-
1) Intervertebral Joints2) Costovertebral Joints 3) Sternocostal Joints.

Inter vertebral joints: They arethejoints between all vertebrae from second
cervical vertebrato sacrum. Jointsbetween vertebral bodiesaredightly movable
where asjoints between vertebral archesaresynovia joints.

Cogtovertebrd Joints: Jointsbetweenribsand vertebraearecalled costovertebra
joints. They dlow gliding movements.

Sternocoatal Joints : Joints between ribsand sternum are sternocostal joints.
They dsodlow glidingmovements.

Jointsof upper limb : Jointsof upper limbare-
1) Sernoclavicular joint : Gliding typeof joint between sternum and clavicle.

2) Acromio- clavicular joint : Condyloid joint between clavicle and scapula.
Movementislimitedinall directions.

3) Shoulder joint : Ball and -
socket between scapula and ¥
humerus. Flexion, extension, N
adduction, abduction, rotation
and circumduction occur at this
joint.

Cartilage extension
Articular cartilage

apsule
Synovlat membrane

_H.Q. 7.31 shoulder Joint
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4) Elbow Joint : Composed of humero ulnar joint, humero radial joint. Hinge
joint between humerusand ulna, humerusand radius. Flexion and extension
occur at thisjoint.

5) Radioulnar joints: Pivot jointsbetween radiusand ulna. They are superior
radio ulnar joint and inferior radio ulnar joint. Pronation and supination
movementsoccur at thesejoints.

6) Wrist joint : Condyloid joint between radius and carpal bones. Itisalso
known asradiocarpa joint. Fexion, extens on, abduction and adduction occur
at thisjoint.

7) Intercarpal joints: Glidingjointsbetween carpal bones.

8) Carpometacar pal joints: Glidingjointsbetween carpa bonesand metacarpa
bones. Carpometacarpal joint of thumb issaddletypejoint.

9) M etacar po phalangeal joint : Condyloid type of joints between metacarpal
bones and proximal row phalanges. Flexion, extension, adduction and
abduction occur at thesejoints.

10) Inter phalangeal joints: Hinge joints between phalanges. Flexion and
extension occur at thesejoints.

Joints of lower limb :

1) Hip Joint : Ball and socket typejoint between Acetabyum
hip bone and femur. Flexion, extension, xaimswwhwﬂ_ws
abduction, adductionand circumductionoccur — capsule !
at thisjoint. \ "

2) Kneejoint : Hingejoint between femur and
tibia. Patellais present on smooth surface of
femur. It hel psin gliding movements. Flexion
and extension occur &t thisjoint.

3) Tibiofibular joints: Fibrousjointsbetweentibiaand fibulaat their lower and
upper extremities.

4) Anklejoint : Hingejoint between tibiaand tarsals. Dorsiflexion and plantar
flexion occur at thisjoint.

Omumc_m

Femur

Fig. 7.32 section of hip joint
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5) Tar sometatar sal joints: Gliding jointsbetween tarsal bonesand metatarsal
bones.

6) Metatar so phalangeal joints: Gliding joints between metatarsal bones
and phalanges.

7) Inter phalangeal joints: Gliding joints between phalanges.

8) M ediotar sal joints: Jointsbetween taluswith navicular and calcaneumwith
cuboid.

9) Talocalcanesal joint : Joint between talusand cal caneum. Movement isrocking
type.

Summary

Boneisthe hardest connectivetissue of body. Joint isany connection
between two bones. Bonesare classified into long bones, short bones flat bones,
irregular bonesand sesamoid bones. Totally there are 206 bonesin the human
skeleton . They can be classified into bones of the skull,bones of the trunk,
bones of upper limb and bones of lower limb.Joints are classified into fibrous
joints, cartilaginousjointsand synovid joints. Synovial Jointsareclassfied into
glidingjoint,hingejoint,pivot joint, ball and socket joint, condyloidjoint and saddle
joint.

Essay Questions

1) Classify bonesof human skeleton and write about bonesof cranium.
2) Writeabout bonesof face.
3) Write note on bones of upper limb, lower limb and bones of wrist and
hand.
4) What arethe bonesof thorax?Write about ribs.
5) Writeabout bonesof foot.
6) Classfyjoints. What aredifferent synovia joints?
7) Writethejointsof body.
Short Answer Questions

1) What arethefunctionsof skeletal system?
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2) Defineossification. What arethetypes? 37) Definea) Glidingjoint b) Hingejoint

3) What arevariousclassesof bones? 38) Writethemovementsof &) Wristjoint b) Humeroulnar joint
4) Mentionthebonesof skull. 39) Mentionjointsof lower limb.
5) Givethelist of bonesof trunk. 40) Writethejointsof foot.

41) Mentionthebonesjoinedby a) Tarsa jointsb) Inter phalangia joints.
42) Namethejointsjoining a) Tarsal and Metatarsal bones b) Metatarsal and
phalangeal bones.

6) Writethebonesof upper limb.

7) Mentionthebonesof lower limb.

8) How many bonesaretherein cranium?Mention.
9) Mentiontheimportant suturesof cranium.

10) Writethefeaturesof frontal bone.

11) What aredifferent partsof tempora bones?

12) What arefontanelles? Mentionthetypes.

13) Mentionthesinusesof skull.

14) Writethefunctionsof sinuses.

15) Mentionthebonesof theface.

16) What ismandible? Nametheparts.

17) Namethebonesof upper limb.

18) What arethe surfacesof scapula?

19) Writethe bonesof wridt.

20) Mention bonesof thorax.

21) What aredifferent classesof vertebrae?

22) Mentionthennumber of 1) Thoracic vertebrae 2) Lumbar vertebrae
23) Mentionthebonesof pelvicgirdle.

24) What arethefeaturesof pubisbone?

25) Writethe partsof pelvis.

26) Differentiate between maleand femaepevis.
27) Mentionthebonesof lower limb.

28) Describefibula

29) Writethefeaturesof upper extremity of femur.
30) What arethebonesof foot? Mention with number.
35) Mentiontheclassesof joints.

36) Writethecharacteristicsof synovid joints.
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8. NERVOUS SYSTEM

Nervous system controls and integratesthe functions of human body.
Nervous system consistsof neurons, itsfibres, dendritesand axons.

Nervoustissue: Itiscomposed of neuronsand neuroglia

Neuron: Itisthestructura and functiona
unit of nervoussystem. Itismadeof nerve
cell body, dendrites and axons. Nerve
cell body congstsof large nucleus, neuro
fibrilsand Nisdgranules which are present
inneuroplasm. Nervecell body aso con-
tains mitochondria and other cell or-
ganelles. Dendritesarethereceptivefi-
bresreceivingimpulsesand transmiting
themto thenervecell body. Axonscarry
impulsesaway from the nervecell bodly.

*Myelin sheath
Axon
Node of Ranvier

Types of neurons. On the basis of no.
of processes, they areclassifiedinto A

@v >_UO_ arneurons—Neurons jm.,\_ 3@ _H_@ 81 A typical Neuron
No processes

b) Unipolarneurons—Neuronshaving only one processaxon.
Thesetwotypesarefound only infoetd life.

€) Bipolarneurons—Neuronshaving oneaxon at one poleand dendrite at
the other pole.

d) Pseudounipolar neurons—Neurons,which aretypically bipolar at first
and spindle shaped,but cell processes converging to meet at oneside of the cell
body asthe devolopment proceeds. They arefoundinal spina gangliaand gan-
gliaof crania nervesexcept 8th crania nerve.

€) Multipolar neurons—Neurones having most varied form. They are
foundin cerebral cortex,nucle of trigemina nerveand motor neuronsof spinal
cord.

Typesof nervefibres:Histologically there aretwo types of nervefibres.
1)Medullated 2) Nonmedullated

In medulloted or myelinated nervefibres, axoniscovered by myelinsheath ex-

cept at thenodes of Ranvier. Innonmedullated or non myelinated nervefibres,
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axonsare not covered by myelinshesth.
Neuroglia: Neurogliaisaspecial typeof intertitial tissuepresent bothin grey
and white matter. Therearethreetypesof neuroglia.
1)Adtrocytes  a)protoplasmicastrocytes  b)fibrousastrocytes
2)Oligodendrogliaor oligodendrocytes (having few processes)
3)Microglia(havingsmall size)
Astrocytesand oligodendrocytes are ectodermal in origin. Microgliaismeso-
dermd inorigin.
Synapse: Synapseisthejunction where one neuron ends and another neuron
begins.
Classification of synapses:
They are-1)Axosomatic synapse 2)Axo dendritic synapse
3) Axo-axonic synapse.
I n axosomatic synapses, presynaptic terminal of theaxon endsinthecell body
of neurone.ln axodendritic synapse, presynaptic fibresof any axonendinthe
dendrites of postsynaptic cell.In Axo-axonic synapse presynaptic fibres of any
axon endsin the axon of the postsynaptic cells.
Anatomy of the synapse: Microscopic anatomy of a motor neurone of the
anterior horn cellsof thespina cord showsthemain body of the neurone- soma,
dendrites, axon and multiples presynaptic terminal s (synaptic knobs) ending in
the soma and dendrites. These presynaptic terminals are the ends of the
neurofirbrilsof other neurones.Presynaptic fibresend in an expanded terminal
called synaptic knob.Synaptic knob and somahaveintact membrane. Membrane
of the synaptic knobiscalled presynaptic membrane.M embrane of the somais
called postsynaptic membrane.

Presynaptic filaments
(Canaliculi) Postsynaptic (Subsynaptic)
Membrane

Mitochondrion

Glial zmacﬂm:m

Presynaptic”
Cytoplasmyg
Presynaptic,
Neurofilaments,

,m<3m§_o cleft 1E:
Presynaptic ,\
Membrane Dendite
“'Synaptic Vesicle

Fig. 8.2 Axodendritic synapse

Neuromuscular junction isthejunction wheremotor nerveendsinto muscle
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fibre. It isalso called as myoneura junction.Motor nerve losesits
myelin sheath before ending into musclefibre At itstermination,nervefibre
branchesinto severa expanded 83_o_ icated Sructureswhich areknown asaxon
terminasor solefest. \

Myelin sheath

Nucleus of
Schwann Cel
Termina
Schwann Cell
(Teloglia)

Axon Synaptic Gutter
- (Palisades)

- Sarcolemma

Sarcoplasm
Sole Foot (Axon Terminal)

Fig.8.3
Diagrammatic representation of Neuromuscular junction

Nerve Endings:Nerve endingsarethetermina bodieswherethe nervefibres
endintheperiphery. Histologically, therearetwo fundamenta typesof endings.
1)Freeterminals 2) Connectivetissue body.

Infreeterminas, nervefibresend asnaked twigsof axiscylinder. In connective
tissuebody, the nervefibre endsinside aspecial connectivetissue.Functionaly,
the nerve endingsaretwo types.1)Motor nerve endings 2) Sensory endings.
Sensor endingsarealso called as* sensory receptors”.

Receptor s: Sensory receptorsare aspecialised structurethat can be stimulated
by environmental changes aswell asby changeswithinthe body. It can be
defined astheterminal afferent endingsthat undergo depol arisationin response

Nucleus of
Muscle fibre

to specifictypeof physica stimuli.

Reflex ar c: Reflex arc iscomplete pathway for areflex action. It comprisesof
three parts.

1) Afferentlimb - consisting of receptor and afferent nervefibre.

2) Centre - congsingof nervecdls

)Effarentlimb - conggingof a)efferent or motor nerve fibre and its

endings.b)effector organi,e, muscle. ntermuncial Newrone

4)Synapse-whichislink betweentwo Aferent Newone. White Matter

Nneurones. Posterior root ganglion 44" \I«wh

Tyes of reflex arcs:1)Mono synap-  Reeg A

tic reflex arcs(containing onesynapse) 9%

2)Disynapticreflex arcg(containing

two Synapses)

3)Polysynaptic reflex arcs(containing
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= Grey Matter
Central Canal of the Spinal Cord

m ferent Neurone

55\ Effector Organ-Muscle

Fig. 8.4 Reflex arc

many intermediate neuronsand effec-

tors)

Spinal cord:Itisalong cylindrical ,anteriopogteridly flattened nervouscord.ltis
located inthevertebral column. It extendsfromleve of foramen magnum above
tothe

Posterior Posterior

levl of thedisc between 1st and mediansepum %N

P i 3 v
2nd lumbar vertebrae below. whie coomn . )/
Lower end of mﬁ_ na cord / - Substantia Gelatinosa

of Rolando
Posterior Horn Cell
*Clarke’s Column
~Lateral horn cell

&L -7 ~Anterior hom cell

consistsof abunch of nerves. Lateral g
Thisbunch appearslikehorse’s
tail.Henceitiscalled caudaequina
Thetermind nerveisthin | ” Sentl oo
andlong. Itiscaledfilum Whieeoum  amerohe | Spmalcord

ﬁm._\j_ a e Fissure

T.S. of spinal cord:T.S. of F1. 8.5 Ts.of spnal Cor

Spinal cord shows 1)Central cana 2)Gray matter& 3)White matter

Central Canal: Central canal isinthemiddle of the spinal cord.Itislined by
cubicd diliated epithdium.Cerebrospind fluid (C.S.F) circulatesthroughthiscand.
Thecentral cana actualy piercesthrough theisthmus (commissure) of thetwo
symmetrical lateral halvesof thegray matter. Partsof thegray matter infront of
thecentral canal isknown asanterior (ventral) gray commissureand thesameon
behind thelcentral cana isknown asposterior (dorsal) gray commissure.

Gray matter: Itisintheform of arough crescent oneon each side. Each cres-
cent hasthree parts- anterior horn, lateral horn and posterior horn. Gray matter
ischiefly composed of three elements-a)nerve cells, b) neuroglia& c) nerve
fibres.Lateral horn projectsin thethoracic region of spinal cord.

White matter: White matter of the spinal cord surroundsthe gray matter and
consstsof myelinated and unmyelinated fibres. Myelinated fibresare predomi-
nating. Thelatera half of whitematter on each sideisdivided into three com-
partments, anterior white column, lateral white column and posterior white col -
umn.

< Anterior root

SPINAL NERVES
There are 31 pairs spinal nerves.They are 7 cervical, 12 thoracic, 5
lumbar, 5 sacral and 2-3 coccyged . Thefirst cervical nerveoriginatesfromthe
medullaoblongataand |eavesthe spinal canal between the occipital boneand
atlas. Other cervica spinal nervesarisefromthe spinal cord, and each leaves
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thespind cana through anintervertebra foramen abovetheverebrawhosenum-
ber it bears. Theeighth spina nerve emergesfrom thevertebral column below
the seventh cervicdl vertebra All theother spinal nervesemergefromthespina
cord below the vertebrawhose number it bears. The coccygea nerves pass
fromthelower extremity of thespina candl.

White m w,zmq Dorsal Nerve root _ . -

\\ . I K
,+* Meningeal - 7:¢
N - . .
ventral nerve foot  °"anch. . ‘Autonomic ganglion

Qmw\ matter -

Fig. 8.6 Typical spinal thoracic nerve

Tracts. Fibrescarrying different sensationsenter the spinal cord throughthe
posterior roots. Insidethe cord, arearrangement takesplace. Fibrescarrying
onekind of impulsetend to collect into abundle. Such bundlesarecalled sen-
sory tracts. Motor tractsarealsoformed onsimiliar lines.

A tract may be defined asabundle of fibrescarrying one or agroup of
motor or sensory impul sesin the central nervous system.

Tractscan bedivided into 3 classes.
DAscendingtracts ~ 2)Descending tracts  3)Intersegmentd fibres

Ascending tractsare sensory tracts. Descending tractsare motor tracts.
Intersegmental fibresare both ascending and descending.

Brain stem:

Brain stem includes mid brain,
medulla oblongata and ponsvaroli.
Midbrain contains cerebral peduncles,
cerebellar peduncles, corpora
quadrigemina, red nucleusetc.

Midbrain: Midbrain is connection
between forebrainand hindbrain. Dorsal
part of midbrain contains four round P e
eminences. Fig. 8. Lateral view of brain stem
Thesefour rounded eminencesare called corporaQuadrigemina. Ventral part
of midbrain containsapair of cerebral peduncles. Thesearecylindrical bodies.
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Cerebra pedunclesconsist of Basis pedunculi, substantialnigra, tegmentum.
Rednucleusconsistsof two groupsof cells-nucleusmagnoce luforisand

nucleusparvocdlularis.

Ponsvaroli: Itislocated above medullaoblongata. Anteriorly, it appearsasa

bulging massof transversefibres, posteriorly, itisseparated from cerebel lum by

fourthventricle. T.S. of ponsvaroli showstwo main portions.

M edullaobrongata: Itisaso caled spina bulb. Itiscontinuation of cervical

part of spinal cord andisconicaly expanded. It extendsfrom foramen magnum

to the caudal border of pons.

It isapproximately 28mm long. Sulci present on surface of spinal cord also
continue upwardinto medulla.

Cerebelum: Cerebellumisthelargest part of hind brain. It liesbehind pons
and medullaoblongata. Averageweight of cerebelluminadultsisabout 150gm.
Cerebellum consistsof right and left cerebellar hemispheres. They arejoined by
vermis. Fromfunctiona and morphological point of view, cerebe lum consstsof
two parts. They are 1)Foculondular lobe 2)Corpuscerebelli

Floculonodular lobeis separated from corpus cerebelli by posterior lateral fis-
sure.

Superior cerebellar Fourth Anterior
peduncle ventricle wequllary velum

w\w\\\\&aﬂm&ﬂmwﬂ_a oo

Culmen

~

‘\ \\ locculus.

Declive

Uvula Inferior cerebellar
peduncle

Fig. 8.7 superior surface and Inferior surface of cerebellum

Phylogenetically cerebelumisdividedinto

1) Archicerebdlum

2) Palaeocerebdlum

3)Neo cerebelum

Afferent and efferent fibresconnecting the cerebelumwith extra
cerebd lar regionsrun through threelargebundles. They areknown assuperior,
middleand inferior cerebellar peduncles.
Thalamus: Itisalarge collection of nerve cells. It is located at the top of
midbrain. Fivemain nuclear massesof Thalamusare-

1) Media nuclear mass
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2) Latera nuclear mass

3) Midlinenucle N
4) Intrdaminar nucle TO SUPERIOR PARIETAL LOBULE
: . 'TO DIFFUSE CORTICAL PROJECTION FROM SUPERIOR PARIETAL LOBULE
5) Pulvinar nuclel - 1o prerrontac coe) PO RETICULOTHALANKC TRACT
FROM PREFRONTAL CORTEX | o ,
FROM PRECUNEUS [ NS e s
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TO LIMBIC CORTE! 3 =Efmit AND AREAS 18 &19
FROM N A 0L ) MEDIAL GENICULATE BODY
MAMMILLOTHALAMIC \ /. : | - p :
. TRACT : TN A 5 s i ,mﬂ!m.ﬁnze:oa
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FROM RETICULOTHALAMIC TRACT TO SENSORY CORTEX—FACE AREA
FROM MEDIAL LEMNISCUS TO SENSORY CORTEX—NECK, TRUNK AND
FROM SPINOTHALAMIC TRAC EXTREMITIES AREA

Fig. 8.7 principal thalamic nuclei

Internal capsule: Itisa‘V’ shaped band of fibres. Itisbounded medially by
thalamusand caudate nucleus. Itislaterally bounded by lentiform nucleus.
Itisdividedinto

a) Anterior limb

b) Posterior limb

c) Genu.
Basal ganglia: Basal gangliaincludes corpusstriatum, claustrum, rednucl eus,
body of Luysand substantianigra. Corpus striatum includes caudate nucleus,
globuspdlidusand putamen.

Caudate
“ nucleus

-4 Thalamus
§ Lateral
; J _Geniculate

Body

Head of
caudate
nucleus

Mitamen

Nucleus and globus allidus

Tail of
Caudate nucleus

Fig. 8.7 Lateral veiw of basal ganglia

Corpusstriatum: Itisamassof gray matter lateral and anterior to thalmus.
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Anterior limb of internal capusuledivides corpusstriatuminto two partsincom-
pletely. They are caudate nucleusand lentiform nucleus. Caudate nucleusis
small anterior part and lentiform nuclusislarger posterior part.
Subgtantianigra: Itisacrescentic massof nervecells. It containsmelanin. It
liesbetween cruscerebri and tegmentum of midbrain.
Body of Luys: Itisaso called corpus luys or subthalamic nucleus. It lies
laterally and ventrally to red nucleus. It liesdorsal to substantianigra. Itis
connected to red nucleus, substantianigraand globus pallidusetc.
Subthalamus: Itisdosally bounded by thalamus. It isbounded medially and
rogtrally by hypothalamus. Itisbounded laterally and ventrally by pespedenculi
and neighbourhood areaof internal capsule.
Reticular Formation: Diffusedill defined massof nervecellsandfibresform
meshwork inthe central portion of brainstem.ltiscollectively called reticular
formation. 1t extendsupward into thalamusand subthalamus. 1t extendsdown-
wardsintospina cord. Partsof reticular formationwhich play rolesinwakefuness
arecalled ascending reticular activating system. Descending reticular system
comprisesdescending inhibitory reticular projection and descending facilitatory
reticular projection.
Vedtibular apparatus: It congstsof bony labyrinth lodging membranous|aby-
rinth. Bony labyrinthincludesvestibule, semi circular candsand cochlea. These
three cavitiesarefilled with perilymph. Perilymphisaclear fluid of high sodium.
Membranouslabyrinth lieswithin bony [abyrinth. Membranouslabyrinthisfilled
with endolymph. Endolymph containts high potassium cotent.
Semi circular canals: They arethreeinnumber and lyinginthreeplanesat right
anglesto oneanother. Thesearelateral, anterior and posterior canals. Lateral
cand ishorizontal and other two arevertical.
Anterior and posterior candsmakean angleof 45°with frontal and sagittal planes.
Each cana beginsinadillation. Thisdillationiscaled as*ampulla. Histologi-
caly, each cand hasthreelayers.

1) Outer vascular and fibrous coat

2) Middlethicker, homogeneousand trangparant coat forming basement mem-
brane.

3) Inner layer made up of cubical epithileum.
Otolithic Organ: It consstsof saccule and utricle.Histologically it consistsof
same coatsasthat of semicircular canals. Bothin sacculeand utricle, asense
organispresent. Itiscalled*macula.
Cerebrum: Cerebra hemispheresdevelop fromtheroof of theforebrain. Ce-
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rebrum consists of two symmetrical hemispheres,. They are seperated by a
deep median furrow. They are connected by corpuscallosum. Corpuscallo-
sumisbroad band of commissurall fibres. Total surfaceareaof adult cortex is
about 200 sg, cm. Each hemisphere hasfivemain

Parietal  Central sulcus

|obes. E— lobe, ~ (rolandic q_mwﬁmwm_
1) Frontal lobe sulus %_%ﬂg
Nv Parieta lobe onn_m_ﬁm_
.. L .
3) Occipital lobe 7
4) Tempord lobe
mv _I_BU_OQ.QQ. Preoccipital .._” ool
. . . i rontal pole
Each hemisphere hasfour 3m3ﬂ_m.m=.mw Tempordiobe | gy Kjeus  Temporal poe
1) Centra sulcusor Rolandicfissure Fio. 8.8 (Syvian issure)
. .. 10. 0.0 Lateral surface of right
MW M_WMQ‘_QOWOOQ _u:ﬂ sulcus cerebral hemisphere
vianfissure
. . _ Cingulate sul
4) Callosomarginal fissure. — Swererona T oo s
_HS:SH_V__M%:&M‘O; ayri. - Fornix Bodly of corpus
ecentra gyrus
2)Superior gyrus s pmesgm
. uneus
3)Middlegyrus
4)linferior gyrus. \Vr Sucus of
Temperal lobehasthreegyri i lkyv‘l“ callosum
1) Superior gyrus ag_:w_w%_gosae_ «I_gg roa | Cobanesus
2) Middlegyrus s uneus s LRSS

Fig. 8.9 Medial surface of cerebral hemisphere showing limbic lobe

3) Inferior gyrus.
Precentra gyrusof frontal lobeisvertical al other gyri arehorizontal.Gray mat-
ter of Cerebrum iscalled cortex. It formssurface layer. It isthickest at the
precentral gyruswith thicknessof 4.5 mm and thinnest at frontal and occipital
poleswith thicknessof 1.3 mm.White matter remains c:o_m thegray matter.Itis
composed of three groups of medullated
fibres-1) Projectionfibres

2) Asociationfibres

3) Commissurd fibres.
Histologically, cortex hasthreedivisons

1) Allocortex
2) |socortex
3) Juxtallocortex or mesocortex

Fig. 8.10 Main gyri and sulci of
cerebral hemisphere

Precentra gyrusismotor cortex whilepost central gyrusiscensory cortex. Cortex
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haswell defined areas. Each areaissurrounded by psycho area.Frontal |obe
mainly consists of speech centre. Temporal |obe consists of auditory cortex.
Parietal cortex isconcerned with higher appreciation of sensation. Occipital
lobe consistsmainly of visual cortex.

M eninges: The brain and spinal cord are surrounded by three coverings be-
neath thebones. Theselayersfromwithinoutward are

1. Pamater 2. Arachnoid mater and

3. Duramater.

Thepiamater closely coversthebrain and spinal cord. Itisvery deli-
cate, highly vascular and dipsdown into thefissures of the cortex of brain.
TheArachnoid mater: Itisdelicatelayer lying between duramater and pia
mater. In between arachnoid mater and piamater there is a space called
subarchnoid space. Cerebrospinal fluid fillsup thisspace. The CSF can be
obtained from the suarachnoid space of thelumbar region.

The Duramater: Itisthe outer most, tough fibrous memberane extending
downtothelevel of second sacral vertebra. It consistsof twolayers- external
andinternd layers.

Thereisaspace between duramater and arachnoid mater, called sub-
dural space. All themeningesgive protection to the brain and the spina cord.
Cerebral Ventricles: Thesearethe cavitiesinthe brain where CSF flowsand
bathesthewholebrain. Therearefour ventriclestwo lateral ventricles, athird
ventricleand afourth ventricle.

Lateral ventriclesare present inthe cerebrum. Third ventricleliesin
between twol halvesof thethalamus. Fourth ventricleliesinfront of cerebellum
and behind the medullaoblongataand ponsvaroli.

matter Scalp

. space
Lateral a
ventricle )
Cortical
veins

Interventricular Y SF  Piamater
foramen1 TS £ Cerebral
) JE- Cerebr:
Choroid 3 vein
plexus
rebr.
Third ventricle OMgwwmuﬁ
Fourth ventricle Choroid plexus
Cisternamagna
Central canal )
spinalcord 1 =~ Subarachnoid space

Fig. 8.11 cerebral ventricles
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CRANIAL NERVES

They aretwelvepairs.They are-
1) Olfactory nerves

2) Optic nerves

3) Occulomotor nerves

4) Trochlear or pathetic nerves

5) Trigemind nerves
6)Abducensnerves

7)Feacia nerves

8)Auditory or vestibulocochlear nerves
9)Glosso pharynged nerves
10)Vagusnerves

,M:._:E:Q_cc_ca

~ ~Cerebral
Peduncle

sMammillary
Bodies

Fig. 8.12 under surface of brain showing cranial nerves

general somaticsensory (af)  ciliary muscles

generd viscera motor (ef)  sphi
11) Spinal accessory nerves
12) Hypoglossal nerves

ncterpupillae,levator

S.No.&name Type

organs innervated

|. Olfactory special somatic sensory (af)

Olfactory epithelium

Il Optic special somatic sensory (af) reina
Il Occulo somatic motor (ef) medial&inferior rectus,
motor inferior oblique muscles,
IV Trochlear general somatic sensory (af) superior oblique muscle
somatic motor (ef)

V Trigeminal  special visceral motor (ef)
general somatic sensory (af)

pinna,lower face, teeth,gums of mandible
cornea,ciliary body and iris,
lacrimal glands,conjunctiva etc
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VI Abducens general somatic sensory(af) lateral rectus
somatic motor (ef) lateral rectus

VIl Facial  general somatic sensory (af) external ear,middle ear etc
special visceral motor (ef) facial muscles,neck,pinna,part of scalp
special visceral sensory (af) taste buds of anterior two thirds of tongue
general visceral motor (ef) sublingual,submaxillary salivary glands,
lacrimal glands

VIII Vestibulo cochlear
-Cochlear special somatic sensory(af) organ of corti
-Vestibular special somatic sensory (af) semi circular canals, utricle, saccule

IX Glosso- general visceral sensory (af) mucous membrane of pharynx,
pharyngeal posteriorl/3rd of tongue
special visceral sensory (af) taste buds of poserior1/3rd of tongue
general somatic sensory (af) pharyngeal muscles, palatine tonsil and
adjacent part of soft palate etc.
laryngeal muscles
secretory fibres to parotid

pharynx, larynx, thoracic
and abdominal viscera

muscles of neck and shoulder

special visceral motor (ef)
general visceral motor (ef)

X Vagus mixed

XI Spinal special visceral motor (ef)
accessory

Xl Hypoglossal somatic motor (ef)

muscles of tongue

af:afferent ef-efferent
Autonomic nervoussystem:

Automonic nervous system controlsthe activity of viscera. Itsactions
areindependent of will. ANSissuppliedtoall theorgansexcept skeletal muscles,
which are supplied with somatic nervous system.Althoughit isindependent of
C.N.S. itisconnected by afferent and efferent nervesto C.N.S.Particularly hy-
pothaamuscontrollsthissystem..Anatomically, it can beclassfiedinto 1)Cran-
iosacral and 2) Thoracolumbar systems.Functional classificationis-1)Sympa
thetic (Thoracolumbar)2) Parasympathetic(Craniosacral)

Parasympathetic outflow takesplacefrom crania and sacrd regions.Crania out
flow takesplacethrough four crania nerves-Occulomotor(l11), Facid(V1I), Glos-
sopharyngedl (1X), Vagus(X)and third tofifth sacra nerves.Sympeathetic (Thorac
olumbar) out flow occursthroughal 12 thoracic nervesand 1st 3lumbar nerves.

Hypothalamus:
Hypothalamus and Thalamus are present in Diencephalon.It is located at
interpedencular pace bel ow thaamus. It hasclosere ation with Pituitary gland.It
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isthehighest centrefor A.N.S..Itisderived frombasa plate of diencephaon.It
forms complex nuclei and fibres.It consists of the following nuclear
masses.1)Anterior group2)Middlegroup3)Posterior group.Afferent connections
to hypothalamic nuclel from different partsof brain are- 1)Corticomammillary
fibres 2)Fibresfrom media thalamic nuclei 3)Olfactohypothalamic fibres
4)Orbital |obe projections etc.Efferent connectionsto different partsof brain
fromhypothdamusare-1)Mammillothadamictract 2)Hypophysis-hypothaamico-
hypophysedl tract etc.
for figurerefer to hypothalamustopicin ENDOCRINE GLANDS.

Summary

Nervous system consists of neurons, itsfibres, dendritesand axons.
Nervoustissueismade of neuronsand neuroglia. Neuronisthestructural and
functional unit of nervous system. Synapseisthejunction where one neuron
endsand another neuron begins. At neuromuscular junction, motor nervefibre
endsinto musclefibre. Reflex arciscomplete path way for areflex action. His-
tologically spinal cord consistsof central canal, Gray matter and white matter.
Spinal nervesare 31 pairs. They are 7 cervical, 12 thoracic, 5 lumbar, 5 sacral
and 2-3 coccyged . Brainstem includesmid brain,. medullaoblongataand pons
varoli. Cerebellumisthelargest part of hind brain. Thalamusislocated at thetop
of mid brain. Basd gangliaincludescorpusstriatum, claustrum, rednucleus, body
of luysand suhbstantianigra. Corpus striatumincludes caudate nucleus, globus
pallidusand putamen. Reticular formationisill defined massof nervecellsand
fibresforming meshwork inthecentral portion of brainstem. Cerebrum consists
of two sysmmertrical hemispheres. Histologicaly cortex hasthreedivisons. Brain
and spinal cord are covered by piamatter, arachnoid matter and durameatter.
Crania nervesare 12 pairsin number. ANSisdivided into craniosacral and
thoracolumbar systems. Diencephal on contai nsthrlamusand hypotha amus.

Essay Questions

1) Writetheanatomy of brainstem.
2) Whatarecrania nervesandtheir distribution?
3) ExplanaSpina cord 2) ANS 3) Hypothalamus

Short Answer Questions

1) Whatisnervoustissue?
2) Defineneuronand mentionitstypes.
3) Whatissynapse?
4)  Whatisneuromuscular junction?
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Definereceptors.

What are partsof reflex arc?
Writethehistology of spinal cord.

Mention typesof spina tracts.

What arethe partsof brainstem?

Write about medullaoblongata.

Namethe nuclear massesof thalamus.
Mentionthe partsof basal ganglia.
Writethelobes of each cerebral hemisphere.
Namethe coveringsof brain and spinal cord.
What areorgansof distribution of a) Olfactory b) Facial nerves
Namethedivisonsof ANS.

Writethe partsof Diencephaon.
Whereisspeech centrelocated?
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9. ENDOCRINE SYSTEM

Endocrine system consistsof endocrine glandsof body.

Typesof glands: Therearetwo typesof glandsin body. They are-

1) Exocrineglands?2) Endocrineglands
Exocrineglands: They areglandsof the body with ducts.

ex: Mammary glands, swest glands, lacrimal glands, sdlivary glands.
Endocrineglands: Endocrineglandsareductlessglandswhich pour their secretions

directly into blood circulation from where these secretionsreach their site of
action. These secretionsare called hormones.

Endocrineglandsin thehuman body :
Endocrine glandsof human body are;

1) Pituitary gland (Master gland) 2) Thyroidgland

3) Parathyroid gland. 4) Adrend glands

5) Pancreas 6) Testes

7) Ovaries 8) Placenta(during pregnancy)

Thymusand pineal body are glandswith probable endocrinefunction. Stomach,
small intestineand kidneysa so have endocrine activity.

Hypothalamus

Hypothaamus: Hypothalamusis
a complex neurohormonal .
i Supra-optic

regulatory part. Diencephalon nucleus
contains  thalamus  and .
hypothalamus. Hypothalamus Supraopic
formslower partof latera ventricle.
It forms anterior wall of third

. . . Portal
ventricle. It is situated at the  vessels
interpedencular space below w“_ﬂm,_
thalamus. It formscomplex nuclel
andfibres..

Supra-Hypophyseal &>

artery Pituitary stalk

S Neurosecretory materials

Fig. 9.1 Hypothalamus
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Pituitary gland

Itiscaled themaster gland of thebody. It issubstituted by theterm hypophysis.
Itisreddish gray coloured and small oval shaped structure. Itislocated at the
base of thebraininthe sellaturicaof sphenoid bone. A stalk attacheshypophysis
tothefloor of third ventricle. Averageweightis0.5t0 0.6 g. Infemaesitweighs
from0.6-0.7 g. ltsdimensionsare-

- 10mm (anterio posteriorly)

- 6mm (dorsoventraly)

- 13mm(lateraly)

Anatomically, it hastwo lobes-

1) Anterior lobeof pituitary gland 2) Pogterior |obe of pituitary gland
Itshistology shows6 parts. They are-

1) Parsdigtalis(parsanterior)  2) Parstuberalis 3) Parsintermedia
4) Parsnervosa(parsposterior or processusinfundibulisor [obusnervosus)
5) Median eminenceof tubercinerium. 6) Infundibulumor pituitary stalk.

Anterior lobe consistsof parsdistalisand parstuberalis. Posterior lobeconsists
of parsintermediaand parsnervosa. Adenohypophysisconsistsof parsdistalis,
parstuberalisand parsintermedia. Neurohypophysis consistsof pars nervosa
(lobusnervosus) and infundibulum (pituitary stalk or neural stalk).

Parsdistalis containsacidophils, basophilsand chromophobes. Parsintermedia
containsbasophilic polygonal or prismatic cells. Parstuberaliscontainsmainly
cuboidal columnar cells.

Blood Supply

Blood supply of anterior lobe: Anterior lobeof pituitary glandissupplied blood
by severad hypophysed arteries. Theseoriginatefrominterna carotid artery and
circleof willis.

Therearetwo setsof blood vessals. One set suppliesthelobedirectly. Second
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et reachescapillary plexusof median eminenceand infundibular sem. Capillary
plexusisdrained by along portal vein.

Blood supply to neural lobe : Neural lobe is supplied blood by inferior
hypophysed arteries. Vessd sform capillary network whileendingin parsnervosa

Nervesupply : Few fibresfrom hypotha amohypophysed tract or carotid plexus
or from greater superficia petrosa nerveshave control over thisgland. Probably,
they may bevasomotor nerves.

Thyroid

Thisgland is situated at the root of the throat. It hastwo fairly lateral
lobes, which are symmetrical. Each measures 5 x 2 x 2 cm?® approximately.
Theselobesare present oneon either side of trachea. They are connected by a
thin portion of thyroid tissue called asisthmus. Pyramidal [obe extendsupwards
fromishmus.

Thyroid gland moves upwards during swallowing Weight in adultsis
between 20-25 g. It ishighly vascular gland.

Thyroid cartilage

g— Thyroid artery

Thyroid gland

Comyrerent * Trachea
Fig. 9.2 Location and gross structure of thyroid gland

Microscopica examination of thyroid showsfalliclesor vesicles. They are
lined by low cuboidal epithelium. Thyroidfolliclesare spherical or oval shaped
withirregular szeof 15-150 microns diameter. They arelined by singlelayer of
granular cubica cellswith mitochondriaand clear golgi apparatus. Basesof cells
arein contact with fine basement membrane. Folliclesare surrounded by highly
vascular stroma. Cytoplasmic vesicles are found within the cell. Electron
microscopy revealstwo typesof cells- Principa cellsand parafollicular cells.

Solid clumpscdlls, lymphocytes and macrophages are seen between vesicles.
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Blood supply : Superior andinferior thyroid arteriessupply thyroid gland. Interna
jugular veinand innominatevein drainthegland.

Lymphatic drainage: Lateral lymph nodes of neck commonly drain lymph.
Anterior mediastina lymph nodesdrainto someextent.

Nervesupply: Sympatheticfibresderivefrom superior, middleandinferior cervicdl
ganglia Parasympatheticfibresderivefrom superior andinferior recurrent larynged
branchesof vagus.

Parathyroid

It consistsof four oval bodiesembedded
inposterior surface of thyroid. Each body
measures 6 x 3 x 2 mm? . Each of the
two pairs are present vertically behind §
each of the two lobes of thyroid. Total
weight isabout 140 mg. Gland ishighly
vascular. Superior and inferior thyroid
arteries supply blood. Nerve supply is
sameasfor thyroid. Therearetwo types
of cdllsin parathyroid.

1) Chief cellsor principal cells 2) Oxyphil cellsor eosinophil cells.
Adrenal glands

Thyroid gland

Parathyroid gland

..,M;,,.ﬂ:

Fig. 9.3 Parathyroid glands

Adrena glandsaretwoin number. They area so called suprarena glands
as each of the two glands are located on upper pole of each kidney. Right
suprarena glandissmaller of thetwo. Left oneislargeof thetwo. Dimensonsof
each gland are 50 x 30-40 x 10 mm?. Average weight of eachis5-9g. in
adults.

Zona glomerulosa

g ) Adrenal
Zona fasciculata Cortex
Zona reticularis
. Adrenal medulla

Fig. 9.4 Section of adrenal glands
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Therearetwo partsin adrenal gland.

1) Adrenal cortex - outer part consisting of

a) Zonaglomerulosa(outer) b) Zonafasciculata(middle)
C) Zonareticularis(inner)

2) Adrenal medulla- Inner part consisting of irregular masses of polyhedral
granular cdls.
Pancreas

Human pancreasislarge gland whichisboth exocrineand endocrineinits
functions. It liestransversaly across posterior abdomina wall behind thestomach
at thelevel of 1st and 2nd lumbar vertebrae. It containsboth exocrine cellsand
endocrinecdls. Endocrinecdlsaredistributed al over thegland. They arecalled
asidetsof Langerhans. Theseidetsare not connected with duct system of the
gland. Endocrinepart constitutesabout 1-2% of thegland.
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Islets of
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Fig. 9.5 Ts. of Pancreas
Therearemainly threedistinct typesof idet cellsin human pancress. They are-
1) o. - cellsof idetsof Langerhans.
2) B - cellsof idetsof Langerhans.
3) - cdllsof idetsof Langerhans.

o - cellsareaso called A2-cellsand congtitute 10-15%, [3 - cellsarea so
called B-cells and constitute 30-40%. & - cellsare also called Al cellsand
congtitute 5%. In higher vertebrates, ratio of ocand B-cells of idetsof Langerhans
is1:4. Other cell typesare X or F cells, E cellsand C cellsetc.

Testes
Testesarethe mal e reproductive organs concerned with spermatogeness.
For anatomy refer to Anatomy of Reproductive system.
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Ovaries

Refer to Anatomy of Reproductive system.
Placenta

Refer to Anatomy of Reproductive system.
Thymus

Itisboth endocrineand lymphoid structure,
located in the anterior and superior mediastinaof :_5( ﬁ F
thorax behind sternum. It extendsfrom pericardium newborn _
upwards upto the lower border of thyroid. There ehild
aretwolobesinthymusgland. They arefused and
asymmetrical. Right lobeisbigger than |eft |obe.

Each lobe consists of numerouslobules. Follicles
of lobuleshave diameter of 1 mmeach.

. Fig. 9.6 Thymus gland
Histology of Thymusshows-

a) Capaule- denseconnectivetissue, richin macrophages, mast cdlls, granulocytes
andfat cellsetc.
b) Cortex - whichissimilar to lymph tissue of ordinary lymph nodes,but deficit
of primary follicles.
¢) Medulla- broad, branched band of thymictissue.
Pineal body
Pineal body isaso called epiphysis
cerebri. It isflat, cone shaped and grey
colored. It'slengthisabout 5-8 mmand
breadthisabout 3-5 mm. Pineal body is
attached to theroof of third ventricle by
meansof ashort hollow stalk.
Its histology shows two major types of
cdls, whichareneutrd inorigin. They are-
1) Parenchymal or chief cells.
2) Interdtitial or supportivecells.

Interthalamic m%mw_oz

Fig. 9.7 Pineal gland
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Gastrointestinal tract asendocrine

Certain localised area of GIT acts as endocrine to secrete gastro intestinal
hormones. Cellsresponsiblefor endocrineactivity in GIT are not known with
certainity. Gastrin| and |1 are produced in modified epithelia cellsof glandular
mucosa of pyloric part of stomach. Mucosa of upper part of small intestine
secretes cholecystokinin - pancreozymin hormone. Duodena muscosaproduces
secretin. Wall of stomach and small intestine produce gut glucagon hormone.
Human gastric muscosa contains gastrone. Mucosa of upper small intestine
producesvillikinin. Intestinal lumen secretesenterocrinin.

Kidneys as endocrine

Juxtaglomerular cells produce renin. Erythropoietin islargely produced by
kidneys. Prostaglandinsare also produced by kidneys.

Summary

Endocrinessystem consists of endocrine glandsof body. Endocrineglands
are ductless glands. Endocrine glands of human body are pituitary, thyroid,
parathyroid, andrena s, pancress, testes, ovariesand placenta(during pregnancy).
Pituitary hastwo lobes- anterior and posterior lobes. It islocated at the base of
brainin sellaturicaof sphenoid bone. Thyroid islocated at theroot of thethroat.
It hastwo | obes. Parathyroid consists of four oval bodies. Each of thetwo pairs
are present vertically behind each of thetwo lobes of thyroid. Adrenal glands
are present on upper pole of each kidney. Pancreas lies transversely across
posterior abdomina wall behind the stomach at thelevel of 1st and 2nd lumbar
vertebrae. Testes, ovariesand placentahave endocrine activity of producing
sex hormones.

Thymusislocated in the anterior and posterior mediastinaof thorax behind
sternum. Pineal body isattached to theroof of third ventricle.

Essay Questions
1) What aredifferent endocrine glands of body?Writethe anatomy of pituitary.
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2) Discussanatomiesof thyroid and parathyroid.
3) Describethe anatomies of adrenalsand pancress.

4) Writethe anatomical descriptionsof thymusand pineal body. Write about
GIT asendocrine.

5) Discussanatomiesof testesand ovaries.
Short Answer Questions

1) Deine &) Endocrineglands
b) Exocrineglands

2) Writeany four endocrine glandsof body.

3) Givetheanatomicd location of hypophyss.

4) What arethelobesof pituitary?

5) Writethepartsshowninhistology of hypophyss.

6) Writeabout blood supply to pituitary gland.

7) What arethepartsof anterior and posterior lobesof pituitary?
8) Mentionthe partsof adenohypophysisand neurohypophysis.
9) Writeabout nervesupply to pituitary.

10) Whereisthyroidlocated? Writethe dimensions.

11) Writeabout nerve supply and blood supply to thyroid.

12) Writethelocationand dimensionsof parathyroid.

13) What arethetypescellsin parathyroid?

14) Mentionthepartsinadrena gland.

15) What aredifferentidet cellsof pancreas?

16) Mention the endocrines secreting female sex hormones.

17) Whereisthymussituated?

18) Writethehistologicd partsof thymus.

19) What arethe other namesof a) Pituitary gland, b) Pineal body.

20) Writethemajor typesof cellsof pinea body.
21) What arethe nervetractssupplying pineal body?
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10. SENSE ORGANS

Sense organsarethe organs of sensesof body. They are- Eye, ear, tongue,
nose and skin .Of thesefive organs, first four are organs of special senses.
Skinistheorgan of generd sensations.

Eye Eyeistheorgan of special senseof vision. It consistsof eyeball accessory
structures. Eyebdl isalmost spherica in shape. Itisstuated in anterior part
of orbital canty. Accessory structures of eye are - eyebrows, eye lids,
eachrymal opperatusand extringc musclesof eye.

EyeBall:Eyeball containsthree coatsand light transmitting structures.
Layersof eyeball : Layersof eyeball are-

1)Outer fibrous coat- containing posterior opaque part called scleraand
anterior transparant part called cornea.

2)Middlevascular coat - containing choriod, ciliary body and iris.
3)Inner nervouscoat - also called retina
Scleraforms5/6th of outer fibrouscoat.

Corneaforms 1/6th of outer fibrous coat.

Choroidishighly vascular.lt forms5/6th of middlecoat. Itisdark.
Ciliary body isin between choroid andiris.

Irisisanterior continuation of ciliary body and isapigmented membrane.
Itscentral openingiscalled pupil. Pupil iscontrolled by circular and radial
muscles. Circular musclesare pupillary constrictorsand radia muselesare
pupillary dilators.

- Retinaistheinnermost nervous coat of eyeball. It contains special struc-
turescalled* Rodsand Cones . They arefor reception of light. Eachretina
contains6 million conesand 120 million rods. Rodsarefor critical vision
and conesfor dimvision.

Opticdisc: Itisthepoint where optic nerveleaveseyeball. Thispoint doesnot
containretinaand thusitisphotoinsengtive. It isalso called blind spot.

Macula: Itisasmall areaof retina. Itisalso caled yellow spot.situated oppo-
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siteto the centre of pupil lateral to the entrance of optic nervve. Itisfor

focussng near vision.
Choroid

Blindspot

= Vitreous
Centralartery «,M.«_ body Veroe( ~Iris
of retina [/ Ant.and post
Retind 8~ chambers
Macula Sclera
Fig. 10.1 Eye

Conjuctiva: Itisthethin stratified mucous membrane covering the exposed
part of eyeball

Light transmitting structuresof Eyeball: They are:
1. Aqueous humour.
2. Lensand.
3. Vitreoushumour.
- Aqueoushumour isfluid present in anterior chamber of eye.
- Lensisbehindirisand pupil. Itistrheorgan of refraction of light ontoretina.

- Vitreoushumour isjelly likefluid in between lensand retina. It isrespon-
sblefor maintenance of shape of eye.

Accesory structuresof eye: They areeyebrows, eyelids, lachrymal appa-
ratus.

Eyebrows. They arearchesof thick skin present over the eyesand contain-
ingthick hairs.
Eyelids: They are musculocutaneous curtain like structuresinfront of eye.

Upper eyelidsarebigger thanlower eydids. Eyelashesarehairsprojecting
fromeyedlids.

Lachrymal apparatus:|t consistsof :-
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1) Lachrymal gland Situated inthelateral end of upper eyelid.
2) Lachrymal duct through which tearscomeout.
3) Lachrymal sac
4) Naso lachrymal duct through whichtearsflow into nasal cavity.
Extringc musclesof eye: Therearesix musclesmoving theeyeball.
They are:1) Superior rectus- upward movement of eye.
2) Inferior rectus- downwards movement of eye.
3) Medid rectus- inwardsmovement of eye.
4) Lateral rectus- outwards movement of eye.
Thesefour are straight muscles.
5) Inferier oblique- upward and outward movement of eye.
6) Superior oblique- Downward and out ward movement of eye.
These two are oblique muscles
Ear:Earistheorgan of specid senseof hearing. Itisaso responsiblefor equilib-
rium. Itisdivided into three parts.
Partsof ear are;
1) Externd ear : lying outsidethe skull
2) Middleear : lyinginsidetheskull
3) Internal ear.
External ear : It containstwo parts.

They are:@) Pinna- Funnelshaped organ made of fibroelastic cartilage. Itisthe
organ of collection of sound waves.
b) External auditory meatus- small channel of about 3cmlength.Itislined
with skin and wax cregting glandsare contained in thispart. Hair and wax
presentinitsouter part prevent dust particles.Itsinner partisclosed by a
thin membrane called tympanic membrane or ear drum.Thiscanal isthe
organ of conveyanceof vibrationsof sound to the tympanic membrane.
Middleear : Itisasmdl cavity inthetempora boneintrna to eardrum. i.etympanc
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membraneformsitsouter wall.It containsair.lt contains-1. Fenestraovalis

(ova window) and fenestrarotundum (round window).Round window is

aso called fenestracochleze.

2. Eustachian tube - which communi cateswith nasopharynx.It helps

in equalisation of pressure on both sides of tympanic membrane.

3. Auditus- Channel connecting middle ear posteriorly with mastoid an-

trum of temporal bone.

4. Auditory ossicles- Malleus, incus and stapes arranged across middle

ear. Theseareminute bonesof middleear and arebound by ligaments. They

vibrate asasngleunit when sound wavesimpinge on tympanic membrane.
Internal ear: Itcontainss 1. Bony labyrinth - present in petrous portion of

temporal bone.

2. Membranouslabyrinth - lyeing with thebony labyrinth.

Fluidsof Interna ear : Perilymphisthefluid of bony [abyrinth. Endolymphisthe
fluid of membranouslabyrinth.

Structuresof bony |abyrinth :Bony labyrinth containsvestibule, cochleaand semi-
circular canals.Cochleaistheorgan of hearing and semicircular canalsfor
equilibrium.

Vedtibule: Itispresent between vestibuleand semicircular cands.Vestibule con-
tainsutricleand sacule. Utricleand saccule are partsof membranouslaby-
rinth.

Cochlealtisabony spiral canal.These spiralswind rpund acentral bony pillar
modiolus. Basilar membraneismembranous septum dividing cochleainto
two parts. Organ of corti isthe neuroepithelium of cochlealtisauditory
receptor resting on basilar membrane. Cochlear nerbefibresenter Organ of
corti.Vestibulocochlear nerve collects sensation of equilibrium from vesti-
bular division.It col-

lectssensation of hearing from cochlear divison.Auditory nervefibresreach
specia nucleusonthe back of thalamusandthence  -rebral cortex.

Semicircular canals: Each ear containsthree semilarcular canals. They are
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arranged at right anglesto each other. They are superior,posterior and lat-
era canals. Ampullaisenlarged end of each cand.Vestibular nerveendings
are present in ampullae.Ampullae help cerebellum in maintaining
equilibrium.Semicircular cana sarefor informing dynamic equilibriumand
otolith organ for static equilibrium.

o Incus
S\ \ Malleus msnmm Semicircular canals
: (Wb =~ -~ Utricle
B et i ) (ASX, <
-.l e

Syperior semicirculy
canal

Loteral semicircular
canal

Posterior semicircular
cangl

Y Tympanic
membrane

~ .

) Eustachian tube Fig. 10.3 semi-circular canals
Fig. 10.2 Parts of ear

Tongue: Tongueisthe organ containing taste buds. Taste buds are receptors of
gpecid sensation of taste. Epithelium of tongueismodified into papillae
and taste buds.Papillae are 1.Filiform2.Fungiform and3.Circumvall ate.

Tastebudsarelocated on the sides of papillae. Tastebudsareoval clusters
of cells withasmall poreonthesurfaceintheepithelia layer. They measure 60-
80micronsinlength and 40 micronsin diameter. Few taste budsarelocated on
soft palate,epiglottisand

Stratified Hair (taste) cell.
squamous
epithelium
Supporting Cell
Lamina
propria Nerve fibre

Fig. 10.4 Taste bud

pharynx.Cellswithin taste buds are two types. They arel) Taste cellsor
gustatorycellsor hair cells2) Supporting cells. Nervefibresarisefrom hair cells
and form nerve plexus near basement membrane. They finaly joinwith glos-

sopharynged or facid nerve.Branch of facid nerveinnervatesanterior 2/3rdsof
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tongue.Glossopharyngeal nerveinnervatesposterior 1/3rd of tongue.Vagusnerve
receivesimpulsesfrom pharynx and throat. Taste buds are surrounded by strati-
fied squamous epithelium of tongue. These nerves are connected to taste centre
present in medulla.lt isconnected to thalamusand cerebral cortex.Thereare
four typesof taste buds based on sensation of taste- bitter, sour, salt and swest.

Nose: olfactory receptors A" \.a brains

Basement membrane

Substentacular cell

Citiated hair cell
Fig. 10.5 olfactory receptor

Olfactory receptors are specialised bipolar nerve cells present in the
olfactory area of mucous membrane of upper part of nasal cavity. They are
about 10-20millionsin man.They receive sensation of smell. Total surfaceareof
olfaction on each side in man is about 250 mm?.Olfactory area in man is
comparativly small and maniscalled microsmatic animal .Olfactory areain dog
beinglarge,itis macrosmotic animal.Ends of olfactory receptorsjointoform
olfactory nerve (1stcrania nerve). Olfactory nerve passesthrough root of nose
and endsin olfactory bulb. Olfactory bulbisconnected to olfactory centreinthe
cerebrumthrough olfactory tract.Somefibresof trigemina nervearea so present
in olfactory mucous membrane. They respond to irritating substances like
ammonia Surrounding theolfactory receptorsintheolfactory areaare supporting
cellscalled sugtentacular cells.

skin:
Skin consistsof two layers. They are-

1) Epidermis- outer layer2) Dermis- Inner layer

Epidermisismadeof sratified epithelium. Layersof epidermisare

1) Stratum corneum 2) Stratum lucidum
3) Stratum granulosum 4) Stratum germinatum.
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- Stratum corneum containsscalelikecells. They havekeratin protein and these
cellsareconstantly replaced.

- Stratum lucidumisaglistening layer.

- Stratum granulosum ismade of spindle shaped cells. They havegranulesin
their cytoplasm.

- Stratum germinatumismade of cuboidal cdlls. Multiplication of skin cellstakes
placeinthislayer.

<~ Meissner's Pani Receptors
Corpuscle

muam::_i , L
Papillary region|

A
Reiticular region |~/

Dermis{ <%

Dermis: Dermisisinner layer ofskin. Itcontains-
- Mdanophorecellscontaining mel anin pigment.
- Arterial and venouscapillaries.
- Sensory nerveendings.
- Sweat glands and sebaceous glands.
- Rootsof hairs.
- Erector pili muscles(Hair straightening muscles)
Various sensory nerve endings of skin are encapsul ated in connectivetissue
and areresponsiblefor receiving various sensations. They areasfollows.

No Corpusclesffibres Name of receptor Sensation
1. Meissner’s corpuscles Mechanoceptors Touch or light pressure
2. Pacinian Corpuscles Mechanoceptors Deep pressure
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3. Krause's end bulbs Thermoceptors Temparature

4. Some naked nerve fibres  Nociceptors Pain, excess pressure efc
or agesiceptors

5  Some naked nerve endings ------ Itch sensation
Summary

Eye,ear,tongueand nose are special senseorgans. Skinisorgan of
general sensations. Eyeconsistsof Eyeball and accessory structures. Layersof
Eyeball areouter fibruscoat, middlevascular coat and inner nervouscoat. Light
transmitting structuresof eyeball are aqueous humour, lensand vitreoushumour.
Accessory structures of eyeareeyebrows, eydids,lachrymal apparatusand ex-
trinsc muscles.Ear consistsof externa ear,middleear and internal ear.External
ear contains pinnaand external auditory meatus. Middleear contains fenestra
ovalisand fenstrarotundrum.,eustachian tube, auditusand auditory ossicles. In-
ternd ear containsbony |abyrinth and membranous|abyrinth. Tongue consistsof
taste buds surrounded by stratified squamous epithelium. Taste centreis present
inmedulla.lt isconnected to thalamus.Olfactory receptorsof nosearepresentin
the mucous membrane of upper part of nasal cavity .Total areaof olfactionon
each sideisabout 250 mm?in man.Skin consists of epidermisand dermis. Epi-
dermiscontainsstratum corneum,stratum luci dum, stratum granul osum and stra-
tum germinatum. Several receptorsof skin are mechanoceptors, thermoceptors,
nosiceptorsor algesiceptors, naked nerveendingsetc.

Essay questions
writethestructure of Eye, draw thediagram and label.
Discussthe Anatomy of ear with diagram.

Writethe Anatomy of Tongue as sense organ.
Dascribethe structure of skin. Draw diagram.

WD PR

Short answer questions
Mention organsof specia senses?
2. What arethelayersof Eyeball ?

=
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10.
1.
12.
13.
14.
15.
16.
17.

List theaccossory structuresof Eye?

Explain (a) Sclera, (b) Cornea.
Writetheextrimsic musclesof eye?
Describechoroid, ciliary body and airis?

Explain (a) Blindspot (b) Macula

What arethelight transmitting structuresof eyeball ?
Namethe partsof lachrymal apparatus.

Mention thethree main partsof ear.

What arethe parts of external ear ?

Mention partsof middleear.

Namethemain partsof internal ear.

What aretheflaidsof internal ear ?
Writetheauditory ossieles(bonesof middieear ).
Mention types of taste buds.

Define (a) Taste buds (b) Olfactory receptors

18. Writethe shapesof cellsof (a) Stratum granulosum (b) Stratum germinatum.

19.
20.
21.

What arelayersof epidermis?
Write about dermis?
Name different senssory eptorsof skin ?
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1. EXCRETORY SYSTEM

Excretory system consists of organs concerned with excretion of waste
productsformed in the cellular metabolism of body.Such channels concerned
with excretion are called aschanne s of excretion.They are-

Kidneys .

KIDNEY S-2 WGE .,fh_..mn
SKIN ..._wmo_u_.m...\.m&
| e

_l_<mm - /Caﬁma_ .
LUNGS-2 o
DIGESTIVETRACT m”

SALIVARY GLANDS Urinary }}
Urinary system: Urinary system consistsof - plader
KIDNEY S-2
URETERS-2
URINARY BLADDER e
URINOGENITAL TRACT/URETHRA Fig.11.1 urinary System

) -~} Detrussor
Trigone=;

Kidneys Kidneysarethemainorgansof urinary syslem.They are 2 bean shaped
organslying onthe posterior wall of upper abdomen, oneon each sdeof vertebra
column.They lieat theleve of twelfth thoracic to third lumbar vertebrae.Right
kidney islocated dightly lower than | ft kidney.Dimensionsof each kidney are
11 x 5x 3 cm?. Each kidney weighs 150g. approximately.On each kidney, an
adrenal glandispresent.

Each kidney is embedded by fat called perirenal fat.Right kidney bears the
impression of part of duodenum onitsfront.Pancreas crossestheleft kidney
transversaly initsfront. Each kidney isconvex onitsouter border and concave
inthe centre of itsinner border.At this point,blood vessels,nerves and ureter
enter and leavekidney. Thispoint of kidney iscaled Hilus.

Ureters transport urine formed in kidneys to urinary bladder.From urinary
bladder,urineispassed to the exterior through urethra.Urethrain malesisalso
passagefor semen.Henceitisaso called urinogenital tractinmales. Infemales,
itisindependent.
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Sructure of Kidney : Cortical
”\_cm%wﬂm_ﬂ_mm \\»\.ﬂ/m%m%w:om

Longitudinal section of Kidney : Kidney \ . \\x\ SN\

issurrounded by afibrouscapsule. It can mu_@__swi. )

be stripped off easily. Portioninsidethis Pelvis . >

fibrous capsule can bedividedinto- N

1) Cortex 2) Medulla : 7

Cortex is the outer reddish brown reter w

coloured portion. Medulla is the inner Large Calyces

lighter area. Fig.11.2 Ls. of Kidney

Medullaissubdividedinto 10to 15 conica areascalled rend pyramids. Pyramids
havetheir broad base towards cortex and apex projecting into lumen of minor
cayx. Columnsof Bertinaretheprojectionsof cortex. They formtheboundaries
of thepyramids.

Microscopic structure of kidney :

Kidneyscongs of number of minuteunitscalled nephrons. They arebasc sructura
andfunctiona unitsof kidney. They areabout onemillion nephronsineach kidney.
Nephronsdraininto pelvisof ureter and then into urinary bladder.

Nephrons: Uriniferoustubulesconsi st of two portions 1) Nephron 2) Collecting
tubule. Nephron isthe secretory portion of uriniferoustubule.About 85% of
total number of nephronsliein outer two third portion of cortex. They arecalled
superficial nephrons. About 15% of total number of nephronsoccupy inner one-
third of cortex and they are called Juxtamedullary nephrons. Superficid nephrons
aresmdller than Juxtamedullary nephrons.Superficial nephronsarefunctiond in
norma conditionswhere as Juxtamedullary nephronsarefunctiona inconditions
of stress.

Partsof Nephron: Nephron consistsof thefollowing partsin succession.

1) Ma phigian body
a) Glomerulus
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b) Bowman’'scapsule
2) Rend tubule:

a) Proximal convoluted tubule

b) Loop of Henle

c) Distdl convolutedtubule
Proximal and distal partsof the convoluted tubuleliein cortex whereasloop of
Henleextendsfrom cortex to medulla Peritubular

Glomerulus Capillaries

< o)

Proximal
convoluted
tubule

Bowman’s -
capsule

Loop of Henle

Fig.11.3 Parts of nephron

Malphigian body : Itisalso called asrenal capsule. It liesin cortex of kidney.
Malphigian capsuleconggsof two partsa) Glomerulusand b) Bowman'sCapsule

Glomerulusistuft of about 6-8 rend capillariesinvaginating intotheend of tubule.
Glomerulus hastwo poles 1) Vascular pole- where bloodsvesselsare attached
2) Tubular pole- Whererend tubule begins. Afferent arteriole bringsblood to
glomerular tuft. Itisshort and wide. Thiscapillary tuft reunitesand formsefferent
arteriole. Itislong and narrow. Thisarrangement buildsup apressuregradient of
70 mmHg. and facilitates filtration.Bowman's capsule is the dilated end of
nephron. It isinvaginated by glomerular tuft. It ismade of two layers called
parietal and viscerd layers. It gradualy continueswith tubule.

Renal tubule: Renal tubule beginsat the tubular pole of glomerulus. Renal
tubuleisabout 3 cm. long and 20-60 micronswide. Short constricted part of

tubulejust below theglomerulusis- neck.
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Parts of therenal tubule after neck are

Proxima convoluted tubule,
Loop of Henleand
Distal convoluted tubule

Proximal convoluted tubule : It is aso called as pars convoluta. Length is
about 14 mm. Outer diameter is60 micronsand inner diameter is15-25 microns.
Itislined by cubical cellsarrangedin singlelayers. Freebordersof thecellsare
brush bordered. Thisportion of nephron liesin cortex of kidney.

Loop of Henle: Itisalso called as parsrecta. Partsrectais U-shaped loop.
Parsrectaisanatomically divided into-

1) Descending limb of loop of Henle.
2) Thinwalled ascending limb of loop of Henle
3) Thick walled ascending limb of loop of Henle.

Variablelength of loop of Henleliesinmedulla. Itismadeof epithelia celswith
variableshapeindifferent portionsof loop.

Distal convoluted tubule : Averagelengthisabout 4.9 mm. Diameter is20to
50 microns. Itislined by cubica epithelium.

Collectingtubule: Itisnon-secretory portion of uriniferoustubule. Itiscollecting
system. Itisabout 20mmlong. Itislined by palecuboida cells. Severa collecting
tubules from nephronsjoin to form duct of Bellini. It opens at apex of renal
pyramid.Nephronsultimately draininto pelvisof ureter. From hereurine collects
into urinary bladder. Urineispassed out into exterior through urethra.

Renal Circulation : Therearetwo circulationsin kidney.
1) Gresater circulation 2) Lesser circulation

Greater circulation carries85% of blood and lesser circulation carries 15% of

blood. Rend arteriesenter into kidneysthrough respective hilus. Onor before

entering the hilus, rena artery on each sidedividesinto anterior and posterior

divisons. Primary branchesof divisonsarecaled sgmentd arteries. Segmentad

arteries divide into lobar branches one for each pyramid. Branches passing
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