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Preface to the Fourth Edition

| feel a sense of prde and enthusiasm 1n presenting 10 yau the feurth
edition af this popular ook, Now, simple ¢olowied diagiams
extensively illustrate each chapler. Unce nutial imterest 10 read lext
supplemented by diagrams s develeped, learmng peneral anatomy' is
havdly prohlematic.

Clinical angtemy has been illusteated with coluured diagrams.
Students have alwayy heen enconraging me in improving bath 1exe
and diag aims.

The help of Ms. Porva, MOBS student o Lady Hardimee Medical
Collepe duning T991-%1, is heing, acknowledged for impraving the
“Anatwmical wurd meanings and historical names.™

bAr. Ajil Kumar, tirst year student of Banarasidas Chandiwala
Institute of Physiotheeapy {BCIP) 20 15, gave constructive
stiggeestions for its betterrnent. Ms. Sttt Malhotea. first vear student ol
BCLP 12007021, ponvided me with 4 numher of wables m varinuos
chapters. | teel highly obhged 1n them.

The edinar is obliged w Mr. ¥.N._Aruma. PFubhshing Cirector. CBS
for umely and much needed guidonce. Pope Javout and four calour
Jiagrams work have been diligently dong by Ms. Nislu Verma and
M Chand Smgh Naagar of MY, Limiled Colors,

B Vind Jain. Production Direcror, ad Mr. Savish Jaa, Chaiiman,
CIS Pubbishers imd Distnbutocs, have heen helpimg me [rorm time 10
. Commenis team the studenls are welcome

Krishna Gorg
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Preface to the First Edition

This handhonk of peneral anatomy has heen writlen v meert the
requitements of sludents who are newly admitted w medical colleges.
Lt thuroughly intruduces the greater pact of medical emunolagy, as
well as the variows steuclurss which constitute the human body, On
account of thee late adinissions and the shurter e now avalable for
leaemnp snatomy, the coverage of general anatomy scenis 10 suifer
maximum. Since it lays dawn the foundation of 1he entire sulject of
medicine, it was felt necessary 10 pruduce a short, simple and
comprehensn ¢ hundbook an this negleeted, though imparctant, aspeed
ot the subject. [0 has been writlen in a simple language. with (he text
classiCied in srmall parts we rmake it easier for the students w Eolluw and
remember. 1L s hoped chat this wall prove quite usetul o the medical
sawdcnts

Gwulior B D CHAURASIA
MNovembep 1978
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Introduction

Human anatomy is the science which deals with the structure of the
human body. The term, ‘anatomy’, is derived from a Greek word,
“anatome”, meaning cutting up. The term ‘dissection’ is a Latin
equivalent of the Greek anatome. However, the two words, anatomy
and dissection, are not synonymous. Dissection is a mere technique,
whereas anatomy is a wide field of study.

Anatomy forms firm foundation of the whole art of medicine and
introduces the student to the greater part of medical terminology.
“Anatomy is to physiology as geography is to history, i.e. it describes
the theatre in which the action takes place.”

SUBDIVISIONS OF ANATOMY

Initially, anatomy was studied mainly by dissection. But the scope of
modern anatomy has become very wide because it is now studied by
all possible techniques which can enlarge the boundaries of the
anatomical knowledge.

The main subdivisions of anatomy are:

1. Cadaveric anatomy is studied on dead embalmed (preserved)
bodies usually with the naked eye (macroscopic or gross anatomy).
This can be done by one of the two approaches: (a) In ‘regional
anatomy’ the body is studied in parts, like the upper limb, lower
limb, thorax, abdomen, head and neck, and brain; (b) in ‘systemic
anatomy’ the body is studied in systems, like the skeletal system
(osteology) (Fig. 1.1), muscular system (myology), articulatory
system (arthrology or syndesmology), vascular system (angiology),
nervous system (neurology), and respiratory, digestive, urogenital
and endocrine systems (splanchnology). The locomotor system

imnlidac octan n 1 ar hra Aav ane wvalaoxr



verebral cofumn

Fig. 1.9: Skalatal aystam

2. Living Anatomy is studied by inspection, palpation {Fig 1.23,
percussian, ausculation, endoscopy (branchascopy, gastroscopy),
radiography, electromyvgraphy. e
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Frg. 1.2: Contractad musclas for palpation

1. Embryelogy (developmental anatamy} s 1he study of the
prenatal developmental changes i an individual. The
desClopmental history is called *ontogeny ™. The evolutumiary history
i Lhe ather hand, is valled "phyloseny”,

4 Histology (microscoplc anatomy] is the sludy f structures

witli the and wf a microscope.

. Surface anatomy (topographilc anatomy) s the study ol deeper

parts of the body in relatwm 10 the skin surface. s helplful in
¢limical practice and surgical operations (g, 1.3).

N

Fig. 1.3: Palpating the Jorsals pades anary

. Hudiagraphic snd imaging anatomy is the study nf the hanes
and deeper nrgans by plain and contrast radiography hy slea-
sound and compuotelised tmographic {C17 s¢ans (Fig. 141
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Frg. 1.4. X-ray of cheal jplam radegraph

7. Comparative asatomy is the siudy of unaromy ol the other
animals w explain the changes in form, steucture and lunction
Lmurpholery bordilferent pans ol the human body.

8 Phyeical anthropalogy deals with the external Teatures and
measurements ol Jifferent races and groups ul people, and with
the study of the prehistoric remains.

Fig. 1.5; Physical ar thropotogy

Vo applicd amuomy (clinical anutemy)s deals with application ol
the anatomical knowledee W the medical and surgical practice
IFig 1.6).

10, Experimenial unatvmmy 1s the study ulthe facturs which influence
and determing 1he torm, structuce and funclion of different pacts
ut the huds.

. Cienetios deals wich the study of inforrmation present i the
chromosnmes.



Ulpar ———/

Fig. 1.8. The relalron of merves to (he hunserus and likehhood of Ihesr
mryury in caee of fiacture

HISTORY OF ANATOMY

1. Greek Pariod (8.C))

Hippovrates of Cos (virca 40 B.C.1, the "Futher of Medicine'. »
regarded as one of the founders of anatemy Parts of Hippouratic
collecton are the earliest anatvmical descriptions

eruphilus of Chalcedon (circa 300 B.C.J is called the “father of
unatoemy”, ble was a Greek physician, and was one of the first Lo dissest
the hurnan budy. |le distinguished cerebrum lcom cerebellum. nerves
frotn tendons. arleries lrum veins. and 1he motar from sensory NErves.
He described and wamed the parts of eye, meninues, Wwreular Herophili,
fourth ventric e with calanss seriptorios. hyoid bone, deadenum, prostate
gland, ere, We owe (0 him the first desenprion of the laceeals. Herophilus
was a very successtul teacher, and wente 2 hook on andiomy, A speciul
treatise of the cyes, and a popular handbuok for midwives.
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2. Roman Period (A.D.)

Galen of Pergamum, Asia Minor (circa 130-200 A.D.), the “prince of
physicians”, practised medicine at Rome. He was the foremost®
practitioner of his days and the first experimental physiologist. He
wrote voluminously and theorized and dogmatized on many medical
subjects like anatomy, physiology, pathology, symptomatology and
treatment. He demonstrated and wrote on anatomy De anatomicis-
administrationibus. His teachings were followed and considered as
the infallible authority on the subject for nearly 15 centuries.

3. Fourteenth Century

Mundinus or Mondino d’Luzzi (1276-1326), the ‘restorer of
anatomy’, was an [talian anatomist and professor of anatomy at Bologna.
He wrote a book Anathomia which was the standard anatomical text
for over a century. He taught anatomy by dissection for which his text
was used as a guide. He was the most renowned anatomist before
Vesalius.

teenth Century

Leonardo da Vinci of Italy (1452-1519), the originator of
cross-sectional anatomy, was one of the greatest geniuses the world
has known. He was a master of arts and contributed substantially
in mathematics, science and engineering. He was the first to describe
the moderator band of the right ventricle. The most admirable of his
works are the drawings of the things he observed with perfection and
fidelity. His 60 notebooks containing 500 diagrams were published in
1898.

ixteenth Century

Vesalius (1514-1564), the ‘reformer of anatomy’, was German in origin,
Belgian (Brussels) by birth, and found an Italian (Padua) university
favourable for his work. He was professor of anatomy at Padua. He is
regarded as the founder of modern anatomy because he taught that
anatomy could be learnt only through dissections. He opposed and
corrected the erroneous concepts of Galen and fought against his
authority, thus reviving anatomy after a deadlock of about 15 centuries.
His great anatomical treatise De Febricia Humani Corporis, written
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inseven velumes. revolutivatzed the waching efanatomy and remained
3s authoritalive 1eat [Or 190 cenlurics.

Vesalius siudied first a1 Louvain and then a1 Pans under Guarher
and Sylvius. Lustachius was the nival of Vesalius., The lellowers nr
Vesalius included Servetus, Columbusg, Fallopias, Varohe, Vidias, oto.;
all vl them hyed dunne Léth ¢entury

4. Seventeenth Canlury

William Harvey (1578 1657) was an English physician wha
disenvered the arrcuolatinn ut blood, and published 1 as Anatorrical
FExgreise on the Motion of the Heare and Blood in dnimuls e alsa
puhhshed 3 baak anemhryology.

The other evenis of this cenory included: (a) the ficst recorded
human dissccuon an 16318 1n Massachuserts; (b)) faundatinn of
micuscapic anawomy by Malpighi; and (€) intraduction of alenbnl as a
preservalive,

7. Eighleanih Cenlury

Willium Hunter {1718 1783) was a London anktormist and ohseelnician.
He itroduced the present day embilining witl the Tielp of Harvey's
discovery, and founded sith his youneer beother (John Huetery the
famcus Hunterian museum.

8. Nineteenth Century

Mssechnn hy medical students was made compulsory in Fdmbuceh
(1824 and Maryland {1835}, Burke and Hare scandal of L6 murders
tonk place n Edinburgh in 1824, Warhurton Anatnmy Ace | 14321 was
passed i England under which the unclmwmed badies were made
available rnr disscetion. The “Agc” was passed in America
(Massachuse1tsy in 1831, Farmahn was used as a fixatnee in 13908,

Xerays were chacaverad by Racntgen in 1R95. Varninus enduscopes
were devised between 119 and 1899 The anatomical societies were
founded wn Gemmany { IN&6). Batain (I8&7}and Amenica { 1BSE).

The noted anatomists of 1his gentury 1nclude Ashley Conper
{1 768-1841; British surgeon), Covier (1 769-1832; French naturalistt,
Meckel (1724 | 774; German anatomisty, snd Henry Gray ¢ 1B27- (RG0S
the author af Grays Anatorive.
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9. Twentieth Century

The electron microscope was invented in 20th century. [t was applied
in clinical practice, which made startling changes in the study of normal
and diseased conditions. Various modifications of electron microscope,
transmission EM and SEM, etc. were devised. These helped in better
understanding of the body tissues.

Besides plain X-rays, in this century, ultrasonography and
echocardiography were discovered. This was the non-invasive
safe-procedure.

Also computer-axial tomography or CT scan, a non-invasive
procedure and magnetic resonance imaging were devised. These were
extremely useful, sensitive means of understanding the dynamics of
body structure in health and disease.

Tissue culture was developed which was new and exciting field of
research.

New advances in cases of infertility were discovered, which gave
hopes to some infertile couples. GIFT: Gamete Intrafallopian Transfer
got started

10. Twenty First Century

Foetal medicine is emerging as a newer subject. Even treatment
‘in-utero’ is being practised in some cases.
Human genome is being prepared.

New research in drugs for many diseases, especially AIDS, is being
done very enthusiastically. There is also a strong possibility of gene
therapy.

Indian Anatomists

Dr. Inderjit Dewan worked chiefly on osteology and anthropology.
Dr. D.S. Choudhry did notable work on carotid body.

Dr. H. Chaterjee and Dr. H. Verma researched on embryology.
Dr. S.S. Dayal did good work in cancer biology.

Dr. Shamer Singh and his team did pioneering work on teratology.

Dr. Chaturvedi and Dr. C.D. Gupta’s prominent work was on
corrosion cast.
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Dr. L.V. Chako, Dr. H.N. Keswani, Dr. Veena Bijlani, Dr. Gopinath,
Dr. Shashi Wadhwa of All India Institute of Medical Sciences,
New Delhi, researched on neuroanatomy.

Dr. Keswani and his team established museum of history of medicine.

Dr. A K. Susheela of AIIMS, New Delhi, has done profound work
on fluorosis.

Dr. M.C. Vaidya was well known for his work on leprosy and HLA.

Dr. I.B. Singh of Rohtak did enlightening studies on histology. He
has been author of several books in anatomy.

Dr. A.K. Dutta of West Bengal has authored many books on anatomy.

Amongst the medical educationists are Dr. Sita Achaya, Dr. Ved
Prakash, Dr. Basu, Dr. M. Kaul, Dr. Chandrama Anand, Dr. Indira
Bahl, Dr. Rewa Choudhry, Dr. Smita Kakar, Dr. Anita Tuli, Dr. Shashi
Raheja, Dr. Ram Prakash, Dr. Veena Bharihoke, Dr. Madhur Gupta,
Dr. JM. Kaul, Dr. Shipra Paul, Dr. Dharamnarayan, Dr. A.C. Das,
Dr. A. Halim, Dr. D.R. Singh and many others.

Dr. Swarna Bhardwaj, an educationist, was appointed as Executive
Director of “DNB office” and has brought the institution to forefront.

Dr. Harish Agarwal, an anatomist, worked in jurisprudence for a
number of years.

Dr. Cooper of Chennai, Dr. M. Thomas and Dr. Kiran Kucheria did
commendable work on genetics.

Dr. Mehdi Hasan and Dr. Nafis Ahmad Faruqi did pioneering
research in neuroanatomy.

ANATOMICAL NOMENCLATURE

Galen (2nd century) wrote his book in Greek and Vesalius (16th century)
did it in Latin. Most of the anatomical terms, therefore, are either in
Greek or Latin. By 19th century about 30,000 anatomical terms were
in use in the books and journals. In 1895, the German Anatomical Society
held a meeting in Basle, and approved a list of about 5000 terms known
as Basle Nomina Anatomica (BNA). The following six rules were
laid down to be followed strictly: (1) Each part shall have only one
name; (2) each term shall be in Latin; (3) each term shall be as short
and simple as possible; (4) the terms shall be merely memory signs;
(5) the related terms shall be similar, e.g. femoral artery, femoral vein,
and femoral nerve; and (6) the adjectives shall be arranged as opposites,
e.g. major and minor, superior and inferior.
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ENA was cevised 1 1932 by acommittee uf dhe Anatumical Society
at Gireal Britein and Ircland m a meeting held at Birminzham. The
revised RNA wos named as Rirmingham Resislon (B8R0 An
indepe ndent revision of the BNA was al-0 done by German analomists
in 1415, and was hnuvwn 2 Jena Nomina Anatomica /N4 o1 S
Hawever, the AR and SN tound anly lncal and restricted acceptancs.

fn 195U, it was agleed atan Inemational Coneress of Anatcnnists
held at Ostord that o lurther attempt shuuld be made to establish a
generally acteptable internatinnal vomenelacure In the Sixch
Intemuational Compress of Anatomists beld anParis 4 19331, ausumewhat
conservative revision of BN A with many teems from BR and INA was
appros<d. Miner revisions and canectiuny wele made a the
Intematienal Congresses Teld in Mew Yurk (1984)), and Wiesbaden,
Germany { 19651, and the 2rd editinn o Nomina Anatonica (Ed. (uA (@
Mitchell, 19681 was puhlizhed by the Execerpta Medica Foundation,

The dralts on Nosmwa Hisioloyicza and Nevmineg Entknynliogica
prepared hy the suhcommittee ar the Internatinnal Anainmical
Nomenclature Committee (LANC ) were approved iz plenary sessiun
ofthe Eley enth Intemativnal Congress of Anatomists held in Leningrad
n VT Aferacritigal reyvisinm, thee Ath adinon of Yomseee donomca
(CJ. Rueer Warwack, 1977 containing Newminag Hisiodogicwe and
Nominu Embryologicu was published hy the same pubhsher.

LANGUAGE OF ANATOMY

Various positions. planes, 1enms in relation © varivus cepiony and
mavainents are described.

Positions

= Aualomical positioo: When d person is standing straishl with ¢yes
louking tarwards. bath arms by rhe side ol hady, palms faoing
forwards, hath feer ogether, The position is anaamical postion
(Fig. 1 ™)

*Supine pousition: When i perin s lving on her'has back, acms by
the sidde, paling fucing upwards and fee put together, the position s
surine pasition (Fig. 1.8).

« Prome positlon: Person Jving on hischer tace, chest and ahdomen
i saud o by in prose posttion {1g. 1.9).
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< Lithatomy position: Person Iying on her hack with legs up and
fect supparted in straps. This position 15 mostly used dunng delivery
at the bahy (Fix. |10}

Fig. 1.90: Lithciomy possfion

fanas

< A planc passing through the cenure of the bady dividing it into o
¢qual Aghtand ket halves, is the median or mdsagital planc{Fag 1.11}
Plang parallel o medhan or midsagiteal planc is the sagmal plane.

o

\j y / T by | : Transverys
{ { 1 ! ' A o 0|aﬁe
i |
<argnal plane
rdedan plane

Fig. 1.11; Planas cd the body



- A plane at cght angles 1o sagitlal or medan plane which divides the
body tmo anternr and postetiar halves is alled a ¢oronal plane
(Fig. 1.12).

= A plane at right angles o halh sagittal and coronal planes which
divides the hody into upper and lower parts is called a traosverse
plane (Fig 1,12

8\

v 2| "’\‘
CEk

-~

! L'/ Frunsverse phine
~-a/
\ // :
" o Medar pane

Cargnsl place ————4 7

Fig 1.12; Planes of the Bady in a child

Terms Used In Relation to Trunk

s Ventral ar Anterior is the front ol runk.

* Dorsal ar Posterior 15 the back ot trunk (Fug. 1.1

+ Medlal ag a plane closc o the median plane ¢Fig. 1,130

* Lateral s plane away irom the median plane.

CProximaliCranlaliSuperior 15 close tn the hewd end uf cunk
¢Fig. L.13)

= st/ Caudal/Inferlor is ¢lose ta the Inwer end of the trunh.

- Spperlicial is close o skin‘towards surtace of bady (Fig. 1.15)

< Decp away foom shincaway fiom suvface of hody.

“Ipsiluteral un the same side of the hady as another structure
(Fig. 113}

< Cuntealuteral vn oppesie side of bady Iram wnother stiucture.

« Invaginalion is projcction inside.
Evagination s prijectinn outside (Fig. 1,16}
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Fig. 1.15: Lanyaege of analemy
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Fig. 1.16: Languagm of anatomy

Terms Used in Relation to Upperlimb

= %Ventral o Anterior of the lronpd agpect (Fig. 1.13).
* Dursal v Posterivr is e back aspect

* Mudial border lies along the little finger. nedial hoider of tnearm
and arm.

+ Lateral border {ollows the thumb, lateral burder of Jureano and
arm(kig. 1.14).

s Peasimal is close toromd aFhimb, winle distal 15 away from the coul.
* Palmar azpect is the franl af the palm (Fig. 1.14).

* Dorsal aspect of hand is on the back, af palm.

* Flexur aspect is front of upper limh

* Extensor aspect 1s back of wpper limb.

Terms Used in Relalion to Lower Limb

* Posteriur aspect is the back ol lewer hinb.

© Alerior aspectis leunt of lower imb.

» Medial border lies along the big we or hallux, medial border of leg
and (high (Fig. [.13),
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« Lateral horder hesaleng the lintle we, laweal burder ul'lee and thigh.
« Flesur aspeet is back ol lower limb,

« Extepsor aspect is front of lower limb qT%ig. 1.13).

= Peoximalis close to the toon of limb, winle distal s away teom 1.

Tetms of Relation Commonly Used in Embryology and Comparalive
Anatommy, but samalimas in Groys Anglomy

(2} ¥enlral - Towards the belly {like anteriar,

Ih Darsal - Tawards the hack {like posteriar),

1<} Cranlal or Roatral - Towards the head {like supenor).
{d1 Caudal - Towards 1he tail

TERMS RELATED TO BODY MOVEMENTS

Movements in general al synovial jaints are divided antoe {our main
CalCEuries,

1. Gliding movemeni: Relatively dlal swriaces move hach-and-
forrh and ram side-10-side wirh respect tu one another. The sogle
between aruculating bones does nul <hange sigmilicantls.

2. Angular moevements: Angle between articulating bones
Jecreases or increases. lo flexivo there is decrease m angle
Belween articulahing benes and n exlension there 1s ncraase jn
angle between articulating hones. Lateral Mlexion s mnvement
ot frunk sideways 1o the righe or Ieft ac (he waist. Adductlon is
maovement of ane toward midline whercas ubdoction s
mavemem vl bone away trom midline.

3. Rolathon: A bune revolves atoumd 1y own lengiludhinal sxis. o
medial retution antecior surface vl a bone vt limb 15 tumed
wwards the midline. In lateral rolation antenior surfage af bane
ul imb isturned away frama midline.

+ Special movemenis: These occur only at ¢erlain jnints, @ 2,
[Warition. supinauon &1 Tadioulnar emis, protraction and rerraction
it emporo-mandibular jnint.

In Upperimb

- Flexion: When two tlexor swrfaces ae browght ¢luse ta 2ach otlier,
€ an clbnw joint when frang ol arm aod Oreaim are appuosed Lo
cach uther [Fip. 1.17 {3avi).



BT

- Extension: When extensor or dorsal surfaces are brought in as
much approximation as possible, e.g. straighten the arm and forearm
at the elbow joint.

» Abduction: When limb is taken away from the body.
» Adduction: When limb is brought close to the body.

« Circumduction: It is movement of distal end of a part of the body
in a circle. A combination of extension, abduction, flexion and
adduction in a sequence is called circumduction as in bowling.

» Medial rotation: When the arm rotates medially bringing the flexed
forearm across the chest.

» Lateral rotation: When arm rotates laterally taking the flexed
forearm away from the body.

* Supination: When the palm is facing forwards or upwards, as in
putting food in the mouth (Fig. 1.17).

* Pronation: When the palm faces backwards or downwards, as in
picking food with fingers from the plate.

* Adduction of digits/fingers: When all the fingers get together.
* Abduction: When all fingers separate.

The axis of movement of fingers is the line passing through the centre
of the middle finger.

* Opposition of thumb: When tip of thumb touches the tips of any
of the fingers.

* Circumduction of thumb: Movement of extension, abduction,
flexion and adduction in sequence.

In Lower Limb
* Flexion of thigh: When front of thigh comes in contact with front
of'abdomen.
* Extension of thigh: When person stands erect.
* Abduction: When thigh is taken away from the median plane.
* Adduction: When thigh is brought close to median plane.
* Medial rotation: When thigh is turned medially.
* Lateral rotation: When thigh is turned laterally (Fig. 1.18).

* Flexion of knee: When back of thigh and back of leg come in
opposition.
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{i) Circumduetion:
Bluadiey incaauki

\ f
(W) Flaxson

Eanding. dacreapng
he -onl argle

J
| (litp Extension:
Siraghtening , increasng
he pihr aﬁgle

(-

(W) Abduction: Moving
away tram madlnr
AAIUCIK : My
lewawrd inidine

(v) Pronatign:
luming dowreaard
Supmation:
Turming upwinr

Fig, 117" Tarmg related 10 moyemants of uppar imb

Fatension of knee: When thigh and leg, are in straighl hine as in

standchng,.

< Dorsiilexion of Tont: When darsam of foor is heought close w feont
of lee ard sole faces forwards (Fig, |.18).
“Planlarlleston of feot: When sole of foot o1 plantal aspect af faat

laces backwards.

< foversion of Toot: When medial border of tool ts raised fremn the

ground (Fie. 1.1K).

< Eversion of foot: When lateral border of feot 15 raised Irom the

ground.

In the Neck

s Flexion: When face cumes cluser to chest.
* Extension: When e 15 brought away from the chesl.



(1) Madial rolatian: Lateral rotaton:
Turning award inidlinge  Turiviyy dway -0 inidlne

=
0

{n) Evarsion: Inversion:
Timng cuhward ) } Turning ivward

P v 3

L 2

(ri1 Dorsiflemon

Fig. 1,18 Tarmsz relaied to movemanis of igwar limks

« Lateral flexion: When ear 15 brouebl <lose e shoulder.

+ Rotation: When reck rotates so Lthat chin goes 1o appusite side.

« Opening the mouth: When Inwer jaw is lowered te upen the inouth.

+ Closure of the mouth: VWhen lower jaw is opposed to the upper
[aw, closing the mouth

« Profraction: When lower 1aw slides forwards in ws socket in the
lemporal hone of skull.

- Retraction: When lower jaw slides backwards in its sockel in the
lempuoral bone of skull (J-ie. 1.1Y).
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T | Ralrection
Fenlrarhan

Fig. 1.18: Retcaciion and pratraclion al tempeces-mandibular points

In the Trunk
» Backward bending is ¢alled extension.
+ Forward bending 1s flexion (Fig. 1.20).
« Sideward movemen! s aceral flexion.
« Sideward rolation is latersl ratation.

() " tCIi\ \

Feg. 1.20. Movemenis of the runk [a) exdenson, (b flexicn (e} laveral fegion

Tetms Used for Describing Muscles
(ap Crighn: The end of amusele which is velatively fixed during its
contragtion {Fig. 1.2

(b} Josertion: The end of 3 muscle which moves during s
contractivn.



-~ Qrgin gf shon, s
= [ram corarnd process

Qrnin of long haad frem
suoraglennid hibercle

Rusoda bally ——

Broeps bacni lendon |
insorod o

Bripaal apusisurusiy radiad Wwberzsity

Fag. 1.21: Teims uyed lye deseribrg museles

The twa terms.aogin and insertion, are sumetimes inlecchangeahle,

when the anpin moves and Lthe insertion is Bixed.

(e} Belly: The fMeshy and contractle part of a muscle.

(dy Tendan: The fibrous noncentractile and cord-hke part ot a
mustle.

(£} Aponeurosis: The Naugaed tendan.

i Raphe: A fibrous hand made up of interdigitating fibres ot the
tendons or apnneurases, Unbike a ligament, 15 stretchable
Laganents arc fibrous. nelastic bands which conneat rwa
scgments of 4 point,

Tarms Used for Describing Vesseis

(ad Arleries carry oXy2enaled bluud away rom Lhe hean, with the
cxception af the pulmonary and umbilical artleries »which carry
denxygenated blood. Arteries resemble trews because they have
branches [art2rivles) (Fig. 1.22).
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Fig. 1.22: Arary, capilanes ana vam

(h) Veins camy deoxypenated hlood towards the hearr, with 1he
excephon of rhe pulmanary and umbilical veins whicl carcy
oxy genated hlaod. Veing resemble rivers because they have
thibutaries {venules). Vens have valves 1 allow unidirecticnal
Mow vt blood.

fcp Capillaries are nelworks of icrscopic vessels connecting
arienoles 1o venules.

(dr Anastamosis ¥ a precapillary or ppstcapillany commumcaticn
hetacen the ngighhounng vessels (Fig. 1.23).

Temrns Used for Descrbing Bone Foatunas

(ap Elevatioos
1. Linear elevarion mav be 4 line. lip. Tidpe, vr crest.
2. Sharp elorvativamay he a sping, stvlod process, corne{homy},
ur hanulus {Fig. 1.24),
3. Roundedar irvegrielar efenalion inay beatubercle. tuberosity,
epicondyle, malleolus, or trochanter. & ramus 1s & broad srm
o1 process projecting from the masn pant nr body nf the hone
(Fies1.25 1.22).
(hy Depressions may he a i, impression, fovea, fossa, groeve
(suleus) o moth (inciswra)
(ch Cpenlngs may b a foramen, canal, hiatus, or aqueduct.
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Fig 1.2% Nprma feoptaig
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‘ Scapula
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’ Humarus
l
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Fig. 1.28: Righl <capula and humerus (anienar view)
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rochaneer | ~ Imerccharderic Ine Y
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- Y v_i4
(bl

B articudur surfaoe for pulelly Wlorcondar b’“

Flg. 1.27 Femur—antanes suface {a} and postenor surface (b}

(dy Cavitiest A large cavily within 2 bone is ¢alled sivus, vell or

antrum
(€1 Smooth wriicelur areas wmay be a Tacet, vcondyle. head

vapiluluin, vrtroch e,

Temns Vsedin Clinical Anatomy

I. The sulhx. *-itis", means inflammation. e.e. appendicitis, tonsillias,
arthnts, newrts. dermatitis, e
2 The suffix, "~ectomy’, means remoyval from the body, c.p
appendicectomy, 10onsilectomy, gastrectomy, nephrectomy, ete.
3. The suflix, =elomy”, means w open and then ¢lose 4 hollow
organ, 2. laparotemy, hysierowmy. vysiotomy, ¢ysiolithutomy,

ete.
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4.

10.

11.
12.

13.

14.

15.
16.

17.
18.

19.
20.
21.

22.

The suffix, ‘-ostomy’, means to open hollow organ and leave it
open, e.g. cystostomy, colostomy, tracheostomy;, etc.

. The suffix, ‘~oma’, means a tumour, e.g. lipoma, osteoma,

neurofibroma, haemangioma, carcinoma, etc.

. Puberty: The age at which the secondary sexual characters

develop, being 12—15 years in girls and 13-16 years in boys.

. Symptoms are subjective complaints of the patient about his

disease.

. Signs (physical signs) are objective findings of the doctor on

the patient.

. Diagnosis: Identification of a disease, or determination of the

nature of a disease.

Prognosis: Forecasting the probable course and ultimate outcome
of a disease.

Pyrexia: Fever.

Lesion: Injury, or a circumscribed pathologic change in the
tissues.

Inflammation is the local reaction of the tissues to an injury or
an abnormal stimulation caused by a physical, chemical, or biologic
agent. It is characterized by: (a) Swelling; (b) pain; (c) redness;
(d) warmth of heat; and (e) loss of function.

Oedema: Swelling due to accumulation of fluid in the extracellular
space.

Thrombosis: Intravascular coagulation (solidification) of blood.
Embolism: Occlusion of a vessel by a detached and circulating
thrombus (embolus).

Haemorrhage: Bleeding which may be external or internal.
Ulcer: A localized breach (gap, erosion) in the surface continuity
of the skin or mucous membrane.

Sinus: A blind track (open at one end) lined by epithelium.
Fistula: A track open at both the ends and lined by epithelium.
Necrosis: Local death of a tissue or organ due to irreversible
damage to the nucleus.

Degeneration: A retrogressive change causing deterioration in
the structural and functional qualities. It is a reversible process,
but may end in necrosis.
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24.

25.

26.
27.

28.

29.
30.
31

32.

33.
34.
35S.
36.
3/
38.
39.
40.
41.
42,
43.

44,
45,

46.

47.

Gangrene: A form of necrosis (death) combined with
putrefaction.

Infarction: Death (necrosis) of a tissue due to sudden obstruction
of its artery of supply (often an end-artery).

Atrophy: Diminution in the size of cells, tissue, organ, or a part
due to loss of its nutrition.

Dystrophy: Diminution in the size due to defective nutrition.

Hypertrophy: Increase in the size without any increase in the
number of cells.

Hyperplasia: Increase in the size due to increase in the number
of cells.

Hypoplasia: Incomplete development.
Aplasia: Failure of development.

Syndrome: A group of diverse symptoms and signs constituting
together the picture of a disease.

Paralysis: Loss of motor power (movement) of a part of body
due to denervation or primary disease of the muscles.

Hemiplegia: Paralysis of one-half of the body.
Paraplegia: Paralysis of both the lower limbs.
Monoplegia: Paralysis of any one limb.

Quadriplegia: Paralysis of all the four limbs.
Anaesthesia: Loss of the touch sensibility.

Analgesia: Loss of the pain sensibility.
Thermanaesthesia: Loss of the temperature sensibility.
Hyperaesthesia: Abnormally increased sensibility.
Paraesthesia: Perverted feeling of sensations.

Coma: Deep unconsciousness.

Tumour (neoplasm): A circumscribed, noninflammatory,
abnormal growth arising from the body tissues.

Benign: Mild illness or growth which does not endanger life.
Malignant: Severe form of illness or growth, which is resistant
to treatment and ends in death.

Carcinoma: Malignant growth arising from the epithelium
(ectoderm or endoderm).

Sarcoma: Malignant growth arising from connective tissue
(mesoderm).



dX%. Cancer: A gcm-cal term tised 10 ndicate any mahgnant neoplasm

which shows invasivencss and results in death of the pahent

QY. Metasiusis: Spread of a lncal dhsease (Iike the cancer cells) 1o

distant parts O the hody.

5. Convalescence: The recovery pencod between the ead ol i

5l

disease and restorabion te complete healdls.

Therapy: Medical tngatment.

ARRANGEMENT OF STRUCTURES IN THE BCDY FROM WITHIN
OUTWARDS

I. Bounes form the supporting tramework ol the budy.
2.

3
2.

Muscles are atached to boues,
Blood vescels, necves and [vmphatics form neurovascular hundles
which course i betwern the muscles, along the fascial planes.

. The thoracic and ahdominal cavities conlam several intemal argans

called viscera.

. The whole hody has three general covenngs, namel v {a) skin; (hy

superticaal Faseia; and () deep Fasea.



Skeleton includes bones and cartilages. It forms the main supporting
framework of the body, and is primarily designed for a more effective
production of movements by the attached muscles.

BONES
Synonyms

1. Os (L),
2. Osteon (G).

Compare with the terms, osteology, ossification, osteomyelitis,
osteomalacia, osteoma, osteotomy, etc.

Definition

Bone is one-third connective tissue. It is impregnated with calcium
salts which constitute two-thirds part. The inorganic calcium salts
(mainly calcium phosphate, partly calcium carbonate, and traces of
other salts) make it hard and rigid, which can afford resistance to
compressive forces of weight-bearing and impact forces of jumping.
The organic connective tissue (collagen fibres) makes it tough and
resilient (flexible), which can afford resistance to tensile forces. In
strength, bone is comparable to iron and steel.

Despite its hardness and high calcium content the bone is very much
a living tissue. It is highly vascular, with a constant turn-over of its
calcium content. It shows a characteristic pattern of growth. It is
subjected to disease and heals after a fracture. It has greater regenerative
power than any other tissue of the body, except blood. It can mould
itself according to changes in stress and strain it bears. It shows disuse
atrophy and overuse hypertrophy.
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o
iv"

Divisionsg of the Shabetal Sysinm (Fig. 2.1}

f Ragiota of the Skalnton Number of Bones | Cranial and faclal
i—‘_"_"""- NN E:::::mmc s A-Z)
Skull !
Cranium B AD -
Face 14 Ethmoid i |
Hyasd 1 Frontal 1
Audnory ‘maickes {3 in each 2ar) & G -
(Mallmuz wcus, stapes) Infmreyr nasal
| Verebral calurmnn 26 chancha 2
. Thoray J-K =
' Slernum 1 Lacrimal 2
'Rivs 24 Maxilla 2
| APPENCICULAR SKELETON Manditle 1
Pyctoral (shoulder) girding Nasal 2
Clavicin 2 Ceoipital i
Scapula 2 Panatal 2
Upper exlremitea Falaline 2
Humerus 2 o-R -
Ulna 2 Sphanoid 1
Ragivs 2 Temparal 2
Carpals 16 U -
Melacarpals 10 “Yomar 1
Phalanges 28 WY -
Pelvic (hip) girdle Zygematic 2
Pelvic or hip bone 2
Lower axiremities
Famur 2
Fibula 2
Tibia P
| Patella 2
Tarsals 14
Metatarsals 10
| Phelenges 28
|
Total 206




Functians

1. Bones give shape and support 1 the body. and resist any forms
al stress (Fie. 2.1

12

. These provide surface for the attachment of muscles, tendons.
hgaments, etc.

. These serve as levers tnr muscular actions

A1 e skall, vertehral ¢nlwmn and thoragis sage pracect heain, spinal
cord and (hotacic viseera, respectively.

. Bone marrow manufaciures blood cells,

. Bones sture 97% of the body calciurn and phosphorus.

. Bone marrow comtans reticulo-endothelial cells which are
phaporytic in nature and take part in imrmune respanses of the
tady.

B, The larger paranasal air sinuses aftect the umbher of the voice.

-l

R = Y

-Sd

S

Fholr 1
ba
(a1

;] L]

Ao
- ~ Mlalaruak.
k L Vioter. =

Fig. 2.1: Human skaleion (3] Antmrior viaw. {b) Postarior view
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CLASSIFICATION OF BONES

A. According to Shape

1. Long bones: Each long bone has an elongated shaft (diaphysis)
and two expanded ends (epiphyses) which are smooth and
articular. The shaft typically has 3 surfaces separated by 3 borders,
a central medullary cavity, and a nutrient foramen directed away
from the growing end. Examples:

(a) typical long bones like humerus, radius, ulna, femur, tibia
and fibula;

(b) miniature long bones have only one epiphysis like
metacarpals, metatarsals and phalanges; and

(c) modified long bones have no medullary cavity like clavicle
(Fig. 2.2).

2. Short bones: Their shape is usually cuboid, cuneiform, trape-
zoid, or scaphoid. Examples: tarsal and carpal bones (Fig. 2.3).

3. Flat bones resemble shallow plates and form boundaries of certain
body cavities. Examples: bones in the vault of the skull, ribs,
sternum and scapula (Fig. 2.4).

4. Trregular bones: Examples: vertebra, hip bone, and bones in the
base of the skull (Fig. 2.5).

5. Pneumatic bones: Certain irregular bones contain large air
spaces lined by epithelium Examples: maxilla, sphenoid, ethmoid,
etc. They make the skull light in weight, help in resonance of
voice, and act as air conditioning chambers for the inspired air
(Fig. 2.6).

6. Sesamoid bones: These are bony nodules found embedded in
the tendons or joint capsules. They have no periosteum and ossify
after birth. They are related to an articular or nonarticular bony
surface, and the surfaces of contact are covered with hyaline
cartilage and lubricated by a bursa or synovial membrane.
Examples: patella, pisiform, fabella, etc. (Fig. 2.7).

Functions of the sesamoid bones are:

(a) to resist pressure;

(b) to minimise friction;

(c) to alter the direction of pull of the muscle; and
(d) to maintain the local circulation.
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Fig. 2.6: Pneurnatic bune Eihmoid
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Fig, 2.7: Sexamoud bene Patella

7. Accessory (superoumerary) bones are not always present.
These may occur a5 unumited cpiphyses developed from cxorn
centres of asaificanon. Examples: sutural hongs, ns trigonum
(lateral tuberele of @lus) vs vesalanum ((ubgrosily of” Sch
mielatarsal), et In inedicolegal practice. acvessoly hones May
be mistaken for fractures. However, these are ofien bilateral,
and have smooth surfaces withuul any ¢allus,

2. Heterviopic bones: Dones sumelimes develup in Sobt lissues,
Hoirse riders develop hoenes in sdductor muscles ¢rider s hines).

B. Deveiopmeniol Clossificotion

I.* Membrane {(dermal} hanes ossify in membrane
Dinframembrannus or mesenchyaal ossificationt, and are thus
denved from messnchymal condensanons. Txamples: bones
of the vault ul skull and facial bunes.

» Cartilaginous bones os8ify in canileee (intracanilagnous or
endochondrul ossification}, and sre thus denved from
pretormed cartilsginous mudels. Examples: bones of limbs,
vertehral salumn and thoracic cage.

« Membrana-<cartilaginous banes ossify partly in membrane
and partly in cartilage. Examples: ¢lavicle, mandible occipnal,
temporal, sphenotd.
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2.+ Sumatic bomes: Must of the banes are scanwatic.

» Viscerzl bonest These develop from pharyngeal arches.
Laamples are hyoid bones. pan of mandible and ear ossicles.

C. Regional Clawdfication

1. Axal skeleton includes skull, vertehral calumn, and tharacic cape
2. Appendheular skelston includes Bonvs ull the Thnbs,

D. Siniclural Classification

I. Macrascopizally. the architectore ot bune may be compact or

cancellous {Eig. 2.8}

I. Compact xone is dense in wexwure like ivaes, but s extremely
porous. [t 1 best developed in the corex of the long kones.
This s an adaptatson 10 bending and twisting furces
(a combination of camjressinn, tensinn and shear).

FllaY with marroaw

Thch 2omMpacl BOIE

'/

)

Fig 2.8: Sinictural comganents of a bone

2. Cancellous or spangy, or (rahecalar bane is opien in exture,
and 13 made up o1 a meshwork of trabeculac (rods and plates)
betweeen which are marow containg spaces. The (rabecular
meshaorks are of three primany 1ypes, namgly:

(a) meshwark ot rds,
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(k) meshwortk o1 mds and plates, and

{¢) meshwartk ot plates {Singh, 1973},

Cancellous hane s an adaptation W compressive forces.

Bones are marvellously constructed w cembine strength,
elastioaty and lightness in wesght. Though the architecture of bone
mkas be modified by mechamcal forees, the fiorm af the hone 13
primarily derermined by heredity

According to Boffs lew {Tragectory Theary of Wolfl, 1892).
the bone formatiun is directly proportsonal tu steess and strain,
There are two forces, wensile force aud compressive forez, Both
the teasile and compressive [urees can stinulale booe forrnation
n praper conditions.

The architeeture of cancellous bone is ofien interpreted in terms
ot'the trajectonal theary. Thus the armangement af hony trabeculac
(lamelaed is governed by the lines of maximal intemeil siress in
the bone Prossure fewteltoe ate arranged parallel 10 the ling of
welglht transnassion, whereaz rension Jomeijue are arranged a
right angles 0 pressuce lainellag. The compact arrangement of
pressure Jamellae forms beny buttress, for additional support.
hke calear femurale (Fig. 2.9).

Compregzedn lamelag Irm upPar pamn

al the head reist scrprestian forces
("/_' TS b'.
‘,. "' \ .‘
(] '
< | O 1
S e e Tanaion lamellas
/Y e Sy from lawer par of
1 il the head rasist
| K l ¥/ Dendng o in
D I ll/ tha reck
A\ i)
f Calcar lenoiak regisls
.\“‘ L ] sheanng siessas betawar
Y f \ the necx ang zhal
Compiassor Mingllae —s— | |
msis sheanng sresses LA r
dugio pul rd musries ‘.| {
altached 10 groaner |
wochanrer ‘

- S . -

Flg. 2.9: Diagrarmmalic repregsentabon of ihe campresssta (Conbnwius has|
and teasion {infesrupled lines) lamallas in 3 sagitel ascbon al the upper and
of right femur



1. Micrpscapically, the bone 18 of Tive 1vpes, namely lamellar
(mcluding binh compact and cancellous), woven, fibrouns, dentime
and cement.
|. Lamclar beoe: Must of the macure human boaes, whether
compacl or cancellous, are composed of thin plaws of bony
tissuc called lamellae. These are arranged i piles in a
cancellous honc, but inconcentne oy linders (1aversian syseem
oF secandary astean} in a compact hone.

2. Woven Bone: seenn Rtal bone, fracture cepair and in cancer
of bung

3. Fibrous boeoe s found in young foetal bones, but are common
in eepdiles and amphibia.

4. frenline and

%, Cement qceur n teeth.

Table 2.1;: Congansen of compact and cancellous bones

Compact bone Cancellous (apangy) bone
Location In shait {diaphysis) cf long  Inthe epiphyvses of long bone
bone
| armellae Arcanged to form Haversan  Arranged in o meshwock so
| sysism Haversion systems are not
present
Bone mamrew Yellow which stores fal ater  Rad. produce RBCs. granular
- puberty It is rad before senos of WBC and platelsts
pubery |
Naiure Harg ang rory like Spangy

GROSS STRUCTURE OF AN ADULT LONG BONE

Naked ¢ve ¢xaminaton of the longitudinal and transverse sections off
i Tong bone shows 1he fallowing features.

I. Shale: From without inwards, it1s compused of periosteum, conex

and medullary cavity (g, 2.10).

{a) Periosreym is athick Abrows membrane covenng the surface

ol the hone. It s made up 1+f an puler Nibrous lavee, and an

wner ccllular layer which is vsteogenic in natuee, Periosieum

15 united to the underlying bone by Shavpey's {ibres. and the



union 15 parcicularly strang over Lthe attachments nt fendans,
and ligaments. At the arlicular margin the perinsccum 13
continucnus with the capsule nt the pownt. The abundant
perigsieal arienics nounsh the outer part af the underlying
corte s alse. Periasteum has a rich nerve supply which makes

11 the most sensitive part of the bone.
(b)) Currer s made up of 2 compact bone which gives ot the
desired strength 10 withstand all pussible mechamical strains.
(£} Medullary cavin s Nilled with red or vellow bone mamow.
AL bucth the macrow 15 red evervwhere with widespread
active hacmopnicsis. As the age advances, the red marow
at many places atraphics and is replaced hy yellow, Faty
marrow, with no power of haemopoizsis Red marrow
persists ia the cancellous ends of lomg bones. In the stemum
ribs, iliac erest. vertebrae and skull bones the red marmow

15 [found throughuut life.
2. The two ends of & long bone are made up of tancedious banc
covered with hyaline {articulary cartilage {Fig. 2.10).

P Adicusar calilage
- Cancelluus burw
FROr0us Cagsuss

f

Panusirum

Cares [camyuad bana)

rAetJllary camey

J '

Fig. 2.10: Naked eye struciure of an adult Iond bons 1n langdudinal section



PARIS OF A YOUNG PONE

A typical long bone ossifies in three pans, the two ends fram seeandany
gentres. and the intervening shaft from a pamary centre (Fig. 2.11).
Before vssification 1s complete the fellowing parts of the hone ¢an be
detined.

- Epmtwsia

Epphgzial plate al carfilage
Malaghyse
Compace bone

Cancelkus bone

- Diaphysis

Retaptiysiy
IH\
O

Fig 2 11: Parts of a yaung lang Bane

1. Epiphysis

he ends and Hps of a hone which nssity from secondany centres are
called epiphyses, These are of the tallnwang 1ypes.
4] Pressure epiphysis is arvicular and takes par in cransmission of
the weight. Lxamples: head of femar: lower end of eadius, et
(tFig. 212)
1b) Traction epiphysis is nonarticulac and does not Lake pact in the
transmission of the weight. 1 always provides attachraem 1o
ane or more tendons which exert @ traction on the epiphyss.
I he frachion epiphysess ossiky later than 1he pressure epiphyses.
Examples: trichanters of femur and whercles o humeras
(Figs 1.26 and 1.27).
el Atavistic epiphysis is phylugenetically an indeptndent hone
which i man becomes fused w awiher bone.
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Caavelr
ScufiLls P o L
S N LTI POTNN =
Alavedr apphyals T - ———
T T T A
Ptasaus Cpphysis ,;_-;” L === e WNNY P

Thiaclitn Epphyss

Staraun maturyum

Xpha prcess

—— % [ . 1
Fig. 2.12; Types of epiphyses

Examples: ceracuid prucess ol scapula and os teigonum wr lateral
lubercle of talus.

{d} Abemant epiphysis is nut always preseat. Examples: epiphysis
at the head of the tirst metacarpal and at the base of ather
metagarpal bones.

2. Oiaphysls

Teas the eloneated shafl of o lung bune which ossifies from a pomary
centee (Fig. 2,010

3. Meataphysks

The cpiphysial ends of a diaphysis are called mataphyses,

Each meraphysis s 1he zone af active growth. Befure epiphysial
tusion, the retaphysis s richly supplsed with bluod through end ateries
frming *hair-pin' bends.

This is the common sie ol vsteomyehns in childeen bacause Lthe
hacteria or emholi are ¢asily vspped in the haic-pin bends. causing
miarction.

A fter the epiphysal fusion, vascular commumnicativns are established
herween the metaphysial and epiphyeral arteries. Now the metaphy sis
cnneaIng 1o more end-arteces and s no Junger subjected tu
osteomyelibis.
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4. Epiphytial Pigia of Cartllage
Jt separates epiphysis fram metaphssis,

Peulileration of ¢ells o his cactilaginous plate is Tesponsble for
Terethweise growth of a lung bune,

Aller the epiphysial lusion, the bone can no loneer erow in length,

The growth cartilape 15 nounshed by bhoth the epiphysial and
o luphysial arteries.

8LOOD SUPPLY OF BONES

1. long Bones

thig. 2.13).
{a) Nutrient artery

1he bloud supply of a long bone i3 derived trom the following saurees

+ Itenters the shafi thraogh the nutnent foramen. runs obliguely

through the cortex, and divides nta sscending and descending
branches in the medullany cavily.

A N <= Epipliysial arenss
Hair.fan bandls of ——— Epiphysial pal= ¢f caritage
e amer 85 in he WL Mesphvsal anenss
malaphysis before 3 f ' "'
ap physial fusion V ’l
:
!
Nurvign] anary ———— |

d) { ——— Penigal 3rienags
Bt
’- 1

— fnushomosis belween epiptiysial
N melaghyaal argras atier
fupnr of apphysis
Fig 2 13 Blood supply ot 3 g bona in which the uppar apiphysss
(growing ¢nd) has not ye1 fusesd with Ihe: diaphysis
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Each branch divides into a numher ot small parallel channels
which 1erminatc in the adult metaphy sis hy anastomosing with
Lthe epiphysial, mctaphysial and penosteal arteries.
The natricnt artery supphes medullary cavity, innee 23 ofvweitea
and metaphysis.

= The nptricat foramen is directed avway from the growing end
ol twe bong; their direntions are indicated by a pnele, *Te the
elbow 1 go, Irom the koee | lee’ (Fig. 2.14).

Upper limb

Fig. 214, Cirection of nulnent 1oramen mn Lve bab bones

= The details and vaciations in the diaphysial nutrient teramina
are described by a nurnber ot authors [Ujwal. 1962; Mysorekur,
1967, Chhatcapati and Musca, 1967; Kate, 1971; Patuke and
Mysorekar, 1977; Mysorekar and Nundedkar, 1VY7Y; 1 anpia
o1 al, 1980,

* The grawing ends of banes in upper limk are upper ¢nd of
hwmerus and lower ends ofradius and ulna Inlower limb, the
luwer ¢end of feinue and wpper end of Glia are de growing
ends.

{br Periesteal arteries

« These are especially numercus beneath the muscular and

ligamentous attaschasents.,

« They ramify beneath the periosteum and enter the Volkmann™s
<anals o supply the ouer 153 of the ¢ortes.



(c) Epiphysial arteries

* These are derived from periarticular vascular arcades (circulus
vasculosus) found on the nonarticular bony surface.

* Out of the numerous vascular foramina in this region, only a
few admit the arteries (epiphysial and metaphysial), and the
rest are venous exits.

+ The number and size of these foramina may give an idea of
the relative vascularity of the two ends of a long bone (Tandon,
1964).

(d) Metaphysial arteries
* These are derived from the neighbouring systemic vessels.

» They pass directly into the metaphysis and reinforce the
metaphysial branches from the primary nutrient artery.

In miniature long bones, the infection begins in the middle of the
shaft rather than at the metaphysis because, the nutrient artery breaks
up into a plexus immediately upon reaching the medullary cavity. In
the adults, however, the chances of infection are minimized because
the nutrient artery is mostly replaced by the periosteal vessels.

2. Other Bones

Short bones are supplied by numerous periosteal vessels which enter
their nonarticular surfaces.

In a vertebra, the body is supplied by anterior and posterior vessels;
and the vertebral arch by large vessels entering the bases of transverse
processes. Its marrow is drained by two large basivertebral veins.

A rib is supplied by : (a) the nutrient artery which enters it just
beyond the tubercle; and (b) the periosteal arteries.

Veins are numerous and large in the cancellous, red marrow
containing bones (e.g., basivertebral veins). In the compact bone, they
accompany arteries in the Volkmann’s canals.

Lymphatics have not been demonstrated within the bone, although
some of them do accompany the periosteal blood vessels, which drain
to the regional lymph nodes.

NERVE SUPPLY OF BONES

Nerves accompany the blood vessels. Most of them are sympathetic
and vasomotor in function.
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A few of them are sensory which are distributed to the articular ends
and periosteum of the long bones, to the vertebra, and to large flat bones.

DEVELOPMENT AND OSSIFICATION OF BONES

Bones are first laid down as mesodermal (connective tissue)
condensations. Conversion of mesodermal models into bone is called
intramembranous or mesenchymal ossification, and the bones are called
membrane (dermal) bones.

However, mesodermal stage may pass through cartilaginous stage
by chondrification during 2nd month of intrauterine life. Conversion
of cartilaginous model into bone is called intracartilaginous or
endochondral ossification, and such bones are called cartilaginous
bones (Fig. 2.15).

Ossification takes place by centres of ossification, each one of which
is a point where laying down of lamellae (bone formation) starts by the
osteoblasts situated on the newly formed capillary loops. The centres
of ossification may be primary or secondary. The primary centres
appear before birth, usually during 8th week of intrauterine life; the
secondary centres appear after birth, with a few exceptions of lower end
of femur and upper end of tibia. Many secondary centres appear during
puberty.

A primary centre forms diaphysis, and the secondary centres form
epiphyses. Fusion of epiphyses with the diaphysis starts at puberty
and is complete by the age of 25 years, after which no more bone
growth can take place. The law of ossification states that secondary
centres of ossification which appear first are last to unite. The end of a
long bone where epiphysial fusion is delayed is called the growing
end of the bone.

WTH OF A LONG BONE

1. Bone grows in length by multiplication of cells in the epiphysial
plate of cartilage (Fig. 2.15).

2. Bone grows in thickness by multiplication of cells in the deeper
layer of periosteum.

3. Bones grow by deposition of new bone on the surface and at the
ends. This process of bone deposition by osteoblasts is called
appositional growth or surface accretion. However, in order to
maintain the shape the unwanted bone must be removed. This
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pracess af bane removal by osieablasts is called remvadeiling.
Thiz is how mamoew cavity ingraases in size.

Primary canira =
of nasdgaban ‘ ! o~

]
'

) camugav A
. , ,
Carlilage ‘ W/ T Campa
Sacandary rente L
of assificatian Wature bone

Fig. 2.15: Growth of a lcog hone

MECICOLEGAL AND ANTHROPOLOGICAL ASPECTS

When & shelctan or isolaled bones are recerved for medicelegal
examination, oh2 showld he able tn determing:

(a) whether Lhe banes are urnan or not;

(b) whether they belong (0 OnNe or Marc persons;

(¢] the aze of the individual;

(d) the sex:

(e} the stature; and

(1] the lime and cause vl Jeath.

Far excellent details ot all these points consult Maodi (197 7),

1. Estimation of Skeleiol Age

Up ta the age of 25 vears, the skelewal age can be esumaled o within
1-2 vears of carrect age by the states of dentition and essilication.
provided the whele skeletan is avanlable.

Fram 25 vcars anwards, the skeletal age can be estimated 1o within
1§ years of the comreut age by the state af cranial sutures and of the
bony surtaces of symphysis pubis.

In peneral, the appearance of secondary centres and Tusion of
cpiphyses accur ahout one vear earlier in females than 1 males.

These evenls are also believed woccur -2 vears (Bajaj et al. 1967)
or 2- 3 vears (Pillai, 1938} earlier in India than in Western countries.
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However, Jit and Singh (1971) did not find any difterence between the
eastern and western races.

2. Estimation of Sex

Sex can be determined after the age of puberty.

Sexual differences are best marked in the pelvis and skull, and
accurate determination of sex can be done in over 90% cases with
either pelvis or skull alone.

However, sexual dimorphism has been worked out in a number of
other bones, like sternum (Jit et al, 1980), atlas (Halim and Siddiqui,
1976), and most of the [imb bones.

3. Estimation of Stature (Height)

It is a common experience that trunk and limbs show characteristic
ratios among themselves and in comparison with total height.

Thus a number of regression formulae have been worked out to
determine height from the length of the individual limb bones (Siddiqui
and Shah, 1944; Singh and Sohal, 1952; Jit and Singh, 1956; Athawale,
1963; Kolte and Bansal, 1974; Kate and Majumdar, 1976).

Height can also be determined from parts of certain long bones
(Mysorekar et al), from head length (Saxena et al, 1981), and from
foot measurements (Charnalia, 1961; Qamra et al, 1980).

CR length has been correlated with diaphysial length of foetal bones
(Vare and Bansal, 1977) and with the neonatal and placental parameters
(Jeyasingh et al, 1980; Saxena et al, 1981).

I. Estimation of Race

It is of interest to anthropologists. A number of metrical (like cranial
and facial indices) and non metrical features of the skull, pelvis,
and certain other bones are of racial significance (Krogman, 1962;
Berry, 1975).

CARTILAGE

Synonyms

1. Chondros (G); 2. Gristle. Compare with the terms chondrification,
chondrodystrophy, synchondrosis, etc.



Cefinltion

Cartilage is a connective tissue composed of cells {chondrocyies and
fibres (collagen o yellow elastuc] einbedded i a ficmn, gel-like matrix
which is rich in a mucopolysacchande. 1t is much more elastic than
hune.

Geanefal Fealures

I. Cartilage has no blowd vessels or lymphatics. The nutrition of
cells diffuses threugh the matoix.

2. Cartilage has no nerves. [0S, therefors, insensitive.

3. Cartilage is surraunded by a fibrous membrane, called
perichondrium, which 15 similar 10 peciostcum in stcucture and
tunction. The articular cartilage has no perichondrium. sa that its
regeneralion ajler injury i inadequate.

d When ¢arilage calgities, the chondracytes die and the cantilage

15 replaced by bone hke fissue.

lable 2 2 shows the enmparison between hone and cartilage

; = - = —
Tabla 2 2: Comparison betwaen bone and carilage ]
|
»
I Bone Cartilage l
Eone s hard Cartilage 15 firm

Batnx has inflexipde material It has chondroiin prowding laxibility |
l called oxuein !
3 MAatnx poseesses cakium sat Calowm sans nod prasenl

4. Bane has nch nerva supply. It does nad have nerve supply
It es yascular in nalyure It s avasgular in naldre
] o Bone marrow 16 present Bonm marraw 15 absent
(5 Grewth s only by apposdian GrowvAh is appaaitional and interatdian
l (hy surface deposilion) {frem wihing
Wypas of Caxlikage

There are three types of caclilapes:
I. Jlyvaline cacbilage 1Eig. 2.16)

. Fibrocaculage (Fig. 2.17)

. Elastic vartilage |Fig. 2.16)

L1 {2
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Jable 2 3 reveals the comparisnn heoween three tves of camilapes.

—— - -

Table 2.3: Camparisca of (hree {ypes of carlilages

Hyaline Cartilage Fibrocartilage Elastic cartilage

)
Location  In Lhe adicular In the intervartebral In the pinna. extarnal

carlilages of long  disc af pubsc Audileey rrealus,
bones simrnum  symphysis. Eustachian 1whms.

| nbs, nasaland  lemporamanditular egeglotis. vocal

i aome laryngeal  |eania, slefno- proceas of arglenoid
cartilagas clavicular joint cartilaga

Colour Bluizh while Clatening whie  Yediowish

Appearance Shiny ar Qpactive Opague
transiucent

Fibres Vegy Lhin, having  Numgrous while Nunerous yellow
same refractive  fibres Rbres

index as mabny,
t& these are nnt
seen

Elasleity  Flexible Mave 1inn strongest Most Nexviie

—— Epighittes jelalic)

/l)
Hyod bone ‘ﬁ

——1— Thyroid, Gicad |
{Frealeres) ’

T _}7

Flg. 2.96: Hyalina and elaste cartilages



Inlerveteledt disu

Flg. 2.17: Fibrocarilage: Intarvartebral disc

CLINICAL ANATOMY

= & defect in membranous ussilicalion causes a fare syndrome called
cicidocranial dvsestesis. iU is chamacterized by 1hree curdinal
features: 421 Varsing degiee<araplasia of the clavicles; (b} increase
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in the transy erse diameter of cranitm, and (¢ peetardaaion in fontane e
nssificatinn (Srivastava et al, 19717} [0 mav be hereditary or
enviconmental in origin.

* A delect o endochondral ossification causes a coiimon Lvpe of
dwarhsim called arlaedrapiese, in which the limbs are sho, but
the trunk 15 narmal. [y s rransmited as a Mendelian dominam
character,

« Periusteunm sg panicularly sensilive 10 tearing ur ension. Brlling inte
e compact bone without anaesthesia causes enly mild pain or an
aching sensation. diilling oo spengy booe is much mure painful.
Fractures, tumours and infections of the bone are very paitul.

+ Bload suppfv vl bone is so nch that it 1s very difficulcte interrape ic
sulluiently w kill the bone. Passing a metal pin into the medullary
cavity hardly interferes with the blaod supply of the hong.

* Fractore 1s 4 break in the contnuity of a bone. The tracture which
15 nat connected with the skin wound 15 knawn as simple (¢losed)
fracturc. The tracture ling may be (1) abhgue o (03 horizonal. The
fractung which communicates with the shin wound s known g {¢)
compound (open? ivaclure, A ractue reguines “reduction” by which
the alignment at the braken ends is vestored (Fige. 2 18).

e e,
i

p—y

13% ]| \C)

Clusad and Csed anrd CUpen

oblivue lira honzenlal bre

Filg.2.18: Types of rattures



Healing [repar} ot'a hactyre (akes place in three stages:
{a) Repair by granolanon 1issee;
{b] uman by callus; and
{c) consahdarion hy matar¢ bone.
« Axas nr 2Ind cenacal veetebra may pet Iracluced. LF dens ofaxis gots
separaced fram the hady, it hins the vial venttes i the medulla

ablongata causing mstanmaneous Jeath ¢Fig. 2.39). Even fracture of
larminae may canse death.

Fig)- 2.19: "Hanging Wl dealh’ vocwy due to ractue of dens of axiy
vertebra

« ln Fekets {deficiency of vicamin D). calcitication of ¢caruilage Fails
and vssifscation ol the giowth 2one is disturbed. Richels alfects the
erowing bunes and, therefore. the disease develops dunnu the pecicd
ol mest rupid growth of sheleton. 1. 3 months o 3 vears, Osiemd
tissue 15 formed normally and the carulage cells priditerale treely,
bt minecalization dues not taks place. Uhis resules in craniotabes,
rachitic rosary al the custachundral junctions, Hamison's sulcus at
1he digphragmaltic attachments, enlarged cpiphyses in hmb hones
{Fig. 2.20) und the spinal and pelvic detormities.

* For proper develupment of bones, a child requires adequate amaunts
o proteins, caluiam, vitamin . ete. Detficiency of calewsm and
viton [ in growing children leads w wideming of ends of banes
with madequate ossifcation. This condition 1 called a5 rickets

(Fig. 2.20).
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e

13 1B}

Fig. 2.20: (a) Rickels, {bt Normal

« Inscuevy (eficweney of vitgmin C), formation of enllagenous fibres
and mitnx 15 impaired Defective formatian af the mtereellular
cementine, substances and luck of cellagen cause rupture of
capilluries and delecline furmation o new capillaties Hagmaltoma
n the muscles and bones subperiosieal) cause severe path and
tenderness. The nummal archinecture at the crowing &nds of the bones
15 lost.

Wany skeletal defects ure caused by genelic Jaclurs, or by a
comhination at genetic, hormonal, nutcitiunal and patholugical
faciors.

* The vertebral arch or laminae ot the verichral calumn may remain
defiient, the spinal cord may he covered by skin, .. {g) spna bifida
occulta. There may be profrusion of the memnges surpunding the
spintl card placed in 1he verebral canal, i.e, (b) meningaccle or
there may he protrusion of the spinal cord as well as meninges, i.2.
) memnpo-myelocele (i 2.21),

, 13 by .4"-) |
Fig. 2.21: Types ¢f spna bifida [a) Spina bifida ocoulta. thh Meningasaele.
(¢} meningc-myrlacele



< If deficrency of calewm, vitarmin D oceurs in adult hite, it leads

osteomaiacia. The bones on X-ravs ¢xamination do nat reseal
croueh trabeculae.
Deficiency wl calcium n hones in old age leads to osfeaporuss,
seen buth in females and males. Doe to osieoporosis, there )s fayward
bending ul the vertebral column, leadmg tn hyphosis
(Fayz. 2.22).

« Nerves are cinscly related 1 bones in sorne areas. Fractore of te
bones of those arcas may lead toonjury to the necve, lkeading o
paralysis alf muscles supplied including the sensory loss
(Fig. 2.23)

Ulnar-
(H
il [
Flg. 2.22: Kyphosis dueia Flg. 2.22: Narsesar contact wih
DEtACPCICEIE poslerior surface a' humerus

Table 2.4; Comparizon ol ostacporosis and psisomalacia

Calcium & Alksline O3kao- Trabeculag
L phosphale phosphalase blagl
Osteopurusia  Neomal Nermal MNormal Thin and small
Oatennailyiia May be low  Raized Incregsed Thick uncalciied

osleow



-Bone marrow binpsy: Bune marrow can be laken either from
manuhrium sterm or 1hiac crest o varivus clincal conditions
(Fig. 2.24)

-Hone tamaur: Beowgn or malignant twmaurs can weewr n the bone

(Fig. 2.23).

Fip. 2.24: Bone marros biopsy

M3 1gnant Lumoyr

iy 2.25! Mabgnant tumour of The bene



Joints

Rekrled Terms
I. Arthron i, a int}. Compare with the 1erms arthralogy,
synarhrasas, dianthrasis, archritis, arthrodesis, ¢1e.
. Articulatio (1. a joint); articnlation {NA |
. Jun¢tura {L a jaint).

Svndesmalogy (G, syndesmosis — ligament) is the swudy of
ligaments and velated jounts.

f POR Y (]

Defindlion

Joinl is 8 junciion between Lwn or more honcs or cartilages. s a
device tu permit muyements.

[ loweyer, immavable jonts sce pnmanly meant for grawth, and
may permit moulding duning childbirth,

There are more jimts m 2 child than in an adult hecause as growih
proceeds same ol the bones use together, e.2. 1he lunm. ischium and
pubis to farm the pelvic hone. the twoe halves ofthe nfant frontal hone,
and of the infant mandhble, the five sacral vertebrae and the [our
coccygeal verelrae

CLASSFICATION OF JOINTS

A. Stuctural Crassticalion

1. Fibrous joints
(4) Sutures
(h) Svndesmaosis
(et Gomphosis
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. Cartilaginous jeints
12) Trmary carlilagimeus geinis or synchonuness

12

{bt Secondary cartlaginous jomts nr symphysis
3. Svnosial joints

(a1 Ball-and-sncket or spherdal jomts

(bt Sellar nr saddle jonis

{c) Condylar or hicondylar jnints

{1 Fllipzoid jonts

{e) Hinge points

(N Preut or niochoid joints

{2] Plane juints

8. Funchonal Clossificotion (occording to the degree of mobillly)

I. Synarchrosis (immovakle), like fibrous jomnts (Fig.3.1).
1, Amphiarthrosis islightly muvabler like canilagineus juints
(Frg. 1.21

3. Diarthrosis {treely mavable). ke synovial onts (Fig. 3.3}

Synarihroses an; fixed joinrs at which there is no movement. The
ariicular surtaces are joined by 1augh fibrmis tissue (Mienthe edges of
the bunes are dovetailed into mne anather a5 in 1he sSidures of the skull.

Amphiacthroses are poinis al which slight mavement is possaible, A
pad of cartage lies between the bone sudaces. and there are Gbrous
ligaments 1 hold e bunes and canilage in place. The canilages uf
such jownts also atl as shock absorhers, e.g. 1he inervertebral dises
betwecn the badies of the vertebrae, where Lhie cartilage is strenpthened
by cxtra collagen tibres.

Fig. 3.1: Syvarihrogls Fabrous joent
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Flg. 3.2: amphianthrasis Secondary camilaginaus poml
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Fig. 3.3: Crarhrosis. Simple synavial joint

Darthvoses or synovial jolnts are known as freely movable joints.
thougzh at some ol them the moevement is restricted by the shope of
the articulating surfaces and by the ligarments which hold the bones
logether. These licaments are ol elasoc connecthive tsswe.

A synovisl joint has a flud-tilled cavity hetween articular surtaces
which ore cuvered by articular cantilage. ‘The thud, known as synavial
Mid, produced by the synovial membrane which hnes the cavity exeepy
for the actual articular surtaces and cavers any ligaments ot 1¢ndnns
which pass through the oinl. Synavaal luid acls as a lubrivanl.

The form ofthe srticulating surfaces cantrals the type of mnvement
which takes ploce at any joint.

The wevements possible ot synovial jnines are:

Angnlar jlexion s decreasing the anele between twa
bwses;
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exIension . increasine Lhe anele between Lwo bones;

abduction © moving the part away from the mid-ling:

adductien : bringane Uwe part wwacds the mid-line.
Rolary rolalion : lUCnNing upon an dais:

ciccumduction : mueving the extremity of the part reund
in a circle so that the whoele part
mscribes & cone.
Gliding  one part shides on another.

C. Reglonol Clossification

| Skull type: immovahle.
< Vertebral type: slightly movable.
3. Limb type: freely movahle

D. According to humbet of drtlculdling bohss

L Simple joini: When two bones acuculate. e.p. imtecphalangeul
jonts (g, 3.3).

2. Campound joint: More than 1wo bones arliculate widiin one
capsule, e.g. elbuw jownt. wrise jeint (Fig. 3.4).

4. Camplex jaint: When jointcavily is divided by an intra-anticular
dise, ¢.g., temporomandibular joint{Fig. 3.31and stcermaclavicular

Jjownt.
! (
f"\‘/
? /L- ~ Ir@r . poinl
— ! \ \ _A_ Triqueral
T e 2 Lunate
;raphcbd el gt ] 7 T \ ' ‘?——— Wresd point
A /"
| "\ -|>— Uira
\ N |
Harwis

FHy. 3.4: Cempound joint 'Avis1 pinl
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I3~ cular ¢1ac Squamgtympanc fissura |

L |
|

Aracylartebarck ) S ﬁ
| Head ol manditia
Tympanic pale l

Fihrous zapsule |

Flg. 3.5: Complex joinl Temparomandibular yanl

The saruc el classificalion is most commnnly followed, and will
be cunsidered in detail in the following pacagraphs.

FIBRQUS JOINTS

In fibrous juints the bone s are joined by librous tissue. These jomts are
ettier immaoy able or permit o shight degree ol movement. These can be
grouped in the llowing three subly pes.
I. Sutures: These are peculiar w skull, and are immovable.
Avcording Les the shape of bony mar@ns, the sutures can be:
{1) Planc, ¢.g. mtemasal suturc
(1i) Kerrate, c.g. nterparicial sucre
11i) Squamous. ¢.g. temporo-pariclal suluce
(v]) Denticulale, e, lambdond sutuce
tv) Schndylesis tvpe tFig. 3.4]), ¢.g. between rastrum of
sphenovd and wpper border of voner,
Neonatal skull reveals tonlanelles which are Lempurary in nature.
At six specific points on the sulures in new born skull are
membrane filled gaps called “fontanelles”. These allew the
unduclying brain 10 increase i size. Anterior fontanelle is used
10 judee the hvdration of the infant. All these funtanelles become
buene by 18 inunths 4Fie. .71
I Svadesmosis: The bones are connected by the inlerusscous
ligamenl, Example: inferiue tbiofibular joint {Fig. 3.8).

3. Gumphodls {(per and socket winly, Exanple: roul vf the woth in
its biny sncket {Fig. 3.9).
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Fencraninn e Sulune gamenl
|5.1tural mamneana)
J ]' — Skull borg
Engosranaim e —
{1} Plarm suliang [
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1 j __il;;i Sqamussalura——

Aol .. Rechiun ol
wmar sphenord
— Iv1 Schirdyloms
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Fig. 3.8: types ot sulures
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4 ™
/ -;-‘—— Anleecartieriar
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Poaterainfen —1—\;}': ,
\\

Fig. 3.7 Fonlanslies

Inlgroasecus bealibular ligosisert

!
A
= Inlesior ransvevse likeolitular Igarmenl

Fig. J.B: Infenor ibiofibutar joint
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Gum o
|| | l‘ II \ ) L |
." \‘ | f-’f-—“*'———— Cement
Rootwith - | e Peroconal membrane
oreccte || ‘]}‘,-'1 \‘
! Vi |
1 ' Aluadipe Dang
Fig. 3.9: Gomphosss
CARTILAGINGUS JOINTS

In this type of jomnts the hones arg jpined by cartilage. These are ofthe
fallowing rwo 1ypes:

1. Primary eavtilaginons jolats {synchondrasis, of hyaline ¢arnlage
yrintsk: The banes are umited by a plate of hyalme cartilsge 50
that the point is immevable amd strong.

These joints are temporary in nature because afler a ceclain age

Lhe cartlaginuus plate is replaced by bone (synustusis).

Examnples:

(4) Juint between epiphy sis ad diaphy sis of a griswing lomg bone
Fie. 3.1

N ——— Epphy5I5

Epiphysial plate
= - Digphytaz

Fig. 3.10- Primary carilaginous poinl
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(hy Sphena-occipital jaint
() First thondrosternal jtint
(d) Castochondral jonts.

2. Secondery cartilaginous jolois (Symphyses ur librocartlagimous
panisy The artcular sucfoces are covered by a thin layer ol hyaline
cartilage, and united by .a dise of (brocaclilage.

These jownts are permanent und persist throughout life. In this
respect symphysis ment 35 a mispamer as i is a synostasis.
Typscally the secondury carlilagineus [oints ocenr in the median
plane af the body, and permit hmited movements due
campressible pad of fihra-cartilage sweh as 1o the pathc symphysis
and manubriosternal joints.

The thickness of tibrocartilage is dircetly relaed to the cange of
movement, Secondary ¢arlaginows joints roay represent am
ine nmediate stage in the evolution of ssoovial poin,
Cxumples:

1a) Syruplysis pubis

{b} Manubriostemal jaint

1<) Intervertebral joints betveen the vertebral bodies (Fig. 3.21.

SYNOVIAL JOINTS

Synuvial jiimts are most evolved, and, therefere, most mobile type of
joints.

Classification of Synoviof foints and their Movements

| Type of Joml Maovamant
A Puane or glideng 1'-;;&' Gliding movement
8 Uniaxial jaints

1. Hinge jaint Flexion and s*lensson
2 Pnoljont RcAation cnly
G. Baxal jginis
1. Condylar juin Flexlon and extension, and lireled ratalicn
2 Enipsoed jounl Flexion, exlension, abducton, adgduction, and

areumduction

(O Mulanial jonls
1 Saddle joint Flgxicn and axtansinn, abduchon, adductinn,
and conjunct ronatkan
2 Ball-and-sncke Flexion and extenzson, abducton and
= Ispheroidel) joint  adduclion, circumduction, A ranalda



Characters

1. The articular surfaces are covered with hyaline (articular) cartilage
(fibrocartilage in certain membrane bones).

Articular cartilage is avascular, non-nervous and elastic.
Lubricated with synovial fluid, the cartilage provides slippery
surfaces for free movements, like ‘ice on ice’.

The surface of the cartilage shows fine undulations filled with
synovial fluid.

2. Between the articular surfaces there is a joint cavity filled with
synovial fluid. The cavity may be partially or completely
subdivided by an articular disc or meniscus (Fig. 3.5).

3. The joint is surrounded by an articular capsule which is made up

of a fibrous capsule lined by synovial membrane.
Because of its rich nerve supply, the fibrous capsule is sensitive
to stretches imposed by movements. This sets up appropriate
reflexes to protect the joint from any sprain. This is called the
‘watch-dog’ action of the capsule.

The fibrous capsule is often reinforced by :

(a) Capsular or true ligaments representing thickenings of the
fibrous capsule

(b) The accessory ligaments (distinct from fibrous capsule) which
may be intra or extracapsular.

The synovial membrane lines whole of the interior of the joint,
except for the articular surfaces covered by hyaline cartilage.
The membrane secretes a slimy viscous fluid called the synovia
or synovial fluid which lubricates the joint and nourishes the
articular cartilage. The viscosity of fluid is due to hyaluronic acid
secreted by cells of the synovial membrane.

4. Varying degrees of movements are always permitted by the
synovial joints.

Classification of Synovial Joints

1. Plane Synovial Joints

Articular surfaces are more or less flat (plane). They permit gliding
movements (translations) in various directions.
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Examples:

ta) luteicarpal jains (Fig. 3.4

ib) [nterarsal jomts

(€} Jomnts between arlicula processes nllvertebrac
1d) Cricothyroid yoim

1¢) Cricoarveenaid jaint

€y Superior tibiofibular

1) Interchondeal joint (S-9 ribst

ih} Custovertebral

{11 Cuslulransyerse

) Acremioclavicular with ntra-arhicular dise
(k) Caumometacarpal {exeent (irsL)

(ty Tarsometatarsal

(my Intermetacarpal

(n) Intermetatarsil

(o) Chondrosteomal {2 xcept irst)

my Sacrailiae

2. Hinge Jomis (Ginglymi}
Articular surfaces sre pulley-shaped Theve are suong volluteral
ligamients. Movements are permitted inone plane around a tsnsverse
HEA IS

Exumples:

{ab Elbow joant{Fig. 3,11}

{h] Ankl¢ jmnt

tch Interphalangeal joints.

3. Pivot (Trochoid} Joints

Articular surgaces comprise a ¢central hony piveripeg) sumdunded by
an osleuligamentous ong. Movements are perpucced inone plawe ansund
a vertical axis.

Examples:

(a1 Superior and infenior radio-ulnar joints (Fig. 3.12)

(b Median atlanta-axial jomni {Fig. L1135
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Fig. 3.12; Radiaumar points
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Flg. 3.13. Median atlanloaxial joen

4. Condylar [Bicondyfar) Joinls

Arucular surfaces include twa distinet cond yles (convex male sutfaces)
Nitang o reciprocally concave temale surfaces (wWhich are also.
semenmes, knowh as condyles, such as in tibiap, These joinls permit
movements mainly inone plane arvund a transverse anis, bat partly in
another plane (rotation) around a vertical axis.

Fxamples:

l4) Kneejoint¢Fig. 214}

(b} Rightand leA jaw woints e temparomandibular jeine (Fig. 3.1 5).

fl "\An Fm'u'
f 4 \\
L )
. % \
) O
e 8.8 )
¥ “, .‘-
F \ Tikwa
: |
|

Flg. 3.14; Knee jcent
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/ Tyrganic dlate

Head of manckble

Fly. 3.15: Terparomandeular pont

5. ENpsoid Joints
Articular suraces include an aval, canvex, male surtace fitting into an
cliptical, concave female surfage. Free mavements are permitted
around both the axes, flexion and ¢xiension around the transyerse axis,
and ahduclion and adduction around the anteropasterior axis.
Combination of mavements produsss eircumduction. Typical cutation
araund a third {vericali axis does nat occur.

Examples:

tay Wnsi joint {Fip. 3.4)

(k) Metacarpophalanpeal jaints

(e Aflanto-pecipital jaines.

G, Soddie (Selfar) Jainis

Aricular surfaces are mciprocally concavoconvex. Mavements are
similar to those pemitted by an ¢lipsomd jomnt, with addition of some
rotatinn (compunct rptation} arpund & third axis which, bnwever. Lanmot
occu) independently.

Examples:

{a) Fwst carpometacarpal (ot {Fig. 3.161

1hy Stecnoclavicular juint {Fig. 3.17)

(¢) Calcaneocuboid jont {Fig. 3.18)

(d) Tneudomalleolar joine

(¢} Retween femur and patella.
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Metacamal bong -
of Ihkuma
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Fig. 3.96; Firsl carpometacarpal joinl. Saddle vamy

Azlict clise is corglete
Sterraclavicular pint
Afomior
Arhcuar disc may
b pariorasan
Coand anr Irapazond pets o
Castottave.ilar uorgcedaveular lgamenl
liggment

Fig. 3.17: Skernaclavicular joint: Saddie variety
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Fig. 2.18: Calzaneowuooid point: Saddle variely

7. BoW-ond-Socket {Spheroidal Joints

Alticular surfaces includs a globular head dnrale surkace) fiting into u
cup-shaped sockel (emale surface). Movements occur around an
indetinite number of axes which have one common centre. Flexion,
extetsion, ahductoon, adduction. medial rotation, lateral rotanoen, and
vircumduebon, all vecur quite freely.

Cxumples:

(a) Shoulder win

(by Ihp joint 1Fie. 3.19)

(€) lalo-calcanewnavicular joint (Fig. 3.200

(d) Incudostapedial jpint

Fig 319 Hipjoint Ball and sockel varisy
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Talscal-aneonavikular e

(T ‘( = Sutalar ol

Fig. 3.20: Talocalcaneanawcular joinl Bell end socket wvarsty

Classfficotion and Movements ol Synovial Joints
1. Terminalogy and Defimhion

Human Klneslelogy: Study of geomely of surfaces aod theie
assoriated movemernls.

fale surface: An urticuluting sucface which is lacger in surlxcs
arca and always convex in all Jirections (Fig. 3.3}

Female surlace: An articulatmg surface which is smaller and
cnncave in all dicections (Frge. 3.3).

Simple joints: Joints with anly 1wo aniculating surfaces, i.c. male
and fewnale.

Compound joints: Joint passessing more than ane pair of
anticulating surfaces.

Degrees of freedom: Nurmber of axes at which the bone o a joint
can 1ove,

Unfaxial: Movement of bung at a point s haated Lo one axs, i €,
with one degree of freedom. ¢.g. interphalangeal joints.

Blaxial: With two degrees of (reedom, .. wrisl juinl.

Multi-axial: Three axes alang with intermediate positiuns also, € g.
shoulder juint

Translation: Sliding movements of ooe aciiculating surface over
the other.

2. Movemenis and Mechanisin of Joints

A. Angular moverwent: Movement leadiog to diniinution o inceeass
0 angle belween tao adjowning bones. They are of 1wa tvpes:
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(a) Flexion and extension: Bending and straightening respectively.

(b) Abduction and adduction: Movement away and towards the
median plane respectively.

Circumduction: When a long bone circumscribes a conical space.

B. Rotation: Bone moves around a longitudinal axis.

(a) Adjunct rotation: independent rotations, e.g. locking of knee
joint.

(b) Conjunct rotation: rotations which accompany other
movements as in 1st carpometacarpal joint.

3. Shape of Articular Surface

The common shapes of the articular surface are:

(a) Ovoid: When concave—female ovoids. When convex—male
ovoids.

(b) Sellar/saddle-shaped: These are convex in one plane, concave
in the perpendicular plane.

4. Mechanical Axis of a Bone and Movement of a Bone

It is a reference point around which joint mechanics can be studied
and around which the most habitual conjunct rotation occurs.

Spin: Simple rotation around the bone’s stationary mechanical axis.

Swing: Any other displacement of the bone and its mechanical axis
apart from spin is termed a swing.

Swing may be pure or impure (swing + element of spin).

Ovoid of motion: This represents the imaginary surface which would
include all possible paths of a point on the mechanical axis at some
distance from its related joint.

Cardinal swing: When the mechanical axis moves in the shortest
pathway when bone moves.

Arcuate swing: When the mechanical axis moves in the longest
pathway along with the bony movement.

Co-spin: When the effect of adjunct rotation is additive to the
rotation.

Anti-spin: Adjunct rotation which has a nullifying effect on rotation.

Basic components of movements of the synovial joints are:
(1) Spin, (2) Sliding, and (3) Rolling.

1. Spin: It occurs around a fixed mechanical axis.
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2, Stide: Duting shding movement, the
meshanical axis ol the joint and both eads of
g moving hone move in the same direction.
The transverse axis of movement is not fixed

wnd i1 undergoes ghdmg or transhation or

lincar meyemEent.

‘.

. Rofting: Inmolhing movement. vne end of the

mechanical axismovesinaparcular direction
and the uther énd moves in epposile direclion.
The transverse axis ut movement is almast <
fixed. Theresultant movementiscalling along
an arc. Rolling and shding occur together in knee jonl.

Jaint Positions

Close packed position: When the joing surtages becaine complelely
cangruznt, their area at ¢ontact is maximal and they are tghtly

compressad.

In this position {ibrows capsule and ligaments are maximally
spiralized and tense; na further mosement 1s possible; surfaces cannot
be separated by distuptive forces: articular surlaes are hable 1w trauma

{Table 3.1).
Table 3.1; Closs packed positions ¢f the joinls i
Jant Close packed position }
Tamporomandlbular Chenched teeth |
Sgine Extension
Shaulkder Abduchen and lateral ratation
Elbow Extension
WTisi Extenszion with radial dewaticn
Trapszxmelacarpal Ncneg
Matacarpophalangeal * Metacarpophalangeal flaxwon {finger)
and Opp<aition (thumb)
Interphalangeal Interphalangeal extensicn
Hip Extenswon and medsal rataton
Knee Extenswon with ooking
Ankle Norsiflexion
Subtalar and mad-tarsal Inversmn

Melaarsophalangeal and
mterphalangeal

tstalarsaphalangesl BXtension

Interphalangeal extenson
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lanse packed: All other positions ot incongruerky.

Exumples: Least packed position.
Shoulder - senabductivn

Hip - semitlexion
Kuee — semitlexiom

Ankle — planiar flexion.

Umdlotion of Movement

Faclors

» Redlex conteaction of antagonistiv suseles.

« Due to stimulaions of mechanoreceptars in amicular tissue.
» Lizaenents @ension,

« Approximation vl sutt pars.

MECHANISM OF LUBRICATION OF A SYNOVIAL JOINT

L.

™)

Synavial Tluid, seceeled by svnovidl membrane. 15 sucky and
yiscaus due to hyaluronic actd {32 mucopolysacchande) It serves
the man function of luhnication af the jont, but alse nourishes
the articular cartilage.

. Hyaline carthluge covering (he articular surfages possesses

inherenc slipperiness. like that of the ice.

Notra-articular fMbrocartilages, articular discs ar meniscei,

cumplewe a0 imcomplete, help in spreading e synuvial fluid
throughout the joint cavity, bul particularly between e aclicular
surfaves, e.e. teenperotandibular juint cFig. 3.15).

. Haversian falty pads (Haversian glands) vccupy extra spaces

in the juint covily between the incongrucus bony surfuces. All of
them are covered with synovial membrane, snd perhups functon
w8 s abs to spread the svoovial ud.

. Bursa isasynovial flud filled bag in celstion to jomts and bones,

e prevent Inclivn. The inflammation of bursa 1s called hprsers.

BLOOD SUPPLY OF SYNOVIAL JOINTS

The aiticular and epiphysial branches given of© by the neighbouring
arteries farm a perianicular ameaal plexus, Numerous vessels trom
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this plexus pierce the fibrous capsule and form a rich vascular plexus
in the deeper parts of synovial membrane. The blood vessels of the
synovial membrane terminate around the articular margins in a fringe
of looped anastomoses termed the circulus vasculosus (circulus
articularis vasculosus). It supplies capsule, synovial membrane, and
the epiphysis. The articular cartilage is avascular.

After epiphysial fusion, communications between circulus
vasculosus and the end arteries of metaphysis are established, thus
minimizing the chances of osteomyelitis in the metaphysis.

NERVE SUPPLY OF SYNOVIAL JOINTS

1. The capsule and ligaments possess a rich nerve supply, which
makes them acutely sensitive to pain. The synovial membrane
has a poor nerve supply and is relatively insensitive to pain. The
articular cartilage is non-nervous and totally insensitive.

Articular nerves contain sensory and autonomic fibres.

Some of the sensory fibres are proprioceptive in nature; these are
sensitive to position and movement, and are concerned with the
reflex control of posture and locomotion. Other sensory fibres
are sensitive to pain.

Autonomic fibres are vasomotor or vasosensory.

The joint pain is often diffuse, and may be associated with nausea,
vomiting, slowing of pulse, and fall in blood pressure.

The pain commonly causes reflex contraction of muscles which
fix the joint in a position of maximum comfort. Like visceral
pain, the joint pain is also referred to uninvolved joints.

2. The principles of distribution of nerves to joints were first
described by Hilton (1891). Hilton's law states that a motor nerve
to the muscle acting on joint tends to give a branch to that joint
(capsule) and another branch to the skin covering the joint.

The concept of innervation of a joint was further elucidated by
Gardner (1948) who observed that each nerve innervates a specific
region of the capsule, and that the part of the capsule which is
rendered taut by a given muscle is innervated by the nerve
supplying its antagonists. Thus the pattern of innervation is
concerned with the maintenance of an efficient stability at the
joint.



LYMPHATIC DRAINAGE OF SYNOVIAL JOINTS

Lymphatics form a plexus in the subintima of the synovial membrane,
and drain along the blood vessels to the regional deep nodes.

STABILITY OF SYNOVIAL JOINTS

The various factors maintaining stability at a joint are described here
in order of their importance.

1. Muscles: The tone of different groups of muscles acting on the
joint is the most important and indispensable factor in maintaining
the stability. Without muscles, the knee and shoulder would be
unstable, and arches of the foot would collapse.

2. Ligaments: Are important in preventing any over-movement, and
in guarding against sudden accidental stresses. However, they do
not help against a continuous strain, because once stretched, they
tend to remain elongated. In this respect the elastic ligaments
(ligamenta flava and ligaments of the joints of auditory ossicles)
are superior to the common type of white fibrous ligaments.

3. Bones: Help in maintaining stability only in firm type of joints,
like the hip and ankle. Otherwise in most of the joints (shoulder,
knee, sacroiliac, etc.) their role is negligible.

LINICAL ANATOMY

tervertebral disc forms secondary cartilaginous joint between the
bodies of the vertebrae. If the nucleus pulposus part of the disc gets
protruded backwards, it may press on the spinal nerve leaving out
from the intervertebral foramina. The condition is known as
herniation of the disc or disc prolapse. If disc prolapse occurs in
lumbar or sacral nerves, there is radiating pain in the lower limb,
then the condition is called sciatica (Fig. 3.21).

* The joints may get dislocated, i.e. the end of one of the bones gets
out of its socket. In subluxation, the end of the bone partially leaves
its socket (Fig. 3.22).

* Rheumatic fever causes fleeting pain in the joints, accompanied by
streptococcal pharyngitis. It is mostly temporary pain in the joints.
The toxins of the bacteria may affect the mitral valve of the heart or
the kidneys.
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Fig. 3.22: {a} Subluxaban, {b) Dislocisléa

= Rhewrnatoid arthritis is an inflammastony sysiemic Jisease involving
e synovial membranes of small jonts of the hands. Due tn chrame
inflammitery praocess there is défvnnity of the fingers (Fig. 3.23)

» Ostevarthnts is adegeneralive conditiem ol the lacee weaght- hearing
Joints. ‘The articular cartillage wears out, degencrates and ther2 is
farmation of penpheral osteophytes. The paticnts fecls lots o1 pan
duc 1w rubbing ar'the hones tagether dunnp mevenents af'the jaints
(Fig, 3.241.

* The depenerative chanpges or spondy litis may occur in the cervical

sping, leading 10 natrovved imervenebral foramen. causing pressure
on the spinal nerve (Fig. 3.25)
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Tatie 3.2, Companison ¢l Ostecannnlis a0 Rheurnabod anhritis

Age and jonls Rigorder andd Sysiemic
Inlfial damage dNsease
Ostaoanthritis Meddla age, Dagereratve. Nere
angle large weight  arcular carlage  ESR - normal
buaring jom Angumaioig
factor absend
Rheumatvicl  Any age, mulliple tnllammatory, Syslemic
arhntis small joints ol hands  synoviad dissase,
end test meambrane EER - raised,
AnjBrrda +
Rheumatoid
tactor presant

» [hece mavy be npury 10 variows sceuctures in che joims. A1 imes the
medial meniscus ot the knee jaing may get impured, In1hat case it
nceds to be removed (Fig. 1 26).

Flg. 3.26. Injury I mdial meniscus

< The mctaphy sis, the end of diaphysis o shafi is the uctvely growing
end af the bone. Insorne juints. the capsule enclueses the meLaphyses
as well, In guch jomrg, mfection feom metaphysis would ceach the
Jomnt cavity and cauge eptic anhring (Fig. 3 275,

< There may be fcacture into e joint space leading w collection ut
blund and bioken pieces of ends of the benes in the jont cavity
{Fig. 3.28).

< joinis have bean diseased tor a very long time with no hope of
recavery, these can he replaced. The X-ravs shaws replaced Top joints
ard knee joint (Figs 3.2Y9 and 3.301.
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Fip. 3.27: Intracapsular metaphyais (black arsax)

Fly. 3.28: Injury 15 a jgirg
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Flg. 3 29: Righl hip jnint replicad Fig. 3.30; 831K knma jnints raplsced

Coudzsy' Oy Nwvost Thand Senoe Conzalon, Doparmonr ¢f Qmicacadic s,
Nowvmiklin Muaan rispna, Wodwes uaym Gyt

Sstil¥ness of joints related o weather. The viscosily of synuvial Muid
wnereases wilh Gl mwinperature. This accounts fur stifltness of the
1oints in celd weather, Mobility of joint in iself is an impodant
factor in promoting lubnication. Thus the suttness of jomis
experiencad 1n the moming gradually passes ofl’as the mavements
arc resumed.

- Neuropatng jont 15 1he reswle of ss complete denen ahion, so 1hat
allretlencs are climmaled and 1he 1cinl 15 IR mnprotested and liable
w meshanical damage, & neurepathic joint shews painless swelling,
excessive mahility and beny desitucton [ois commonly caused by
leprasy, rabes dorsalis and syringamy2lia.



Muscles

Dearvallan of Name

Muscles (L. Mus = mouse) are so named because, many of Lthem
resemble a mouse, wilth their wendous representing the 1ail,

Delinition

Muscleis acontraclile tissue which brings aboul movements. Muscles
can be reparded as motors ot the budy.

Types of Muscles

The muscles are of three 1ypes, skeletal, smoolh and cardiac. The
chavaciers ol cach type are summarized in Tahle 4.1,

SKELETAL MUSCLES

Syhonyms

. Striped muscles

- Striated museles

- Somatic museles

. Valuniany moscles

- vl b

PARTS OF A MUSCLE

A Two ends
1. Qrigin is one sad of the musele which rermains fixed during its
contractian.

2. Insertion is the uther end which moves ducing its contiactinn. [n
the limb muscles. the origin g usually proximal 1a inseclion.
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Table 4.1. Typms of Musclas

Striaied

1. Striztmd rruscles are
present in the lirrbs,
body wall, tongus.
pharyne and beg nnng
of gesgphagus
{Fig. 4.1)

Long and cylndncal
Fibres unbeanzhed

. Multinuclested

. Baunded by
sarcolsmma

. Light and dark

bands present

s wm

4}

Non-striated

Oesoghagus (dislal
par ). urogendal trag
vrinary tlagder, tiopo
vesgak ins of eye,
arrecior pldh muscle
of hair (Fep. 4.2)
Spind ke shaped
Fibres unbranched
Uninucleated
Bounded by plasma.
lemma

Lght and dark bands
Absent

Cardiac

wal of hearl
(Fiz 43)

Shart and eyhindrical
Fitees branched
Uminucieated
Baunted by plasma-
lermma

Faint lIght and dark
bandst prezent

7. No intercalated Mo intercalatad diacs Intercalsted disc
disc presen and a
charactmristic
fegture
| B Nesve aupply fram Nesrve supply from Nerve supply Kom
cranial neryous autonomic MeEroUs aulonamic nervous
aystam system ayaten
9 Blogd supply is Blougd supply is szanty  Blocd supply is
abundant abundant
10 Very rapid contraction  Slow cantractspn Rapid contrachons
11 They £00n gei They J0 not ged They naver get
fatiqued fatigued fatgqued
12 \“oluntary Invaluniary Invalurdary
i “ Pavipharal. AL Musdle e
~ucial
! i
! 1 Baceps araclyi | =1 d
Trrseps Leachi

Fig. 4.1; Skelelal ! Striatad muscle




Muscles | 86

firarging 288 i
museha fibra £ o
(e
Inlercaksied Jisc

gL

=
s
1S

Fig. 4.3; Cadig; musicle

Tlowever. The Lerns, origin dod msenion, are al tmes ioerchangeable
fe.e. chmbing action of latssimus Jorsi), and an other 1imes diffigul

10 defing, as in the intercustal muscles.

£ Two parts
I Eleshy partis coneactile, and is ¢alled the *helly .
= Flhrows part s noncantractile and inelastic When cond-like or
rope-like. iris called tendon {Fig a.4% when flavened, it is called

AIONJYrosis.
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%
ol
. i
Flexor pnlr.is Ingus e FlRwnr rigihanim
I | Prolutus
111
1 it
‘IJ .‘ 4
| ! |
I
L Tgndons of Hexor
Tendanr af {kexo i I Sarum profurkhus
pHICaS dON0NS ' v'._m“ \
! ) | ) | 4
\‘ \ !
Tarminal phalanx y
Flg. 4.4: Tenduns
STRUCTURE OF STRIATED MUSCLE

A, Confractila tissue

Each musclc s compased of numerous imnsele fibres. Fach muscle
fitre s a mulvnueledted, cross-stnated cvhndrgal gell (myocyed
=310 mm [nag. Itis made up of sarcolemma (cell membrang) enclnsing
sarcoplasm (cvtplasm).

Embedded in the sarcoplasm there arc (a) sevetal hondred of nuclei
arranged at the periphery beneath the sarcolemaa and (b) & nuraber of
evenly distributed longitud inal threads called mvolibrlls, Eachmyuofibril
shows alternate dark wnd light hands. Dack bands are knuwn ax A
bunds {anisweopic) and the hipht bands as | hands tisutvopic). The hands
of adjscent ibnils are alhigned transversely so that the muscle hibre
appears cross-striated. 1n the middle of dark band there is 2 light TI
band with M band {dark}, in s muddle. In the middle of ] band there is
v dark Z disc ur Krause's memhrane. the sggment ofmyvodibril betweeen
two Z discs s valled sarcomere (Fig. 4.5).
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I harg A band ! na‘nu

Z lina ﬁicl Thin  Zline
lilameal Flament

)

Fig. 4.5: A sarcomers in ekeletal muacie betwssn twe Z lines

B. Supponingilssus

1t helps in organization of the muscle. Foudymysium sarmounds each
mus¢le fibre separately. Peremystum surrounds bundles (fasciculi or
myonemes) of muscle fibres of various sizes. Epimpsener surrovnds
the enlire muscle, The conneciive tissue of 1he muscle becomes
ventinuusus with the tenden (Fig. 4.6).

Slow and Fast Muscle Fibres (Dubowne, 1969; Gauthier and
Schaefter, 1974)

f;tg. 4.6: Supporting bssus
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Type | (slow) fihres

Show a slow tunic” contraction characteristic of postural mustles.
These are red in colour because of large amounts ul myoglobin.
The [bres uce rich in mitochendria and oxidative encymes. bul
poor in phosphorylases.

Because of a well-deseloped uerobic metabolism, slow fibres arc
highly Tesistant w fatigur.

Type 11 (fast) fibres

Show a fast “phasic’ contractiun required tor large-scale
movements of body scpments.

I'hese are paler (white} in colour hecause of small smounts af
myoglohin. I'he tibres arc rich in glycogen and phospharylases,
hut pnor in mitochondria and axidative enzymes,

Because ofaslyvaly tic respiration, 1he fase ibies are quile easily
fatipued.

Interivediate Dbres

Represent a variant of Lype [ {fust) Abres wihich ace relatively
resistant o fatipue. although less than s pe Hislow ) libres 1 Rurke
eral. 1473).

ln man. most ef the skeletol muscles show a mixture of thre (ypes,
but any one (ype may predominate,

Fasciculor Architeclure of Muscles

The arrangement ot muscly fibres varies aecording w 1he dirgetion,
free and range ot habitual mavement 31 a particilar goint, The force
of movement 15 dirccely propoctional tethe number and size ot muscle
fibres, and the range at movement 15 proportional to the Tenwth uf fibres,
The museles can he classificd according to the arrangement of their
fasciculi inte the fallowing groups (Fig. 1.7)

A. Paraliel Fascict

When the fascicul arg parallel te the [ine of pull. dee muscle may be :

(Quadrdatered {Thyrohyaid),

2. Strap-tike (siernohyord and sarfmnus),

3.
4.

.S'fmp-!fke wetdr endinens fersectonmy feectus abdommis)

Frsiform ibiceps brachii, dipastric, $1¢.). The ianee of movement
in such amuscles is maxintum (Fig. 4.7),
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Xnpliowd
process

- Reclis
abdoeming

Toncinggs
" intergechong

Uintibous

Crrumaennale Bpennale
{hbwliz wlenice) |dor=al inlerosseauws|

= " Two heads
of argin

Aaciusm abdomines wilh Iendncus
nlcrsochara

Quxdriceps farouy B ceps brache

Tncepa hracha Dgestne ArkCuans ocu

Fig 4.7: Fascicular architectums of nussles

B. Qbliqua Faseicu

When 1he fasciculi are oblique to the line of pull, the muscle may be
riangular, ar pennae (feather-like) in the canstruction. This
atrangement makes the muscle more powertil, althougch the range of
movement s reduced. Oblique arrangements sre of the following types:
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) Trianguwiar. ¢.g lemporahs, adductor longus.

2. Unipennute, c.g. (lexor pullicis Jengus, extensor digitorum longus,
peroncus tertius. palmar interossei {Fig. 4.8}

3 Bipennate, €.g. reclus femaoris, dorsal interosser {Fig. 4.7),
peraneus longus, flexor hallucis lungus.

4. Multipennate, ¢.g. subscapularis, deltord (acromaal fibres)
iFig. 4.8}

5. Circumpermate. ¢.g. hbuahs anteror (Fig. $.7).

—

{al Unipannata-nalmas inlRrossal

Spwnc of srapida {- )

Clavicle
Antaror |l
Pasirnns Shes o ;B'"%d bres
lnlecml.saula-r )
Ivermuiscukar seplum s=plum of angin
ud Mgerhon
Delum] trirsaty

{b} Mubpennale-galin d

Fig. 4.8: Cblique fascicuh
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C. Spiral or Twisred Fascicul

Spiral ur twisted fibres are (ound i trapezius, pecloralis majur,
laussimus dorsi, supnator, ele. {Fig. 4.9). In ceniain muscles the
fasciculi are crossed. These are called cruciate muscles, gy
sternocleido-mastoid. masseter. and adductor magnus.

Fig. 4.2 Spiral ‘ascetuli Lalissimus dors

Romenclatuce ol Muscles

The muscles have been named in a number of ways.

[N ]

"N

-l

According ta their shape. e.2, trapezius, ibormboid2us, serratus
anterior {Fig. 4 10), latissimus dors, ete.

. According to the number of heads uf ohgin, e g. bleeps. tnceps

{Fig. 4.11) quadriceps {Fig 4.7), digastric, ele.

According o their gross structure. €. semilendinosus, semi-
membranosus, et {Fix. 4 12).

Avcording w their Jovauen, e.e. wemperalis (Fig. 4.13), supra-
spiratus, mtercoslales.

According 16 thew attachments. c.p. stelahyvoid, ericothyrond
{Fig.4.19), etc.

Accerding W their acton, e.p. adductor longus, flexar carps
ulnacis (Frg. 4.15), abductar pallicis Tongus, ¢i¢. orbeularis aculs
{Fig.4.7).

Accurding e directivn of their tibres, ¢.g. rectus abdominis,
transyersus abduminis. orbiculans oculi (Fig. 4.7).

. A musle with lwy bellies with an intervening Lendon is called

digasiric muscle {Fig. 4.7). Muscle with number of intervening
tendans or intersections i3 the rectus alklomunis.
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Lukaral hoad

hYachal head

Fig. 4.11: Triveps brachii
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I Semirerbranosus

Bicaps forowia
Semilendnasus

Popit=al 1553

Plarans

1 AtAral hRAan of
gasirocnamedn

Medwalheadod
Jasiracramis

Fig. 4.12: Accerding te gross slructurg: Semitendinosus

- e

r__._
I
|

Fig. 4.13: Acccrding o shape. Tenporalla

Thyiud Garilage

Cneoibyod musele Cncud cardage

Fig. 4.14! A¢oarding 16 atlachrent: Cnoottyroid
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The museles that extend over hwo ormore [0ints are called diarrfric
or pedyrthric muscles, €.g, Hexor carprradalis iFig. 4.1 51 and flexar
digitorum projundus (Fig. 4.4).

Commean fimear oogin

Promianee teres

—Fleaol ¢arpi ulnsdis

‘| Pamman: angus
I “Flaxnr cam radialis
] “Flanar Qig#rum suparhicials

~Fhexor relinaculum

/|4 T Pamar apcneumsis

Fig, 4.15: Mu=zcles$ namad acoerding te adtion

NERVE SUPPLY OF SKELETAL MUSCLE

‘The nerve supplying a mustle 15 called motor necve. In lact U is a
mixed ngrve and consises of the following types of fibres.
1. Xotor fihres (63%) camprise:

(a) Large wyelinated alpha cfterents which supply extrafusal
muscle fibres (Fig. 4.16).

() Smaller myelinated gamma efterents which supply incratusal
filvres oi'the muscle spindles which refine and contral muscle
CONEACTION.

(e The fine non-my2linated autoenomic <fterents whach supply
smooth muscle fibres of the blowd vessels.

2. Sensory fibres (40%) comprise: Myzlinated fibres distributed

10 muscle spindle= for propriaceptian, alsa 10 tendans.

Muscle spindles are spindlc-shaped sensary end organs of the
skeletal musele. Each spindle contains 614 intrajusal muscle fibres
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which are w Lwo types, the larzer wuclear b fidres, and the smal ler
nuclear chatn fibres (Fig 4.16). The spindle is innervated by both the
sensory and motor neryes The sensary endings afe of two hvpes, the
primary sensory endings {annulaspical endings) arvund the ¢enteol
nutlear region of (he intratusal fibres, and the secondary sensory
cadings (Rower spray endings) bevond the suclear region on either
side of these Nibres.

[5rp & (1hirk) : | Nucdwar bagtibre 3
X \ . Inirafusal itiras
afkerani - * Nuciear chain ‘&g )
) : Primary sensory endngs
o !°,'
Jacondary sansiy endings
= Notar encings
! Copeuda of myuschs spncla
Aha o | ety e
Gamira etlarenl ]

- _Emrafusu lbu:s_ =

Fyg 4.16: Nerve supply of skeletel muscie

The maotor nerve supply of the spindle is derived trom gamima mator
neurons of e spinal cord. Museles spindles a¢t as stretch receptors.
They revord and help regalate he degnes and rate of contachion of the
extealusal fibres by inflaencing the alpha neurans

Motor point i the site where the mowor neeve enters the musele. i
may be one o1 more thun one. Clectoical stimulauon an the motor point
15 rrivre effective.

Motor unit (mxonch s Jefined as a single alpha motor newron
toeether wilh the muscle fibres supplied by it The gize of motor unit
depends upon the precision of muscle cuntrol. Small motar anits
(3 10 muscle fibres) are found in muscles ol fine movements (exira-
o¢ular muscles). Large moter units ( LOU=-20U0 muscle fbres) are found
in muscles of gross muyements {proximal Jhuk inusel2s).

Compositahiybrid moscle: Musele supplied by 19o ditferent mntar
nerves with drtfersent root values is called a compocite or hvbrid muscle,
¢ g. adductar magnus, flexor digitatum profundus and pectacalis major.
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Merve Supply of Smooth Muscle

According W nerve supply the smaoth muscles are classified into.
aple-unil [ype: Seon noatesancs. The nerve jmpulse reazches
ang mu:,c].., ccll 15 tansmited 1n nther cells by the mechanical pull
(hrougl the tused cell membreang. The ngrve supply is sparse.
[{=tun bt 1 ¢ Scen in the muselex nf 1the ducwus deferens. Fach
muscle cgl]l receves & separate netve fibre, The contraction is

simultanecus. The nerve supply is nch {Fig. 4 17),

Spinal nenwy —
&5 ‘4‘
i PrRrioe
| ‘ reree 1o
A Lell body of
— Nerve fibre < IMHEH nBan
W laxeng

Geoup rd
mixgcla hbras

L - - — - —

Flg. 4.17- Nerve supply of amooth muscle

NHeve Supply of Cordlac Muscie

Heart s supnhed by sympathetic and parasympalhetc herve fibres.
Sympathetic nerves sumulate both the heart rate and blowd pressure
any dilate (he coronary arteries. The ensane Rbres comey patntul
impulses from heact.

Parusympathetic fibees decrease the heant rate. Their sensory fibres
are involved with visceral reHlexes.

ACTIONS OF MUSCLES

1. Bruadly, when a mascele contraces, it shartens by ane-thied (3024}
uf its belly-length, 2nd brings abnot a mavement. The range of
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movement depends on the length of fleshy fibres, and the power
or force of movement on the number of fibres.

However, the actual behaviour of muscle contraction is more
complex.

During contraction the length of the muscle may decrease
(isotonic contraction).

May remain unchanged (isometric contraction).
May increase, according to the functional demands of the body.
In each circumstance the tension generated at the ends may either

increase, persist, or decrease, depending upon the number and state
of its active motor units and the external conditions like loading.

. Each movement at a joint is brought about by a coordinated

activity of different groups of muscles. These muscle groups are

classified and named according to their function.

(a) Prime movers (agonists) bring about the desired movement.
When a prime mover helps opposite action by active
controlled lengthening against gravity, it is known as action
of paradox. For example, putting a glass back on the table is
assisted by gravity but controlled by a gradual active
lengthening of biceps (paradoxical or eccentric action).

(b) Antagonists (opponents) oppose the prime movers. They
help the prime movers by active controlled relaxation, so that
the desired movement is smooth and precise. Thus, the
antagonists cooperate rather than oppose the prime movers. This
is duetoreciprocal innervation ofthe opposite groups of muscles,
regulated by the spinal cord through stretch reflex (Fig. 4.18).

(c) Fixators are the groups of muscles which stabilize the proximal
joints of a limb, so that the desired movement at the distal joint
may occur on a fixed base. Muscles acting on shoulder joint
fix it for better movement of fingers.

(d) Synergists: When the prime movers cross more than one
joint, the undesired actions at the proximal joints are prevented
by certain muscles known as synergists. For example, during
making a tight fist by long digital flexors the wrist is kept
fixed in extension by the synergists (extensors of wrist). Thus,
the synergists are special fixators and partial antagonists to
the prime movers.

Two or more muscles causing one movement are synergist
(Fig. 4.15).



o Hanrabook ol Géneral Anatomy

14 fitew .

.
Muscde apendle — -
Raclus lamaons

— Samtardnnus
anlagonizt muscle

Flg. 4.18: Raciprocal innarsabon of orie mowver avd antagoriat

CLINICAL ANATOMY

» Paralvsls
Loss of mator power (pewer of movement) s ealbed paralesis. This
1$ due o inability of the muscles 10 contrast, vaused enlrer by damage
L the meter neural pathwavs {upper of lower moler neuron), or by
the inhecent disease of pwsches (msopathy 1. Damage to the upper
MOLAT NEUraN Causes spvastic peralysiy veilh € papprerated lendon jerks.
Damage w the lawer matar newran causes flaceid paralysis with
toss of tendon jerks
Muycular spaym
These are quite pantul Localized mustle spasm 1s commonlly caosed
by a 'muscle pull®. Inorder to relieve its pain the muscle should be
relaxed by appropriale treatmienl. Genecalized musele spasms ueeur
in 1¢1anus and cpilepsy.



Disuse atrophy and hypertrophy

The muscles which are not used for long times become thin and
weak. This is called disuse atrophy. Conversely, adequate or
excessive use of particular muscles causes their better development,
or even hypertrophy. (Fig. 1.2). Muscular ‘wasting’ (reduction in
size) is a feature of lower motor neuron paralysis and generalized
debility.

Regeneration of skeletal muscle

Skeletal muscle is capable of limited regeneration. If large regions
are damaged, regeneration does not occur and the missing muscle is
replaced by connective tissue.

Hyperplasia
[ncrease in number of smooth muscle fibres. Usually occurs in uterus
during pregnancy.

Myasthenia gravis is an autoimmune disease of muscle of unknown
origin. Antibodies are produced that bind to acetylcholine receptor
and block it. The nerve impulse transmission to muscle fibres is
therefore blocked. This leads to extensive and progressive muscle
weakness although the muscles are normal. Extraocular and eyelid
muscles are affected first, followed by those of the neck and limbs.
[t affects more women that men and usually those between age of
20 and 40 years.

Polymyositis is a disease of muscle characterized by inflammation
of the muscle fibres. It starts when white blood cells (immune cells
of inflammation) spontaneously invade the muscle. Muscles close
to trunk or torso are mostly affected by polymyositis that results in
severe weakness. Polymyositis associated with skin rash is referred
to as “dermamyositis”.

Fibrillation is the abnormal contraction of cardiac muscle. The
cardiac chambers do not contract as a whole resulting in the
disruption of pumping action. In atrial fibrillation, there is rapid
and uncoordinated contraction of atria, ineffective pumping and
abnormal contraction of the AV node. Ventricular fibrillation is
characterized by very rapid and disorganized contraction of ventricle.
This leads to disruption of ventricular function.

Angina pectoris is episode of chest pain due to temporary ischaemia
of cardiac muscle. It is usually relieved by rest and nitrites.
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» Myacardial ischacmie
Persistent ischacmia due Le bluckage o[ more than vne arteries Tesully
m necrosis (deathy of the cardiae musele (kg 4.19). Pain, not
reheved by rest. gels referred 10 left arm, chest, and acighhaucing

areis

Fig, 4.19: Myocardial ischagmia



Cardiovascular System

Cardiovascular system 15 the transport system of the body, thronglh
whizh the natrients are conveyed 1a places where these are utilized,
and the mewatohites (wasie products) are cunveyed 1o appropridle places
triem where these are expel led.

e conveving medwm is a liguid tissug, the blood, which Hows in
fubular channels called bived vessely The circulation is maintained
by the central pumping organ called the frears.

COCMPONENTS

Cardiovascular svalem is 3 ¢losed system of Wbes made up of the
fellowing parts based on their strogowral and wpographical
characteristics (Fig. 5.1).

A .
A\ Y1
| /___,—' ?
sm"ﬂf é.)—ﬁ- ‘|l ( >
uan3 TRUP l‘ \ | ' -Lalt auncle

foscerding 0i1a = § = B ) Pulmarary trunk

| '4;- - N "
Fxgbt atnung - - %L /
\
Right verrich ———————— I

Figy. 5.1 Hearl
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1. Heprt: Bis a fuur-chambered muscular urgan which pamps bload
tee varivus panis ot the bods. Lach hall of the hearthas 4 receiving
chambugr called afrivr:. and a pumpine chumber called ventricle.

2. Arterles: These are distributing channels which carry hloud uway
Lroan Hhe heart,

{i) They hranch like trees on thaw way 10 different parts of the
hady.

ih) The large arieries are nich 0 elastic tissuc, but as branching
progreases there is an eyver-inercasing amaount of smonth
muscle in ther walls.

(¢ The munute branches whivh ang just visible lo naked <ve are
called ararinfes

(d) bygzion s a Greek word, meaming a vessel 1blood vessel or
[ymph vesseld, Tts waord derivatives are angiolopy,
angivgtaphy, haermangiomia. and thrombueangits eblilerans.

3. Veims: These are draining ¢hannels winch carry bluwd frum
Jiflerent pacts ol the body back 10 the hean.
fa] Like nvers. the veins are formed by toibutaries.

(b3 The small veins (venules) jon logether 10 Jorm laraer vons,
which in tucn unite to form greae vons called i cotwe

¢

thig .2)
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Fig. £.2- Artary acrd vein
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Capillaries: These are networks of microscopie vess¢ls which
connect arterioles with the yenules,

* These come in intimate contact with the tissues for s tree cschange
of nulricnts and metabalites across their walls belween the bland
and the tisauc tuid.

* The metabeliles are parrly diaimed by the capilbaries and panly by
Iy mphatics

= Capillanes are replaced by sinusoids in certan organs. like iverand
spleen.

Funcrionalfy: the bload vessels can he classified wta the fallowing

nve proups.

14) Disiributimg vessels, ncluding artenes;

1h) Revestanee vesveds, including ariehales and precapillary
sphinclern,

<1 Fxchange vessels, including capillanies, sinusnids, and
postcapillary vonules;

14y Rexerserr feaperitetcey vessels, including larger venyles and
veins. and

1) Sheants, in¢luding various tepes uf Anasiormoses

Types ot Circukiilon of Blood

Svstemic (grealer) circylation: The hlood Mows from the lett ventncle,
through vanous pars of the hixdy, (o 1he vight aoium. . foom e [eft
tn the tight <ide of the heavt (Frg, 5.3,
Pulmonury (lesser) circulution: The blood Musws from the rign
venteicle. through the lungs, te U left atriurn. ve. frem the right w the
lefl side of the hearl.
Fortal circulotion: IL1s a part of systemiz cwculation, which has
the tollowing characterisics.
(ab The blovd patsses Ihiaugh wa sels of capillaries before draimng
M0 A SYSIEMIC Ve,

by The vein draining (e Brsg capallary network is known as porsa!
reer which branches Tike an attery 10 farm the second ser of
capillanes or sinusoids. Examples: hepatic portal circulation
hypothalama hypophyseal partal circulation and repal portal
circulacdion {Fig. 3.3).
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ARTERIES

Fig. 5.3. Typas of circulalvon

Characlenstic Fealuras

1. Arterics are thuck-waldled, being unitormly thicker than the
accompanying veins, excepl for 1he arteries wiflne the cramum

and venigbral ganal where these are 1hin.

2. Their furenga i ymelfer than thag ot the Recompanying veing

X Arleries have no valves.

1. An artery is uswally accampanicd by vein(s) and nerve(s), and
the three uf them together torm the rewrovascuiar bumdie which
1 surronnded and suppuried by a fibroareolar sheath.
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Types of Atteriet and Structure

1

rs

‘-

Lurpe arverics of elastic npe, g aorla and its mam branches
Ibrachiocephalic. commoan carotid, subc lavian and comman jliach
and the pulmonary arlerics.

. Mediwn und small ureeries of muscwlar pne. ep. temporal

occipital, radial. pophteal, ele.

- Smailcse orteries ot vecscalor tone are called arenoles They

measure S0=-H micvon iy diameles, Areericles divide inw
terminal arterioles winh a diameter o |5 20 cnicion. and having
one ar iva 1aveis of smomhb wuscle in thew walls The side
branches trom sernpnid arterimies ale called nresarterotes which
measure 10 15 micron at their onigin and about $ miccun at their
fermination (Fig, $ 41,

The twiminal nanow end ol metntenule is surmounded by a
precamdtary spineter which regulnes blood low nt Lthe
capillary bed.

Muetonsnolos

v 4

p! ‘,Cap llanr=s

Fieapllary -
sphinrtar

Shonr

\Vel'uln
.‘< ,1 ~ ISSQ
v

Flg. 5.4: Casillary bed beraeen arlendle and venula
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It ix trnpostant to knuw 1hat the museulat anerioles are responsible
for generating petipheral resistance, and thereby for regulating
e diastolic blood pigssing

Mirascoprealh, all artenes are made up of three ¢nals,

{ap The inner conal is called fericer spteenis (Fag, S 5).

(b) The waddle crat is called furca orediu

(cp The outer ¢oan s called ranica adhveniedia. 118 steongest of all

ceats and merges with the pecivascular sheath.

The relatve thickaess of the coats and 1he relatve propurion of
the muscular. lastic and [Ibrous ussues vary n dillerent 1ypes of
arteries.

| ‘
' |
!
i . \ ! N
Tuned 2w e N e Vein
>dventin P it 8L ) i |
P y - .. »
f . iy ‘ L y
Tuney —je— | N =% -
inedy '| ‘ % ) ). .
) L s — . f!
b 5 . | . |
Tuivea "~ . y e e Lymiph W@ 55/
g R T ’ ¢ ‘A th valva

Fig. 5.5; Microscopic siructurs of {3} arery. (b} vein, ard {¢) ymph veseel

Blood Supply of Arterias
The large arenes (of more than | mm dizmetery are supplied with
blowd vessels.

The nuingnt vessels, ¢alled vase vesorwm, torm a dense capillary
velwoerk an the tunica adventiba, and supply 1he adventitia and ihe
oliter pant of funica media.

I'hé rest of the vessel wall {intima - inner part afmedialis nourished
dire¢tly by diftusinn from the lunanal blnod.

Minuie veins aeeompanying the arterigs drain the blood from the
outer pan O arterial wall.

Lymphatics are alsa present in the adventitia.
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Paipable Arteries

Some arteries can be palpated through the skin. These are: common
carotid, facial, brachial, radial, abdominal aorta, femoral, posterior tibial
and dorsalis pedis (Fig. 5.6).

Nerve Supply of Arteries

The nerves supplying an artery are called nervi vascularis.

The nerves are mostly non-myelinated sympathetic fibres which are
vasoconstrictor in function. A few fibres are myelinated, and are
believed to be sensory to the outer and inner coats of the arteries.

Vasodilator innervation is restricted to the following sites.

(a) The skeletal muscle vessels are dilated by cholinergic
sympathetic nerves.

(b) The exocrine gland vessels are dilated on parasympathetic
stimulation.

(c) The cutaneous vessels are dilated locally to produce the flare
(redness) after an injury. The vasodilatation is produced by the
afferent impulses in the cutaneous nerves which pass
antidromically in their collaterals to the blood vessels (axon

reflex).
VEINS

Characteristic Features

|. Veins are thin-walled, being thinner than the arteries.
2. Their lumen is larger than that of the accompanying arteries.

3. Veins have valves which maintain the unidirectional flow of
blood, even against gravity.

Since the venous pressure is low (7 mm Hg), the valves are of
utmost value in the venous return. However, the valves are absent:

(a) In the veins of less than 2 mm diameter.
(b) In the venae cavae.

(c) Inthe hepatic, renal, uterine, ovarian (not testicular), cerebral,
spinal, pulmonary, and umbilical veins.
4. The muscular and elastic tissue content of the venous walls is
much less than that of the arteries. This is directly related to the
low venous pressure.
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3. Large vegins have dead space around (hem 1or theit dilatation
during increased venous return. The dead space enhumunly
contang the reginnal Ivmph nodes {Fig. 5.7).

T ls. —
Frmaral arey
- ;—;- v — Famoal cann
4 A = widh [ymph node
1 — [yl spacat
o
o
o
- V - J ( \
A <
-'/ /
.
d - Famoea ain
LS

Flg. 5.7: Dead space aih large vains

Sruciwre ol Veins
Veins are made up of ususl three coats which are found in the arteries.
But the coats are ill-defined, and the muscle and elastic tissue content
IS o,

Mo pouely develeped tunica inedia, 1he amount of collages Abres is
mote than the e¢lastic and muscle fibres. The udventitia is thickest and
best developed. The smooth mustle is altogether sbsent:

fa) 1in the veins nf matemal part of placenrs;
(b) 1n the cranial venous sinuses and pial vens;
() 1n the Tetinal veins;

() 10 che veins of caneellous bone; and

(¢} in (he venous spages of the corpura cavernvsa and Sorpus
spragiosum.
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Cable 5.1 Shows the comparnisan of arteries and veins.

Tabke S.1. Comgarsen OF arlernses and weing

Ar!etles Yelns

Arleues camy oxygenated blacd,  Veins tamy deaxygenated |
away from tha h2art exsegl blood {owards the heart except
gcukmcnary artery pulmonary veins

Z. These are mostly desply situsted  These are uperfiial and déep
in the body lotahon

Thess are fhick-walled. highty These are thin-walied
muscular except arteries of
cranluny and vertebral colurmn

[

4 Thasa posses NAamow lumen Theze pesses wide lumen
5 WValves are absent Valves are préséent whith peéryida
wnsdireclional llow of biopg

6. These are raddish in colour Thesa are blush 10 colour
These shewm spurly movemenrd of  Thess show sluggisll movamant
blood giving pulse ol tlooo

B. Blood in ertenss moves with Bleod In veIns moves under very
pressune low pressure

0. Arterses amety up althe time ¢f  Veins get filled up at bme of death
death

10, If arimnal wall #s injured, the blood  If vencus wall s injured, blced
cormes aul Ike a founlan’In a ctrmes aul, collects In @ pool in @

large area all araund the arery small arsa aroung vaein

Bload and Nerve Supply of Veins

The lareer veins, like the arteries, are supplivd with nutcient vessels
called vesea vasorren. Bulin the veins, the vessels oy peneccale up W
the intima, prohably becawse ul e livw venous pressure and che Inw
DAYEEN Lension.
Nerves also are distributed toe the vewns in the same manaer as tathe
but are fewcr 1n number.

. C s lon tie caplaries, pushed frotr bebind Dy e anteries
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. Negative itrathoracie presseive sucks the blood into the heapt
from all over the body.

Y. Grovite helps venous seturn in the upper pant of the body.

. Arterial putsetiony press on The venide conitantes intennittently
and drive the venwus blood towacds the hean.

. Yeous valves prevent any reeureitation {biack flowyof the luminal
blowd (Fie. $.8).

Qpan venous vake

Muzcic pwnp and
chsed venous
valve

Fig. § B: Venous valves and myscle pumgp in krear limb



6. Muscular contractions press on the veins and form a very eftective
mechanism of venous return. This becomes still more effective.
within the tight sleeve of the deep fascia, as is seen in the lower
limbs. The calf muscles (soleus) for this reason are known as the
peripheral heart. Thus the muscle pumps are important factors
in the venous return.

CAPILLARIES

Capillaries (capillus = hair) are networks of microscopic endothelial
tubes interposed between the metarterioles and venules (Fig. 5.4). The
true capillaries (without any smooth muscle cell) begin after a transition
zone of 50-100 micron beyond the precapillary sphincters.

The capillaries are replaced by cavernous (dilated) spaces in the
sex organs, splenic pulp and placenta.

Size

The average diameter of a capillary is 6—8 micron, just sufficient to
permit the red blood cells to pass through in ‘single file’. But the size
varies from organ to organ. It is smallest in the brain and intestines,
and is largest (20 micron) in the skin and bone marrow.

Types and Structure

The capillaries are classified as continuous and fenestrated according
to the type of junctions between the endothelial cells.

1. Continuous capillaries are found in the skin, connective tissue,
skeletal and smooth muscles, lung and brain. These allow passage
across their walls of small molecules (up to 10 micron size).

2. Fenestrated capillaries are found in the renal glomeruli/intestinal
mucosa, endocrine glands and pancreas. These allow passage
across their walls of larger molecules (up to 20—100 micron size).

The capillary bed and postcapillary venules form an enormous area

for the exchange of nutrients, gases, metabolites and water, between
the blood and interstitial fluid. Capillaries also allow migration of
leucocytes out of the vessels.

SINUSOIDS

Sinusoids, replace capillaries in certain organs, like liver, spleen, bone
marrow, suprarenal glands, parathyroid glands, carotid body, etc.
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Characteristics

Sinusoids are large, irregular, vascular spaces which are closely
surrounded by the parenchyma of the organ. These differ from
capillaries in the following respects;

1. Their lumen is wider (upto 30 micron) and irregular

2. Their walls are thinner and may be incomplete. They are lined
by endothelium in which the phagocytic cells (macrophages) are
often distributed. The adventitial support is absent.

3. These may connect arteriole with venule (spleen, bone marrow),
or venule with venule (liver).

ANASTOMOSES

Definition

A precapillary or postcapillary communication between the
neighbouring vessels is called anastomoses. Circulation through the
anastomosis is called collateral circulation.

Types

A . Arterial anastomoses is the communication between the arteries,
or branches of arteries. It may be actual or potential.

1. In actual arterial anastomosis the arteries meet end to end.
For example, palmar arches (Fig. 5.9), plantar arch, circle of
Willis, intestinal arcades, labial branches of facial arteries.

2. In potential arterial anastomoses the communication takes
place between the terminal arterioles. Such communications
can dilate only gradually for collateral circulation. Therefore
on sudden occlusion of a main artery, the anastomoses may
fail to compensate the loss. The examples are seen in the
coronary arteries (Fig. 5.10) and the cortical branches of
cerebral arteries, etc.

B. Venous anastomoses is the communication between the veins
or tributaries of veins. For example, the dorsal venous arches of
the hand and foot.

C.Arteriovenous anastomosis (shunt) is the communication
between an artery and a vein. It serves the function of phasic
activity of the organ. When the organ is active these shunts are
closed and the blood circulates through the capillaries.
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Supericial >1d
OrRAR PRMAT ACIRK

Ulnar artery ————

Hight
cararaly Brsry

Fig. 5.10: Pulential arterial anasiomosis betagen caronary aneles
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Hawever, when the organ is at rest, the blaod byvpasies the capillany
bed and i shonled back through the aneriovensus anasomosss.
The shunt vessel may he straight o1 cnled, possesses a thick

muscular enat, and 15 under the wnflucney of sympathebic system
(Fig 5 11).

A ghyrd

Fig. 5.11: Art2niovenous shunt typasawng Lhe capillaries

STuints of seeneale structiune ai€ feund i The skin of nose, lips and
exlemal eav. i 1he mucels membiane of nose and slimentary
canal; the coccygeal hady; (he erectile (issuc af sexual wRans;
the 1ongue; 1he Lhyroid gland and sympathehc ganglia.
Speciaiezed arteriovenows anastemoses are tound in the skin of
digital pads and nail beds They {arm a number of small umits
called plemere

Preferenat thomughfare channels “are also a kind ol shunts |hey

course through the capillary network. Many trae capillancs arise as
thew side branches.
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One thoroughfare channel with its sssociated capillaries forms a
micracircularory wnit. The size of the umit is varisble from 1 2 1o
20=34 true caprllaries. The number ol aclive uoits varies lrom Llime W
time.

END-ARTERIES

Definllken
Arwerics which do not anastomase with thear neighbours are called end
artencs (Fig. 5.12).
Exampries
I. Central artery of reting and labyrinthine arlery of wnternal ear are
the hesy examples of an ghsolulz end aneries
2. Central branches oi'cercbral avterics and s asa recta of me semene
arteries.
Y. Anenes of spleen, kidney, lungs and mewaphyses af [ong bones,

Caniral artary nd rrbna

Cphthalrec artery

mbemal carabgd arlery

Fig. 5.12: End artery of the 1ebna
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Imponance

Qcelusion of an end-ariery causes serious nuiritional disturbances
resulting in death of the tisswe supplied by it For example. occlusion
of central arcery of veting resulls s hhndaess,

APPLIED ANATOMY OF CVS

The Dlood pressure is the anenal pressuce exerted by the blood on
the arterial walls. The maximum pressure during venteicular systole
is called systelic pressure; the mimmmum pressure dunng ventcicular
diastele s called diagstolic pressure. The svsielic pressure s
eeneraled hy the force of contraction o the hean; the diastohe
pressuce is chielly due to anteniclar tone {peripheral resstance). The
heart has 1o pump the bluod apgainst the diastolic pressure which is
a dwect luad on the heart. Normally, the bluod pressure is roughly
L2058tk mm Hg, the syswlic pressure cangiong from |10-130, and
the diastalic pressure fram TO-8Lk The difference between systolic
and thastohc pressure is called ‘puelse pressure”.

Haemorrhage (bleedinghs the vbvivuas resull of cupture of the blood
vessels. Venous hacmorchage cavses vozing of blood; anerial
hacmarrhage causes spucting of bload (Fig. 5.13).

(Al m)

Fig. 5.13: (3) Spurbng of blccd i arierial hasmorrhage (B) Poaling of
blood in vanous hasmon hage

Vuscul lwstrophics are ul three types:
{a) Thrombaosis
ib} Embohsm
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1<) Hacmorthage Allotthem result in s loss af bload supply tn the
arca of distnihution of the vessel involved. unless it is
compensated by collateral cicculavon.

« Arteriosclerosis: In old age the arteries become suff. This
phenomenaen it called actenosclerosis. This causes a vanable
reduction in the blood supply 10 the tssues and a rise in systolic
pressure.

« Arteritis and Phlehitis: Intlammation of an artery is known as

arterits, and intlammatinn ot & ven as phlebnis.
Atheroma are patchy changes devcloped in the wnica mtima of
arteries dug (o accumulation of chalesteral and ather Tipid
compounds. Arterics mnst commanly naroveed are Those i (b heard,
orain, small intesting, Xadneys and lower limbs, The changes are
called thrombi {Fig 5 14).

Fip. 5.14° Thrcmbi fFormation due to atheroma

Coronary avierles blockage: These may he apened up by stents
(Fig. S.15) Blacked corgnary artery may be replased by a graft
iFig. 5.16)

© Aneurvsin is the swelling ar dilation of blond vessels where part al
the wall of artery intlates like a balloan. The wall at'the bload vessel
at the site of aneurysm is weaker and thinner than the cest of the
blnod vessels. Due wiits likelihaod to burst it peses a serisus nsk 0
health (Fig. 5.17)
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ascandng asria and
nghl cararary afary

Fig. 5.16; Graft for bypaszing the tlocked Loronary ariery

Rucrger's disease (thrombnangitis abliterans): Thas isa very pauntul
candition. There is inllammation of small periphéral artenes ot the
legs The victim is a young person and a heavy smoker.,
Havnuud's pheoomenon: In this condition there i$ spasmadic attack
ot paller of the Mingers due w constriction of small anenes and
aneriales in respense o vold.
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3

Aneuny=me

Flg. .17 Ansurysms in circle of Willis

« Acute phlehothrombosis: The vens  ———— - "
nl1he lower limbs arc atfected. Duc tn
lack af mavement of the legs theee 1s
thrambus rarmation with mild |
wdflamimation. I s thrombus may get \ '
dislodged and tlow i the blood and ’
may block any other artery. This ‘
conditinn iy called as verbotam.

« Varkose velns: When the vein wall
13 3ubected 10 ereascd pressuce LVET ;
long time there is atrnphy ot muscle
and clasthc nhissue with fikrous '
replacement This leads to steetching \
of the voim with lorluesity and
localized bulging. Yenous congestion ‘ ’
of the feel 1s ceheved by pulting feer :
oh the stool, that is higher than 1the J/
(trnk, helping in venous retur arwd :
rehefintiredness (Fig, S 18). Varicase =
veins may aceur af the lower end of  Fig, 5,18: Yaricose veiny in
ocsophagus o1 o Lthe anal canal. Icawer limb
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< Al s parenteral nuteition ¢an be given through the nght subclavian
vein(Fig. 5.19)

« Bland vessels ¢an be examimed in W retima v ophthalmascupe,
especially in ¢cases of diabetes and hypertension

o)

— e o —

Fig. $.19: Parantaral nutrition {hroasgh nght subclavan vein






Lymphatic System

Lymphatic system is essentially a dramage svstem which 18 accessory
e (he venous svstem (Fig. 6.1).

Must of the rissue {luid formed a1 1he anerial end of capillaries is
ahsarked back inw the bload by the venous ends of the capillaries and
the posicapillary vennles. The rest of the ussue fluid {10-20%) s
absorbed by the lvmphalics which begin blindly in the Lssue spaces.

Lymphalic duu

Arlueivs

Yens

Capillaras

Fig. B.1: Lymghalic system

I is impantant we know thag rhe larger padisles (proteins and particulate
matieh ¢an be vemut ed fiom the 1issve Nluid only by the [smphatics.
Therefiore, he Tymphatic sysrem may be regarded as “drainage system
of course 1vpe” and the venous system as 'dlainngc svslem of fine
tvpe’.
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Cenlain parts af the lymphatic system (Iympha-rehicular organs),
however, ane chietly involved in phagneytasis, raising iImnmung Tespnnges,
and contnbuumg to cell pnpulations af the blaod and [ymph.

The tissue fluid Aowing in the [ymphatics s called [ymph. 1 passes
through filters (Iymph nades) placed in the ¢ourse of [y mphativs, and
tinally Jrains into the venous blood.

Lymph trom most of the tissues 1s clear and ¢aleugless, bug che Ty mph
trom small intesting is milky -white dug w absorption oftat. The sntestimal
milky [xinph is called cfivfe. and [ymph vessels. the lacicals.

Components ol Lymphalic System

The lymphanc system comprises: (1) lymph vessels, (2 central lymphind
tissues: (3] peripheral lymphowd organs; and (4cicculating lymphocytes.

1. iymph Veasely

The lvmph capillanies hegin blindly i the bssue spaces (Fig. 6.2) and
farm mtricate netwaorks. Their cabbre s greater and less regular than
that of bload capillaries, and thewr endathehal wall is pemmeable to
substances ot much greater malegular size (Fig. £.3)

Lymph capillaries are absent fram the cellular stiaciures like bran,
spinal vord, splenic pulp, and bone manrov.,

Lymph capillares bave been compared 10 bloud capillanies in
Table 6.1.

Table 5.1. Companson of lymph and blcod capiltares

Lymph capillaring Blood caplllaries
1. Colcurese, difficult 10 observe  Reddish, sasy Ic observe
2. Bind (¢dcsed at Ihe Ig) Jained 1a anenoles at ons end and
19 venules at angihar end
3 Wider than blccd capliaries Marrower than lymph capilaries

4. 'Wall consizl of thin endothelim  Wal ¢canzis! of mormal endolbehium
ard poorly developsd basemenl  and basgrmeni membrane
membrans

'S. Contain colourless lymph. Contain rad blocd

& Have relatively low pressure Hawa relatively hioh pressure.

7T Avsorb hssue fluid frem sntes: Add Exsue fluid le intenolula
cellular spaces spaces
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Fig. & 2; Reialiom of lymphatic and circulatory system

I be lymph capillanes join Lo foom lymphatics, which are superficial
and deep lymphstics. The superficial lvmphanes seeompany veine. while
the deep |ymphatics accnmpany arteries.

The lvmph passes threugh lilees or barriers of the regiomal Lymph
nodes which frap the pariculate matter.

The filtered 1y mph passes thrpugh larger lymphatics and is cventually
crrllected inte 1w Targe trunks, the thoraeic duce and eight tympharic
diect, which paur their 1seph into the brachiocephalic veing {Fig. f.5).
Thoracic duct drains bnih lawer limhs, abdamen . left halves nftharax,
bead and neck and left upper limb, Right lymphatic duce drains right
hahves of (horax, head and neck and right upper himb

The lvmphatics anastomaose freely wirh thei neighhours af the same
side us well ay of e opposite side. Largel lvmphatics are sopplicd
Wi their vasa vesorum and are accompanied by a plexus of fine
blrad vessels which form red streaks seen in lvmphangitis.

2. Ceniro! Lympholdd Nssuss

Central lymphod fissues comprise hong marrow and thymus
All *pluripatent” Ivmphovd stem cells see initlly produced by bane
Inarrow, except during carly detal life when these are produced by liver
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and splee. The stem cells undecgo differenniativn in the central [ymphiid
15305, so thal Lhe [ywmphoy ytes hecome comperent de fensive ¢lanents
of the immune systein

Bone marraw helps differentiation of the (cummitted
R-lymphocyies which are capable of synthesizing antibodies afler petting
teansfommued into plasma cells.

in birds, R-cells are differentiated inhe wall of whe bursa uf Eabricius
a hindput dive miculum

Ared drained

by right |

Iym@haliG chicl

!

thoracic ducl = B ot

!

|

I Lel juguar lymph mnk 2 L&Y supclaaan
temoh [rurk 3 Le¥ broncho-nediawingl krph
lrunk. 4, Thuracie duel. 5. Desedmy Iharscic
lymph frunk G Imcslingd lymgh trunk. ?. Left
Inmbar lymph Irpnk B € xtamal ihac lymph Ingng
3 Inlemghillgc lymohtrunk 173 Clelesna chyli. 11,
Intercosial tymph vessels. 2. Algh
tronchomadiasanal lymph ruak. 1% Supcrise
venys cava 14, Right lymphabc Jucl.

Fig 6 3: Area diainad by thorackc dut ard right lymphalic ducl
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Thymus helps differentiation of immunologically competent but
uncommitted T-lymphocytes (10% of thymic population) which are long-
lived, join the circulating pool of lymphocytes, and populate the thymus-
dependent areas of lymph nodes and other peripheral lymphoid organs.

T-cells being uncommitted can react to a wide range of foreign
antigenic stimuli.

These respond by cytotoxic cell killing (killing virus-infected cells,
neoplastic cells, fungi, tissue grafts, etc.), by ‘arming’ macrophages,
and by triggering the large mononuclear cells (killer cells) and the ‘helper’
activity of B-lymphocytes.

3. Peripheral Lymphoid Organs

Peripheral lymphoid organs comprise lymph nodes, spleen, and
epithelio-lymphoid tissues (lymphoid nodules developed in the alimentary
and respiratory tracts). Any part of this may become overactive on
appropriate stimulation.

The progenies of B- and T-lymphocytes reach these organs where
the cells may proliferate and mature into competent cells. The mature
lymphocytes join the circulating pool of lymphocytes.

4. Circulating Pool of Lymphocytes

The pool contains mature progenies of B- and T-lymphocytes which
may be called upon during antigenic emergencies (Roitt, 1977).

Lymphatic Follicle (Nodule)

Collections of lymphocytes occur at many places in the body.
Everywhere there is a basic pattern, the lymphatic follicle. The follicle
is a spherical collection of lymphocytes with a pale centre known as
germinal centre, where the lymphocytes are more loosely packed.

The central cells are larger in size, stain less deeply, and divide more
rapidly, than the peripheral cells.

LYMPH NODES
Lymph nodes are small nodules of lymphoid tissue found in the course
of smaller lymphatics.

The lymph passes through one or more lymph nodes before reaching
the larger lymph trunks.
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The nodes are oval or rentform n shape, 1 23 mm long. and lighy
brown, Hack {pulmonary}, or creamy white (mtestinal hin colour.

Usually ey oogur in groops dcervical, axallacy, inguinal. mesenteric,
mediastinal, ete.), bul a1 times there may be a sobtary Jymph node.

Supcrticisl nodes are avanged along the vewns, and the deep nodes
alung (e ancries.

Lervical lvmph nodes form a Ang 4t the Junction of head and neck
and verucal chaing in the neck (Fig. 6.4). These drawn whole f head
and neck. Qo cighr side Temph sessels deain into rieht Iymphatic duet,
while on left side hese deain int 1horagic duct. 1ymph vesscls of
abdominal wall abnve a line passinge hon zontally through wawbilicus Jrain
o respective sules ntaxillary lymph nodes. Lymiph s essels below this
hne drain into inguinal group of Iymph nodes. This lne is called
“watershed” (Fig. 6.3,

[ X
AV

Praauncuty | .l?,,'___ Acepilal
: .Q #,%- - Pusbaunioska
Manabulsr — \ f‘ '.[, M
Bucal o _,7 b" ’ '
Sutim=rdal- -
Os8f canveal —

Fig €.4: Lymph nodes i the neck

Cach lyraph node has a slight depression en une side, ¢alled hilum,
The artery euters e node, and the van with effecent lymphiatic comes
out 111, at che hilwn.

The afterent lymphatics enfer 1he node at different parts of its

Structurally, 3 lymph nude s made up ol the following parts
(Fig. 6.6

| Fibrous and reticster framework: The lymph nade 1 covered

by i capsule. [rom the deep surfdu, of the capsuls a numher of
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(rabeculae 2xwend radially into the interior of the nade, where
they arc cantinwaus with the 1ing reticulum whick farms the
suppertng framework tor the Ivanphoid tissue.

Anllary
lymals
mﬂs\;

. Efiarari

tpmphate

” veseel
Paracphoal 3rEa

¥ relig}

Fig. 6 6. Structure ¢ lymph noda (diagrammatic)
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2. Lymphatic channels: The subcapsular sinus lies beneath the
capsule and surrounds the node except at the hilum. Many afferent
lymphatics of the node open into the subcapsular sinus. Lymph
filters through reticulin fibres and leaves the node by one efferent
lymphatic vessel.

3. Cortex: It is the outer part of the lymph node situated beneath
the subcapsular sinus, being absent at the hilum.

It is made up of lymphatic follicles and is traversed by fibrous

trabeculae.

The cortex is far more densely cellular than the medulla.

It is divided into:

(a) Zone 1, containing loosely packed small lymphocytes,
macrophages and occasional plasma cells in the periphery of
the follicle and extending into the medullary cords.

(b) Zone 2, containing more densely packed small lymphocytes
and macrophages, deep to zone I and limited to cortical and
paracortical (inner cortex) areas.

(c) Zone 3, including the germinal centre which contains large
lymphocytes and macrophages.

The maturing lymphocytes pass from zone 3 to zone 2 to

zone 1 and to the lymph sinus (Fig. 6.7).

According to the distribution of B- and T-lymphocytes, the cortex

is divided into:

1. An outer part which contains immature B-lymphocytes.

2. An inner part, between the germinal centre and the medulla,
which contains T-lymphocytes. This part is known as
paracortex or thymus dependent zone.

The mature B-lymphocytes (plasma cells) are found in the medulla.

4. Medulla: It is the central part of the lymph node, containing loosely
packed lymphocytes (forming irregular branching medullary
cords), the plasma cells, and macrophages.

5. Blood channels: The artery enters at the hilum and divides into
straight branches which run in the trabeculae. In the cortex the
arteries further divide to form arcades of arterioles and capillaries
with many anastomosing loops.

The capillaries give rise to venules and veins, which run back to

the hilum. The capillaries are more profuse around the follicles,
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and 1the pestcapillary venules are mare abundant in the paracurtical
zones for lymphatic migration

Zome of T-hmphocyles |paraconiux]
Zane od malure
Zone of mmafure B-hymprocyles jcotex) |, Biymphocyies imenlla)

u'.
‘ X Si B U
Cerical pmpn sinas AN
Reticuluri Mairevurk of fallele - \'\I‘, .'.' 3
Subczmsule lyph sirs L | l
——— ,/- : 11 §
Uapsule ’. l _<.< ) |'\
A ~5 0\
Trabeaul \_“4.
Lymphabc kol icodess — 1

Meculy lymph Snus L
|

| 2anas o lymahalic frlecika

Fig €.7 Zones in lymph node AL = affaranl lymphalics
El = e«farmnt kymphaid

Haemal Nodes
Thesc are small lvmphatic hwdies resembling lymph nedes in their
St-uctare, wiich arc ¥nind in the course of blnnd vessels

I'he atferent and etferent Iymphatics are absent. Theit Smnses are
Milled with Wead patser thas vmph.

These are found 1 same aamals i relatien o herr abdominal and
tharagic viscera

Hamal nodes way represent an mtermediate stagpe betvweena lymph
node arwd the spleen. 0 man. 1he spleen is a large haemal node.

Mononuclear Phagocyte System or Macrephage System
[Reticulo-andothealial System)

This systern is cloasely related o Iymphatic svstem because the two ace
Mdependent stracturally and functionally. The macvo phage system s
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made up of highly phagocytic cells which are widely distributed in the
body. These cells include:

(a) Macrophages of connective tissue, reticular tissue and lungs

(b) Monocytes of blood

(c) Kupfter’s cells of liver

(d) Meningocytes of meninges

(e) Microglial cells of nervous tissue

(f) Foreign body giant cells.

The endothelial cells, fibroblasts, and most leucocytes are not included
in this system because of their poor power of phagocytosis.

Functions

1. The system forms first line of defence of the body against micro-
organisms, because of the amoeboid and phagocytic properties
of its cells.

2. The macrophages of lymphoid tissue are now considered to be
intimately concerned with mounting specific immune responses
by the neighbouring cells.

3. Many of the prominent sites of RES are also important sites of
haemopoiesis.

Growth Pattern of Lymphoid Tissue

Lymphoid tissue of the body is prominent at birth, and grows rapidly
during childhood.

The growth ceases at about the time of puberty, and is followed by
partial atrophy in the later years.

This growth pattern is shared by lymph nodes, thymus, tonsils,
lymphoid tissue of the intestines, and the follicles of spleen.

However, the lymph nodes may enlarge again in response to
inflammation (lymphadenitis) or tumour formation (Hodgkin’s disease,
lymphosarcoma, etc.).

Lymph nodes are commonly enlarged by metastasis (spread) of the
malignant growths (carcinoma).

Functions of Lymphoid System

1. Lymph capillaries absorb and remove the large protein molecules
and other particulate matter from the tissue spaces. Thus the
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cellular debris and foreign particles (dust particles inhaled into the

lungs, bacteria and other microorganisms) are conveyed to the

regional lymph nodes. Lymphatics (lacteals) help in transportation
of fat from the gut.
2. Lymph nodes serve a number of functions.

(a) They act as filters for the lymph which percolates slowly
through the intricate network of its spaces. Thus the foreign
particles are prevented from entering the bloodstream.

(b) The foreign particles are engulfed by the macrophages in the
sinuses.

(c) Antigens are also trapped by the phagocytes.

(d) The mature B-lymphocytes (plasma cells capable of producing
antibodies) and mature T-lymphocytes are produced in the
node.

(e) Both the cellular and humoral immune responses are mounted
against the antigen-laden phagocytes.

(t) The circulating lymphocytes can pass back into the lymphatic
channels within the node.

(g) Humoral antibodies are freely produced by the lymph nodes.

3. Production (proliferation) and maturation of B- and T-lymphocytes
is the main function of lymphoid tissue.

AL AN

Lymphatics are primarily meant for coarse drainage, including cell
debris and microorganisms, from the tissue spaces to the regional
lymph nodes, where the foreign and noxious material is filtered off
by the phagocytic activity of the macrophage cells for its final disposal
by the appropriate immune responses within the node. Thus the
lymphatic system forms the first line of defence of the body.

While draining from an infected area, the lymphatics and lymph nodes
carrying infected debris may become inflammed, resulting in
lymphangitis (Fig. 6.8) and lymphadenitis. In acute cases the
lymphatics are marked on the skin as painful red lines leading to the
painful and tender swollen lymph nodes which may suppurate.
Chronic infections (tuberculosis, syphilis, etc.) cause chronic
lymphadenitis.
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Fig. 6.8: Lymphangitis and lymphadenis

+The filarial parasitc lives in the lymphativs. which may beeame
blocked. giving rise o solid ovdema (¢lephantiasisy in the penphetal
area of drainage. Llvphaniioses 15 characterized by enctinous
enlareement of the limb ur scrotwm (Fie. 6.9) due w the thichened
skin. The rmicrofilariae enter the blood stream only during nicht and.
therefere, the blovd for examination must be vollected during night.

Feg. 6.9 Elaphantigsis involying the scrotum

* The lymphatics provide the most convement roxte of spread of the
cancer relis tFag. 6.1 0. Therefare, the lymphatc drainage uf thase
organs which are commonly mvolved in canter should be studied in
greater details and with special mnterest for many reasons:
fa) Itis helpful 1 the dizgnosis of the primary site of 1he cancel.



L hats
— ymphatic Syslam @ 135

(b} Ithelps in predicting the prognosis and in ¢ lassifying the siage of
cancer.

(ch Ihelps e surpeunin doing the block dissections during aperative
remuval of the cancer.

The spread of vancer cavses enlargement of the regianal lvinph

nodes, which become fixed and stony hard. Many a time the primary

sie of cancer 1s quite msigmiticant or even diffcull o define, and the

enarmaous eplargement of the deaintng [ yinpd nodes due w secondary

malignant deposits forms the most prominent parl of the disease. A

refrograde spread of cancer cells, afier the blockage of lvmphatics.

may accur by a reversed flow of the Lymph.
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Fig. €.10: Spread of cancer cells via the tymphatics

Splevomegalvisthe enlargement of spleen mainly duc o infections,
circulatary disorders, blood diseascs and malignant neoplasms 4
causcs ¢xeessive and premature haemolvsis of ed cells ot
pidgocyloais ofaennal whie cells and platelews leadmg W araen,
terkopena and thrombocytopenia. Spleen alse may enlarge due
te congestion ¢l blowd n portal venaus congestiun. in riehr-seded
hrieart fatliere and in fibrosis cavsed duc to cirrhosis of liver.
Splenamcgaly alsa acgurs 10 mevt the extra warkload for removing
damaged and abnarmal blood cells. Commanest cavse of
splenomepdly is meedaria.

*Enlargement of thymus may cause myasthenia gravis, which
produces extreme weakness of the skeletal muscles, [t may be trcated
by remaval of enlarged thymus, or by drug tecatment.






Nervous System

lervous system 1s the chief controlling and coordinating system of the
body. It controls and regulates all activities of the body, whether voluntary
or involuntary, and adjusts the individual (organism) to the given
surroundings.

This is based on the special properties of sensitivity, conductivity
and responsiveness of the nervous system.

The protoplasmic extensions of the nerve cells form the neural
pathways called nerves. The nerves resemble the electricity wires.
Like the electric current flowing through the wires, the impulses (sensory
and motor) are conducted through the nerves.

The sensory impulses are transmitted by the sensory (afferent) nerves
from the periphery (skin, mucous membranes, muscles, tendons, joints,
and special sense organs) to the central nervous system (CNS).

The motor impulses are transmitted by the motor (efferent) nerves
from the central nervous system to the periphery (muscles and glands)
(Fig. 7.1).

Thus the CNS is kept continuously informed about the surroundings
(environment) through various sensory impulses, both general and
special.

The CNS in turn brings about necessary adjustment of the body by
issuing appropriate orders which are passed on as motor impulses
to the muscles, vessels, viscera and glands. The adjustment of the
organism to the given surroundings is the most important function of
the nervous system, without which it will not be possible for the organism
to survive.

Parts of Nervous System

The nervous system is broadly divided into central and peripheral parts
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which are contnueus with cach other. Fuither subdivisions of each
part arc given below.
A. Central nervous sysiem {{N58} inclodes:
I. Brawr ot eacepholon. which occupies cranial cavity. and
ventains the higher povecning centres {Fig. 7.20.
2. Spinal cord ot spinal medulla, which occupies upper two-
thirds ol the vertebral canal, and contains many retlex centres.
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Fig 7 1: Affmreni and =ferant pathways through the spinal corg
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Fig 7 2: Bran and sg nal cord
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B. Periphersl nervous syatem (PNS) is subdivided mto the
follhwing two components.

1. Cerebraspinal nervous system 15 the anmatic companent of
the penpheral nervaas systen, which includes 12 pairs of cranial
nerves (Fig. 7.3 and 31 pairs of spinal nerves [Cinngrvates
(he somatic strustuees of the head and neck. imbs and body
wall, and mediates somatic sensvy and cowotor functions.

2 Peripheral automomic nervonrs svsézm 1s the visceral
compunent of the peripheral nervous system, which includes
the visceral or splanchnic norves that are connested ta the
CNS traugh the somatic nerves, innervales (e viscera,
glands, hlond vessels and nonstriated museles. and mediates
the visceral functions.

The eerebrospmal aad autanamic nervows systeens ditler trom cach
viher in their eftecent pathway s. Table 7.1 shows companson ot the
L' svslems.

Table 7 4. Comparison cf ceretvospinal and penphera.l.
Aulonomie nervous Systams

'Cerghrospinal nervous Peripharal avtonomic narvous

‘Byslem ayalem

' The somatic efferant gathway is The autononuc efferen pathway i1s

maae up of ona neuran which made up of two Neurans

passes direclly to Ihe sffecios |preganghonic and noshganghomc];

organ (skolelal muscles) with an nlarvening ganglion foe the)

Neurgn rclay ofthe praganghonic fibra The:
4 3xpn cHcotor organ (vscera) are supgled|

Skeletal musela by the puslganglioni: fibrg |

CELL TYPES OF NERYOLUS SYSTEM

The nervous bissue is composed of (wo distine types of cells.
(3} Ihe2xcuable ¢ells are 1he nerve cells or newrons: and
(b} The non-excitable cells cunstitule neuroglia and ependyma in
the ONS, and Schwann cells m the PNS.
1. Neyron
Cach nerve cell or nearon Tias!

(9} A cell bady af perckaron, having a central nucleus and Niss|
granules in its ¢ytoplasm {Fig. 7.4}
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Ceil bady [Sornad

Iretn] sEgMmYEnd Mok of Rawvijer Schawvnnn cell
o axon L Lo
| R Fee lne b .
S 4 A%0n  PAymiin shRath .
4 TEM N
I8
Nucleus  Myehn shealls bontant

v Dendries

Fig. 7.4; Compnnents af 3 »aran with a peapheral nerve

(h) Cell processes called neutiles, which are of (wo 13 pes. Many

shart affecem provesses. which are freely branching and
varicose, are called derdrises

A single long etferent process called ason, which may gve off’
vevasinal hrang hes 1collaterals) and is of unifurm Jiamneler.
The rerminal branches of the axan arc called axon termonils wr
wlodendna,

The cell bodes 1somata) of The neurons fom grey matter and
nuclei in the CNS, and ganglin w the PNS, The ool processes
taxons) form tracts in the NS, and nerves in the PNS

Table 7.2 shaws the ditlerences between axon and dendrite.

Table 7.2. Comgarnson of axon and dendrils _J

Axan Dandrite i

1 Only ane axon is present ma  Usually nullipls in a newarer
NaUon

2 Thin Inng precmss of andoen These arée short multiple processes.
Ihehnmss and smanih surface Thear 1hekness deninishes as ihase

divide repealedly The branches ars
sludded with spiny projections

3 The branzhes of axon are fewer The decgntes branch prafuséty and
and at nght angles \o the axon.  ara qrsn off at acwe angles

4 Arxge contains navrphbels and  Dendntes coetamn beih neuralibrils
no Nissl grannins and MNizsl granules

5 Fomns the etleranl comgceenl  Forms the gHaiend companent of 1he
of the impulse Impulss,



142 | Handbcak of General Anslomy

Types of nemrons: Neurong ean be ¢lassified in several ways.
. According © the number of thewr processes (neurines) they
neay be
(a) Loypolar eg mesencephalic nucleus,
(1) Psewda-wmpodun, €., sensory ganglia or spinal ganelia
{Fig. 7.5k
(¢} Bipolar. ¢ p. spirdl and vestibular ganglia and bipalar neurons
of retina.
{d} Mdeyolar, neurons in cerebram and cenghellun.
IL. According ta the length of axen, the neurans are classitied as
(a) Godgé qppe £ ngurons, wilh @ Tong axen. and
{b) Golg:hype i neurans (microneurons), with 2 shormer ne axon.
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Fig. 7.5: Types of neurans (a) Pseydounipolar, (b} Bipolar, {&§ multipalar
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[Fynamic pularity: The neurans show dynanu¢ polanity in Ther
processes. The impulse lows lawards the soma i the dendrites, and
wway from Lthe soma in the axon (Fig. T.63). Hawever, in cerlan
microneurens, where the weon is absent, 1he impulse can flow in either
dicection theough their dendrites.

Synapsc: The newrans frm lnng chams slong which the impalses
are cunducted in difterent dheeetions. Fach junction between the eurons
18 called & synapse (Fig. 7.6h). It is important ta know that the ¢contact
hetween the neurans is hy conbiguity and not by cantinuity. This s neueon
theory nf Waldeyer {1891). The smpulse is ransmutied peross a synapse
by speotic nourorransminters, hke acetvlcholing, catecholamines
{noradeenalin and dopamine), serotonin, histamine. gly¢ine, GABA and
cartan polypeptides,

Axca ol presynapic coll
| AorcipREy oA
Inhib ¥y wipal
: -
Ao\ 2 Aaon hiloca A 3
peczmap: : e = Pp— >
b : y & —_— = ‘ 3
. - - SoMma 3
ExciRaloey = - ‘
Sadli¥ls §~ ‘ Myriiraled axmn -
4 Puat=ynuapic
Synapsas e =i
( \ .
% ) Tranzniiller vesicles
=] |
Mibzchandna ‘i y
Prasynaglic laminal —- ..’. s m;:llc
A
o w2 »"? - Harrplnr pratans
Synaplic detl ——— o P .
|200-30C Srvyshoins) “fl':u":‘c‘rf’"‘

Fig. 7 6: {a) Nauron and its comgonents, (b) Physiokgical analemy ¢’
the synapze
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The must comman tepes of die synupse ace axo-dendritic, svmate-
somalic, somata~dendritic. [n synaprc glomeruli, groups ofaxons make
contact with the dendeites of ane or more neurons for complex
mnteractions.

Functionally, a synapse may <ither be inhibitery vr excitatory.

2. Neurogllo

The non-excitable supportimg cells of the nervous system fuorm a
mapoc companent of the pervous hssue. These cells include the
folluwaange.

1. Xeunrglial cells, found in the parenchyma of b and spimal

cord.

2. Ependymed cells Iming the intermal cavities or ventocles.

3. Cupynfur OF yaselite oedls, suerqunding oeurons of the sensory
and autonomic gangha.

1. Semvann cefls, tarming sheaths for asons of peapheral nerves.

$. Several Wypes of supporting cefls. ensheathmg the motor and

scensory nerve leeminals, and suppurting the sensury epithelia.

The neuraghal cells, found in the parenchyma of brain and spinal

cavd, are broadly classitied as :

AL Macropha, ofectodermal (neural porigin, compnsing asirooytes,
eligodendrocvies, and pliaklasis.

B. AMicooglia of mesodemal urigin.

All ghal cells are much smallec bul fac mure numerous than e nerve

¢clls.

(A} Astrocyles: As the name supgests, these cells are star-shiaped
hecause of their numerous pracesses racdhating m all direcrions.
Asteocyres are nf 1wa 1¥pes.

Frowplasmic astrocies, with thick and synunetrical provesscs
arc fuund tn the grey maner.

Frbroug astrucyles, with thin and asymmetncal processes, are
tound in the yhite mater.

The processes at sstrocytes ullen end in plate-like expansions
on the hlood vessels, ependyma. and pial surface of the CNS
(Fig. T 7

The functions of vanous glial cells are enumerared below,



Nervaus System | 148

‘ ‘ LY Capilary
—® VIR
o Ny | Q
Capilary
Pr A5G BSIFOCyS Fibrans astrpovin
AN N ~ o
Kicroglis igedendrocyhes

Fig. 7.7: Tyges ¢l neurogha

(h) Oligndendracytes: As the name suggests these cells have
fewer egll processes. According 1o thewr distribution, the
oligodendro rtes may be intrafascicular, o1 peanguronal,

The imrrafuccicwlur cefis are founkd in the myelinawd wacts
The pormexronal cxily are seen on the surface of the sumata
of neurcns.

ic) Glioblast: These are s1em cells which can differentiaie imo
macreghal cells. They ace particulaely numerous beneath 1he
ependyma.

(J) Microglia: These are the smallest of the ghial cells which haye
a flutiened cell body with 4 lew shorl, (ne processes.

They are ofien related w capillaries, and ace said te be phagoeytic
n natuce.

Microghal cells are pnssibly deoved from the cicculating
monoecytes which migrate into the ONS Jucing the late foeral
and zarly postnatal lite.

Functions of Glal and Ependiymal Cells

L They pruvide mechanical suppoet 1o neutans.
2. Recause nf yheir nom-conducting natuee, the glial cells 30t s
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insulators between the neurons and prevent neuronal impulses
from spreading in unwanted directions.

3. They can remove the foreign material and cell debris by
phagocytosis.

4. They can repair the damaged areas of nervous tissue. By
proliferation (gliosis) they form glial scar tissue, and fill the gaps
left by degenerated neurons.

5. Glial cells can take up and store neurotransmitters released by
the neighbouring synapses. These can either be metabolized or
released again from the glial cells.

6. They help in neuronal functions by maintaining a suitable metabolic
and ionic environment for the neurons.

7. Oligodendrocytes myelinate tracts.

8. Ependymal cells are concerned with exchanges of materials
between brain and CSF.

OD—BRAIN BARRIER

Certain dyes, when injected intravenously, fail to stain the parenchyma
of brain and spinal cord, although they pass easily into the non-nervous
tissues. However, the same dyes, when injected into the ventricles,
enter the. brain substances easily. This indicates that a barrier exists at
the capillary level between the blood and nerve cells. The possible
structures constituting the blood—brain barrier are as follows.

(a) Capillary endothelium without fenestrations.

(b) Basement membrane of the endothelium.

(c) The end feet of astrocytes covering the capillary walls.

The barrier permits a selective passage of blood contents to the
nervous tissue, and thus the toxic and harmful substances are ordinarily
prevented from reaching the brain.

X ARC

A reflex arc is the basic functional unit of the nervous system which
can perform an integrated neural activity. In its simplest form, i.e.
mono-synaptic reflex arc, is made up of:

(a) A receptor, e.g. skin;
(b) A sensory or afferent neuron;
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(¢) A mutur or efferent neuren, and

(d) An effectar, e.g muscle

Ths camplex forms nf reflex ave are pelyssaaplic due 10 addution uf
one of More internungial newrons ¢ mtenseurons y in between the affieron
and efferent naurnns (Fig, 7 )

Ananvoluniary molor response of the body s called a eellex acuen.
The strewch velleses (endon jorksh ace the examples uf monosvnaplic
wellexes (Fig 7.9 whereas 1he withdrawal reflex {response (o a2 painful
stimulus) it 4 pulysynaptic ceflex.
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PERIPHERAL NERVYES

The perves are solid while cords composed of hundles  fascwulib uf
ncrve fibres

Exch nerve fibree is an axun will s coverings,

The necve Obres ace suppurted and bound wgether by conmective
lissue sheahs aLdiffeeent [2vels oforganization of e nerve. The whole
nerve trunk o3 ensheathed by eprmesannr, ¢ach fasciculus by
bertaenriver. and each nernve Tibre by a delicate endonenrine. The
lughness of a nerve 15 due 10 its Tibruus sheaths, otherwise the nerve
lissoe stsell is very delicate and friable (Fig, 7.1

SPINAL NERVES

Tacte are 31 puirs of spinal nerves, wmeluding 8 cervical, 12 thoracie,
S lumbar, & sucral. and | cocoveeal.
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Flg. 7 10: FLious support of the nerve fibras
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Area of skinsupphied by a sgle sepment o spinal cord s called a
dermatame (Fig 7114 Each spinal sierve is connected with 1he spinul
cord by two rpats, o veairad root which 1@ moelor, and a dervafl roor
whi¢h is sensory {Tig T 12)

The darsal raot s characterized by the presence of a sprral gangdivn
at ws distal end In the najority of nerves the ganghon hes in the
infervertebral taramen.

The ventral and dorsal nerve ruots unie wepether wittun the
inervertebral forarmen e form the spinail nerve.

The nerve emerges threugh the interverebral foramen, pives ott
recurrent memingeal branches, und then divides immedistely mto v dorsed
and a veneral ramees.

Anranor
aspecl

Lq

|
|
] )
5 ‘1!\
S|

" " I\.,)

Fig T.41: Damatomes (3) &nancr aspect. (b) Postérior a2pect
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Flg. 7.12: Coures of typical thoracic pinal nane

The dorsafd remas pazses backwards and supplies rhe intrinsie
museles of the back, and the skin covenng theee.

The vemeal vamus 18 connected with rhe sympathe1ic ganglion. and
% distributed wothe b or the anteralateral body wall.

In ¢ase of a pical (thoracic) spinal neeve, the ventral rimus does
notL mix with nerphbounng rami, and gives off several musculac branches.
i hateral cutanewwus branch, and an anteriolr cutanvous branch. LHoweyel.
the venwal remi of wher spinal nerves are plaited e Juorm the nerve
plexuses tor the limbs, hke the brachial plexus, lumbar plexus, etc.

Nerve Plaxuses for Limbs
All ewel ve plexuses are tarmed anly hy the ventral rami, and rnever by
thwe dorsal cami.

These supply the himbs.

Agains! each plexus the spinal cord is enlarged, £.p. “cervical
enlargemenl” farthe brachal plexus. and *lumbar enlargement® for rke
Tumbnsacral plexus. Plexus farmation resembles atiee (Fig. 7.13).
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o |

Flg. 7.13. Nerve pleaus Ikened to 3 tree

Lachnerve root of the plesus (venlral ramus)divades ino a ventral,
adorsul division.

The venteal diviswon supplies the Nexor compartment, and the dorsal
divisiun, Lhe extensor cumpartment, of the [imb.

The flexur compartment has a richer neve supply than the extensor
surnpartment. The flexor shin is wore sensitive than the extensol skin,
and the flexor muscles dantgravity. bulkier musclesi are moreefficient
and are under 4 more precise control than (he coarse exiensor muwcles.

The plexus formation 4Fig 7 143 is & physialogical or functinnal
edaplation, and 15 perhaps the result of the 1ollowing special fcaires in
the lims,

. Dwerlapping of dermatomes

. Owerlapping of myotomes

. Compnaite nalure nt muscles

. Possible migraucen vl muscles from the tcunk 1o the Timbs; and

. Linkage ulthe uppusite eroups of muscles in the spinal cord lur
recipracal innervalion,

L <N PV B
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Fig. 7.14: Buashual plexus

Biood ond Nerve Supply of Peripheral Nerves

The peripheral nerves are supplicd by vessels, called vase norverion,
which lorm longitudinal anastamaeses an the surfaee ollhe nerves. The
nerves disinbuted to the sheaths of the nerve tranks are called nervi
HEPVGRLIN

NERYE FIBRES

Ench nerve fibre is an axon with jts cavenmgs,

Larger axens are covered by 1 myelin sheath and ace termed
ayelingted o moedniluted fibees

The tatty nawre of myelinis responsible for the zlistening whitensss
of the peripheral netve cunks and white rmaner of the CNS.

Thinncr axans, of Jess than anve miceon diametet, da not have 1he
myelin sheath and are therefore wrmed sort-prycirmared or non-
aeoedutlored ibig. 7.15)
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Echwaniced

Unwgslnaiad ason

Flg. 7.15. Uamyehnated and myhnated axons

However, all the hibres whether my2linaed ov san-my¢hnaied have
a wevrelemmral sheath, which is unifoemly absent m the racls. In
periphetal nerves. buth the inyelinand reurelemmal sheaths are Jenved
ftom Schwann cells.

Myelnated Fibres

Myelinated fibres form the bulk of the somatic nerves. Structurally,

they are made up of fallowing pans from within eutwards.

1. Axis cyfinder forms the cenlial core ol the fibre [ consisls of
axvplasn coyered by axulemma iFig. 7.18).

. Myelwnr shoath. denived from Schwann cells, surrounds the axis
cvlinder. [1i5 made up ot altemate concentnic layers ot lipids and
proting formed by spiralization af the mesaxan; the hpids nclude
chelesterol, glyeelipids and phospholipids.

Myelin sheath is intermpted at regular intervals called the rodes
of femvier where the adjacent Schwann eells meet.

Collaeral branches of the axon arise at the aodes of Ranvier.
Thicker axons [Hs5e55 & thicker c0a1 of myelin and longer
intemades

rd
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Flg. 7.16. Comoonenis of 4 néve

Each mrerrode is myelinated by one Schwann cell. Ubhgue clchs
in 1he myebn_called icisores of Schmidt Lantermann, provide
comdus:tion channels for metabolites imto the depth of the myelin
and w the subjacent axon.
Myelin sheath aces as an insulacor tnr the neryve fibres

3. Newrolemmal sheath [sheath af Schwann) sumrounds the wivehin
sheath.
[t represents the plasma membrane (basal laminapatihe Schwann
cell
Gengath the meanbrane (here lies a thin laser ul evioplasin with
the nueleus of the Schwann cell.
The sheaths oF two cells interdigitate al the nodes of Ranvier.
Neurolemmal sheath 15 necessary for regeneration ot a damaged
nerve.
‘Iracts do nut regenerate hecause ot ahsence of neurnlemmal
sheath.

4. Endoncuraem 1s a delicate sonncctive tissuc sheath which
surrounds Lhe neuralemmal shesth.

Non-Myalindated Fibres

~onsmyelimaled libres compnse U sinaller axons of the CNS, in addinon
w peripheral postganglionic autenemiv Obres. several types of fine
sensory fibres {C fibres of sk, muscle and viscera). olfactory nerves;
ete. Structwrally, 2 ‘non-mavelinated fihre’ cansists of a graup af small
axans (0 12-2 microns diamererd that have invaginated separately 2
single Schwann cell (in serics) withaut any spiralling of the mesax o0
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iFig. 7.15). The endancurium, instcad of cnsheaching inkhvidual axans,
surrounds all the neyrnlcmmal sheath by virfue of which (he
non-myelinated fibees, like 1the myelinated Mihres, can repenerate after
damage.

Classiicallon of Pariphergl Nerve Fibres

A.According 1o their function, the cranial nerves have folloving
nuclear colwmng:
1, Generd semapic afferan, to supply stnatcd muscles ¢f somatic
erigin, e.2 1, IV, VI, X1l
CSpecial wsceral effercit (branchiel effeeentt 10 supply
stiated ouscles of branchial origin, e.g. W, V0L X, X, XL
3. Generval visceral efferent 1@ supply smooth muscles and
plands. ep. (L, V111X, X
4. General visceral afferent. W cary viscerueeplive impulses
(like pam) feamn the viscera, cg X
Speciud visceral afferen, to carry the sensaton of taste, c.g.
YIL[X X
&, General sopatic afferens, (o catry exterscephive impulses
from the sKin of {age and propriaceptive impulses ttam the
muscles, tendens and joints (Fig. 7.17), 2.2 V.
T. Soecial samaric afferen? W carry the sensativns ol smel| vision,
heanng sod equilibrium, ¢ g. VI

[ 2]

“h

Comaal samalir atterrnt 4 ' /
Genp-d w0malic alleren| \—0)
Spocal yleceda Alfanary N :
Generdl wacaral afanany; - S -
Grenedal viscew slleranl .

Specul visceral eMara
38na(3| 50gNe etterent

Flg. 7 17: Funcbcaal nuckear calumns of crama nervas

R.According 10 their size and speed of conduction, the herve
hbres are divided intw three categories. namely A, B and €. These
have baen compared in Table 7.3,
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l'a_blt 7.3, Campansan nf 1ypes of rerve ifes

- —— = o c—

Groupaiibm Group Bfibre Group Cfibrw 1
1 Thickest and fasiest kedium qize Thinnest ana 5|owe—r.1
2 Myclinatea My hnalad Nen-myehnated
3 Diameter Oiameter Oiameser

1.3-2¢2 micron 1 5-3 4 micran Q.1-Z micran
4 Spaad Speed Speed

.54 meires'ses
e.q. pastganglhonig

3-15 metras'zec
&g preganghome

4-120 metresraec
¢q skaisMomolcs hibre

{34, lusimator fibre
affarent 10 skin
muscies and teadions

aulgcnomic ¢loronis

autcnomig cfferents,
afferent fibre to gkin,
mus<ke and v scera

5. Fa21 conguchion Sy condustion

Vory sice conduction

AUTONOMIC NERYOUS SYSTEM

Aulonornic nervous systern conlnels inveluntary actintes ol the body,
bke sweating, salivation, peristalsis, e 1tdirters lundamentally frorn
the seHmalic nervous system in hiving:
fap I'he preganglionic Abres arising Irom the CNS;
(b¥ The zanghu for relay ot the pregangliome libres; aod
(¢} The postganglionic fibres ansimg lrom the gangha which supply
the elfectors {smonth museles ard glands).

In cunteast, the somalic necves altel arismg feom the ONS reach
their destinaticn withwut any interruption (Fig. 7.1,

Autonermic nervous system is Jivided mun two more or less
camplementary parts. the sympathelic and parast mpathetic €ystems.

The avmpathetic activities are vadespread and dilluse, and comhat
the acul¢ ¢meTgencics.

The pavasvympathetic actvities arc wsually discrete and iselated. and
provide acomflurable environment.

Buth systems function in abselute coardinaiien and adjust the Hud?
mvuluntarily tu the givensurragndngs.

SYMPAYHETIC NERVCUS SYSTEM

1. W is also known as “dapaceiumbar  outllow hecause il arises
from lateral ham af T1 ta 1.2 segmenis of the spinal cord (Fig
718 and O ot Fig. 7.20a}.
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Fig. 7.98. Plan of sympalhelic nerveas syslam Green ing aflerent rom
viscera Red ling' preganglonic ibres Red dotled nées pe&tgang! lons
hbres

2. The medullated preganglivnic fihres (diite raeni commmnicarntes)
arise fram the lateral column of the spioil cord, emerpe threugh
the venteal rami where1he winte rarm are cannected o the ganghia
ot the sympathetic chain (Fig. 7 19 and @ ol Fig, 7.20a)

3. Prepanglicnic fibres relay either in the faterad gangtia (ssimpatlieti
chain} or in the collateral ganglio, e.g. the cothae panglivn (@ of
Fig 7 Hia) The nan-medullated pest-panghonw fhres cun for some
distance before reaching the organ of supply {3 & @ of Fag. T.20a).
The adrenal rmedulla s a unigue exception in the body, itis supplied
by the precanglionie fibres (@ ol Tig 7 20a).

4. Sympatheuc nerve endines are gdveneryic in nalure, meaning
thereby that awwadrenalin is produced for neucransmission. The
only excepion 1n this general rule arc the chohnergic s}'mpalhclic
nerves supplving the swear glands and skeletal musele vessels
frrr vasadilatation.

S, Fracuonally, svmpathetic nerves are vasnmOetor (vasauuens-
trigeor), sudamotoar (secretomodor 10 sweat glands), and pilomotur
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(conteac) The arrector pali and cause #rection of hard in the skin
of limbs and hody wall (@ & 3 ot Fig. 7.20a). In additin,
sympathetic activity causes dilation of pupil, pale face, dry mouth,
tachyeardia, nise in bload peessure, inhybitinn af hollow visvera,

and closnre of the petineal sphinclers.

The blond supply to the skela1al munscles, heart and brain js

mackedly in¢reasad

Thus, sympathetic reactions tend o by ‘mass reactions’, widely
diffused n their effect and that they are dirceted towards mobilization
af the resources ut the body for expendure nt energy in dealing with
1he emergencics or cmononal ¢rises (Ioght, fight, 1light).

| : A
Spma qanlion e /O N
qang /W
Scenatic A o
| efferemlibres. WO N (1 H. -,
vardral /1 -~ L
| S\ Gangliongd -/ [
-— 23 sympreir Inink. |
aficrent {4 L Colladeral
fbras |y L panghnnt /Y
Splanrhne L\ 4
affererd litves > \|
Sympalhabe bk ! =

Yool > "’t ‘::i'.\
el 4
——

—

Letersl ey hoin

Dorgal ranuus

: —I"Gmy AN

" Preganglinnir: fitvas
Moslpanyiunic
fibres

L

Fig. 7.18. Palhways uf sympallelic and somalx nerves. Splanchnic afferant
fibras (green). Spnpathet pregangliorne eHeent Rbres dred) Sympathetic
pasiganghcac efierent Likres (red datled). Somatic efférant ‘ibres {blagk).

Somatic. afferent fibres (green).

PARASYMPATHETIC NERYOUS SYSTEM

I Leis also known &3 cramasocral onfffow Decalss ot arises Jrom
1he brain {mixed with 1, 10, JX avd X cramal nerves) and sactal
24 sepments of the spinal cord, Thus it has a cranial and a sactal

part.
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Fig. 7.20|a). Sympathelc »ervius sysieim

2. The preganplivei fibres arc very long, ceaching cight upa the
viscerd of supply. The gangha, culled ferrrinal ganglia, ace
situated mustly on (he viscera and, therefore, the postganglionic
Sibwes are very shont.

3 Parasympathclic nerve endings are chodingrgic W nature. sinilar
10 the somatic neryves.
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4, Functionediv. parasympathenu activily is seen when the subect
is fully relaxed. His pupils ace constricted, lenses acermmodated,
face flushed. mouth moist, palseslow, bluod préssure lnw, bladder
and gut contracting. and the perineal sphimcters relaxed.

Ingeneral 1he efTects of parasyrnpathetic aclivily are usually diserels

ard 1solated, and directed woweards corservation ad cestoration of the

resuurces ol snecey in the body.

Table 7.4 shows the comparison between the twe systemns.

Table T 4. Companson of parasymgathetic and sympalhel: nemnus_

-—

tyslems

Parasympathctic norvous
ayslam

Sympathetic nervous system

1 Al reinns faurfming thit system
onginate from brain (11, Vi 1X X
tranwal nerves) and $2-S4
segmenl of spinal cord So stes
called ‘cramasacral culflow’

2 Pie-ganyhane: fibies are very
long reaching wpta ferminal
oanglia maatly on vIScera
Pusti-gasghormic ibfms arem shart

3 Nerve ¢ndings arc cholinergic
in nalure

4 Fyrctianally. i is seen when
subyect is tully relaxed
Paraspmpathetic sydlem has
no affact o1 skin

5 EMecl it thistirede, isalaled,
di‘ected Iowards conservaton
and reslorauon of the resources
uf eneigy n the budy

& Il only supplwes viscera

All neurcns forming lhis sysiem
ariginate from T, 1o L, segment ot
spinal cord

Soitis called thoracolumiar sullew” !
Pre-gangliopnig fibres are shard relay ;
either 1 lavcral gangha or collateral
qangha 1
Pnsl.ganghanic ibret Are long

Newe endings ara adranerge In
nawe except in sweat gland

Funcliona k. sympathchs nerycs arc
vasomotor, qucomaiar and gdonator
10 3611 11 1S seen when S.hgertag in
fear, hghy and flight posdion Ncslales
skalstal muscle bbod veasek
E‘fect 15 W ¢ely ¢iMused and cirazied
towards mokilizason of resaurces
and experciture af engrgy dunng
eneiyency and emalnz| crisis

it svpphes visceral blobd vessels.
skin Afterents ‘rom visceras and
specilic aiea of =kin reach lhe sane
spinal sgcgment 1o ge te the
cerebrum  Since pair is batter
apprecaled fromihe skin, 1 appears
1y Le coming from sk rather than
1Fe viscerda This s ke bases of
referepd pam ¢Fig T.21)
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Fug. 7.21. (3} Heferred pain a-ga of skid wnere pein of viscera is talt;
{b) Magiam of tha way in which caiergence n the corsal ho'n cell may
rause r2iered pain
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CLINICAL ANATOMY

s dreitation of 2 motar nenve causes muscular spasm. Mild imication
af a sensory nerve causes tingling and numbness, but whern seyere it
causes pain aleng the distribution ufte nerve, Tivicatian of 2 misel
nerey vauses coembined elfevts.

« apage 10 3 MOl 19Tve Causes muscular pacalysis, and damage
0 o sensany nerve ¢auses lucaliced anaesthesia and analgesia.
Damage tra mised nerse gives rise e buth the sensocy and inpror
losges,

Regenerateem oF 0 damaged nerve depends on the depree of injury,

partcularly onthe contninty otfthe nerve Difterent degrees ul nerve

njury are expressed by the following three Lerms.

{d) Yenurgeracia is a minmnagl lesion causing transwent funclivnal
bluck withdiul any deeeneration. Recovery 18 spontaneous and
complele. e sleeping (ool

thy dxonotmesicis a lesivn where, pithousk continuily s preserved,
true Wallerian degeneration occurs. Reagnecation takes place
in due cuurse.

i) Yewrommesisis the complete division oba nerve. For regencration
1a o¢eur the cut ends must he sutured {Fig. 7.22).

' i'tegmualnu irascle fivies

.._“.?'*,E ji — S i |

Praper appasdian by sulunrg
s

Ay
g, ¥
U8

No apgasilun

I

Drgmrratng
musde litres

Naumma

Frg 7.22: Effects ol appositon and na appaaibon of cul ends at nerse
on muscle b es
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< Reverg pam alung the distnbition al a netve is called newraizie
Intlamnation of a nerve i marked hy nearalgia with sénsury and
mutar dehicies, and s called svariny

« Deeae veiton al a pare pracuges aopiic Saemgey The skin becomes
dry Mo saeating |, seanoth dloss al hainy and elazed; wrophic ulvers
may develop wiich do nac heal ¢asily  In patiests with leprosy,
repeated painless injumies 10 ke ips of 1he fingers and 1oes makes
thamn weorn cut and blunted
A ot afier dengrvalion reeomes a averopathic sChurcet 33 joint,
which shows painless swelling, excessive mobality and bony
desiruction, The commnen medical Jiseases asswcraled with traphic
changes are l2prosyaabes domalis, and seringomyehia. The bed sores
in paralysed patiems ace ¢ xamples ol the trophic ulcers. In genera|
the uleers and wounds in the denervated skin do nat heal easily
$Fie. 7.230

Fig T.2). Precsure scra

© Meuropalhbies is g preup of discases of peripheral nerve. 1 s of

Iwn tvpes:

- Polynenropathy: Severtl neurons are atrected amd wsually lone
neurons ke those supplying the feetand leps are alfecied s,
This oceurs mastly due 10 nutritional deficencies (lohic acid and
vitamin B, metabalic disorders (drabetes ew lhitug ), chronic diseases
Lr2mal and mepatic failure and carcinomal, mfections Hinllusnz.
meashes and oy phoid fever) and Ingic seactons 4arsenie, lead,
mereury and carban terachlarnde)
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Mononeuropathy: Usually one neuran s attected and most
comman cause s isehagmia due 1w pressure. The resultant
drsfunciion depends onsite and degree of injury.

+ Bell's patsy is the campression of 4 Lacial serve 1 ar wer aulside
sty lorpastuid faramen dug ro inflammation and cedemaatthe nere
‘This causes paralvsis of facial muscles and loss ol facial expression
on the aftected side (Fipg. 7.24})

Fig. 7.24. Ball s palsy on 1aft side ol faze

« Avuteidiopathic Inflammatory polyocuropathy {Guillain-Barre
syndrome) i< a sudden, acute and progressnve bilateral ascending
paralvis which stans at the lower hmb and then spreids to arms,
trunks and cramal nerves. |6 1s charactenzed by widespread
inlamenatinn wach some demyelination ot spinal and Sramal nerves
and the sprnal ganghi.

* Syringomyelia is the dilation o11he central Sanal ¢f the spanal enrd.
Dilawen or cemral canal develops pressnre which canses progrossive
damage t <engory and moinreeurans [-arly eftects ane insensibility
0 hea and pain dissngiated anagsthesiap and i long term there s
desirection ol mntar and sensory tmces leading 10 pamlysis and loss
ofsensavion aod refleses. This accurs mnst gommanly mvthe cervicul
reginn and s amsociated with cangenital abnommality of 1he disial
end of e Tourth sentricle.
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» Apelng: Usually atwer 60-70 years of so there are chanees n the
hram. These are
14} Prusmpéence ot sulci due te cortical shrinkage
(b The evri geo narraw and sulei get broad
{¢¥ The subarachnoid space hecames wider. There ig enlargement

of the ventrigles.

« Dementhat [n thes condition. 1here os sluw and progeressive Juss of
memary, infellect and persanality: The conscivusness af the subject
iswormal Mementia usually occurs due w Alshesrner s diseuse.
Alzhebmer's disease: The changes ulM motmal agine vre prenounced
0 Lhe parietil lobe, wenpural lobe, und 1o Lthe hippocampus | Fig, 7.235)
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Fig. 7.25: Changes in the #lderly train

« Infections af brain: |a) Bacterial, 1) Viral i) Miscellancnus iypas.
(a1 Bacteral tthrnugh blamlbmay eause memingiis ar hrain absoess.
CHins media may canse meningis ar iemparal Inbe shsgess.
Tuberculosis TB meningins is due te blood-bame miceooen.
() ¥iral infectbans: Most viruses enterthraugh Blond. Yimuses may
cause memingiis or encephahts,
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Herpes simplex virus and encephalitis: This virus usually
causes vesicles a1 angles of the mouth and alag af the nose,
following cold or any cther discase. In sume cases it may canse
cncephalitis.

Herpes cosier: 1 presents as 1 vesiculae rash afteciing ang nr
mare dematumes. This condiion s veey painful (Fig 7.26)
Poliomyelitis: The viros has atractian for antecior (margr) harn
cells, wapecially ofthe spinal cord which pet damaeed. The nerves
arising fram these nourons set affected resulting in paresis vl
paralvsis. There may he partial o1 complete cecuvecy.

Veacuar1ash

Fig. 7.26: Herpas zoshar

(¢} Miscellanenus tvpes, 1.c. intestations and ntections
I. Fungal infections: Pvimary infeclions of funpus of bran in
healthy adulis are rare. The fungos infections usually vecur
in ALY (acquired immunode ficiensy syndrame).

Pralozaal infecliions:

W

- Malaria: Acute malaria by & falciparem may cause
cceehral malaria. I is very senous condition and may ¢anse
death unless freated well intime

- Afrivan slecpinpg sickness: The tseise f1y transmits
1. beseceiinlectinn in man resulting in menmgoenee phahos.
Cysticercusis! The Tarvae of apewarm (Taenia soliwnr]
may form a cysr in the brain. This cyst may cause epilepsy.
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-

2.

g

IParkinson’s disease: the exicapsramidal svestem which
canpngcts the higher centers and the antecier horn cells gel
aftegred in this disease. There 1a usually deficicney af
neurelcansmtier doparine 10 the aftectad nucler o 1the
extrapyramilal system, ingludiag depigmentation ef subseant
mpradkie, 7370

The face s mask like and expressienless, the posture 1 bep)
lorwards with sidtpull-ralling tremors of the haada.

[
|

Fig. 7.27: Gal v Paitkw s sm

Encephalopathv: Thiscondition oveurs due 1 lack ol vitunm
15, esprecally in pevple sl are chromic alcohohes.

Upper motor nevron damage: When the Libres are
interrupted truena their cortical ongim wll these svnapse with
antenier horn cells of the spinal cord. The tendun jerks are
exagaerated and the plantar refles 15 of 1he extensor 1y pe.
Lower motor peuron damage: Whenthe anienerhumcells
{metar neurens ) ace allected. usually by polivmy #livs virs,
there 15 prugsis or puraslvaes of the muselcs supplicd by the
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nerves anising fiom the allected seerons The atfegwed
muscles atrpphy, ind 121lexes arc absent

. Leprosy: Thereis chronic inflammation ¢t the nerve sheaths.
Tois munstly assocaated with [iberasis and degeneratinn ot the
nerse Hbrgs and autaampeauon (big, 7.28).

~d

Fig. 7.28: Lepigsy

& Epilepsv: Epilepay acews in 1% papukizion Therg is fogus
ul'hiy perexaitable newnans, which getinduced by varinis ivpes
ur stimul, Ciwsmg seizures. 23% cases of epilepsy are
associated with some known chsease, while 73% domin show
any genetic inlluency.






Skin and Fasciae

SKIN

Synonyms

I. Cuns (LY 2. Derma {(3); 3. Inteeument. Compare with the weims
cutanenus, dermatolngy and dermalemes.

Definition

Skin 15 the general covering ul the entite extemal surfage nEihe bady,
mcluding Lthe external auditory meatus and the vuter surface of tympsanic
mymbranc.

It 15 continuous with the mucaous membrane atthe orilices ufthe sy

Buuausy of a large number of its functions. the skin i reparded as
AN mporant nrdan ol the bady {Fig. 8.9

surface Areq

In an adult the surfoce area of the skin i 1.3 2 average 1,73 8.
metrgs. In order to ussess the arca involved in burns. one can fallow
the rule of mine: head and neck 9%; <ach upper limb 9%: the ltunt uf
the trunk 18%; the back ol the trunk (imcluding buttocks) 18%; ¢uch
lower limb 18Y%: and perineum | %o (Fig. 8.2).

The surface arca of an individual can be calculated by Du Bois
lormula. Thus. 4 = W = Jf ~ 7184, where .2 = sucface area in sy. em,
H —wepthtin ke, and £4 - heighl inem

Plgmenlatlon of SKin

I'hc colour of the skin is determuined by at least Bve pigments pre sent
at different levels and places ut the skin. These are:



172 | Handbook of Genpral Anatormy
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I Medeeecrer, hrawn n calowur, present inthe germinatise #ane af the

epidemis.

2 Medeepeed, resembles melanin, present difluscly thraughout the

vpideicnis,

3. Carotenz, sellow tourange incelour. presentin Stratum coreim

and tha L cells ol Jermus and superhicial fascia.

A, Haemopdohin {purple).

3. O haemopiohinn (red}, present in the cutancous vessels.

The amounts af finst threw pigments vary with the race, ape, and
wr ol the body. In whie races, the colour vrihe skin depends chisly
an the vascularity ol 1he derras and thickreess pransluceney) ot 1he
ceratin. The colour is red sehere keratn s Gun tlips), and o€ is whie
where kerazins thick {palms 1nd soles).

hicknoss

The sTeckness of the skin vares (ram ahout (.5 ta 5 mn.

structure of Skin
The skinis compused of Lo distinet [avers, epidermis and dermes.

4, Epictermit

Itis 1he seperiicial, avascular layer ol stratlwed sguatnous epitlhiehurn.
It s etodenmal inarigin and pives rise tn the sppendages ol the skin,
nacnely hair. nails. sweatl glands and sehacenus plands.

Structurally, the spadeinis is inade up ora supairticial eneusficd zone
and a deep cervpeactive cone The cells ofhe Jeepest laver prolsleraw
and pass towards the surfoce W replace the cemified cells lust due w
wear and tear As the cells mugrate superlivially, 1They become more
and mare Hatered, and lase their nucler L torm the flatiened dead
cells uf the siratum carncum. In the gemunanive 7anc, there are also
*dopa’ pusitive meiasnccics dnglanaklasis, dendritic eells, or clear eclls)
ol neural ciest anigin, which sy nthesize melann.

8. Degrrly or corlum

l3ermis ar carium is the decp, vascular laver ot the skin, cerived Irom
Mmesodem.
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It s made upateannective tissue (wilh variable clastic fibres }rnxed
with bloed vessels, Iymphatics and nerves. The conmective ossue is
acranged into a supeclicial pupiflary fuyer and a deep reciculor fuver

The pamllary layer termis conical, hlunt projections {dermal papillac)
which it into reciprncal depressinns on the undersurtage ol the
gpidermis. The reicular layer 1s composgd chiglly al the while fihrous
nssne arrangcd mostly in parallel hundles.

The dweetion ot the hundles, conslituting Hexor o cleavage fings
LLangee s lines), is langitudinal inthe himhs and bovizonal in the rrunk
and ncck (Fig. ¥.3).

Flg. B.3. Flexure hnes [Lange:'s ines)

inald age the elasiic fibres awnphy and the skin becomes wrinkled.
Overstreiching of the skin may lead 1o rupture of 1he tibees, followed
by scar formation. These scars appear a5 while streaks on the skin
(2.4 limeae eravidacuen).

Al the fexere lines of the juints, the skinos licraly adherent te the
underlying deep fascaa. Dermis is the real skin, hecause, when doied it
makes green hide, and when tanned it makes leather. lis deep surtace
18 continuous with the superficial fascr,

sSurlace Irregulartias of the Skin

I'he skin is marked Iy three types of surface irregulatilies, 1he 1ension
line~. Aexure hines and papillary vdges ( Montagna and Labitz, | #04).
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I. Tension lines: Form a nevwork ot lincar turrows which divide
the surface into polygenal or lozenge-shaped areas. These lines
to some ex1ent comespond Le vanatons n the pattern ut Bibres n
the dermis

2. Flexure lines (skin ¢roases or ckin jninix): Are cerlain
pecmanent Jines along which the skin folds during habiual
movements (£hietly Hexionhalthe jomts
The skin along these lines is tan and furmly bound to the decp
fascin.

The hines are promnent opposite the flexure af the jonts,
particularly an the palms, snles and digits (Fig R.4),

fHi
NS

-

Fig. B.4° Feexura ingg

3. Papillary ridges (Iriction ridges): Are confined (o palms and
s0les and thei digues.
They form narrnw ndges separated hy ting parallel graaves,
Arranged in eurved arrays.
They camrespond 1o patterns of dermal papillae Their study
canstitutes abranch nf science, called dermatoglyplics (Cummins
and Madlo, 1961).
Three majar paderns in 1he human fiagerprints mclude Joops,
whmls and arches.

These patterns and many othes minot features ave determined
genetically by multitactenal inhenitance (Fig. 8.5).
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Fig. 8.5. Close up of a Ingéer tp shaowng eharadenshe ridgas that
Io"m a hircerprint palern urue or every indind.aal

APPENDAGES OF SKIN

1. Ncals
Svrieeipmny @y Omaeh or onveho 1457 and thy ungues (L} Comparg
withthe terms paranychia, Snilimychia and nnychomyoasis (Fig. 8 ()
Nails arg hardened keratin plates |cornitied zanch on the desal
surfaee ofthe ops at iingers and 1a¢s, aching as a rigud suppnec for the
Jigital pads efterminal phalanees, Each -wil has the follewing parts.
(ar Kea! is the proxivaal hidden pait which is buriied wtu the oail
Fraove and a8 overlapped by the nail fold ol the sk
(b Free Roander is the Jistal pact free lrom the skin.
(c) #od s the exposed part of the nail which 15 adherent to the
anderlying skin.
The prosamal part ol the body presents 3 while apayig crescent
called ooy

Fogemall  Culicle  Nad ool

Bume

Fig. B.6: Parts ol a nil
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Each lateral border of the nail body is overlapped by a fold of a skin,
termed the nail wall.

The skin (germinative zone + corium) beneath the root and body of
the nail is called nail bed. The germinative zone of the nail bed beneath
the root and lunule is thick and proliferative (germinal matrix), and is
responsible for the growth of the nail.

The rest of the nail bed is thin (sterile matrix) over which the growing
nail glides.

Under the translucent body (except lunule) of the nail, the corium is
very vascular. This accounts for their pink colour.

INICAL ANATOMY

anaemia the nails are pale and white.

[n iron deficiency anaemia the nails become thin, brittle and spoon-
shaped (koilonychia).

* Hypertrophy of the nail bed (clubbing) occurs in chronic suppurative
disease (lung abscess, bronchiectasis, osteomyelitis) and in severe
type of cyanosis (Fallot’s tetralogy, chronic congestive cardiac
failure).

* Disturbances of nail growth due to acute illness or trauma give rise
to transverse grooves in the nail substance, which move distally
with the nail growth. Since the average rate of growth is about
0.1 mm per day or 3 mm per month, the date of the past illness can
be estimated.

«It takes about 90-120 days for the whole nail (body) to grow.
Therefore, in fungal diseases of the nails the course of treatment
should last for not less than this period. The growth is faster in summer
than in winter, in the fingers than in toes, and in the longer fingers
than in the shorter ones.

 Hairs exhibit alterations in certain diseases. In malnutrition hairs
become thin, dry and sparse; in hypothyroidism they become coarse
and dry.

* Excessive growth of hair (hirsutism) occurs in adrenogenital
syndrome. Loss of hair is known as alopecia.

Skin is dry in ‘Dhatura’ poisoning, heat stroke, and diabetic coma; it
is unusually moist in hypoglycaemic coma, and peripheral failure.
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« In ichthyosis (characterized by abnormally dry skin), the sebaceous
glands are few and small, and the secretion of sebum is markedly
reduced. Excessive oiliness of skin, due to overactivity of sebaceous
glands, is called seborrhoea. It may occur from puberty onwards,
but diminishes with advancing age.

* Acne vulgaris is a common complication of seborrhoea. Seborrhoeic
skin is susceptible to infections (seborrhoeic dermatitis or
furunculosis) and to chemical irritants (chemical folliculitis and
dermatitis).

2. Hair

Hair are keratinous filaments derived from invaginations of the
germinative layer of epidermis into the dermis.

These are peculiar to mammals (like feathers to the birds), and help
in conservation of their body heat.

However, in man the heat loss is prevented by the cutaneous sensation
of touch.

Hair are distributed all over the body, except for the palms, soles,
dorsal surface of distal phalanges, umbilicus, glans penis, inner surface
of prepuce, the labia minora, and inner surface of labia majora. The
length, thickness and colour of the hair vary in different part of the
body and in different individuals.

Each hair has an implanted part called the root, and a projecting
part called the shaft.

The root is surrounded by a Aair follicle (a sheath of epidermis and
dermis), and is expanded at its proximal end to form the hair bulb.

Each hair bulb is invaginated at its end by the hair papilla (vascular
connective tissue) which forms the neurovascular hilum of the hair and
its sheath.

Hair grows at the hair bulb, by proliferation of its cells capping the
papilla.

The hair follicles, enclosing hair roots, lie obliquely to the surface of
the skin, which is responsible for the characteristic hair streams in
different parts of the body.

The arrectores pilorum muscles (smooth muscles supplied by
sympathetic nerves) connect the undersurface of the follicles to the
superficial part of the dermis.
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Contraction of these muscles leads to erection of hair, squeezes out
the sebum, and produces ‘goose skin’ (Fig. 8.1).

The foetal skin is covered by fine hair called /anugo (primary hair).
These are mostly shed by birth, and are replaced during infancy by
another set of fine hair called vellus (secondary hair).

These are retained in most parts of the body, but are replaced by the
thick and dark ferminal hair of the scalp and eyebrows, and other
hairy areas of the adult skin.

The hair grow at the rate of about 1.5-2.2 mm per week; their
growth is controlled by hormones.

The life span of the hair varies from 4 months (eyelashes, axillary
hair) to 4 years (scalp hair).

3. Sweat Glands

Sudoriferous or sweat glands are distributed all over the skin, except
for the lips, glans penis, and nail bed. These glands are of two types,
eccrine and apocrine (Zelickson, 1971).

The eccrine glands are much more abundant and distributed in
almost every part of the skin.

Each gland is a single tube, the deep part of which is coiled into a
ball.

The coiled part, called the body of the gland, lies in the deeper part
of corium or in the subcutaneous tissue.

The straight part, called the duct, traverses the dermis and epidermis
and opens on the surface of the skin.

The glands are large in the axilla and groin, most numerous in the
palms and soles, and least numerous in the neck and back.

The eccrine glands are merocrine in nature, i.e. produce their thin
watery secretion without any disintegration of the epithelial cells.

They are supplied and controlled by cholinergic sympathetic
nerves.

The glands help in regulation of the body temperature by evaporation
of sweat, and also help in excreting the body salts.

In dogs, sweat glands are confined to foot pads. Therefore, dogs do
not sweat, they pant.

The apocrine glands are confined to axilla, eyelids (Moll’s glands),
nipple and areola of the breast, perianal region, and the external genitalia.
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They are larger than eccrine glands and produce a thicker secretion
having a characteristic odour. They develop in close association
with hair and their ducts typically open into the distal ends of the hair
follicles.

Ceruminous glands of the external auditory meatus are modified
apocrine sweat glands.

The apocrine glands also are merocrine in nature, but are regulated
by a dual autonomic control. Some workers are not inclined to call
them as sweat glands at all because they do not respond sufficiently to
temperature changes.

In animals they produce chemical signals or pheromones, which are
important in courtship and social behaviour.

On an average one litre of sweat is secreted per day; another
400 ml of water is lost through the lungs, and 100 ml through the faeces.

This makes a total of about 1500 ml, a rough estimate of the invisible
loss of water per day.

However, in hot climates the secretion of sweat may amount to
3-10 litres per day, with a maximum of 1-2 litres per hour.

So long the sweat glands are intact, the skin can regenerate. If the
sweat glands are lost, skin grafting becomes necessary.

aceous Glands

Sebaceous glands, producing an oily secretion, are widely distributed
all over the dermis of the skin (Fig. 8.7), except for the palms and
soles. They are especially abundant in the scalp and face, and are also
very numerous around the apertures of the ear, nose, mouth, and anus.

Sebaceous glands are small and sacculated in appearance, made up
of a cluster of about 2-5 piriform alveoli.

Their ducts open into the hair follicles, with the exception of lips,
glans penis, inner surface of prepuce, labia minora, nipple and areola of
the breast, and tarsal glands of the eyelids, where the ducts open on the
surface of the skin.

Sebaceous glands are holocrine in nature, i.e. they produce their
secretion by complete fatty degeneration of the central cells of the
alveolus, which are then replaced by the proliferating peripheral cells.

The secretion is under hormonal control, especially the androgens.

The oily secretion of sebaceous glands is called sebum.
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Har ahalt ,/
Acrectar pdurwn rnusle

TS hairflicle —l:

Sebazeous gand

Murl al swaal glane

10
- //{ ‘
Gammingl mare —--- g A)) ¥

Atum ol Swean lanc
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»
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- &q

Fig. 8,7; Sebacaous gland batween har and arrector pilorum muscla

It lubricates skin and protects it Irom maistuce, desiccation, and the
harmful sun ravs. Sehum also lubneates har and prevencs them fram
becoming brictlg.

In addinon, sehum alsa hag some hactelicidal action.

Schum makes 1he skin wate 1= pioul. Wiater evaporales tfiom the skin,
but the s and oils are absorbed by L

Functions of Skin

L. |d

N

Friotectien. Skain protects the hody from mechanical msures,
bacterial nfectens, heat and cold, wet and droupht, scid and alkah,
and the actime rays of the san.

. Sensory SKinis senanty ta fanch, pain and temperature

Regu!an'uu |{,f'bw):'|' Terrpiaiute Heat s lost [hlough ;".'apora[ion
of sweat; and heat is consgaved by the 1an and har

Ahginprina CHly substances awe fre2ly absorbed Iy the skin.

- Secvenn Sk sécretes swea and sehum,
cExcrenon The exeess of waler salts and wasle products e

cxareted thraugh the sweal

Regulfuron of pH A poud amoumt of acid is eacreted thruugh
the swgat.

Syndiwsis Inthe skin, vitanun (2 s syothesized flom @igosieio:
by the action af uliravioled rays of the sun.
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9. Storaze Skan starcs chlarides.
10. Repareriiey The cuts and wiouonds of the sk sre yuickly healgd

SUPERFICIAL FASCIA

Delinition

Superficial rascia 15 8 eeneral coaling wl the body bentath the sk,
made up of Ioose arcalar Llissoe with vanving amninis of tal.

Dismbublon of fal in Ihis Fascla

1. Fat is abredans in the eluteal region (utcovks ). Imbar r¢gion
(Danhst, tront ol the thighs, antenor abdommal wall beluw the
umbilicus, warnmmary glarndd (Fig. 5.8 postdeltoid regivn.and the
LervictHhoracic Tegion.

. In fercdes, fat s more sbundant and is mure evenly distributed
than i males.

3. Fats ahsens from the eyehds. external esr, penis, and scrotum.

4. The subcutansans layer of tat 15 called the pannividus adiposis.

In Ternales fal is in the superfigial fasgin ol the lower ghdmen,
upper thigh, whergas mmalesil isinside the ahdominal cavity.

In aeneral, in women Fau Jorms a tucker and more cven laver than
nmen.

12

Feg.8.9: Fa: n mammary q ani
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Fat tadipaae fissued flls (he hollow spaces like axalla, arbils and
ischiorccial fassa.
Far present around the Kidnes s i abdomen, supparts these organs

Types of Fats

Chove e 1ven G pes of ot e, vellow and browr: G,

Mnst orthe body Fatis sellow. anly i hibermuting animals i1 is brinvn
Fhe cells of brown Fat are smaller wath several small droplets, and
multiple nutochendna,

Far cells are speciahsed cells, arwd 1he sice of lat cells mereases
dunine iwcumulation of i, ritther than the number of cells.

Any attempt to reduce excessive fat (abesity) must be slow and
“eady and not drastic. as the latter may cause harm e the bady.

Important Fadlutées
I Supzriiend Fascia i3 st Wesiines in the lower part oF the anterio

abdominal wall. peringum. and the limbs.

Atis ver thiyg onhe dorsal ispect ol the hands and feet. sides of

the neck, lace, aumd around the anus.

2.0 as verw dewmve in Lhe scalp, palms. and sules.

4. Superficial tascia shows serarificarion (o twa Lyvera) i the
lower part of anteniar ahdaminal wall, pereum, and wippermost
part of 1he thighs.

S lrennbnns:

(a1 Subrutanoows muscles in rhe fave, neck and scroum
{h) Mammary gland

{61 Deeply situated sweun glunds

Wi T ocalized greups ol lemph vades

121 Cutaneuus nerves and vessels.

ra

‘wnctipnp

Supernicial lascia lacilitales movements of the skin.

2 1 serves as o soll medium [ur the passage ur the vessels and
nerves 1o the skin

- I cansenves bady Real beciuse Ta is o bad conducter of heat.

e
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DEEP FASCIA

Definltion

L)ecp tascia 15 3 Bbrows sheer which mnvests the body bencath 4w
auperfical fascia. Ms deveid of a1, and s usually inelastic and 1onegh
irig. 80

Braps P e Skn
s a Superficial lysciy
T - \ Isubcularmeus bssue]
| 48 = Degp: lostis
Eragnialis [ i A
[] /‘ "
Wl - #_I',_, 4 i,»‘ = N\’ Arachiprachans
hl&‘mHSfullaal’ T - a4 | algral
SRUILM nlemmuesca ar
nepium
Trice
K Hainerus

Fig. 8.9, Cress-seclor nl ar airn sawwing he anangerenl of
sapeifcial and deep fasuia

Distoullon

. Deep fascid s Aose defined i the imbs where o furms wough
and tight sleeves, and in1he neck where 11 farms a enllar.

2. 1t is sf-defingd on the trunk and tuce.

impaortant Features
I. Extersions cprafongasions) ot 1he deep Fasqia fmm:
(a) The miermuscular septa which dvade the limb ete
compartreents (Fg. 3 10}
(b The Obroareolar sheuths o1 The muscles, vessels ard ngrves.
X Fluckenings or the deep Giscin fonn
(a1 Retinacula ¢retention bandsh araund ¢ercum joines hike
T, 8.1 1 pwristand dnkle.
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Fisxur comgartmenl

-- o Transveise
inteemuszular sepam
T Shin

St 8 O PR AT

ANLBI0MEErr 58plum
— Lale1al viler mnscalar
EETA g
Eaterea)l (oonparmenl

Madial -
inaImasiLlar
qeqlum

Fig 910- Inarmuascular sapia foeming nomparimanis

I Falmar = lunyuy
Palmar culanso as ——
e i o § = el
vahi campdl loymer{—— 1 0 : *
patlie ! M an nerve
Uirar adery
Al vanve _Q:;— thernar nwneglas
ypoll- mmr—‘ ¥
muzscley ,‘ — PR
Flexol v d *
ralm acgu?n y fe ; \,_ HAarge catp 1adials
Sl —'—-'——'_"‘_’___" ’ __-—q— Fenge poliig
dugboram | \ o O , ' Knguz
sipadiciris e g — - a Fiurur gy urum
~ e\ = r~rlundus
Llrar bursa

I'-'lg. 8.19: Floxar rebculum al 1E¢ wost

by The palmar and plantar apuneuroses [or protection ol nerves
and bluod vessels.

3. Imterruptions i the deep lascia on Lhe subculangius bnes.
Deep . ascia never crosses a suhcutanesus bune. Instesd it blends
with11s perinstenm and s baund dewn tn The bane.

Maod|ficadlons of deep fascia
I. Forms the intermuscular sepfa separating functionally datferent
Zroup ot muscles nla separate compariments (Fig. 5.1

L. Covers cach muscle as graneciien which sends in the s¢pra tn
entluse cach muscle Fasciculus known as peeinn e, From the
PErimysium septa pass Lo enclose esch muscle tibre. These finge
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sema are e cudonvsum. Thraugh all these connective hissue
<eMa, L.E epamvsium, penmysium and endomasinm. arteridles,
capnllyeies, venules, lvmphaties and nerves traverse 1o reach cach
wmysele hibre [Fip. 4.6).

1 Deep fastia sovers cagh nerve as gpueceinm, eachneng fascicle
US [IeTINCHiim and wdividug] nerve Db ey eodoneiar ian. These
conmective 1issug coverings suppen (he nerve tihres and carry
capillaries and lvmphatica (big 7 10}

4. Furms sheaths Jround Luee arteries, e.e.. carotid skeath,
axillary sheath. The deep fascia is Jense around the anery and
rather luose arpund the vewn to erve an allowance Jur the veir 1o
distend (Frg. K. 1)

FIRAT Irdrrral arck d artery

Eatamal carghdd arlery

| | | "
] | |
I 5
l o |
i ‘ 1 ANSA CRMacshS
[ — o (Zonvann carghtd Arlgry
\ v - .
| : : K o
1 +Iru-.rn;:l juguar vein—§ ‘,' ()
Vagub Manva
@l Symaataetic Irunk, LD b

Flg. 8 12: Carobd srealn (a) Longitudinal scciion, {b) raisverse secben

*h

Maditied 1n farm the capsule, synwvial membrane and bursay U
relation 1n the joints.

6. Furems tendnn sheaths wherever tendons cress uver a puint This
meckanism prevents wear and rear ol the zendon (Fige. §.13)

In e regaen of palm and sale 11 1s maditied (o fonn aponsurnses,
e palmare and plamar aponenenses which atlond proection 10
the underlving-structures (Fig. K14 ). lealsu Tvrmys sepla bevaeel
warons rmus¢les. These septa are specially well Jeveloped in the

)
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calt musclesatlower limh The comraction of call mascles mthe
tighl sleeve of deep fasaia helps in pushing the venous Blood and
lymph thwards the heart.

Thus the deep taseia helps m veauas and Ivmphatic relurn Irom
(ke lnver limb (Fig 8 13)

Flaxnr redinacalam ’ £ N
i

I
L ITETRETR - Radalbursy

. Ongitey symomal
| | | 'f o sheats

Fig. 8.13: Tendon steaths ar bursae n the paim

Calcansiis

:l Thirk raalra gad and

| Thinoesdisd gird lutersl parls of
| panaT aponauress

1 .
& L ‘o F brows Nuezo® shiealh
]

| ] ‘L' = -
I 5 Shealy panally wrvd cuinaletely removed
i W PEN0ES (Ragr 1apdony

Flg. B.14: Fyriar aponeurcsis
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— &rdorar compatTenl

Titwg— - e — INArgssecUs meirbidie
Cacp fascia
"~,‘ AMars ramyuscalar srealum
‘ \- 1 alaral camaarimenl
- — - Feuls

Pasterize intennussular sepluin

A c- Tibals posianar
X 4 — Lang lleams ul Kws
Pastenn-campataent Docp and superhtial hansee e
Insoal seplum
o e U v OEG RS O 03I

- -l
Fig. 3.15: Transyarza section thrcugh leg showing three compartrents.
Pos:enar comzarment s susdwided into 1heae regions by two fassa septa

§ In the forcarm and leg. the deep fascia 1s mosh{icd 10 fonm the
rterusxedn memfrune, which heeps.

(&} The 1wa hones at optimurn Jistance.
(hy Increases surface arca for atackment ol muscles (Fig. #.16]
() lransmite weight irom anc bone 19 uther.

Hewd clhiadug—- e fadial nich of uing

= Fnasa below supericr
‘. radoudnar ping

l s =3 - MbBrOsseMIs memerane

(ML 1 —— - ST R
o' racus

—

Arhicudy disc of mfem
rarkLANAr pind

Fig 8.16° Inlerussecas membrane of tre forearn
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Functions
I. Deep fascia keeps 1he underlying struciures in position and
preserves e ¢haracteri st surlace contour of the [imbs and neck.
At provides exira surface for muscular attachrnents.
. Ithelps i sénous and Ivmphatic return.

. IU assists muscles in their action by the dearee af tension and
pressure i1 #xerts upon ther surfages.

| LTI ]

o

. Uhe retinacula act a5 pullevs and serve tn prevent the lnss of
power. In such siwations 1he Inctan ismimarnized by the synavial
sheaths nt dhw tondans.

CLINICAL ANATOMY

SKin s the auter carment of 1he body and 15 subgected 1w ollowing
maladies.

« Dermaltilis vr cozema: There s redness, swelling, itching and
eaudation i gcute cases. L osually becomes chrunic. Demalibis
may he allerpic duc tu soaps and cosmelics.

Albinism: There 15 na melanim pgment. It s usually an inhgriged
canditian.

Herpes zoster virus: This virus causes vesicular lesion around
the nasal and nral orifices and alang a derrnatmme. Jois alsa respansible
tar causine chicken pox 1Fie. 7 26).

Fressure sores: The skin slowly Jies over the pressure sites, @40
pressure sores i the lower back when patient lies on the back for
prolonped peneds due w illness {14, 7. 231,

« Hurns: Itis aconditien which accurs due 10 1no much heat ar gold
avids, slkahes and elecincy, elc. [ only epdermig s afticeted, the
kurn is called superficial. ICheth detmnis and epidermis are aitected
thet burn 15 called deep. Burn results in dehydratinn, shock and
cantractincs.

« Bealgn pigmented naevas ur muke: Melanm pigment cells are
found 1n small numbers in the basal laver of skin. These
neurnectydermal cells may prahteraic ar the demaepidennal juncuicn.
in the dermis, (o form nacvi of different sizes and farms,

Colowr: Skin is pale wn anacmia, vellaw in jaundice and blue in
CVArRIS IS,



190 1 Yandbook cf Gencral Aratomy F-

« Boil (furupcle): Bal s 3n mtection and suppuration of the hair
fallicle and the sebaceaus gland.

“Skin Incistons: These should be made parallel to the lines pf
cleavage. “Thas wall resulvin small scars (Fig. 8.3}

= Sebaccous oysts common i he sealp. B is due to obstrucnon of
the duce of a sehaceous gland. cavsed cithel by trauma or infgeion
(Fig. 8170 11 the duct of sebacevus gland of cheek g blacked, it
leads 10 closed comedenes or aene (Fig. 83.13). [1the condilion gets
sevens, the condition s aene vulgaris¢Fig &1,

» Scables 15 3 mite infection. ILs commonly seen in genital reeion
(Fig. £.20%and minterdigatal clefi (Fig. 8.21).

Fig. 8.17: Gebaceous cysts v the s¢alp

Fig B.18: Zamecones or acne on the theek
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Fig. 3.18. Acne vulguns

Flg. 3.20. Scabirs r genilal "egion

Fig. 8.21: Scatias i interdigital clnt
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CKeloid as overgrowth of cunnective ussue at site ul injuey or burn
{Fig. B.22).

cFungal {nfeetion of nall is camman (Fag, ®.23) o may accur in
between the wes also

Fig. B.23: Furgal iniechon of the nail

< Vidlige 1s an gutvimmune disease [eading o white patches on skin
iFig.8.24).

« Bolducss s relaied 10 harmones, Alopecea areata |Fig. $.23) is an
alhuirmmune disease,

« Deep fascia of the leg helps w venous return from the legs. The
rruscular contraciions press on the deep veins and dorm an effective
mechanism i venous return. This conlcaction hecomes marc
effecrive within the tight sleeve of deep fasoa.
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Fig. 8.24; Vrilga cn the skin of hands

Fig B 2% Akopacia areata

“Ploges: The deep fascia farms planes sod the thnd or pus tracks
along these fasoral planes. The tubercular ahscess af the cervigal
verichrac passes along the preverichral Fascia intn the posteror
trianglc ofnech orintn the axlla.

< Retinacula keep the fendans and neeves in position. Sometimes the
delicate nerve may zel campressed as it 1icaverses under the
rebinacula Median nerve may get compressed dezsp o 1he flexor
rethinaculum, leading to the Carpal avane! sprdrome: {Fig. %.1 1

«Smmilarly tihiagl nerve may get compressed under the flexnr
rerinaculum nf leg, leading 10 Tarsal tunaet syedeome:

(hqures £ 18 1o & 25 have hinay See progcden Gy O 2aurddhD ana OY Fravadn Aggarear af
Aggarwa Meaya Tema Mo aan Sasndsea Came)






0 Connective Tissue,
Ligaments and Raphe

CONNECTIVE TISSUE

Infraduction

Cunngctive Lissus s o wilg [y distnbuted general type of Tissue which
supports. binds and protects the special 1w || ditferentiated) tissues
Ihe budy.

[1 has bath the celbular and extracellular components.

The cellular camponent ol cunnective lissue plisy s the rele of active
detence, whereas the extracellular cumpanent 1ibees snd ground
substance) serves a number of mechanical lunctivns at suppoert and
pratechnn agdinst the mechanical stresses and straing

The nrdinany type af cnnnective bissue 1 distribuled 1] over the
buds. but the speeral type of cannective tssue forms certin we|
JitTerentiated 1issues, like the bone and cartilaae.

A number at cell tvpes nfthe canneclive fissue are alse found inthe
Blood and Ty mph

The greater part ol connestive hasue develops frum embryonic
raesodern.

The cells of e connective (issue are widely scparated by the
abundance al extracellular niatrix

CONSTITUENT ELEMENTS

Conneclive Lissue 15 nade up or cells and exoracellular matnx.

A Cells

Cells are fibroblist, micraphage. plasma eell, mast cell, Lat cell. and
piement cell.
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B. Edraceliular Mathx

The wtrix has a ibroas and a non-Gbrous elernent. The Abrous ¢lemen)
has theee 1vpes of fibres — callagen. elastin and reticulin. The nop-
fibrous element is forned by the growmd substance.

TYPES OFf CONNECTIVE TISSUE

Inlferent Ly pes of connective Lissue are fuund in Juecenl parts of the
hody according wihe local funclivnal ceyuicements. These types are
hased on predominance of the cell tvpe, cunceniration and arcangemen
ot the [ibre 1vpe, and ¢haracier of pround substance. The conneghs e
hissucs are classified as follows.

|, Loose Connecive Tissue

M3 repes are: Areolar bssuc, adipnse Gssuc, Myxomargas (issue and
reticular tissue. These are descrbed in Garg, Kanl, Babl: 4 Textbonk
of Histologyr—4 Colour Adus and Text, 4 edn, CBS Publishers &
Disinbutors, New Delhi.

Il. Dense Ireguiar Conneciive Tissue

1. Ordmary « fendon
2. Specialised = cartilage amnd bone which have been describgd in
Cheapter 2.

Funchons of Conneclive TEsue

I. As a packing material, connective nssue provides & supportrmg
reracriy for many ighly oreanized steustores

2 N farms restrainmg mestan:see of 1the bady in the farm of
retinacula, check ligaments {Fig. 9.1 pand fihroas palley |Fig 9.2).

1. The ensheathing laver of deep fissc i proser ves the characteristic
contoul of the limbs and Qids Sirculation in the ves and lvrnphatics
iFig. 5.8).

4. [v provides surface coping of the bady in the form of saperficral
Sascia which siares fat and canserves bady hear.

S [ pevides addizionad yurfuce tor ihe allachment of muscles in
1he tam of deep fascia, mtermyscular sepla and imlerasseaus
membrancs |Figs 8.15. K.1b).
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Redial palpebeal igamam

= Lazmnal fascia
LEchams. | Lacimal bare
" Lawaral palpatval raphe -t : #i=dial check 1gamani
| Latess ek Iguoieel - Shealh of MK 16¢is |
I K\ | T Ortalal lasaa
Zyignatic bone —— 3 |~ Eihnodd bore
Shegvt of lataesl recties . % ’
» Ol fascig A ‘ By of sahanaid

S Shealh gl upde ners

Fig. 9.1: Check bgarmanls in the oeke

Superive rectus e

Supancr ablicue \ /
ji..

- Pulkey

3,
j

.wmeral recius ——— - % \ =Mzl reclus
I | (/

infer or abliue -Intgrar raclus

Fig. 9.2: Fivcus pulley 1c change the diréct &n of minscin

6. [V forms fascial plases whach provide convenicnt pathways for
vessels (bloud vessels and lymphatiesh and neeves.

T In places where it is lopse in texture {laose conneclive fissue) it
Jacilitates opowements between the adjacent stnectures, and by
forming bursal <acs it mmimizes fnicton and pressure ctfects
(Fig.&13)

8. Connectisg tisswe helps in the repaic of infurive whereby the
fikroblasts lay dawn collagen tibres W form the svar Ussae,
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9. The miacvploges of connecOye tissue ~eree adefensn e funzlion

against the hacterial invasion by their phagueyte sctivity. They
alsn act a< seavengers in removang the cell debris and orgien
maicrial.

The plasma codte are capable ol pnrducing anhibodies sgainst
specitic anhigens (forgien praleinsk

The mase cedls, by pruducing histamine and seralening Jje
responsthle lor the vacieus inflammasiory, Jergee and
hvpersensilivity reactiuns. Pigemeas ivdlis prolgct the skan againg
ultravielel radhation, sikthat the inflammatany changes fvpical of
sunhum da noc e, and the chmngomal damape nrke divading
etz pifepudermis iz ay gided.

Crinnvetive Lissue camams meseochymal cells ofegmbry omic Lepe.
These e capable of ransformation i each tvpe uf the
camnective tissue cells withiheir daseree [inctons.

LIGAMENTS

Definrion

Lagzaments are fibrous hand s s lnch connect 1he aduseent benes, formine
intvpral parts of the joims, [hey ace wugh and unyielding, but @t the
same time are flexible and pliant, so that the noomal owvements can
peeur without any cesistance. but the abnormal movements ace
nrevented

lypes of Ligamenty

A Apeearding la (hercompoaticn

I Mastaf the hgaments are made up of collagen lilres. These
e welastiv and unstietchable (Fig 9 X

A Tew ligamenrs, like 1he ligamenta flava and ligaments of
auditory osswles, are made uporelastin Fibre<dprodominantly ).
Thuse are elagtic aml stretzhable (Fig. 9 4.

(3=

13, Avcurding to their relat an w the juing

I, hlnnsic igarmentssuvnund che wind, and mayv be 2vireapsular
ur inteacapsular

2. Extrinsic hgaments ang jodependent al'rhe jomi and by away
from it (Fig, 4.5)
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Meas malecie '

- Tyl
Pozlericr bbrlaar w3 % -
‘ -5
e Toivcakuregn byamenl 5 E !
X7 b |
A s yicnaanUAr igamer g'? |
== [

e A CANEIM

s Buraneacuum ial
" Spnngligarent

NaCuar gone

Fig. 93 Colagenaus, dellows ligarmenl

fggTan wwmoani Haxd i malleus
Aditerion Agarenr of
Sl matous and
R, paliprgmpan ¢ hssure
Pasliznor SR — Terusde bruparn
ranalirdus lor § maisrlc amthir
Chceta 1y mpan: \ S - Zan3l
) e e Anleriay
i Buny s2piu
Charda Iympani —f—
o Andiary Iube
Tyirgan o —
EATREanG ‘ Artanzs raIrulG
Handk o mallsygs — - - e e 1or Cheda 1pmpan:

Fig. 9.4: Elasiwn, arlewdr lgament of mallgus

Momhology
Ligainents are usual's sonsidered as degeneratea tendnns of the related
musgles

1. Tihiul collateral hegament is degenerated tendon of adiducior
magnus muscle.
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I balar colalwmal
liga-‘m.-n? elrngic)

‘ Femur

Crugiate hyamants
{1mirnsic)

! Titial wolalerzl
\ '/ Tig  ligament jeximnsic) |
\ /
| .

Feg. 8.5 Some of the extrineic and einnaic hgarments of knee (onl

2. Sacrotuberqus hzamenl is degzneraled endon of Tong head of
hiceps temans.

1 Sacenapinaus ligament is degeneoated pint of cocey geus musile.
4. Long plamar ligament is pan of peronzus lungus.

Theil lendinous rature is evident in sorne animal ancestors.

Blood and Nerve Supply

The bloud vessels and nerves o the gonnt ramify anoats igsments and
supply them.

Must ligaments serve as sense organs hecause ol their nch ngpve

supply. They act as impontant reflex mechamsms and arc impanam n
manilocing the postion and mavements nt the jant,

Functions

1. Ligan2nts arc impartan2 agents in maintainimg, the stabihiy at che
joim

2. I'hew sensory lunction makes them important reflex organs. su
that thewr joim stabilizing role as lae more el Ticient.
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RAPHE

A raphe s i linear fibrous band fermied by interdigitation o the tendinoas
wr apuneurolic ends of the muscles, It diflers frow a ligamentin that it
15 swcichable.

Fxamples: hinea alba. prerygomandibulur raplie. my luhyoid raphe,
median pharvngeal raphe (Fig. %.6). anucoveyeesl taphe, elc.

T Sazisptignuid
. — Pharmgeal abergle

{/ T Pharmgobasdan lasos |
y. \ :
‘.’ ! 1 " f
Siyiod process —— tod v\ — Superioe consnice
SIyKpnarngaus - .,.'\\ RN A |
Stylchyaid iganiesil —— A M )

e | Middia canslecice

Merian pharyngeal rapac imee

L Thyropharmngasl and
'y cHCIptiarageal pant o
) ivanar crasincar

CLINICAL ANATOMY OF CONNECTIVE T-SSUE !

cCollpen diteacey mclode rheamatic fever, rheumatwad
arthritis, disseminated lupus erythematosns, selernderma.
dermatemyuesitis, polyarering nadusa, and serom sickness. These
are the Jisesses of vonnective tissue charagtenzed by s fibrinod
NCCIOSIS.

« Seleruderma is aslony progeessive rheamatic disease accompanied
by vascular lesions. especially w the skin, Tengs and kidneys. [1is
characitetized by deposition of 1ibrons tissue inthe skin Ths lcads
L thickness and {firmpess of the attected arcas. B is 3 3utoimmune
Jisease of gonncctive tissue.



202 | Hamlbipph ¢f General Araionny

« Dupuytren's conlracture: Ovcurs Jue e contraction of librow
tissue of palmar aponeuross. The disease resulls i lexion deformitie:
alfingers, cspecrally ring tngeraod litde lingerdFie. 9.7

Flg. 9.7: Dupsytren's conl-a<ture

“Inflammations (frhovasieis: and ingarics imiiy and speviey) of th
¢comective nssue ae very painfel because of i3 rich nerve supply
o the assoviated musele spasne Rebiel {henhingh of pain in 1hes
disorders is marhedy Jdelaved due 1o poor bloed supply of the
CoOmecLive 1issoe,

« Muarfan's svndrome i$ 2 hereditany disease ¢causing inesederma
and ecndermal dysplasia. [Uis characlerized by excessive height
arachnodactvly, high arched palate. dislecated eve lenses, ang
congenital heart disease.

«Tendons at the hack of wrist ace enveleped by synevial sheath A
timnes 1he sheath may term a swelling at back of wrist. This is calle
the “sanple ganglinon™{ Fig. Y.8).

Fig. #.3. Ganglion at the back of wrist
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Ganglion s avyste swelling resulling fraen mucond degeneradion of
synevial sheaths arsund the tendons.,

CLINICAL ANATOMY OF LIGAMENTS

< Undue serctching and tearing of the fibres of'a ligament due Lo an
mjury 15 knnwn as “spraimn’. It canses severe pam and effusion inle
the higament and 1oint. The honegs are normal as scen in the X-ray
filns,

» The jomnt stabiluy s lost in the neurapathic iomis, as oceurs in tahes
dorsalis, syrimeomyelia. leprosy, 1c
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10 Principles of
Radiography

Xaay 31e a Kind oi 2leciromagnatic waves which are used extensively
in medicine For bath diagnostic and heapunie puiposes.

All electromagnetie waves (Xt s, uliraviolol ravs, infcared ray s
and radie waves) ace produced by acvelerauon of <lecirons,

HISTORICAL
N-rays were discovered accidenially un November B, 1395, by Willalm
Kuanrad Rogmgen.

Rownrgen was a Cigeman physieast rom the Lnversiy o Wurzburg
He was engaged im studving the behaviour of an ¢lection beam when
passed through o vacuum w sinke a wngsten plawe. Te his surprise, he
observed tht. in addition e 2lectrons, cerlain anknowi rays were glsa
produced. whwch could pass Uicuuph the elass envelupe vl his appiratus
and caused g elow vnoa distant Nuerescent seeeen e was able 1o
photegeaph the hones ¢l his hand by placmg e hand over a
photngraphac plate and then shining the ravs an 1. For his unique
disenvery. Raentzen was anarded the ticst Nohel Prze in Fhyaies in
| ¥l

The distovery of X-rays provided a new dimension te the
advangement ot maedieal and other seiences.

The medical wses of Xerays are hih diapinstic and thergpeune.

As adiagnostic 1ocl, radiapraphy has proved of great vahse in
detectinn of the carly stages nb decp-scated diseases, when (he
possibhity o cure 15 greatest.

‘Fherspeutically, X-ravs dradinthecapy p are used in the freaoment of
cancer (selected cases) because. the ruvs can desteny cancer eells
much more easily withvutl destroving the adiacent normal cells.

208
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PROPERTES OF X-RAYS

The relevant prnnerties ¢l X-1ays are as fullows

). Penetroting Power

X-ravs farm a part of the spectrum of clecwromagnetic iadianon Thes
¢losely resemhle the visible bghtcays inchavine a sienilar phanographic
ettect. Bunrhey difter trom the lighirays in being invisible and w having
a shorrer waselenyth. The wavelength of X-mays is [ 10K of that of
the light ravs, e 7.8 TP = 171 » In Y am. Jt 1s chis property of
shorter wavelengih which gives them the pawer of peretration of
diffecent materials.

When X-ray & pass throaeh the matter. the 1avs a2 absarbed tevan ing
extents. The degree of shsorption depends on the density {atunic weght)
of the maner. Radingraphy 1s based on the dijterentisl absorption ot
e Xerans. Dense tissucs, like the bore, absorh X-ravs {ar more rcadily
than do the suft tssues of Cig body. Struciures which are cusily
penctrated by the X-ravs are described as fodinficens and the
structures which are penetrated with delficulty or ale not penetrated at
all are descrihed as #adiopxigne.

The varions struglures can be arranged sn a scale of increasing,
radhopacity.

(al Air i he respuarmy passages, siomach and intestines.

(b1 Fat

(c1 Soft nsanes, ¢ g. mnscles, vessels, nerves, and yviscera.

(J1 Bones, due 1o ther ¢alcam content.

{e1 Enamel of teeth. and

(1 Dense toreipn bodies, e.g. metslhic Bllings in the weth. and
radiapague cantrast media.

2. Photographic ENec]

When X-rays stiike a phatesensitive film. the tilm ets phetosensitized.
When such a film is descloped and txed cheoncally, a radiography
image 15 vhtained.

N-ray film is made up of cellulose acetaw, which is coated nn its
buth sides with sslvg bromide (photosensiesel emulsinn 9.001 inch thick.
The Ml is blug hinted and teansparent
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An X-ray image (picture) is called skiagram (skia = shadow),
radiograph, or roentgenogram. Radiolucent structures produce black
shadows and the radiopaque structures produce white shadows in the
usual negative film. It is useful to remember that gas shadows are
black shadows and bone shadows are the white shadows.

3. Fluorescent Effect

When X-rays strike certain metallic salts (phosphorous, zinc, cadmium,
sulphide), the rays cause them to fluoresce, that is, light rays are
produced. This property of X-rays is utilized in fluoroscopy.

4. Biological Effect

X-rays can destroy abnormal cells (e.g. malignant cells) much more
easily than the adjacent normal cells. This property of X-rays is utilized
in the treatment of various cancers.

However, X-rays are potentially dangerous. On repeated exposures,
they can cause burns, tumours, and even mutations. Therefore, adequate
protective measures must be taken against repeated exposures to
X-rays.

RADIOGRAPHIC VIEWS

Radiographs of a part taken in more than one view give a more complete
information about the entire structure by eliminating some particular
overlapping shadows in particular views.

The ‘view’ expresses the direction of flow of the X-rays. In AP
(anteroposterior) view the rays pass from the anterior to the posterior
surface, and the posterior surface faces the X-ray plate. In PA
(posteroanterior) view the X-rays pass from the posterior to the
anterior surface, and the anterior surface faces the X-ray plate. The
part of the body facing the X-ray plate (i.e. near the X-ray plate) casts
a sharper shadow than the part facing the X-ray tube.

The chest skiagrams are usually taken in PA view, but for visualizing
the thoracic spine, AP view is preferred.

The ‘view’ can also be expressed by mentioning the surface facing
the X-ray plate. Thus AP view can also be called as posterior view,
and the PA view as the anterior view.
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Similarly, when righl surface ol the body races the plate, 1015 ¢allayd
the pighr foteral view, and when the lelt surlace of the hady fages the
plate ot is called 1w teft lararal view

Oblique and ather special view's ate 1aken o visualize certun speeinl
structures

RADICGRAPHIC PROCEDURES

1. Flugroscopy

Fluvruscopy is ul special advantage i ohserving the mavements ol the
wrgans Lungs. stomach. intestings, erc. |, and in ¢hanping the positian of
the subjeet dunnyg the exannauion,

Eluornscopy 1s done ina dark rovm

The Hlunrascopee invage is visudlized directly on1he Huorescent <ereen
which is cavered with a sheet ol lead pluss tn ahsorh the X-ravs and 1o
prateetihe Muorescopst.

The sharpness vl the Huornsenpic image 15 inletior o ihal ol a
radweraph.

[Nuoroscepic imagae is photographed by a camera in mass ininiature
rudiography { MMR) by which the masses can be surveved for Lhe
detection ar disepses such as wberculosis.

2. Plaln Radlegraphy

A natural X-ray irmnage. ublained dirgctly ailhom nsing any conrast
mediurm, s called a plain skiagram or a piar ractograns Plain
radingraphby 15 particulacly userul in the srady ofsormal and abnormal
bones, longs, paranasal air sinuses and gaseons shadows in the abdornen
LFige. 101}

3. Conrast Radiography

Thee varivus bullow visters and body cavities cannol he viswalized n
plan radingraphs due w their poor Juflerential radhopacity. However.
Their contrast can be accentuated by filling soch organs or cavities with
ewher a radinpague ur a cadielucent subsiance. Radiography done allet
arificial seeentuativn ol the contrast is called contvase radingraphy
The radicpaque compounds used 10 conirase radingrapin are:
I. Bariurn sul phate suspension termulsiond 1 swater [or gastroinmestingl
tract (Eig. 1020



Prinoyp ess of Ragingraphy | 209

Fig. 10.1. Plar radiograghy of abdomen

Fin 410 2: The slomach and anall sntestine wvisuahsad by Eanum meal
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2. The aguecys solution ol spproprigte indine compounds. fr uinay
und mliary passages and the vascular sysiem

Spoaciol Procedures

L. ('omputen‘zed tomography (C'T scamnimg): Compulerized
tomography is a major technolagical hicakiheangh in radiclugy,
cspecially nevraradinlogy {Tig, 10.3)

It provides wmages comparable o anatoncal slices 13-6 mm thick)
et'the brain,in which ane can distingush tissues with even shaht
difterences in their radicdensity, viz. CSFE, blood, white and prey
ratter, and the newplasms,

Mirferenuation belween vascular and avascular arcas ¢an he
enhanced by simultaneous injechion of a eadiopaque medium in
Lthe vessels.

Thus CT scanning helps in the diagnogis atthe exact location and
size of the tumaurs, haemnarrhage, nfarction and maltormaions,
including hydrocephalus, ¢erebial aophy, eLc.

This technigue is also called a5 CAT (compulenized axial
tomugraphy ) scanning because 11 provides images in transverse,
or axial plane

Fig. 10.3: CT scan &1 the thorax

2 Ultrasonograph: Llwasenic diagnostic cchography is a sate
procedure because instead of X-ravs the igh requency saund
waves ale used These sound waves are netlected by (he acaustic
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intertace {dlferent tissues) back ta ther snurce and are recorded
in a polansed camera.

The sound wiaves used are above the ranee of human haring, 1.
ahove 200M0 cvcles per second, or 20 kilohertz 1herz = cy¢les
per secand). As the techouque 1s quiee safe, it 1s especially valuable in
absteltic and gynaccolemcal problems. Fagures 10h.4 and 10.5 show the
ultrasound of the vk and thy rand gliand

Trachaa

Rkt kte of Ihrod L=l Bbe ol 1hereid

Crmman carchid arlery Commen carosd arlery

Fig. 1¢.4; Urrasound of Ihe neck and Iiyruid gland

MAGNETIC RESONANCE IMAGING

The MR uses 3 strong magnel and pulses of radivwaves. A pulse at
radiowayes nl'the appropnate freguency displaces hydrogen nuclei irom
their new alignment. They returnto their position immeduately alter the
prulse ceases. Acthe samie ime chey release the cnergy ahsorbed as a
radio sianal of the same teequency whichas detected. The signal retumed
is proportianal tuthe concentratien ¢f the protons. This s converted by
computer imo an analogue image presented una screen, MRI can producye
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Nusyl weptam Lens Lol oyoant
i
| Sprenaval Trmrpoea
H Wiy oim 2 It
Basila
darkery
Srrekrl
penLneia ¥ bram
~ Lrretinilm
oo prial
k:bo

Fig. 10.5° Maguedic resonance imaging il Sraam

aniahimagesresembling those af CT. IPhas the 2real advantage thatimages
can alsh be produced m any other plane. This can alsu used fur tissue
characterization and hlowd ove imuaginge.

INTERVENTIONAL RADHKULOGY

Interventional radiolegy invalves 1 wide vaniely of procedures. 'hese
mnchude
*Percutaneous catheterlzntion and embolisativa in the
treatment of luroours 15 Jurke Lo redudz lumoaur sice amd viasgularils
prior Lo wperativn i Jifficul cases
+ Percutaneons franslumioal dilatation and arterial steaosis fur
the trearment of hicahized stenesis in the anteocs.
+ Needle hlopsy under imaging control for lutg tumours and
ahdominal masscs.
= Transhepatic catheterization of the bile duets lor draimng in
rhsinuclive jaundice.
« Needle puncture and drainage of cysts [n the kidney or ather
o1 gans usng contrel by simple X-ray or ultrasound
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A Anglo-Saxun E  Enulizh It Taban
Ar Arabic F  Fiench L Laun
C Chincsa: T ek 8 Samhix
e Dueh W Oerman
Atlerent comingg tonward <
Anus ring
Ly Arern Brlod s ossal
(LY Artigulation [l
1 Anvtencid like a pitcher
({n Al brag- like (tuid enlleclion
ANy e shar-5 ll.spud
Atavism 3T mede anvestor Iepiphysise
Atelectasis con plate expansion
Allwroma (ST
Allas virry varth on el - s eervical veriebey
Alresia n holy
(Ly At cenbial vpen pan
(Lip  Annphy ills o ished
(L1 Auditory related Lo bearing
Aucrbach Averbach's plexus of gutonnmmic nerves
{Gunman watontis;1y - basween longivadinal and circulio cioais ulf
Eastronmigstina | wag
(L1 Awricle diminutive ol var
Auscaliation 10 hear with attentiun
Autnnunig self-conmrlles
(0 Autipsy wlfispemng
L1 Asulsiun 1 TRAr Wiy
L Anllg ariripit
L Axis <y (pillars—2nd cervical venehra
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(G)
(F)

(L)

(G)
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(F)
(G)

(L)
G
(G)
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(L)
(L)
(E)
(L)
(L)
(L)

Azygous
Ballotment
Basilic
Basophilic
Bile
Biliverdin
Bilirubin
Bio

Birth
Bladder
Blepharitis
Bolus
Bone

Boss
Botany
Bowman
(English surgeon)
Brachium
Brady
Brain
Branchia
Breast
Breech
Bregma
Brown-Sequard

(British neurologist)

Broca

(French surgeon)
Bronchus
Bronchiole
Bruise

Brunner

(Swiss anatomist)
Bucia
Buccinator
Buffer

Bulb

Bulbar
Bulbocavernosus
or
Bulbospongiosus
Bulla

unpaired—azygous vein in thorax
tossing

medial vein of arm

basic stain of nucleus

fluid

green bile

red bile

life

bearing of offspring

watery swelling

eyelid inflammation

mass

bar

a hump

grass

Bowman’s capsule, Bowman’s memb,
Bowman’s muscle of ciliary body
arm

slow

upper part of head

gills of fishes - branchial arches
bursting forth

lower part of trunk and thigh
forepart of head

Brown-Sequard syndrome - hemisection of

spinal cord
Broca’s area - speech centre

windpipe

terminal air tube

to break

Brunner’s duodenal glands

cheek

trumpeter

cushion to soften blow
as onion

medulla oblongata

accelerator of urine
bubble
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Bunion

Burdack

(Cireeh inatemsl
Borsa

Bk

Cidaver

Cilecnm

Crsareun seclion

(ulins Cacsan wwaz hiwnd

Ciiveon

Cajal

(Spanish histologist}
Calamine

Calculus

Calvaria

Caleaneus

Calear

Calear fewnorale

Calcarimne Ny
Calemdn

Calyx

Calvyria

Camper

¢Dutch anatomist)
Canal

Canal o' Acnnld
Canal of Schlemm
Cancellnus
Canwer

Canme

Cannulia
Capilay

Capsule

(‘apu‘l

Capirulune

Caput Meluyie

Carlliydriste
Capua sucecdancum

Cardia

swelling
pust column of spinal cord

& pLre

¢nd (p-ominznce post. to hip)

2 deal body

kind

cutting ulercs 107 aking out 3 haky

[ 7EN
Cajal s13in

red

litdle suone

vaule of cvanium

fone of thao

Spur ealeanine suscas)

sironp, plate of oz on e of lesseriochaner
wppporiing nech of fernur (s ireshaped)
spur-shipel

1& ke bune

coverizig ul budsshetl

sault

superficial fuscia ol anlerior abdominal wall

thannel vt lumow

for lesser peteasal nerve

at comea-saleral junction

lactice work

vrah-like

iclaned we dog {rectly)

hoblnsy, wwabular insicwment

lihe biai of head {esputk, fing ihe
asnkall box

heal

in hurscios (Lavcial pan of luwsr el
Chgind n2 arch) sgen begause of
dilargtion of vy gl cmbhgys due
ciirhosis vl liver

made of carbon, hivdrogen ard wisler
swelling preduzel om prescoting part OF feial
head during |shour

heart
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Caries
Carina

Caro

Carotid
Carotid tubercle
Carpus
Cartilage
Castrate
Catarrh
Catgut
Cauda
Caudate
Caul
Causalgia
Cavernous
Cell

Cement
Centrifuge
Centrosome
Cephalic
Cera
Cerebellum
Cerebrum
Cerumen
Cervix
Chancre
Chemotaxis
Chest
Chiasma
Chitin

Chole
Cholesterin
Chord
Chordata
Chorea
Chorion
Chromosome
Chyme
Cilium
Cingulum
Circle of Haller
Circular sinus
Circle of Willis

Handbook of General Anatc

decay of bone and teeth

structure with a projecting central ridge
flesh

to throttle (blood vessel)

ant. tubercle of 6th cervical vertebra
wrist

gristle

to cut off

to flow down

from intestine of sheep

tail

Caudate nucleus, Caudate lobe (tail-shaped)
cap (fetal membrane with fluid)
burning pain

full of compartments

small room

binding

fleeing away from centre

body centre

to head (cephalic vein)

wax

little brain

brain

ear wax

neck, e.g. cervix of uterus, cervical rib
venereal disease

reaction of living cells to chemical agents
box

crossing over

coat

bile

solid bile

a cord of string, e.g. chorda tympani nerve
animals with notochord

dancing (disease of basal gang)

skin

coloured bodies

juice

eyelid

girdle

venous circle in areola of female breast
sinus around pituitary

arterial circle at base of brain
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Circulation
Circum
Cirrhosis
Cisterna
Claustrum
Clavicle
Cledio
Climacteric
Clinic
Clinoid
Clitoris
Clivus
Cloaca
Clonus
Coagulation
Coarctation
Coccyx

Cochlea
Coelenterate
Coeliac
Coelome

Cohnheim (scientist)

Colic
Collagen
Colloidion
Colon
Colostrum
Colpotomy
Commissure
Complement
Concha
Concussion
Condyle
Conjugate
Conjunctiva
Conus
Coracoid
Corneum
Corona

Corpus

iical Word Meanings and Historical Names

motion in circle

around, e.g. circumflex artery

to turn reddish yellow

reservoir (at base of brain)

barrier

diminutive of key

closes the thorax, clavipectoral fascia

step of a stair (menopause)

at the bed side

surround pituitary fossa like four posts of bed
tender (female external genitalia)

slope of a hill - part of cranial fossae

drain or sewer (dilated part of hindgut)
confused motion

to curdle

to press together (coarctation of aorta)
cuckoo (coccyx resembles bill of a cuckoo) -
lowest part of vertebral column

snail (internal ear)

hollow (internal)

belly (c. axis artery for stomach)

hollow

Cohnheim’s areas in skeletal muscle

pain in intestine

glue producing substance

glue-like

large intestine

first milk secreted by breasts

cutting through vagina

join together

I fill up

shell (in lat. wall of nose)

a shaking

knob formed by knuclle of any joint

yoked together

mucus membrane of eye

cone

a crow-like process of scapula

most superficial layer of epithelium of skin
crown, e.g. corona radiata and coronal suture
corona glandis (coronary arteries, coronary
sulcus)

body, e.g. corpus callosum, corpus luteum
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Corpuscle

Corrugator
Cortex
Cortex
Costa
Cough
Cowper
Coxa
Cramp
Cranium
Creatine

Cremaster
Crepitus
Creta
Cretin
Cribriform
Cricoid
Crista
Crista galli
Crus
Crural
Cruciate
Crypt
Crystal
Cubitus
Cuboid
Culture
Cuneiform
Cupola
Curriculum
Cusp

Cutis
Cuvier (anatomist)
Cyclops
Cyst
Cytoplasm
Dacryocyte
Dactylitis
Dale
(English physician)
Dandruff

a little body, pacinian corpuscle, thymic
corpuscle

wrinkler

outer bark (grey matter)

rind (outer layer)

rib

violent expulsion

Cowper’s gland near upper end of male urethra
hip

to contract

skull

(flesh) a non-protein nitrogenous substance
from flesh

a suspender (of testis)

a little noise

a chalk (CaCO,)

congenital myxoedema
sieve-like, e.g. cribiform fascia of thigh
ring, e.g. cricoid cartilage

crest

cock’s comb

shin bone or leg

leg

cross-like

underground vault (hidden)
clear ice

elbow

cube-like

growth

wedge-shaped

dome-shaped

a course of study

point of a spear (cusp of valve)
skin

ducts of Cuvier

one-eyed giant

bladder, cystic duct

spread outside the nucleus
tear-drop

finger inflammation

histamine discovered by Dale

skin scabs
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Dartos

Darwin tubercle
Decalcify

Deci

Deciduous
Decompression
Decubitus
Decussate
Defecate
Degenerate
Deglutition
Deiters
(German anatomist)
Deltoid

Dementia
Demilune
Dendron
Denonvilliers
(French surgeon)
Dens

Dentate

Dermis
Descemet
(French surgeon)
Desquamate
Detrusor

Dexter
Diagnosis
Dialysis
Diapedesis
Diaphragm
Diaphysis
Diarrhoea
Diarthrosis
Diastole
Diathermy
Dichotomous
Didelphys
Diencephalon
Diet

leather

projection in upper part of ear
process which extracts Ca*™
one tenth

falling off

decreased pressure

lying down

intersection of two lines

to evacuate the bowels
structural impairment of a tissue
action of swallowing

Deiters cells in internal ear

triangular in shape, deltoid muscle, deltoid
ligament

to be mad

half moon, demilune of Giannuzzi

tree, dendrites of neuron

fascia between rectum and prostate is
Denonvilliers’ fascia

tooth-like dens of 2nd vertebra/axis
tooth-like, dentate lig. of pia mater, dentate
gyrus of brain

skin

Descemet’s membrane of cornea

to scale off

to thrust away, detrusor muscle of urinary
bladder

right

thro knowledge

to loose from one another
leading through

a partition

growing through

flowing through

joint

a pause

very hot

cut in half

double uterus

between brain

a way of living
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OF  Digaseric Jeohle helly
tLi Digestinn 1 dissolve
(L) Ihigi: linpeer
({31  Idiphtheria leather-like membrane
(€] Idploz deshle fvers fdeiplo ol sume ot the skull
UK
(Fy  Dhavasy nut swell
1Ly Dislucadon pulled vut ul' plece
1.7 Diasect cut apac
1G)  Diurzsis increased Jrination
1LY Diveniculum aamalleul-de-sac
1LY Ducwor u wacher wrl o healer
1GY  Dudichocephali long el
1y Dozsuom hack
iy Dogehe I ghm
Dinzliny prug b al Dogglics frectvuigringe prgch)
15¢ish arsiost)
iLy LD I conduel
Ly Duadepym wicth ol 12 linger
Dupuxtren Dupustrern’™ contricivee
chrench surgeond
L1 Durzimater hard mather
(O Drs (predixy bad. e.g d sontery, drspepsia.
dysmenorrhova
(G} Caendern: sside sxin
i5p Lempia displacement {uut ol pluce}
i3} letopina wr tula frum
i) larcing G thinoe s et by lwead
Idinger Fdiger Westphal nuclei ol 1IN
roermgn Arcnlomisth
Clvctor T
fL)  Lllvren QU [ POITETN
(L1 Ulcment w ruliment
(G)  Llephanticsis ¢lephant-hike legs
1G] Embed hulding in place
(i) LEmbolus u plug
() Lmbhnao sorething it grows inspolber's kody
1<) Emesis voming
(LY  Emisaan CSCUFC vhannels {emassiry vens gonneciing
infrgrand spngses sl estierannl yeing)
ILY  Empirical experiencd, s seicnlifie
Ly  Emulsior milk ke micinre

3] Enymel cualing 0 metal
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Ermmthrosis
Encephalin
Endaitonits
Endemic
e ¢pncfix)

Encppa
Crsilorm
Lritenag
Lriaresis
Lnzyme
Lusin
Ependynyi
Lricondvk
Lpicranins
1ipicritiv
Lpidenmis
Lpididymn.s
I* pigastium
I*piglAcas
Ipibisal
Crilepsy
Cpinephring
lapiplois
lipisiotamy
Lpispadias
lzpislaxis
lzpitheliom
lzpouphurnn
Erbh

{Genoan neuralogisel

Eiceror
[
[Zructasion
[thimeid
Ctiolugs

Ety malogy
Euthanasi
Eustavhius
113)ian unawnmist}
Lvelution
Lxaversation
Lxotennus

haall apd sucket o
beaun plus head
Brlochige seithim erremies
nulive

within, v 2 endacnny, endols mph. codume-

rim, enduthelivin

LU} TR

sword-like. xiphowd prove s
2ui

urine passcd

which causes lermentition
pink

wrep

apon a knob

apen head

finc touch

uppn derimis

U [eates

upin bells

upr Wnpue

part of 2ad arch

iscisun

hoangng

vmentasl

vuling the pudepdum (perncum)
Bpon i tear

L tricklc

upon nipple

upon egg-hearing

Crb's palsy (O 363

1 2and up

love

theawing upwards
sieve-like

aiving the causme

true analysis of 3 word
painless deach
custachiun valve

o unroll
G imicaty
ool Lhe ol <jele
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Experiment
Extension
Exteroceptor
Exude

Facet

Facial
Falciform/Falx
Fallopius
(Italian anatomist)
Fascia
Fasciculus
Febris
Femur
Fenestra
Ferment
Fetus

Fibula
Filament
Filaria
Fimbria
Fissure
Fistula
Flagellum
Flatus
Flavine

Flex
Flocculus
Folium
Follicle
Fontana
(Italian anatomist)
Fontanelle
Foramen
Forensic
Fornix
Fossa
Fourchette
Fovea
Frenulum

Frontal
Fundus
Fundiform

an active test
stretch out
outward receptor
to sweat out

a little face
related to face
sickle-shaped
fallopian tube

a bandage

a passage
fever

thigh

window

warm
offspring
needle of brooch (bone)
small thread

a thread

a fringe/border
cleft

a pipe

a whip

to blow
yellow

to bend

a tuft of wool
leaf

a bag

spaces of Fontana

small fountain

hole

pertaining to law, courts - Forensic medicine
an arch

ditch

little fork

a small pit

bridle, e.g. Franulum of tongue, of clitoris.
of penis

forehead

larger part

sling-shaped .
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Funiculus

Fusiform

Gag

Galea

Galen

(Roman physician)
Gall

Gamete

Ganglion

Gastric
Gastrocnemius
Gastrula

Gene

Genetics

Genial

Genu

Genus

Geriatrics
Gustatory

Gyrus

Haeme
Haematoxylin
Hallux

Hamstring

Hartman

(German anatomist)
Haustrum

Havers

(English physician)
Heister

(German anatomist)
Helicotrema

Helix

Helmholtz
(German physician)
Henle

(German anatomist)
Hensen

(German physician)
Hepar
Hermaphrodite
Hernia

Herpes

cord

spindle-shaped

to suffocate

helmet, galea aponeurotica

vein of Galen, (great cerebral vein)

bile

a married person

a knot

belly

calf of leg

belly

unit of heredity

study of natural development of race
chin

bend, knee, (genu of corpus callosum)
family

study and treatment of old persons
sense of taste

convolution

blood

stain

big toe

a little hook

gall bladder cyst near cystic duct

bucket-shaped haustration of large intestine
haversian gland - pad of fat in joints

Heister’s valve (in gall bladder)

an opening between two scala of cochlea
a coil

Helmbholtz theory of color vision

Henle’s loop, Henle’s layer in hair follicle
Hensen’s node

liver

both sexes

rupture
to spread
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Hetero

Hilton

(English surgeon)
Hilum
Hippocampus
Hirschsprung
(Danish physician)
Histamine

Histo

Histology

Homo

Hormone
Horner

(Swiss
ophthalmologist)
Hunter

(Scottish surgeon)
Hyaline

Hybrid

Hydatid
Hydrocele
Hygiene

Hymen

Hyoid

Hyper

Hypnosis
Hypoblast
Hypodermic
Hypothesis
Hyster

Icterus
Idiopathic

Idiosyncrasy (allergy)

[leum
[lium
Immunity
Incise
Incubation
Incus
Index
Indigo
Inducium
L. griesum

different
Hilton’s line

depression
sea horse

Hirschsprung’s disease (congenital

megacolon)
tissue amine
anything woven

study of woven structures/tissues

a man
to set in motion
Horner’s syndrome

Hunter’s canal (add. canal)

glass-like; hyaline cartilage
of double origin

a drop of water

water + hernia

healthy

membrane

U-shaped

in excess of

state of being asleep
endoderm

under the skin

placing under

uterus

a yellow bird (jaundice)
‘unknown’

individual peculiarity
twisted gut

hip bone

exemption or protection
to cut into

to sit or brood

an anvil (ear ossicle)

a pointer

blue dye

a tunic

a grey tunic
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Tularm
Inlirgl
Inleglion
Inflarme
Inlra
fugainasl
Iniwn
Inpecton
Innominute
Inoculinte
Inquest
Insanity
Inscininatian
In sity
Inscrument
Insufilatinn
Inzula
Internuncisl
Intesine
Inuxacition
Inirs
Intrinsw
[nlussusception
Invieinatien
Invalution
lodine

Iris
[schacmia
lschium
[sotonic
lsotnpe
lsthimus

Leer
Jaundice
Jeunum
Jomn
Juunlar
Juganm
Kanyn

Kcith

{English anatomisr)

Keratin
Nile

nel speibing

uecratic

a brnding invard

o sct aklanme

below

the proin —inguinal canal
below occipul

putting in

unnamicd

(o ingracm

inquire

unsaund mind

sced

manner of Iying in logst position
th equip

i hlpsw into

ishand

NIvT-messener

mnicrnul

Lo smear with poison
nside

special to the thing itself
svithin receive

cnelose in a sheath

to roll up

violee

taleured monbrane of cyy
lack of blood supply
huare {piuet of hip hyne)
equal engion

cqual place

namon, 1sthmes of Eallopian tuby
A pisssage (iler verebri}
yelloworss

emply or fusting

1 join

Ihe throal

yoke

A nel (neclegsh

kaihi's SA nude

horn-in hany laver of <kin
one 1heusand
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Klumpke

(French neurologist)

Kupffer
(Greek anatomist)
Kymograph
Kyphosis
Labrum
Labial
Labour

Lac
Labyrinth
Lacrimal
Lacunae
Lambda
Lamina
Lancet
Langerhans
(German anatomist)
Lanugo
Larva
Larynx
Latent
Laxative
Lemniscus
Leprosy
Leptomeninx
Lethal
Lethargy
Leuc
Levator
Libido
Lieberkuhn
(German scientist)
Lienal
Ligament

Limbus
Limen
Linea
Lingual
Lipoma
Lithos
Locus

Handbook of General Ana

Klumpke’s paralysis
Kupffer cell (sinusoids of liver)

a wave writer

hump on back

lip

pertaining to lips

work

milk

maze

tear

hollow

inverted Y-shaped suture
a thin plate

a slender spear

islet of Langerhans (pancreas)

first soft hair of beard

ghost

upper part of wind pipe

to lie hidden

loosening

bandage

scaly disease

tender membrane (pia and arachnoid)
death

forgetful

white, leucocyte, leucoplakia, leucorrhoea
one who lifts

desire, lustre

crypts of Lieberkuhn (intestine)

spleen

to bind, e.g. deltoid ligament, falciform
ligament, etc.

a border

edge or threshold - L. insulae

aline

the tongue

fat

a stone

a place
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Lordosis

Louis

(French physician)
Lower

(English physician)
Ludwig

(German surgeon)
Lumbar

Lumbrical

Lumen

Lunar

Lutein

(German anatomist)
Lymph

Macro
Macroscopic
Macula

Magendie

(French doctor)
Malacia

Malady

Malar

Malaria

Malignant
Malleus

Malleolus

Mallory

(Irish anatomist)
Malpighi

(Italian anatomist)

Founder of Histology

Mamma
Mandible

Mania
Manubrium
Marasmus
Marchi

(Irish anatomist)
Marginal
Marrow
Marshall
(English surgeon)
Masseter

increased anterior curvature of lumbar spine
Louis’s angle of sternum (sternal angle)

projection in the right atrial wall between the
two caval openings
Ludwig’s angina

loin

a worm (a muscle)

light passage

the moon

yellow pigment of corpora lutea

clear water

big

big to see

a small patch (macula lutea, macula densa)
Foramen of Magendie

softness

illness

cheek bone

bad air

ill-disposed
hammer—ear ossicle
a little hammer
Mallory’s stain

Malpighian corpuscle, Malpighian layer in
skin

the breast

lower jaw

madness

a handle (Manubrium sterni)
waste away

Marchi’s staining for nerve fibres

artery border, along large intestine
medulla

Marshall’s vein—oblique vein of left atrium

the chewer
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Mast

Mastos

Mastication

Matrix

Mature

Maxilla

McBurney
(American surgeon)
Meatus

Meckel

(German anatomist)
Meatus

Median
Mediastinum
Medicine

Medulla

Medusa

(Greek goddess)
Mega

Meibom

(German anatomist)
Meiosis

Meissner

Melan

Melanin

Meninges
Meningocoele
Meniscus

Men (prefix)

Merkel
Mesencephalon
Mesenchyme
Mesentery
Mesoderm
Mesonephros
Mesothelium
Metacarpus
Metamorphosis
Metanephros
Metastasis
Metencephalon
Metopic

Handbook of General Anatomy

to feed

breast

to chew

mould

to ripe—maturation

cheek

McBurney point for appendicectomy

canal

Meckel’s cave for 5th N. ganglion, Meckel’s
cartilage

canal

central

middle space

the art of healing

marrow

caput medusa

big
meibomian glands

lessening

Meissner’s plexus in submucous coat of GIT
black

black pigment

a membrane

memb. + hernia

crescent (med. cat. menisci in knee joint)
month, e.g. menopause, menorrhagia.
menstruation, menarche

corpuscle sensory nerve ending
mid-brain

middle infusion or juice

middle intestine

middle skin

middle kidney

middle nipple

from wrist

changed form

after kidney

removal from one place

after brain

frontal, space between eyes—M. suture
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Metre

Meynert
(Austrian physician)
Microbe
Microcyte
Microglia
Micrometer
Microscope
Microtome
Mitochondria
Mitosis

Mitral
Mneomonic
Molar

Mole

Monro

(English scientist)
Montgomery
(Irish obstetrician)
Morbid

Morgagni

(Italian anatomist)
Morgue

Morison

(English surgeon)
Moron
Morphology
Morula

Mucus

Muller

(German anatomist)
Multiparous
Murmur

Muscle

Museum
Mutation
Mydriatic
Myopia

Myxoma

Naboth

(German anatomist)
Naevus

Nagek

(German obstetrician)

229

unit of length
Dorsal teg. decusation

small life

small cell

small glue (cells)

small measure

small eye-view

small cutting

the thread grain

thread

kind of cap

relating to memory

milestone—a tooth

spot

foramen of Monro—interventricular
foramen of brain

Montgomery’s tubercles in the nipple

ill
appendix of testis

mortuary
Morison’s pouch (hepatorenal pouch)

dull

shape/discourse

mulberry

thin watery fluid, mucosa
Muller’s muscle in eye (circular), mullerian
duct

more than once pregnant

a humming sound

a little mouse; myology
temple of muses

to change

unnatural dilatation of pupil
close to eyes

mucus + tumor

Nabothian glands

birth mark
Nagek pelvis (obliquely contracted pelvis)
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Nape ext. depression, knob

Narcolepsy numbness

Nares nostril, nasal

Nausea sickness

Navel umbilicus

Navicular boat-shaped

Necrosis a dead body

Neo new

Neolithic new stone

Neoplasm new form

Nephr kidney

Nephropexy kidney + fastening

Nerve string, N. root

Neuralgia pain in nerves

N. crest on either side of neural tube

Neurasthenia nerve weakness

Neurilemma nerve covering

Neurobiotaxis nerve + life + arrangement of nerves in living

Neutrophil neuter (not fond of any color)

Nipple beak

Nissl Nissl granules in neurons

(German neurologist)

Nodus knot

Nomenclature a list of names

Nostalgia home coming + pain

Notochord back + a string

Nucha spinal cord

Nuck canal of Nuck

Nucleus nut

Nullipara none + bring forth, not yet pregnant

Nurse to nourish

Nyctalopia night blindness

Nystagmus nodding

Obelian a pointed pillar portion of sagittal suture
between 2 parietal bones

Obstetrix midwife

Obstetrics Surgery, dealing with pregnancy, labour

Obturator a stopper of

Occiput back of head

Occult hidden

Oculus eye

Oddi sphincter of Oddi

(Irish physician)
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Odontoid
Oesophagus
Oestrus
Olecranon
Olfaction
Oligo
Omohyoid
Omphalos
Oopheron
Operation
Operculum
Ophth
Optics

Oral
Orbicularis
Orchitis
Organ
Osmosis
Ossicle

Otic

Ovary
Oxyntic
Pacchioni
(Italian anatomist)
Pachymeninx
Pacini
(Italian anatomist)
Paediatrics
Paget
(English surgeon)
Palaco
Pallid
Pallium
Palpate
Palpebra
Palsy
Pampiniform
Panacea

Pan
Pandemic
Panniculus

Paraffin

tooth-like

gullet

madness or frenzy
point of elbow

to smell

few

shoulder + hyoid bone
omphalocoele (umb.)
ovary

to work

lip

eye

belonging to sight, optic chiasma; optic disc

of mouth
circular
testicle inflammations

any part of the body with a special function

push

small bone

ear, O. ganglion

egg receptacle

to make sour
arachnoid granulations

thick membrane
pacinian corpuscle

child + healing
Paget’s disease

old

pale

clock or mantle

to touch

eyelid

paralysis

tendril

all healing

sweet bread

all people

a piece of cloth, a layer of membrane,
panniculus carnosus
little affinity
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Paradidymus
Paralysis

Parametrium
Paraphimosis

Paraplegia
Parenchyma
Parietal
Paronychia
Para
Passavant
(German surgeon)
Patella
Pecten
Pectoral
Pedicle
Peduncle
Pellagra
Pelvis

Penis
Percussion
Perforator
Peri
Perilymph
Perineum
Periosteum
Periphery
Peristalsis
Peritoneum
Peroneus
pes-a foot
pessary

Petit
(French surgeon)
Petrous
Peyer

(Swiss anatomist)
Phagocytosis
Phalanx
Pharynx
Philtrum
Phimosis
Phonation

beside + twin-like
weakening

beside the uterus
constriction of the prepuce behind the glans
penis

paralysis of lower limbs
functional

a wall

beside nail

beside

Passavant’s ridge

a small dish (sesamoid bone)
a comb

belonging to breast

a little foot

a foot

skin attack

a basin

tail

beating

to bore through

around

clear watery fluid all around
swim around penis

around bone

circumference

contracting around

serous membrance lining abdomen
anything pointed for piercing
hippocampus (foot-like)

an oval body (plug)

Petit’s triangle

stony, rock, P. temporal bone
Peyer’s patch (ileum)

eat + cell + osis (fullness), i.e., eating cells
closely knit row

musculo memb. sac behind the mouth

a love charm

stopping up (in relation to prepuce of penis)
sound or voice
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Physiotherapy
Pia mater
Fincal
Pinra
Piriturm
Picilorm
Pituitury
Placenty
Planes
Plan:war
Platysima
Pleo
Plethaora
Plewras
Plexus
Mica
Mumbs
e
Muclagers
Puclalig
Peilaniy
Peilie»
Fellex

Paly

Pons
Popliteus
Piita

Posl
Poupart
(French anatamisti
Iregnun
I'repiice
I'resbynpin
'repuisis
Hrocess
Fropulemia
Hrindn
Prodronr:|
Frogeicinng
Prignasis
Penlapse
Ficliferate
Proemantory

nalure Flrgislment

sult snnither

pinc <unc
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pear shisped

pi shaped

ICus SESrelion

Tt gasky
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sole ul fon

tlint

mere
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to fold
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font
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thumt {soang)

many

hridpy

hamr.

wale

kehind

Puupant's bgament Cinguimal ligan-ent

with child

foressin

old age hypemetropia
clephant’s trunk

adyancy

parts that [a vl o place
anis

in advance

before oy bear
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falling

creute or reproduge 1n Yuich sugctasian
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Pronator
Pronephros
Prophylaxis
Proprioceptive
Prosencephalon
Prostate
Prosthetic
Protamine
Protein
Protocol
Protopathic
Pruritis
Psoas
Psyche
Pterion
Pterygoid
Ptoma
Ptosis
Ptyalin
Pubis

Pud
Puerperal
Puke

Pul (prefix)
Puke
Pulvinar
Punctum
Putamen
Pyelo
Pylorus
Pyramid
Pyrexia
Quadri
Quadratus
Quadriceps/quadri
Quartz
Rabies
Racemose
Rachitis
Radical
Radium
Radius
Ramus

atomy

to bend forward

before kidney

to keep guard (the prevention of a disease)
one’s own, to take
forward + brain

before + stand

in addtion

first + amine

comprised of amino acid
first glue

first + suffering

itching

loin

breath

wing

wing-like

a corpse

falling

saliva

puberty

to be ashamed (pudendal)
after delivery

to vomit

lung

beating

cushion, pillow

point

cutting

basin

gatekeeper

swelling

fever

four

square

geminus four heads/two twins
rock crystal
rage/madness

cluster of grapes (glands)
spine

roots

radioactive element
small bone of forearm
branch
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Ranvier

(French histologist)
Raphe

Rash

Rathke

(German anatomist)
Receptor

Rectum

Recurrent
Refraction

Reid

(Scottish anatomist)
Reil

(Greek physiologist)
Reissner

(Greek anatomist)
Remarc

(German neurologist)

Resection
Resin
Restiform body
Rete

Reticulum
Retinaculum
Retort

Retro (prefix)

Retzius

(Swedish scientist)
Rheumatism
Rhinencephalon
Rhinoplasty
Rhomboid
Rhonchus

Rigor

Rima

Risus

Robertson
(Scottish
ophthalmologist)
Robin

(German histologist)

node of Ranvier

suture
eruption of skin
Rathke’s pouch

to receive

upright (misnomer)

running back

broken (bend)

R. base (from lower margin of orbit through
centre of ext. aud. meatus)

island of Reil-Insula

R. fibres running through the length of
brainstem and spinal cord
R. fibre/non-medullated nerve fibre

cut off

to flow

rope-shape (inferior cerebellar peduncle)
a net, R. mirabile — a wonderful
network, R. testis — tubular network

a little net

to hold back

twisted back

behind, retroverted, retroflexed uterus, retroph.
space

space of Retzius

a liability

nose + brain

nose moulding

rhombus-like

snoring

rigidity

slit, rima glottidis

to laugh, risus sardonicus

Argyll Robertson pupil (pupil sign)

perivas/space in brain
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Rolando

(Italian anatomist)
Rosenmuller
(German anatomist)
Rostrum

Rebella

Rufifini

(Ttalian anatomist)
Rugat

Saccharin

Sacrum

Sagittal

Salpina

Santorini

(Italian anatomist)
Saphenous

Sarco

Sartorius

Scala

Scalenus

Scalpel

Scaphoid

Scapula

Scarpa

Italian anatomist)
Schizophrenia
Schlemm
(German anatomist)
Schwann
(German anatomist)
Sciatica

Scirrhus

Sclera

Scoliosis

Scrotum

Sebum
Segmentation
Sella turcica
Semen

Semi

Septum

Serratus
Sesamoid

fissure of Rolando

fossa of Rosenmuller (Lat. pharyngeal
recess)

beak of a bird

red

nerve endings of skin

wrinkled

sugar

holy

arrow

trumpet

Santorini’s cartilage, Santorini’s duct
accessory duct of pancreas

clear, easily seen. S. vein

flesh, sarcolemma

tailor

stairway (scala tympani, scala vestibuli)
irregular

knife

boat-shaped

shoulder blades

Scarpa’s fascia, (deeper membranous layer of
sup. fascia) Scarpa’s ganglia 8th N. ganglia
split mind

Schlemm’s canal at corneo-scleral junction

cell of Schwann

pain in loins

hard

hard

curvature (lateral)
skin or hide
grease

to cut

Turkish saddle
that which is sown
half

a dividing wall
like saw

seed-like (patella)
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Sharpey
(Enalish anatonnstt
Sinsan
Signwid
Sims position
Sinng
Skeletan
Sulews
Simia
Suporifae
Spanila
.\pen'n
Sphenmid
Sphincler
Spine
Spelanchniv
Splenios
Spondylitis
Spondylolisithesis
Squama
Slapes,
Slanin
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Minwnlie
Slor
Skrmirch
Strabismus
Striqum
Stria
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19 Sural calfof leg

(Gr) Surgeon hand + work (operator)

(L)  Sustentaculum support (sustentacular tali)

(L)  Stitch sewing together
Sylvius Sylvius’ fissure, Lat. fissure of the brain
(German anatomist)

(Gr) Symbiosis living with

(Gr) Symphysis natural union

(Gr) Syndrome running together

(G) Synovia along with + egg

(L)  Syringe like a pipe (tube)

(Gr) Syringomyelia pipe + marrow

(Gr) Systole contraction

(L)  Tabes wasting away

(Gr) Taenia rope-like structure, T. thalami, T. col:

hookworms

(L)  Talipes weak on feet

(L) Talus ankle bone

(L)  Tapetum carpet

(Gr) Tarsus Crate — bones of post. part of foot

(L)  Tectum to cover

(Gr) Telangiectesis end vessel dilatation

(L)  Tellurium earth

(L)  Temple (temporal) temple region

(L)  Tendon to stretch out
Tenon T. capsule (back of eyeball)
(German surgeon)

(L)  Tensor stretch out

(L)  Tentorium tent

(L)  Teres round

(L)  Testicle testis (singular)

(Gr) Tetanus stretch, tetany

(Gr) Thalamus inner chamber

(Gr) Thallium young
Thebesius Thebesian valve, valve of coronary sinus
(German physician)

(Gr) Thenar the part of the hand with which one strikes

(Gr) Theory speculation

(Gr) Therapy care

(Gr) Thrombus rump

(L)  Thymus leaf used for worship

(Gr) Thyroid shield (oblong)

(L)  Tibia shin bone (flute)



Gr)
(Gr)
(A)
(Gr)
L)
L)
(Gr)
(Gr)
L)
(Gn)
@)
(Gr)
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(Gr)

\kjr)

L)
(Gn)
(Gr)
L)
(Gr)
L)
(Gr)
(Gr)
@)
(Gr)
(Gr)
(L)
@)
@)
(L)

Tissue

Tone

Tooth
Topography
Torticollis
Torus
Tourniquet
Toxin
Trabeculae
Trachea

Tract

Tragus
Transfusion
Trapezium
Trauma

Treitz
(Austrian physician)
Trema

Tremor
Trendelenburg
(German surgeon)
Trephine

Treves

(English surgeon)
Triceps

Trichiasis
Tricuspid
Trigeminal
Trigone
Triquetral

Trocar
Trochanter
Trochlea

Trophic

Tropism

Tube

Tumour
Turbinate
Tympanum
Typhoid

Tyson

(English anatomist)

Word Meanings and His

I Names

woven

which can be stretched
an organ of mastication
a place + description
twisted

bulging place
instrument for turning
poison

a little beam

wind pipe

pathway

ear

pouring out

table

wound

lig of Treitz at duo-jej.flexure

hole

shaking

Trendelenburg’s position, Trendelenburg’s
sign and Trendelenburg’s test

a saw for cutting out circular piece of bone
esp. skull

bloodless fold of Treves

having three heads
hair (trichionis)
three cusps
three + twin-like (3 divisions)
triangle
having 3 corners
3 quarters
bony process
pulley
nourishment (trophoblast)
burning
a trumpet
swelling
spinning top
kettle drum
fever typhus like
Tyson’s glands, seb. glands on inner side of
prepuce
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(1)
1L
(L3

1L;
113
{cirl
{<irl
{Lir]
{Cir]
(Lirl
)
)

N
(ra
(L
(ra
(ra
il

(L

L
L)

L
iL:
{L:

ih.;
L:
i.;
o
Ly
{8
e

LHger

I1ua

Umbihicus

Umba

Ueytinm
Viqgulan

Uirgchos

Uirqinurn

Lireier

L.rethry

L.reshilin

L'nticaria

LTy

Lricle

Uvea

usula

Yaotime

Yagine

Yagus

Soleacy

Yalemine
Cwrnpan phy sicen)
Malvwnine
(UTan anilesrist y
Valpus

Valsalvia

(lLalian analomisi)
Vilve

Vi {varicose )
Veralius

(JLalian amalmisey
VarJds

Vs

Vuslus

Viler

1<ierman angwmisli
Vi

Vel

Veawereal

Venler

Yermis

Verichra

“erlige

Ore

elhun:

waval

winp merhramwe

husok ashaped

fever, wive

unndry gl o] Jocios
hepven

uredry Jucl

L maky waler

uring = hife

tn hum

womb

o litlle wierus

grape

alinle grape

Lemph teone cow-pos sesicle
sheath

sagshond (wanderer)
capacily

disgnvered nlenlos and sex curds ¢l ¢vary

Y ohudws in N, Bisspe

ko leppeed
Valsalva sinuses aonic siouses

Icut of tolding door
dilaied veins
Feeky varulii

aros i imwvards, Kneck Kace = gean vinus
vensel

laree

ampulla of Yaer

vne thal buars

curedin

belesaeing we Venug (eeddess nf luve)
helly. senteicle

wsorm

Lurming plisce oc joied

L fvm arpwnd
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Yesulius

(Belrian aniatonisch
Yesica

Yeslibule

Yeulipeul
Yelerinary

Yiudius

([talian physwian)
Villus

Yirchow

(Cicrman pathologisch

Yirus
Viscusivaseera
Visnm

YVual

Vaamin

Vil line

Vegal cords

Volac

Volkmann

{Germon physiciant
Yolurtany

Volrolus

Viomer

Vulva

Yaldeyer

1Cierman anatomisil
Waller

(Tuzlish plyaician)
Wesiphal

(Li=erniun neuniloise

Whartun

(English arasoris)
Whisky

Whitlos

Whisping uoug}l
Wila|

(I'rench physician
Willi-

(F'inl:li'-ll Anatnansl)
Winslnw

{[yanish anatrimist)
Wirsung

FCatler ul Anatumy

bladder

cenclosed space

remnint o sunghing forgly prezsen
Laltle doclor

vidian nerve. nerve ul plervaoid canal

Luft vt haic
V. rebin spose

IS

vilal vegeandplural
act et sccing

e life

life +amine
vulk of vpp
uttgeing nf vaice
paslsn nf hauwd

V ocangl

wiling

to roll

thin plite ul bune between nostrils

to rall, to fum arienad

W. ring at vropharsng=al 1sthmune
Wallerian nenve degeneralion

W hucleus fpart of peulomodor complea b
W dudt (Submand. ducl), Whadan's pells
warer of life

renful sweelling in finger

1o callislnuol

Woreaction

circle n Willis

focamen of Winslow

pimsrey e Ju
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G

(I
(Lir}
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(Crerman sul voni 1)
Wislar

(A ican anatomist)
Wold'

{Cerman anatomisi )
Wricht

{Amurican anatomist}
Xanthine

Xeroderma

Xiphoid

Xylol

Yellow dever

Young

(English physician}
Zenker

(German hiscologisch
Zinm

(UFErman anatunnise)
Zma

Zoaoligy
Zuckerkand|
(Ansitin gnalomisag
Zypomi

Zymomen

pyramids (in kidnovs})
Waolfan or mesoncphric
W, s1ain

yallow

dry or parched
sword-like

wood + ol

an indoctous viral feser
Young's nuke

Zenket's snlution

anndlus o Zinn forign nl regins)
sune

ammal b ocise

Zchurhand]™s prrus, suballusal pyrus

Iike o yoke
{erment preducer. Z. granules in serous acini
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Abdominal aorta 107
Abduction 16, 17, 60
Accessory 36
Accessory ligaments 65
Acetylcholine 143
Achondroplasia 52
Acne vulgaris 178
Acromioclavicular 66
Acute phlebothrombosis 120
Adduction 16, 60
Adduction of digits 17
Adjunct rotation 73
African sleeping sickness 167
Ageing 166

AIDS 167

Albinism 189

Alopecia 177
Alzheimer’s disease 166
Amphiarthrosis 58
Anaemia 135, 177
Anaesthesia 27
Analgesia 27
Anastomosis 22, 113
Anatomical position 10
Anatomy 1

Aneurysm 118

Angina pectoris 99
Angiology 1

Angular movements 16
Ankle joint 66

1tagonists 97

1iterior 13, 15

1ti-spin 73

itrum 25

slasia 27

hocrine glands 179
soneurosis 21, 85
spendicular skeleton 37
bpositional growth 46
ches 175

‘cuate swing 73
rectores pilorum 178
terial anastomosis 113
terial pulsations 111
teries 21, 102
teriosclerosis 118
teriovenous anastomosis 113
teritis and phlebitis 118
thritis 57

thrology 1, 57

ticular capsule 65
ticular cartilage 65
strocytes 144

avistic epiphysis 41
heroma 118
lanto-occipital joints 69
rophy 27

1scultation 2

itonomic nervous system 156
<ial skeleton 37

<illary sheath 186

<is cylinder 153
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Axon 141
Axon reflex 107
Axonotmesis 163

B

B-cells 126
B-Lymphocytes 133
Baldness 192
Ball-and-socket 64
Band 86

Basle nomina anatomica 9
Bed sores 164

Bell’s palsy 165

Belly 21

Benign 27

Between femur and patella 69
Biaxial 72

Biological effect 207
Bipennate 90

Bipolar 142
Birmingham revision 10
Blood capillaries 124
Blood channels 130
Blood pressure 117
Blood-brain barrier 146
Boil 190

Bone marrow 31

Bone marrow biopsy 56
Bone tumour 56
Brachial 107

Buerger’s disease 119
Burns 189

Bursa 75

C

Cadaveric anatomy 1
Calcaneocuboid joint 69
Cancellous spongy 37
Cancer 28

Capillaries 22, 103
Capitulum 25

Capsular 65

apsular or true ligaments 65
Carcinoma 27
Cardinal swing 73
Cardiovascular system 101
_arotene 173
Carotid sheath 186
Carpal tunnel syndrome 193
Carpals 30
_arpometacarpal 66
Cartilage 48
Cartilaginous bones 36
_artilaginous joints 58
_atecholamines 144
Caudal 13, 16
Cell body 139
Cement 39
Central nervous system 138
Cerebrospinal nervous system 139
_eruminous glands 180
“ervical lymph nodes 128
“irculating pool of lymphocytes
127

_irculus vasculosus 76
“ircumduction 17, 60
“ircumduction of thumb 17
“ircumpennate 90

“irrhosis of liver 135
“lavicle 30

“leavage lines 174
“leidocranial dysostosis 51
“linical anatomy 4

‘lose packed position 74
“losure of the mouth 19
‘lubbing 177

‘0-spin 73

‘oma 27

“ommon carotid 107
“ompact bone 37
_omparative anatomy 4
~omplex joint 60
“omposite/hybrid muscle 95
ompound joint 60

ympound joints 72



Computerized tomography 210
Condrosternal 66
Condylar joint 64
Conjunct rotation 73
Connective tissue 195
Continuous capillaries 112
Contralateral 13

Contrast radiography 208
Convalescence 28
Cornified zone 173
Coronal plane 13
Coronary arteries blockage 118
Cortex 40, 130
Costochondral joints 64
Costotransverse 66
Costovertebral 66

Cranial 13
Cricoarytenoid joint 66
Cricothyroid joint 66

CT scan 8

Cysticerocosis 167

D

Damage 163

Dark bands 86

Deep 13

Degeneration 26

Degrees of freedom 72

Dementia 166

Dendrite 141

Dense irregular connective tissue
196

Dentine 39

Dermatitis 189

Dermatoglyphics 175

Dermatome 149

Dermis or corium 173

Diaphysis 32

Diarthrosis 57, 58

Dislocated 77

Disseminated lupus erythematosus
201

Index |

Distal 13

Distributing vessels 103
Disuse atrophy 99
Dorsal 13, 15

Dorsal ramus 149
Dorsal root 149
Dorsalis pedis 107
Dorsiflexion of foot 18
Du bois formula 171
Dupuytren’s contracture 202
Dynamic polarity 143
Dystrophy 27

E

Eccrine glands 179
Elastic cartilage 49
Elbow joint 66
Electro-myography 2
Elephantiasis 134
Ellipsoid joint 64, 69
Embolism 26, 117
Embryology 3
Encephalopathy 168
End-arteries 116
Endochondral ossification 46
Endomysium 87
Endoneurium 147
Endoscopy 2
Epicondyle 22
Epidermis 173
Epilepsy 169
Epimysium 87
Epineurium 147
Epiphyses 32
Epiphysial arteries 45
Epiphysial plate of cartilage 43
Ethmoid 30
Evagination 13
Eversion of foot 18
Exchange vessels 103
Experimental anatomy 4
Extension 60
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Extensor 15

Extracellular matrix 196
Extrafusal muscle fibres 94
Extrinsic ligaments 198

F

Facet 25

Facial 107

Fallot’s tetralogy 177
Female surface 72
Femoral 107

Femur 30

Fenestrated capillaries 112
Fibrillation 99
Fibrocartilage 49

Fibrous astrocytes 144
Fibrous bone 39

Fibrous capsule 65
Fibrous joints 57

Fibula 30

First carpometacarpal joint 69
First chondrosternal joint 64
Fistula 26

Fixators 97

Flat bones 32

Flexion 59

Flexor 15

Flexure lines 174, 175
Fluorescent effect 207
Foetal medicine 8
Fontanelles 61

Foramen 22

Foreign body giant cells 132
Fossa 22

Fracture 52

Frontal 30

Fungal infections 167
Fusiform 88

G

Gaba 143
Ganglion 203

ingrene 27

rardner 76

reneral somatic afferent 15
reneral somatic efferent 15
seneral visceral afferent 15
seneral visceral efferent 15
ienetics 4

jerminative zone 173

iift 8

ilioblasts 145

ilycine 143

olgi type I 142

olgi type I1 142
omphosis 61

roove 22

roup A fibre 156

roup B fibre 156

roup C fibre 156
uillain-Barre syndrome 16

[

aemal nodes 131
aemoglobin 173
aemorrhage 26, 117
air 178

air follicle 178
amulus 22

aversian fatty pads 75
eart 102

emiplegia 27
erniation of the disc 77
erpes zoster 167
erpes zoster virus 189
erpes simplex 167
eterotopic bones 36
inge joint 64

ip bone 30

ip joint 71, 80
irsutism 177
istamine 143

istology 3

»dgkin’s disease 132
uman genome 8
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Humerus 30 [sotonic contraction 97
Hyaline cartilage 49, 75
Hyoid 30 J

Hyperaesthesia 27
Hyperplasia 27, 99
Hypertrophy 27, 99
Hypoplasia 27

I

Ichthyosis 178
Incisures of schmidt lanterman

Jena nomina anatomica 10
Joint cavity 65
Junctura 57

K

Keloid 192
Knee joint 68, 80
Koilonychia 177

154 )
Incudomalleolar joint 69 ssppilet’s cglls 132
Incudostapedial joint 71 L
Incus 30
Infarction 27 Lacrimal 30
Inferior 13 Lamellar bone 39
Inferior nasal choncha 30 Language of anatomy 10
Inflammation 26 Lanugo 179
Insertion 83 Large arteries 105
Inspection 2 Lateral 13
Intercarpal joints 66 Lateral border 15
Interchondral joint 66 Lateral flexion 16, 20
Intermediate fibres 88 Lateral rotation 16, 20
Intermetacarpal 66 Leprosy 164, 169
Intermetatarsal 66 Leukopenia 135
Intermuscular septa 184 Ligamenta flava 198
Internode 154 Ligaments 198
Interosseous membrane 188 Light bands 86
Interphalangeal joints 66 Lineae gravidarum 174
Intertarsal joints 66 Lithotomy position 12
Interventional radiology 212 Long bones 32
Intervertebral joints 64 Long plantar ligament 200
Intra-articular fibrocartilages 75 Loops 175
Intrafusal fibres 94 Loose connective tissue 196
Intramembranous 46 Loose packed 75
Intrinsic ligaments 198 Lower motor neuron damage 168
Invagination 13 Lymph capillaries 124
Inversion of foot 18 Lymph nodes 127
Ipsilateral 13 Lymph vessels 124
Irregular bones 32 Lymphadenitis 133
[rritation of a motor nerve 163 Lymphangitis 133

[sometric contraction 97 ymphatic channels 130
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Lymphatic follicle 127
Lymphatic system 123

M

M band 86

Macrophages 132

Magnetic resonance imaging 211
Malaria 135, 167

Male surface - 72

Malignant 27

Malleolus 22

Malleus 30

Mandible 30

Manubriosternal joint 64
Marfan’s syndrome 202

Mass miniature 208

Mass miniature radiography 208
Maxilla 30

Medial 13

Medial border 15

Medial rotation 16

Median 12

Median atlanto-axial joint 66
Median or midsagittal plane 12
Medium and small arteries 105
Medulla 130

Medullary cavity 40

Melanin 173

Melanocytes 173

Melanoid 173

Membrane (dermal) bones 36
Membrano-cartilaginous bones 36
Menigocele 54
Meningo-myelocele 54
Meningocytes 132
Metacarpals 30
Metacarpophalangeal joints 69
Metaphysial arteries 45
Metaphysis 80

Metastasis 28

Metatarsals 30
Microcirculatory unit 116
Microglia 145

Microglial cells 132
Midsagittal plane 12
Mole 189

Monocytes of blood 132
Mononeuropathy 165
Monoplegia 27

Motor point 95

Motor unit 95

Multi-axial 72

Multi-unit type 96
Multipennate 90
Multipolar 142

Muscle fibre 86

Muscle spindles 94
Muscular spasm 98
Myasthenia gravis 99, 135
Myelin sheath 153
Myelinated 152
Myelinated fibres 153
Myelinated or medullated fibres 152
Myocardial ischaemia 100

Myofibrils 86
Myology 1
N

Nail bed 177
Nail wall 177
Nails 176
Nasal 30
Necrosis 26

Nerve plexuses for limbs 150
Nervi nervorum 152

Nervi vascularis 107
Nervorum 152

Neuralgia 164

Neurapraxia 163

Neuroglia 144

Neurolemmal 153
Neurolemmal sheath 154
Neurology 1

Neuron 139

Neuropathic (Charcot’s) joint 164
Neuropathic joint 82



Neurotmesis 163

Nodes of Ranvier 153
Nomina anatomica 10
Non-myelinated 152
Non-myelinated fibres 154
Notch 22

Nutrient artery 43

(0]

Occipital 30

Oedema 26
Oligodendrocytes 145
Ontogeny 3

Opening the mouth 19
Opposition of thumb 17
Origin 83
Ossification 29, 46
Osteoarthritis 78
Osteology 1

Osteoma 29
Osteomalacia 29, 55
Osteomyelitis 29
Osteoporosis 55
Ovoid 73

Ovoid of motion 73
Oxyhaemoglobin 173

P

Palatine 30

Palmar 15

Palpable arteries 107
Palpation 2

Panniculus adiposus 182
Papillary layer 174
Papillary ridges 175
Paraesthesia 27
Paralysis 27, 98
Paranasal air sinuses 31
Paraplegia 27
Parasympathetic nervous system 158
Parietal 30

Parkinson’s disease 168

Patella 30

Penetrating power 206
Percussion 2

Perimysium 87

Perineurium 147

Peripheral autonomic nervous 139
Peripheral heart 112
Peripheral lymphoid organs 127
Peripheral nerves 147
Phalanges 30

Phlebitis 118

Photographic effect 206
Phylogeny 3

Physical anthropology 4
Physiology 1

Pigmentation of skin 171
Pivot joint 64

Plane 64

Plantar aponeuroses 185, 186
Plantarflexion of foot 18
Pneumatic bones 32
Poliomyelitis 167
Polyarthric muscles 94
Polymyositis 99
Polyneuropathy 164

Portal circulation 103
Posterior 13, 15

Posterior tibial 107

Potential arterial anastomosis 113
Precapillary sphincter 105
Pressure epiphysis 41
Pressure lamellae 38

Pressure sores 189

Prime movers 97

Pronation 16, 17

Prone position 10
Protoplasmic astrocytes 144
Protraction 16, 19

Proximal 13, 15
Pseudo-unipolar 142

Puberty 26

Pulmonary (lesser) circulation 103
Pyrexia 26
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Q
Quadriplegia 27

R

Radial 107

Radiographic and imaging anatomy
3

Radiographic views 207

Radiography 2

Radius 30

Ramus 22

Raphe 21, 201

Raynaud’s phenomenon 119

Referred pain 161

Reflex arc 146

Regeneration 163

Regional anatomy 1

Replaced hip joints 80

Reservoir (capacitance) vessels 103

Resistance vessels 103

Reticular layer 174

Reticulo-endothelial system 131

Retinacula 184, 193

Retraction 16, 19

Rheumatic fever 77

Rheumatic fever 201

Rheumatoid arthritis 78, 201

Ribs 30

Rickets 53

Right lymphatic duct 125

Rolling 74

Rostral 16

Rotation 16, 60

S

Sacroiliac 66
Sacrospinous ligament 200
Sacrotuberous ligament 200
Saddle joint 64
Sagittal plane 12

lemma 86

Sarcoma 27

Sarcomere 86

Scabies 190

Scapula 30

Schwann cell 154
Scleroderma 201
Scleroderma 201
Scurvy 54

Sebaceous cyst 190
Sebaceous glands 180
Sebum 180

Sellar 73

Serotonin 143
Sesamoid bones 32
Short bones 32
Shoulder joint 71
Shunts 103

Simple joint 60, 72
Single-unit type 96
Sinus 25, 26
Sinusoids 112
Skeletal muscles 83
Skin incisions 190
Slide 74

Smallest arteries 105
Somatic bones 37
Somatic muscles 83
Special movements 16
Special somatic afferent 155
Special visceral afferent 155
Special visceral efferent 155
Spheno-occipital joint 64
Sphenoid 30

Spin 73

Spina bifida occulta 54
Spinal ganglion 149
Spinal nerve 149
Spinal nerves 147
Spiral 91
Splanchnology 1
Splenomegaly 135
Spondylitis 78

Stapes 30



Sternoclavicular joint 69
Sternum 30
Strap like 88
Strap like with tendinous
intersections 88
Stretch reflexes 147
Striated muscles 83
Striped muscles 83
Structure of skin 173
Styloid process 22
Subluxation 77
Superficial fascia 182
Superior 13
Superior and inferior radio-ulnar
joints 66
Superior tibiofibular 66
Supination 16, 17
Supine position 10
Surface anatomy 3
Sutures 61
Sweat glands 179
Swing 73
Sympathetic nervous system 156
Symphyses 64
Symphysis menti 64
Symphysis pubis 64
Synapse 143
Synarthrosis 58
Synarthrosis 57
Synchondrosis 63
Syndesmology 57
Syndesmosis 61
Syndrome 27
Synergists 97
Synovial fluid 75
Synovial joints 58
Syringomyelia 165
Syringomyelia 164
Systemic (greater) circulation 103

T
T-Lymphocytes 133

Tabes dorsalis 164
Talo-calcaneonavicular joint 71
Tarsals 30

Tarsometatarsal 66
Temporal 30
Temporomandibular joint 68
Tendon 21

Tendon 85

Tension lamellae 38
Tension lines 175

Terminal hair 179

Terms related to body movements 16
Therapy 28
Thermanaesthesia 27
Thoracic duct 125
Thoroughfare channels 115
Thrombocytopenia 135
Thrombosis 26, 117
Thymus 127

Tibia 30

Tibial collateral ligament 199
Tissue culture 8

Traction epiphysis 41
Translation 72

Triangular 90

Trochanter 22

Trochlea 25

Trophic changes 164

True ligaments 65

Tumour 27

Tunica adventitia 106
Tunica intima 106

Tunica media 106

Type I (slow) fibres 88
Types of fats 183

U

Ulcer 26

Ulna 30
Ultrasonograph 210
Uniaxial 72
Unipennate 90
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Unipolar 142 Volmtary muscles &3
Cpper malo~ neonn damape 168 Yomer 1

\ W

Vericose veins 120 Wharl: 175

Visa vusoram [, |23 s L 38
Veins 220 102 Yiven hope 39
Yellus 179 \'l"ruljnlnt 69

Yenuus anastomosis |13

Yenous vulves 11 X
Yentral 13, 19 .
- : Meriys 205
Venlral ramus |49, |50 riys 20
Veatral w139 7

Visceral bongy 17
Yitilige 192 /3y pomalic 30
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