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Anmimals bve n different habitats on earth. They need o
develop appropriate physical adaptatsons o oblain resources in
variable environmental conditions for existence. These adaptaticns
help them to acquire food, shelter, and protection in their competitne
surroundings. The adapted physical changes develop strong
muscular and skeletal support svstem of the body that helps in
movement and locomotion. Brologically, there 18 a difference between

movement and locomotion, Movement 18 the changng position of an
amimal while lacomotion 15 the type of movement of an orgamsm n

search of food and other needs over a long or short distance.

16,1, HUMAN SKELETON

The human skeleion acts as a Immework of the body, Sinoe 1t
Hes nside the body  therelore called endoskeleton Human
endoskeleton comprises of bones and cartilage which provides shape

of the body, makes blood cells through their red bone marrow,
proteciion of intéernal organs and stores manerals. The branch of

science deals with the study of human bones 18 called osteology.
Bones and muscles are attached to form & well-coordinated

musculoskeletal syvstem, Humans have around 300 bones at barth
but due to fuswon of some bones it becomes 206 in adules.

16.1. 1. Structure of bone

Bones are the toughest Iving structure, composed of different
cells. Bones of the skeletal system differ in size and shape, bul they

are similar in their structure, development, and function. The major
proportion of the bone 18 formed by collagen fibers and different types
of cells while other components include minerals and 0 to 20%
water, Collagen is the fibrous prolein strengthening bome  with
calcium upon caleification or ossification.

A long bone has thres distinet regions. The terminal regions ares
called epiphysis, middle region 15 called diaphysis and in between
middle and terminal region s the metaphysis al both ends. The
epiphyeis iz a cancellous or spongy part of the bome. It has small

welght bearing cross linked regions called trabeculae. Epiphysis 15
filled wakth red bone marrow, which produces 20%: blood oells that

forms abowut 20% of the total mass of the skeleton.
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The external part of the dmphysis 15 callsd cortical bone.

Cortical bone forms almost 30 percent of the skeletal structure and
consiats of many amall cviinders known az osteons. Each osteon is
made o many lamellas, which are the concentne layers made of an
organic part collagen and an marganic part callesd hydroxyapatite,
which s mostly calcium phosphate. In the center of every osteon ia a
haversian canal, which contains the blood supply and innervations of
the bone cells, In the center of the bone 15 the medullary canal, @
hollow apace linved by 8 honeycomb like structure called the spongy
of canceallolis bone. The medullary canals contain the bone martow
wihich 15 the site of blopd o=l production

F o Sprowyy surm

Fig 16,1 S8trmucture of bons

The overall outer covering of the bone iz called perlosteum and
the nner Layer 18 called endosteum. Penosteum allows  lor
attachment of muscle connective fissue [tendons] o the bone and

provides pathways for blesd and lvmphatic vesasels, Endosteum iz o
salt, thin laver that lines the inner cavity ol long bones. L has

progenitor stem oells, Thess osteogenic progenitor cells develop
into osteoblast which secretes the bone matrix, and chondroblast

which secrete cartilage. It plave a key role in the healing of [ractures
by creating new cells necessary for the bone to use,
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There are three types of cells present in bone namely
osteablasts, osteacytes, and osteoclasts. Osteoblasts are the
progenitor that secrete matrix around themselves to lorm spongy
bone which later become compact bone. When osteoblast 15 1solated
by surrounded matrix in the spaces called lacunae, they become
oateocytes. (ateocytes are the mature cells that form the bones. The
astencyles direct osteoblasts to the site of the damage, hastening
(tast] healing, Osteoclasts perlorm the b of breaking down the
composite material 1n bones. Osteocytes also phagocytize the bony
matrix. Onoe the matrix 18 removed osteoblast reforms a new bone
material. It helps m demineralization and repair of bone,

16.1.2. Structure of cartilapge
Cartilage is a soft flexible form of connective tissue surrounded
by a layer called perichendriam. [t 15 present in human skeleton

and regarded as a precursor to bone in developing embryn. Cartilage

15 pre=ent in jmnts to provide cushion, reduce Inction betwesn bones, -

give them protection from compressive forces and weight bearing i ;I-ﬁ
stresses during movement. Cartilage pets nutrition [fem  thesr

surrcunding tissues by diffusion. Since they lack blood vessels
therefore, they grow and repair slower than other tissues. Formation g
of cartilage is initiated by chondroblast cells located in outer covering
of developing bone and divide to form chondrocyte cells. They are

concentrated in lscunae in the cartilape and produce firm matrix
that contain collagen protein, protecghycan [formed by chondromin
sulphate and protein) and some other non-collagenous proteins to
develop cartilage. There are three types of cartilage associated with
skeleton which are different in their structure and function. Hyaline
cartilage 15 present 1In between nbs and sternum, nose and at the

bone surfact In many joints. It has a smooth surface that allows
tizsues to slide easzily. Fibrocartilage (s the hardest among other

cartilages. It 15 present as intervertebral disc, m knee joint and in
pectoral girdle, Elastic cartilage is the most flexible and strong
cartilage. It 1z located in the pinna of the ear, external and intermal
auditery tubes, epiglottia, and larynx.
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16.1.4. Division Human skeleton
Human skeleton 15 subdivided into tao major divisions called

the axial skeleton and the appendicular skeleton.

The Axial skeleton

The axial skeleton 15 on the central axis of the body and
comprises the shull, vertebral column and thoracic cage including
ribs and stermum. It has eighty [80) bones, including twenty-eight
bones 1 the skull, o hyosd bong, twenty-s1x bones in the vertebral
column, twenty=lour rnbs and one sternum.

The skull bones are further divided into cranial bones, facial
bones, and auditory ossicles. The cranial bones protect brain and
provide attachment for the essential receptor organs. Cramal bones

are cight which mclode two parietal, two tempoaral, one frontal, one
occipital, one ethmold and one sphenold bone. The facial bones
protect soflt tissues of the lface, help in breathing, eating, l[acial

Expressions, spesch, and structure.
frovdsl borel -~
nyya ks :

FEEg. 16%.5 Human sketeEton
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The anditory ossicles help in transmassmon of sound waves
irom external environment 0 the inner ear, They are s1x including

two malleus, two stapes and two lneus. A bone les in between skl
and posteranial skeleton called the hyoid bone. It is “U" shaped and
provedes attachment for the tongue and muscles of the oral canty.

Fig. 1&.4 Bones of humas akiall

The wertebral column protects spinal cord and serves as the
gite for hlood cells production.,. Vertehral column consists of seven

cervical, twelve thoracle, five lamber, one sacrum and one cocoyx
vertebrae. These vertebrae are fixed in different regions of the body,
cervical in neck, thoracie in chest and antenorly attached with the
nbs, lumber in abdominal regmon behind the chest, sacral [formed by
the fasion of five vertebrae] and at the last cocoyx (formed by the
fugion of four vertebrae].
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Fig. 16,5 Humian Ribe and Vertebral calamn
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The rib cage 15 lormed by nbs and sternum. Each b s flat

and curved, supports the thorex wall and provides space for thoracic
visceral organs. Eibs are twelve pairs, oul ol them Orst seven pairs
are directly attached with stermum by cartilage and are called true
ribe. The rematning fve pairs are called [alse nbs due o thelr
pttachment to the stermum. Among the hive paors there are the last

two pairs are called floating ribs because these are not associated by
means of common costal carbilage sternum and even other pasrs of

nbs,

Appendicualar skeleton
The appendicular skeleton

consists aof 126 bones. This divisson od

skeleton 15 further divided into pelvic
and pectoral girdle with assocated

bones,

Pectoral girdle and Fore limb bones
The pectoral girdle provides

siructural support o the upper
region of the body, The total number
of bones assoclated with pectoral
gircdle are sixty-four (both swdes)

which include two clavicle and two
scapila [both sude) i pecltoral gridle Cirpliadlt

while the anternior imb (arm) bones { = Mrtararpais
associated with pirdle are  two "
humeros, two mdios, o olnoo

sixtecn carpals, ten metacarpals and  Fig. 16.6 Bones of Faralimb

twenty-eight phalanges 1n both hmbs.

Frubid v

Pelvic girdle and Hind limb bones

The pelvic pirdle supports the body weight, helps 1 movement,
and protects pelvic viscera including parte of unnary aystem and
reproductive organs. The total number of bones i pelvic girdle and

associated lower limb bones are sixty-twa. The pelvic @mirdle 15 formed
by two ilium, two pubis and two ischium bones. All these bomes are

fused to form Innominate, ap, or curved coxal bones 0 tao halves,
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The two coxal bones form bowel shape

pelvises  that keep the .fﬂm.ﬂ.]ﬂ
reproductive  Organs. The ﬂ!‘lg.-l.ll{ﬂ
shape of the girdle is due to the jomning

below by a joint in between pubic F"Eft N Fateila
called pubic symphysis. The postenor | SR
limbs include two femur, two tibia, two -
fibula, two patella, fourteen tarsals,

ten metatarsals and twenty- eight

i

Phﬂlingﬂﬂ-l » . :I:-'fl:il.hn‘]‘
Phanlanges

16.1.4, Types of joints Fig. 16.7 Bones of Hindlimb

A Joint is the articulating functional junction of two or more
hﬂne-?, There are approximately 360 joints in our body. Joints are
classified by the type of tissues that bind the bone at each junction.

The major groups of joints are fibrous joints, cartilaginous joint

and synovial joints.

Fibrous joints

by dense connective tissue
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Cartilaginous joints
Joints which join two bones articulated by hysline or
hibrocartilagpe.
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Fig. 16.9 Cantilaginsus jaints

Bynovial joints

Most of the jomints 1n skeletal system are synovial due to theirr frec
movabillty. These are more complex then other joints in structure.
aynovial joants E:r-n.:rnl'l_',.' consists of a joant capsule and symovnal
membrane that secretes synovial flukd. The joint capsule holds
together the bones and encloses the outer part of a jomt. The inner

membrane of capsule 15 few cells thick covers the surface within the
point capsule called the synowvial membrane, Synovial memebrane
surmounds a closed sac called synovial eavity and secrete synovial
fluid to (il this cawvity, Synowvial fhod labncate and nounsh the
articulating cartilage surface wihthin the point.. There are different
ftvpes of synovial joints present in our body, Hinge joint present n
berween the humerus and the ulna bones allowing flexion and
extension in just one plane, Pivot joint present in proocomal and
diztal radio-ulnar jolnt allows twisting movement. Ball and socket
joint of shoulder and hps moves the organ n all direction,
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condylaid joint 15 the modihed but structurally different ball and
gocket jolnt that also allow the movement in all direction for exampgle
wrist joint (radio-carpal joint). Gliding joint 15 also called the plane
poari. It only permuts hmited movement ke bending and shpping one
bane over to another, for example, wrist and vertebral column.

=1

L

(k) Hings joint

{d} Ellipsoidal jouint

{1 Ball-and-acckat jolnl

[} Smcdcilan jeabril
Fig. 1&6. 10 Bynovinl pmints

16.2. DISORDERS OF SEELETON
A number of disorders affect the skeletal system. However,

some of the common disorders of the skeletal system are disc-slip.
spondyloses, scuateca, and arthrotes,
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16.2. 1. Common Disorders of Skeleton

Spondylosis

apondylosis 15 related to
abnormeal or degenerative
changes 1 wertebras, These
changes may develop abnormal
outgrowth (spur], narrowing the
gap between adpcent vertebrae
and depeneration of
intervertebral discs due to aging.
It can occur in the cervical spine
ineck), thoracic spine [upper and
mid back|, or lumbar spine [low
back]. Lumbar spondyviosis and
cervical spondylosis are the

Fig- 16.11 Spondyloais

most commaorn, [ .
Lepeneration of vertebrae results in the compression of nerves | 5._-‘

which can cause symptoms such as pain, numbness, and tnghng. |

Sciatica I..
aciatica 15 the compression or injury ¥

in scte nerve located i postenor hmbs.
The sciatic neree 15 the longest and thickest
nerve in the body. It is made up of five
nerve roots which come together to form a
rght and left scusbic nerve on aach side o
1he '|1-|_:|-|_5|_:|.' NCERE erve rins !h:rr_||.:||_.r.h hii_'.m
and goes down the leg, ending just Delow
the knee then branches into other nerves,
which continue down the leg and into the
oot and toes. The main symptoms o
sciatica pain originate in the lower back
and radiate down the leg. Sciatica can
come on  suddenly or gradually. [ Fig, 16.12 Beiatics
depends on the cause,




Di=c Slip
The wertebras are cushioned by
cartilaginous discs. These discs aclt as

shock absorbers and protect vertebrae
from daily activities like walking, Lfting,
running #te, Each disc has two regions;

the tough outer ring and inner soft and
pElatinous regon.  ADY injury  or
weakness can cause the inner portion to
protrude by breaking the outer ring,. This

15 known as a shpped, hermated, or

prolapsed disc. Thizs results in severe
pain and extreme discomiorst. I the

slipped disc compresses one of the spinal nerves, the victimm mey also
experience numbness and pain along the affected merve. Pain that
extends to the arms or egs and never settled in any posture of the
oy,
Arthritis

Arthritia 18 a disease that sffects peints, It usually invelves
mllammation of degeneration of joints. [ causes pain and
inflammatwon, making it difficulf o0 mowe or stay active. Thers ares
many types of arthritiz. Each form causes different symptoms and
Iy need dillerent

ireatment=s,. While arthnitis
usually  aflecis alder

acdults. Ostecarthritis
develops when pimt

cartilage breaks  down
from repeated stress. It is
the mast comman lorm ol

arthrtis. Ankylosing
spondylitis, or arthritis of

the spine jusually your PR R L PR

lower  back). Gout, & Fig. 16.14 Arthritis

disease hal caunses hand

crystals of urc ackd to

form in the joints. Rheumatoid arthritis a disease that causes the
immune system o attack synovial membranes in your joints,

jE—— T [E—— —-. [ EET—
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Fig. 16,13 Diac Blip
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16.2. 2. Types of bone [ractures

Fracture 18 the
breaking of bone due to Aimple
any 1ngury. The types of
fractures are aimple
iractures wadphalaliials

fractures and complicated
fractures. A simple

fracture 1= also called

closed fracture in which
bomeE 12 cracked but does

not break the skin and not

exposed. A compound
fracture 15 charactenzed

by the complete breaking
of bone and the peoe of
bone 18 visibly plercing
oufsicle the skin. When the

frecture  damages  the - ]
surrounding structures including organs, veins, arteries, or nerves, i d

15 called a2 complicated fracture.

Compound Open
fracture fracture fracture

Fig. 16.15 Types af Bape Frectures .

Fracture 18 accompanied by mtense pain at the place of matial ¥
injury, tenderness &t the site, a sensation of grating or gnnding with
movement, and inability to use the imb or body part supported by
the bone, Physical sipns inchade deformity of the part, swelling 1in the
region of the fracture, discoloration of the overlving skin, and
abnormal mobadhty ol the bBame.

The repair prodcess of simple (ractures,
The fmactured or broken bone undergoes repair thmough fowr stages:

a] Hematoma stage

When fracture occurs the blood vesacls within the bone and its
surfounding  periosteum  break. Blood escapes and massively
accumulates into the surmoundings which form a oot called

hematoma. The immune system activates and induces swelling at
the site of mury. Beceptors develop pain sensation and due to

F &
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suspended blood supply, the bone cells are deprived of nutrnents and

begin to die, The hematoma intermally sealed the fracture  site,
preventing further blood loss and provides a ffamework for healing
PrCERS,

b Fibkrodcartilaginous callus formation

Within wesk=s new bBlood vessels and numerous ostechlasts

develop from the periosteum and enter the hematoma. COsteoblast
guickly divades amd gives rise 1o the spongy Bone 1n the region Close
to the new hlood vessels. The next phase of healing besons by the
formation of new tizsues called granulation tissues. These tissues
contan new Blood vessels and a complex af fibrobdasts, vascular

endothelal cells, and macrophagss within & matrix of collagen and

fibrin. All of them are added up and develop a mesh work called
fAbrocartilage callus at the ends of the broken bone. The desd cells

are phagocytosed by macrophages. The osteoblast develops the
spongy bone and fibreblast cells produce collagen fibers o reform the
irmctured bone.

¢] Bony callus ormation stage

When the =0t callus 15 Tormed, later 1t 15 calecrhed and turmed
into hard bony callus. Az the bony callus formation progresses it is
repiaced with bone. The hard ¢allus formation s initiated around

three weeks after the fracture and continues for about three months.
When cartilage becomes ossified, it contains ostecbhlasts, osteoclasts,
and bone matnx.

d) Remodeling stage
Bone remodeling 15 the stage when ald bone hissues are remoseed

and replaced with new ones that join both fractured sides,
Bemodeling starte when the ostechlast cells detect the fracture and
induces monocytes o fuse topether o form a multmucleated

osteoclast cell,. The osteoclast matures and activates to start
resorbang bones as the bone resorplion proceeds, ostesblasts starl
producing collagen to Gl 1n the lacunas created by the osteoclasts
and calcium phosphate begin to deposit, forming hydroxyapatite. The
osleabhlast keeps producing new bony maléenal and Tarns mio
ostecytes. Finally, the bony callus 15 then remodeled by osteoclasts

-.-_
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and ostecblasts and compact bone 15 added just ke the ongnal,
unbroken bone and fracture s healed. This remodeling can take
many months; the bone may remain uneven for years.

Fig. 16.16 Stages of Iractiure repair

16.2.3. The injuries in joints .

Jodnits are injured when the ligaments are twisted or torn dise - :
to oweruse of muscles, repested heavy physical activitics or any ;-"
injury. The common types of ppant mpuries are as follows:

Dislocations i L

Dhslocation 18 the complete Choulder Dislocation
change af position or separation

of the bones in a point due o any
injury, arthritis or 'n.r-:.lei-:mng: of
muscles and tendons, m.l_'..
darmage the  nerves
surrounding FEETC] '

COMMmIrmon =Y Pinms
dizlacation are severe [.'l-a.1|:|.
swelling, instability of joint,
inability to move a  Joint,
b LIsIng.

[rizlocation Can b

managed by surgery, physical bone manipulation by the doctor, rest,
physical therapaes.

F e
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Fig- 16,17 Disdocatinn
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Sprain

Sprain 18 related to the mild to severe grade of stretching or
tearing of a ligament that bolds a jodnt's bones together. Sprains can
be the result of a sudden twist of the imb associated anth the joint.
Spraing usually occur
in the ankles, kness,

and Wrisis. The
COMmmon SYympldamns e

Sprains  are  pain, S
swelling, inflammation  guamemi
and brnusmg. A person
suffering with sprain
must take rest {omenl
withh o2 packs, use
bandages over | the
mnjury  and  sometimes Fig. 156.1E Bprais

gurgery s needed,

16l & ofianr) 5 prines e i YEmin

Symained medial
lipzemend

The first-ald treatment for joint injuries and fractures.

First aid refers to madical attention usually administerad
immedictely after the injury occurs and where it occurred. Keep
the patient in resting comdition. Apply an icepack (cold compress)
wrapped m oa wetl cloth o the injury for some brme. Apply a

compression clastic bandage firmly to the nmpuary that extends well
bevond the Injury. Elevate the injured part. Use broad bandages
twhere possible) to prevent movement at joints above and below the
fracture. Support the limb, carcfully passing bandages under the
natural hodlows of the body. Place a padded sphint along the mjured

limb. Place padding betercen the splint and the natural contours of
the body and secure firmly.

16.3.1 Muscias
A muscle 15 the group or bundle of Bissue in the body which

can contract and relax 1o produce movement in various parts of the
body and locomotion. Muscles also [acilitate the movement of the

body fluid, particularty ymph. There are three tyvpes of muscles
involved n this processz. The amooth muscles, cardiac muscles, and

skeletal musecles.
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Smooth muscles
Smoaith muscles do not show

striations hence called smooth
muscles. These are present in hollow

visceral organs like urinary bladder,

resgaratory tract, blood wvessels
reproductive  system  etc.  Smodath

muscles coells are spindle shaped
having single nucleus.

Cardiac muscles
Cardiac muscles are located only

in the heart, Thess muscles are
strtated in structure but involuntary

in function, Cardiac muscles are branched, bifurcated and their unit
cells contain single or double cell nucled. Cardiac muscle cells are

atrongly interconnected by a specialized strmacture called an
intercalated dise. The cardiac muscles are armanged in a branching

network where cells are joined together and make a syneytium.
Hear! mascle is Syncylial
nucleus

Fig- 16.1% S8maisth Miseclea

Myocyte Indercalated disc

Fig. 16,20 Cardiac Mussles
The cardiac symoytiam 1% a network of cardiomyocytes connected by

intercalated discs that enable the rapid transmission of electrical

impulses through the network, The cardiac muscles are the strongest
amang all. They work continuously throughout lile and amazingly do

not get fatigued. This 18 because they have numercus mitochondris
and conbnuouns supply of oxyeenated bloocd,




Skeletal muscles
The muscles attached o skeleton are called

skeletal muscles, The cells are striated,
cyvlindrncal and mulbinucleated. These are localed

in those organs which can perform voluntary

movement like arms, egs, neck etc. They are
arranged in bundles and the pattern of striations
on muscle surface.

Filg. 16.11 Sheletal Muasrl=s

16,32 Comparison of types of Muscles

BEmooth muscles Cardiac muscles Skeletal muacles

They do not show They show striations They show
siTimteoTs sliratinns
These muscles are Thiese musches ans= TEESe Are
gpindle shaped cylindrically branched — cylindrical and
unbrandhed
Present in hollow, Present in hear Attached with
visceral organs skeleton
They are involuntary  They are involuntary They are voluntary
N actemn 1 ackiomn 1 ackion

They do not make Cross bridpes are Cross bridpes are

cross bridges durnng formed inrmed
NoVEment
Instead of troponin, They have troponin in They have
they contaimn actin hlament troponin in ackin
calmodulin in actin filament.
filaments

The structure of Skeletal muscle
A muscle 15 composed ol thousands of muscle [bers grouped

in bundies, The overall muscle organ 18 surrounded by a membrane
called epdmypsium. Muscle hber 15 gathersd inssde the epimysium in

many groups. Each group of fibers iz called a faselcle surrounded by
a membrane called pernimysinmm. Inside «ach Bsocle a muscle hber

@ oy
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is enveloped in a thin connective tissue layer of collagen called

the endomysiom,
Skeletal muscles have numerous supplies of Blood vessels and
nerves, The nerves are connected with mu=scle by neurons whoch

initiate the mechaniam of movement in muscle when order is given
by nervous sysiem.

Fag. 16.23 Stmicture of Skeletnl Mux:ls

The Ultra Structure of Skeletol Muscle Fiber

Mus=zcle fiber £
considersd a cell of skeletal

muscie with many

myofibrils. Each muscle fiber

has a covering just lke a ¢ell

membrane cutlleck
sarcolemma. The cvtoplasm

or sarcoplasm conlams
MO S niLEcle and
mitochondrna, Each myofibril

1% comnectied wath the axon of

motor neuron at o a  place
called neuromascular
junction. The specific
neurnmussular Janctions
where rmitochondria 1 o Fig. 1633 Neuromuscular JUunciion
abundant.
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The sarcolemma s extensively folded s motor end plate. The
garcolemma permits calcium tons 1o enter or leave the myolibril o

thelr specific proteinic  gateways., Within the sarcoplazm, &
membranous network 1s present that runs pamllel o the myobbrl

called sarcoplasmic reticulam. It is the storage house for calclium

lons used I muscle contraction. [t extends inward to form &
membranous channel callesd T-tubules thatl muns perpendicular and

connected with sarcoplasmic reticulam.

Fig. 16.34% Ultra Structure of Skeletal Muscls

-
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Myohbnl contains two Kinds of protein filaments called actin

and myosin. Each myosin filament s thick, l16nm in diameter and
composed of myosin monomers. [t has two Cedsted strands with
projected heads outward which form a cross link sath actin hlament.

Each actin fAlament is thin, 7-8 nm in diameter, double stranded.
twisted and contaings actin monomers associated with two other
praoteins called troponin and tropomyosin. Each actin monomer has

a binding site for myosin cross bridges for attachment. Troponin is &
complex of three dilferent subunits called troponin C, | and T. Each
suubumit 15 assipned for specihic unction such as the tropomn C [Tn=

] bind Ca2*, the troponin | (Tn-1) inhibit actomyosin interaction and
traponin T (Tr-T) 18 used for hinding [ropaaminosin.

The organizatiom of actin and myosin hlaments develops
alternating Ught and dark reglons seem like striations or bands. The
hght regmon contains only actin Glament called "I band |[isotropia

band]. Actim hlaments of | band connected by E line or disc
irwiachen means middle).

A-Band I."'"""'"

Fig. 14625 Sarcomeres of shelstol muscle

The dark region contains thick myosin hlaments overlappng

thin actin filaments called “A"™ band [Anisotrople band). The myosin
filaments are connected by *M™ line or disa (Myomesin: protein). The
A barnd has a shghtly lighter middie regron called “HT zome [(Helle:
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hght] containmng only myosin hlament. The region befweesn two E
lines i8 called sarcomere.

e T e
o Rt R

Fig. 16.26 Actin and Myoxin Alamant

16.3.4 The sliding filament model of muscle contraction

The sliding filament model of musacle contraction, put forward
iy Hugh Huxley and Jeasn Hanson in 1954, According to this theory

when sarcomere shortens, the thick and thin filaments do not
themeelves change their length. They just sldde past one another,

with the thin fhlaments moving toward the center of the sarcomere
from Bboth ends. As thas occurs, the H zone and [ bands gel narcower,

the regions of overlap widen, and the £ lines move closer together,
shartenmg the sarcormers.

The sub-stages of sliding ilament model are as follows;

The Cross Bridge Cyele
This cycle beping when muscle [ibers are stimulated by

receiving the nerve impulse at the motor end plate, Motor neurons
release a neurotransmitier acetvicholine that opens the proteinic

gatzway 1n T=tubules and then in sarcoplasmic reticulum to release
the stored caleium wns that initate muscle contraction. The calcium
wns are released and bind with the tropomin of thin Olament. This
binding depolarizes tropomyosin along the actin filament, which n

turn twists and exposes the myosin inding sites located on ACtim
monomers. [0 the next step the myosin head rises by getting energy

from ATP when bind ATP 13 hydrolyzed inte ADP and phosphate by
an enzvme ATPase. This causes the myosin head o extend and
attach to the binding site of an actin and both actin and myosin

-.-_
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filaments are cross inked to form a cross bndge. This action called

power stroke 12 tnggered allowing myosin to pull the actin Olament
toward the M Lne, hereby shorténmg the saroomeére. ADP and

phosphate are released dunng the power stroke, The myosin remains
attached to the actin until a new malecule of ATP binds, fresing the
mynsin. Having been unbound from actin, the myosin heads resume

their starting positions and are resdy 0o begin a new sequence of
actinn binding. Thus, the presence of lurther calemam 1ons will tngger

R oW contraction cycle.

Relnxation

When nerve iImpuilse ceases, two events relax the muscle fiber.
During the iirst event the acetylcholine that remamns in the synapse

18 rapidly decomposed by an enzyme called acetvicholine-esterase,
afTalrslD AT ENL
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Fig. 16.27 Croas bridge oyole of skeletal muscie
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This enzvme 15 present in svnapse and on the membranes of
the motor end plate. The action of acetyicholine-esterase prevents a
gingle nerve impulse from contimucusly stimulating muscle fiber.
Dunng the second event when acetylcholine 18 broken down, the
stimulus to the sarcolemma and the membranes within the muscle
fiber ceases. The calcium pump (which requires ATP) quickly moves
calelum jons back into the sarcoplasmic reticulum, decreasing the
calcium wn concentration of the oytosol. Conseguently, the muscle
fiber relaxes.

16.3.5. The action of antagonistic muscles in the movement of
knee joint

The ability of & muscle to oppose the action or effect of another
muscle 13 called antagonistism. An antagonist muscle 15 relaxed
while the other side opposite to antagonist muscle contracted called
agonistic muscles. Knee joint ig the largest and most complex of the
synovial joints. It s formed by the articulation of distal end of femur
and proximal end of tbial bone while anterior to the junction of these
bones, patella bone 18 articulated. The antagosistic muscles of the
knee joint are the group of hamstrng muscles as flexor muscles and

the group of quadriceps muscles as extensor muscles.

The hamstring muscles are made up of thres ndmvidual
muscles located in the back of the thigh, ongpnaeting from hip, and
inserting to the knes. Hamstring tendons attach to bones in pels,
knee, and lower leg. Hamstring muscles serve a vanety of functions,
including bending the knee joint, extending, or rotating the hip joint.
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The qgoadriceps 15 made
up of four different muscles. [
ig in the anterior reglon of the

thigh, The gquadnceps 15 & hip

flexor and knee extensor. They
form the man bulk of the
thigh, and collectively are one
of the most powerful muscles
in the body. The gquadnceps all

work to extend (straighten) the
Knee., The guadriceps Aare
primarily active i kicking.
jumping, cycling, and running. Fig. 16.2% Knee Joint Muscles

16..3.6 Muscie latigue
A musclhe exercised persistently for a longer penad may lose its

ability to contract, & condition called fatigue. [t i mosat likely to arac
Irom accumulanosn ol lactwe: acid i the muscles due to anaeraobie ATF
production. The kowersd pH from the lactic acid prevents muscle
fibers from responding to stimulation. When lactic acid 8 produced,
it diffuses out om the muascle hber and 15 carmed 11 the bBlood

stream to the hver. Liver cells can react to lactic ackd to form glucoss,
Thiz reguires ATP and ATF production is conditionesd with the
avatlatnlity of oxygen, Therefore, when a person rests and acguires

enough oofygen, lactic ackd quickly breaks down and the muscle

returns L moriraal.

Cramps
A muscle cramp 15 a8 painhal stiffiness n a muscle due to a

audden, Involuntary contraction. A person fecls sudden tightening as
il they have Hexed ther muscle while 11 15 actaally relaxed. Muscle

cramps have several causes ke overuse of muscles while exercising,
muscle injuries, debvwdration, low levels of minerals like calcium,
potassium, sodium, magnesium, low hlood supply to the legs durnng

physical activities, Usually, cramps can be relief by stretching or
gently massaging the muscle, applyving heat and use of ice when the
muscle 15 sore, petting more Thads if debhydrated,
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TETANY

Tetany or tetanic seifure i3 a
meciical sign consisting of the
imluntary contraction of
rlascies
caused by dizorders that
increase the action potentsal
frequency of muascle cells or the
nerves that innervate them

Tetany can be the result of an
electrolyte imbalance. Most olten

low calcam level, hypocalcemia,
oF magnesium, potassium
deficiency, increased acidic
[acidosis) or alkall |alkalo=as] in
the body.

Mo toxins mvolve

=evere vitamin D dehoiency may
be associated with
hypocaleermnia, which may cause

tetRny Or Se1ZUres.

a person meay only dee If tetany
OCCUTS 1N respiratory tract.

Chagier 1%
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[6.3.7 Differentiate between Tetany and Tetannos

TETANUS

Tetanus 1% an infectious disease

affecting the central nervous
Sy E 1o

caused by a bacternmam called
Chostrdinem teran

Tetanus can be because ol

intravenous drags inducted
through contaminated needles

by the abusers.

Bacterium release neurotoxin
called tetanospasmin, which
acts on the synapses and causes
myuscular spasms and
reurmmuscular junction

blockade

These functional impairments

are mantfested as flexor muscle
spasms. The impact of the toxin
on the sympathetic nersoms
sysiem causes autonomic
dysfunction.

A person may die when the
ITIfEctinnn bheroaTies Ssevere,

p



Humean skeleton acts as & framework of the body and the study
nof human bomes 15 calbecd ns.l:r.-l;ul-:_:-g:.r.

Bone has distnct regions called epaphysis, diaphysis  and
metaphyvsis and covered by different layers

Bones and cartilage are composed of numerous cells,
DifTerent types of cartilages are located in skeleton and plays

vital role in protecting jodnts

Human skeleton 15 formed by numerous bones and has two
major divisions called axial and appendicular skeleton whach

include separate bones.

Bones are joined to form different joints. The major groups of §
paints are called Abrous, synovial, and cartilaginous joints, [ =

The common disorders of the skeletal system are disc slip, }-ﬁ
spondylosis, aciatica, and arthritis

Eepair of several types of bone fracture takes place 1in diller=nt _

sleps 0 sequence e, hematoma formation, internal and ~
external callus formation, replacement of cartilage by trabecular | ¥

bone and remodeling.

First-aid treatment 12 also psed for the mjuries n joants ke
dizsloecation and sprain.
There are three types of muscles in the body that perform

IMOVErnent.
skeletal muscles are present in organs that work woluntarily,

non-skeletal muscles in nvoluntary organs and cardiac muscles
in heaart,

Skeletal muscle Ober contains numerous myolibril which
contain two Kinds of protein fAlaments namely actin and myosin.

These hlaments are cross |[nked and perform muscles
conlraction. Die 1o abnormal muscle contraction tetany and

cramps takes place.
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1. Encircle the correct choice.

The type of bone call that tears down bone during the building
and remodeling procéss are

|a) Oisteocytes b} Crsteoblasts
] Ostesclasts |d) Bane lining cells

Duiring bone lormation, as the periosteum calcifies, 11 gives rise

to a thin plate of compact bone called
&) Periosteal buad (b} Penosteal Bone collar

lc] Primary ossification center |4} Epiphyeeal plate

The nng like shape of the girdle iz due to the joining of coxal

bone with the sacrim of vertebral column at anternor side and
below by a podnt in between puble part called
) Pubic symphysis [b) Iisc pancticn

] Pelvie symphysis [cf] Syirdesmngis

Cartilage 13 a 300t Nexible form of connective tissue surrounded
by a laver called

|a] Myocardium [b] perinstewm

] Osteoderin [} Perichandreiam.

An antagonist muscle 1= relaxed while the other side opposite
to antapomist muscle

la) Contracted b} Belaxed

Ic] Mo chanpge ) Extremely relaxed

The stage when old bone tissues are remoyved and gets replaced
with new ones that joins both ractured sides called

lal Bone remodeling stage b} Bone callus formation
o] Cartilaginous callus formation [d) Hematoma formation

Which 15 related to the mild to severe grade of stretching or
tearing of a lgament that holds the bones of a joint together?
|a) Spasm b} Tetany

o] Sprains [} Cramps
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vidi) Muscle fiber are gathered in many groups each group of fibers

1%

18 called a faacicle which |5 surrounded by a membrane called
(&) Sarcolsmma [b] Perimysium
ic] Endomysicm [cf] Eprrmysiam

The heart muscles armnpged 1n a branching network where
cells are joined together and making a
&) Syncytiam |b)|Sarcoplasmic reticulum
ic] Endoplasmic retbiculum [cd] T=t1bales

Thess yints hold the bone by dense connective tssues contain
collagenous ibers

(a) Fibrous jolnts |b| Syndeamosis
(¢ Gomiphosis ] Synovial joimts

2, Write short answers of the lollowing guestions:

L

.,
3
d.

o

r

i
B,

How 18 the cartilage useful for our skeletal system?

Give a companson of major types of pants

How is the healing of fractured bone initiated pain developing?
How 1o conduct a lrst aid treatment lof anl injucies and
fractures’

Give & companson of types of muscles,
Why s calociam essential Tor cross bridge lormatsond

How 1w mervous coordinalion reguilaltes muscie contrachion
mechanism?

Howr 15 tetany different from tetanus?

Explain the different types of i.'.:!rt:il.'l*:-:.

3. Write detall answers of the following gquestions:

Explain the structure of skelstal muscles and ultra structure of
skeletal muscle iber with labelled diagram.

. Explain the repair process of simple fractures
Explain the cross-bridge cycle of muscle contraction with
labelled diagram
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