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STUDENTS LEARNING OUTCOMES (SLO's)

- pfter studying this unit, the students will be able to

5 Describe the structure of bone and compare it with that of cartulage &

Explam the functions of osteoblasts osteoclasts and osteocytes

B Describe three types of joints i.e. flbrous joints, cartilaginous jomts&ggowa' joints and give

s

A A A

example of each.

Describe the- dlsorders of human skeleton (disc-slip; spondylosus, fbarthrms, osteoporosis) and |
their causes.

Describe the injuries in joints (dlslocatlon and sprain) and | |d treatment
Compare smooth muscles; cardiac muscles and skeletal

Describe the ultrastructure of the skeletal muscle.

Explain the sliding fllaments model of muscle contr '(7%

Describe the action of antagonistic muscles in t@m nt of knee Jomt »

Explaln muscle fatigue, cramps and tetan N

Differentiate between tetanus and muscl@ o o
&
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DUCTION

: : JNTRE biol enabling us to perform a Wm

Support and movement are fundamental aspects of human biology. ture of bones and cartila 0

activities from basic locomotion to complex tasks. This chaPter.delves e e St‘l'UCqUt Bes of joints, and exage: Which

provide the necessary support framework for the body. We will explore t'rje Vapotu.drizl/z  otions Ti\e <l r?‘lne th

unique features of the three types of muscles—skeletal, smooth, and cardiac—that orm i v wilh oo 9 filam

model will be discussed to understand muscle contraction at a molec.uljar level. Adhdmonahi'anh and‘;ob.ala't S
disorders affecting the skeleta! and muscular systems, highlighting their impact on human aRility.

12.1 BONES AND CARTILAGE —

tissues make an internal framework
and locomotion.

ent
Man

—
; , called skeleton th :
Bones, cartilage, and other connective at Provides

structural support, protects vital organs, and produces movement

4. Describe the structure of bone in detail?

Ans. The structure of bone is complex and highly organized to fulfil its roles ort, protection, movemen

mineral storage, and blood cell formation. Bones are made of connectivet hat is reinforFed with calcium
" and specialized bone cells. The structure of bone can be described under ghe llowing subheadings:

1.  Outer Membrane: Periosteum : ' .
The surface of a bone is covered by a tough membrane callgd @eriosteum. This membrane serves as a

protective layer and is the site for the attachment of tendons and lig

2. Compact Bone : \n
Beneath the periosteum lies a thick layer of hard mat oWn as compact bone, which forms the majority of

" the bone tissue. It provides strength and rigidity to the bone;

s

Haversian VSystems . ‘ :
Haversian systems. Each Haversian system is composed

" The basic structural, units of compact bone are

-
e

of: © ek ' I .
" . Lamellae: These are conc'entric_iay vmineralized extracellular matrix. The matrix contains collagen
fibres and small, needle-shaped ¢ f calcium phosphate. . :
o Calcium nhosphate crystalsagg brittle but rigid, contributing to the bone’s great strength.

o Collagen is flexible but, 'so the combination of both materials results in a bone that is both
’ ~ strong and flexible. ‘b A ’ : . h
. Laéu_nae and Osteocytds: T, amellae are separated by small spaces known as lacunae.
o’ Within the lacu steocytes, which are mature bone cells.
%ectéd»to each other and to the Haversian canal through tiny channels called

o Osteocytes
. canaliculi: , _ . .
. Haversian c@ concentric layers of lamellae surround a central canal called the Haversian canal.
al*efntzins blood vessels, nerves, and lymphatic vessels,-all of which are essential for the .
#ni and function of bone tissue. ¥R . .

<. Perpendiculér annels A . .
' In addition to the main Havérsian canals, there are small channels that run perpendicular to them.
o These channels connect Haversian canals with each other and with the periosteum.
o They also contain blood vessels, nerves, and lymphatic vessels,” aiding in. ihe supply and
. communication within the bone. ' EER ‘ ol
o Collagen fipres anchor the periosteum to the underlying bone tissue, giving additional strength and .
' stability to the bone, - - S . IR :
3.. Spongy Bone ‘ *
© * Underneath th~ compact hone lies spongy bone.

.o ltha 3 latticework structure made up of bony spikes, which make the bone light and strong atthe
samc .Jme, - B i
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»  Itis primarily made up of fat cells and functio

ice the overall wei "
gone Marrow rall weight of the bona.

Many bones contain 4 soft

. tissue ¢
ye""w bone marrow,

alled hone marrow, which can be classified 35 red bone marrow of
ged pone Marrow
., Found in spongy bone, Particularly at the

, Itisresponsible for Producing; ends of long bones, ribs, vertebras, sternum, and pelvis
o Red blood cells

o White blood cel|s
o Platelets

yellow Bone Marrow
. Occupies the shafts of long bones.

¥ NS as an energy reserve.
«  Under conditions of severe blood

loss, yellow bone marrow can be con ed.mm red bone marrow 0
produce blood cells. -
[ ] ‘ 2 r
et \ of
FIBVRrsian System pyovarsisn canal licu The broad ends
Lamella a bone are called
’ epiphysis while the
Epiphysis middle part along
o L\E Enx;:iiellular he length of botje
............... is called diaphysis
or shaft.
Diaphysis | & .
Bk 1 Lacuna Osteocyte
“Bo :
marrow 7 Ce
4 J- b
Epiphysis | /%™ ™ Periosteum Q
. Fig tructure of Bone .
For Board Exam & MDCAT @ @“@ tissue composed of?
1. What type of tissue argfBpngsprimarily madeof? | 5. Whatis ‘h; e uMB:,‘C"C:empat:t b:me\/
A) Muscular tissue Epithelial tissue : 2; ig::?lg;e i D) Marrow cavity
C) Connective tissuey” - D) Nervous tissue b o G o
2 j i the connective tissue in bones? - 6. What are the basic structural units o puet v
- What reinforces the . A) Osteons B) Haversian systems
A) Iron and colladge;\ wih PR C) Canaliculi . D) Osteocytes . ‘
8) Potassium and ela ing are concentric ]
,c)) ol and specialized bone cellsv” " :Invl'::::‘al;:d‘:\:;i:!:ow e e
D) Sodium and enzymes o A) Lacunae B) Canaliculi
at covers :
3. What is the name of t?he tough membrane th C) Lamellaey” D) Spicules
th f a bone? . . i
. A)epz:;f:rzu; ’ el Peritoneum‘/ | 8. \Aﬁ)"g': I::al:i::::l“ contain?
,. : : CERUI . )
o C).Pencho_ndnu‘m dD) F::relopz‘:;’os“um called? B) Collagen fibres and calcium phosphate crystals v
-4 What is the thick layer un ;’)’ catiage ¥ C) Blood and fat cells D) Only nerves
A) Spongy bone Lt 4

oyt D) Bone marrow - | 9. Whatgives bone both strength and flexibility?
- 'C) Compact bone ; , .
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A) Bone marrow and nerves Q) Canaliculi v b) SpiCUIES.
B) Osteocytes and osteoblasts 13. What does the Haversian canal contain?
X B) Only blood
C) Collagen and calcium phosphate crystalsx/ A) Only nerves i d :
D) Fat and calcium C) Blood vessels, nerves, and lymphatic vesselsy”
i | fat
10. What separates the lamellae in compact bone? D) Cartilage and fa )
A) Lacunaey” B) Trabeculae 14. What lies beneath the compact bone and gives b°nes
C) Blood vessels D) Fat cells their light but strong structure?
1. What are osteocytes? A) Cartilage B) Yellow marrow
1. s ? ¥ »
A) Bone-forming cells B) Cartilage cells C) Spongy bone v” ] g,
. ) Mature bone cells found in lacunae v’ 15. What type of bone marrow produces red blood cells,
D) Fat-storing cells white blood cells, and platelets?
12.  What connects osteocytes to each other and to the A) Yellow bone marrow  B) White bone marrow
Haversian canal? C) Red bone marrowy” oft bone marrow
A) Trabeculae B) Capillaries ———e,

1. What are bones made of? ‘ Q ‘
- Ans. Bones are made of connective tissue reinforced with calcium arb lized bone cells.

What is the periosteum, and what is its function?

2.

- Ans. The bone's surface is covered by a tough membrane called periosteun™|[t serves as a protective outer covering
of the bone and also provides a site for the attachment of tendons a%a ents.

3.  Whatis compact bone, and where is it located? \ ‘

Ans. The thick layer under the periosteum is made.of hard m eri@ is called compact bone. It makes up the
‘majority of the bone tissue. ‘ \

4. . What are Haversian systems in compact bone? -

Ans. The basic structural units of compact bone are call ersian systems. A Haversian system is made of
lameliae, lacunae with osteocytes, and a central Have mnal.

5.  What are lamellae, and what materials do they (0%1?

Ans. Lamellae are concentric layers of mineralized extfacéliular matrix that contains collagen fibres and small, needle-
shaped crystals of caicium phosphate. The ¢ re brittle but rigid, giving bone great strength. Collagen, on
the other hand, is flexible but weak. As a r ne is both strong and flexible. .

6. What are lacunae and osteocytes? ‘ ‘

Ans. The lamellae are separated by small g alled lacunae. Osteocytes, which are mature bone cells, are located
in the lacunae. Osteocytes are co “to each other and to the Haversian canal by small channels called
canaliculi. QI a . o o .

7. What is the Haversian cana at does it contain? ,

Ans. The concentric layers of lammurrdund a central canal called the Haversian canal. It contains blood vessels,

- nerves, and lymphatic ve @ A : ' ' o

8. What is the function v hegmall channels that run perpendicular to the Haversian canals?

Ans. There are small chagnél§ tlat run perpendicular to the Haversian canals and connect them with each other and
with the perioste &ey also contain blood vessels, nerves, and lymphatic vessels. Collagen fibres anchor the
periosteum to th@erlying bone tissue, providing additional strength and stability to the bone.

9. What is spongy bone, and what is its structure like? :

Ans. Beneath the.compact bone there is spongy bone. It has a latticework structure consisting of bony spikes that
make it light and strong. :

10. What is bone marrow, and what are the types and their functions?

Ans, Many bones also contain a soft tissue called bone marrow, which can be either red or yellow.

o Red bone marrow is found in spongy bone, the ends of long bones, ribs, vertebrae, the sternum, and the

pelvis. It produces red blood cells, platelets, and white blood cells..
Yellow. bone marrow fills the shafts of long bones. It consists mostly of fat cells and serves as an energy

reserve. It can also be converted to red bone marrow and produce blood cells when severe blood loss :

. occurs,
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% Describe
.~ of bones.
i ¢ of gone Cells

1yPe are three types of cells j.a,,

¢ The;:fi remodelling of bones,
a

st 2T surrounded by matri, they
40 s

te0te  are mature.b

Z, ogteocytes are mature bone cells whjc
¢ They also regulate the calcium relea

steodaSts ;
; osteodaStS develop from macrepha

.oﬂt

J
¢

Osteogenic cell

the differe ,
nt types of bone cells involved in th

Osteo
blasts, osteocytes, and osteoclasts

hat synthesize
become the oste

Sh ;namtain healthy bone tissue by secre
& Irom bone tissue to blood.

e development, growth, and remodelling

involved in the development,

a : '
nd secrete unmineralized ground substance. Once the
ocytes,

ting enzymes and bone, minetal

a Qes and are involved i ion, i
M, : ved in bone resorption, i.e., the ddwn bone and
ase calcium an phosphate in blood. The work of osteoclasts is important topth(;ng:oev;tg}a/ ¥
Osteoblasts
(form bone m

_.2/

Osteoclast
(resorbs bafie

nad E irof bone.

atrix)

_ ) Osteo
(stem cell) . (mature b
.Fig..12.2 - Types of bone cel
for Board Exam & MDCAT @é N, O
1. How many types of bone cells are involved in Osteocytesv” D) Red bone marrow
bone development, growth, and remodelling? cells
A) Two B) Threev” i Which bone cells. maintain heaithy bone
C).Four ; D) Five - - : tissue by secreting enzymes and bone mineral

What is the primary function of oStebblésﬁ?
A) Destroying old bone tissue =~
B) Storing calcium in bones .

O Synthesizing and secreting unminera@m

ground substancev”

D) Transporting blood through bon

What do osteoblasts becom n they are

S

content?
A) Osteoclasts B) Osteoblasts
C) Osteocytesv” ~ D) Fibroblasts

What is the function of osteoclasts?

A) Form new tone cells

B) Transport bloed cells

C) Break down bcne and release calcium and
phosphate v/’

D) Convert fat into bone tissue

surrounded by the matrix? 4

A) Macrophages 2@13
R e
1. How many

bones?
development, growth and remodelling.of bones.

_Ans. There

of bone cells are involved in the development, growth, and remodelling of

are three types of cells ie., osteoblasts, osteocytes, and osteoclasts involved in the

What are osteoblasts and what is their function in bene formation?

Ans, Osteoblasts are bone forming cel|§
osteoblasts are surrounded by matrix,

What are osteocytes and what role

that synthesize and secrete unmineralized ground substance. Once the
they become the osteocytes.
do they play in bone tissue maintenance?

™S Osteocytes are mature bone cells which maintain healthy bone tissue by secreting enzymes and bone mineral

content. They also regulate the calcium release from

bone tissue to blood.

' From which cells do osteoclasts develop and what is their function?

ns,

release calcium and phosphate in blood.

Osteoclasts develop from macrophages and are involved in bone resorption, i.e, they break down bone and
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3. Why s the function of osteoclasts important in the skele'tal system
Ans. The work of osteoclasts is important to the growth and repair of bone. %

i is) in detail?
3. Explain the process of bone development / formation (osteoggneSlS)
Ans. Introduction to Osteogenesis

i < i onic de
The process of bone formation is also called osteogenesis. It begins during embry levelopment

s ang
continues throughout life, playing a vital role in the growth, maintenance, and repair of bones.
Primary Pathways of Osteogenesis - J
e There are two primary pathways of osteogenesis:
- Formation of Long Bones (Endochondral Ossification) : : i
The formation c?f long bénes, e.g, femur and humerus, involves the transition of cartilage into bgne,
*  In this process, the center of cartilage begins to harden (calcify), and the c ocytes (cartilage cells) ip
this area dig, leaving behind cavities.
*  Blood vessels penetrate these cavities and introduce osteoblasts and asfs.
'Osteoblasts (bone-forming cells) start building bone tissue, replacing the ¢ SR SOie,

.  The step by which cartilage is replaced by bone by the depositiof of inerals is called ossification (Fig,

form. - )

1. -As the bone matures, some osteoblasts become trapped wit \
(mature bone cells), which help maintain the bone structure.

This process continues until all cartilage is changed

articular (joint) surfaces of the bones. . :

2. Formation of Some Skull Bones (Intramembranous Ossifi% tion)

 Afew bones, e.g., some bones of the skull, develo, @- ly into hard bone without forming cartilage first.
2. In these cases, the osteocytes are initially scatteréd randomly throughout the embryonic connective tissue but
soon fuse into layérs and >ecome flat plates of bo '

~ Second
os

12.3), . -
Osteoclasts (bone-resorbing cells) break down the calcifix:d ca%ﬂmking room for more bone tissye ¢,
0

ne tissue and transform into osteocytes

N cept some.cartilage that remains only at the

rticular - '
cartilage

Bldod.

e vessels ' : <
, F'Ts_tﬁs'teﬁf W Even after bonés have fully
Carti!ageqs§| .C.at'on‘ formed, . osteogenesis

continues in the form of bone
remodeling. = This . ongoing
process involves - the
breakdown of old -bona by
osteoclasts and the formation |
of new bone by osteoblasts.

A

: Fig. 12.3 -- Development of bone from cartilage

For Board Exam & MDCAT @;S@ Gl gl o

1. What is the process of bone formation cailed? . ~ B.They become osteoblasts
s A. Calcification B. Osteolysis o, C. They die and leave cavitiesv”
C. Osteogenesisy” " D. Chondrogenesis - D. They turn into blood vessels _ .
X 2. During long bone formation, what happens “to ...3. Wha_t_is the role of osteoclasts in bone formation? .
. chondrocytes in the center of the cartilage? ! .- A Secreting unmineralized matrix ’

.A. They multiply rapidly ‘ : B. Resorbing calcified cartilage v
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aining bone tissue . . |

AT
v Mau\t

pusing into bone plates " " |
What remains as cartilage after e bone j¢ b'omes?o Pl i i
. ne is fyl ’ |
| formed? A y A By forming blood vessels fi
“ghaft of the bone ~ B.Ends of the bone ’ s formmg Ak ﬁs;l: "
adticular (joint) surfacesy” v C. By direct transformation into hard boney”
D. entire bone | | i o
1. Whatis osteogenesis ang

Ans. The process of bo at‘iﬂol':f'n does it begin?
and continues through Is also called

layi i i
How are long bones formed during oi:fgae:::ilsr?de |

1. .o formation of long b
The for g bones, eg, f
S. 1 . tfemur , ‘
- process, the center of cartilage begins t hand h“mef_US, Involves the transition of cartila o bone. In this
|eavihg behind cavities. Blood vesse|s Pe?\et?ar?:?h(ca|C|fy)7 and the chondrocytes (cartilagd céllg) in this area die,
_ What t|)sI tl:e (rsle off_Osteobla'sts and osteoclasts ?: ebiar:’:.ffr:i;::;dUQ osteoblaso B~
teoblasts (bone-formin fore |
g ?v:ﬂch cartilage is rep'acegchgS)bS::rt E UIidmg bone. tissue, replacing the cartilagd with new bone. The step by
cesorbing cells) break down the CaICi:iedyc;?t% deposn'lon of minerals is call&ssl tion. Osteoclasts (bone-
~ How are osteocytes formed and what is theig fuhétior??room for more bePoN i
ans. As the bone matures, some osteoblasts become trapped within the

®
(mature bone cells), which help maintain the bone structure. bt)\
s, How do some skull bones form differently during osteogeng

ans. A few bones, €., some bones of the skull, develop directly i bone without forming cartilage first. In

these cases, the osteocytes are initially scattered randomly out the embryonic connective tissue but
soon fuse into layers and become flat plates of bone. - TS _ .

. However, some cartilage remains throughout life and
. at the end of nose, in the outer ear, and along the inside

ne form
ut life osteogenesis, It begins during embryonic development
N growth, maintenance, and repair of bones.

e and transform into osteocytes

‘ 4. Describe the structure of cartilage and its ty

Ans. Structure of Cartilage _ : f
Most of the cartilage of the fetus is replaced b Porte
provides flexibility: For example, at the areas'betw %s
of the trachea. LI : e e :
A layer of connective tissue called peri% um surrounds the cartilage. A
» It contains blood vessels,. lympRatic vessels, and -nerves that supply the cartilage tissue. Inside
perichondrium is the cartilage, m rix which is composed of collagen, elastin, proteoglycans, and other
~ fibres. It gives the tissue wngth, flexibility, and resistance to compression. Unlike other connective
‘tissues, there are no bjead kessels insidé cartilage matrix. The cells of cartilage are supplied by diffusion.
Because of this, it he slowly. 2 e . . . _
- The cartilage cells, tall@m adrocytes; ate-present-within small spaces called lacunae, which are
embedded in cartilage maf¥i. ¥ Ny ‘

Chondrocytes are re stfe fdf”syntheéizing’-and m_aintainihg the matrix of cartilage (Fig. 12.4).
Cartilage Types .~ o : : ' '

Cartilage can be classified into three types:

‘Chondrocytes  mMatrix Collagen " - Perichandrium
in lacunae : ‘ ' :

. fibres

S iy AL S A s, 5 s W ), SR
< #_\ , i
e fk
S/ /% o/« 0
D A% (4
)
f

Fibrocartilage ’ ._ Elastic cartilage '
- Fig.12.4 - Cartilage types



https://v3.camscanner.com/user/download

e
Feature | | Bone , Cartilage :
-
JExternal covering Periosteum ' perichondrium ,
Cell types Osteoblast, osteocytes and osteoclasts Chondrocytes Q '

Extracellular matrix Contains calcium crystals and collagen fibers Contamﬁ@nd other fibres

_ i trachea, and the artic,,1...

* Hyaline cartilage is the most common type and is Bl i e RG2S rt"_:Ulatmg
surfaces of bones in joints. igh stress and tension, s,

. Flbrocamlage is found in areas of the body that experience RgHE s the
intervertebral dists and the pubic symphysis.

* Elastic cartilage is found in the external ear and epiglottis. - ' ,
Comparison between Bone ne and Cart?ag® o

Blood vessels | Present ' ‘ Ab ent ‘
'y . el HdS ;ed abllltyto repair itself, as lthasno

Growth & repair Have the ability to grow and repalr ;7& Dy

themselves throughout life

S

S

What is the role of the ’perichondrium m ) ) Because it has no blood vessels inside the

cartilage? O cartilage matrix and is supplied by diffusiony

a) It forms the cartilage matrix c) Because it has a thick periosteum

b) It contains blood vessels, lymphatic V9559|5 an d) Because osteocytes maintain the cartilage matrix
nerves that supply the cartilage tissuey” Where are chondrocytes located in cartilage?

€) It contains chondrocytes inside lacunae a) Inside the Haversian canals ‘

~d) It replaces cartilage with bone % * b) Within small spaces called lacunae embedded in
What components make up thb age | © cartilage matrixy” Jened

. matrix? 8 ¢) Inside the periosteum ’
a) Collagen, elastin, proteoglycans %her_ *d) In the spongy bone -

fibresv” 7 ! .| 5. . Which of the following is NOT a type of

b) Calcium phosphate and c ers - | . cartilage? :

.€) Osteoblasts and osteoclg ' © ' a) Hyaline cartilage ~ b) Flbrocartilage _
d) Blood vessels and Iym vessels ) Elastic cartilage - d) Compact c_artilage\./ :
Why does cartllage slowly? ‘

a) Because it conta ondrocytes g . ' 4 : - i S
‘SQ 1. Wha%; ens to most of the cartilage of the foetus durlng development and where does
’ <cartilage remdin throughout life? ‘

Ans. Most of the cartilage of the foetus is replaced by bone. However some camlage remains throughout I|fe and

" Ans.
- lymphatic vessels, and nerves that supply the cartilage tissue.

) Ans.

provides flexibility. For example, cartilage remains at the areas between bones at the end of the nose, in the

outer ear, and along the inside of the trachea.

What is the perichondrium and what structures does it contam? : |
The perichondrium is a layer of connective tissue.that surrounds the . cartllage It contams blood vessels,

What composes the cartilage matrix, and what properties does it give to the cartilage tissue?

The cartilage matrix is composed of collagen, elastin, proteoglycans, and other fi bres. This composmon gt i

~ tissue its strength, flexibility, and resistance to compression. - )

Ans.

Why does cartilage heal very slowly compared to other connective tlssues7
Unlike other connective tissues, there are no blood vessels inside the cartulage matrix.-The cells of cartnayu aré

supplled by diffusion, WhICh makes the heallng process very slow.
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strix. Choncrocytes a

5

. bones in the k , - -

i . uma 1 ?
i?/ngemenl of Bones in Skeleton n skeleton (Axial & Appendicular)
éfﬂ: man skeletal %ystem consists of 206

€ ckeleton (Fig. 12.5).

i J . " ]
P
Axial Skeleton
Appendicular Cranium ‘
Skeleton _ ] s
Facial bones N
Pectoral girdle X
Middle ear O '
Ossicles _
Neck bone O : _
Humerus (Hyo! .- .
Che )
Ulna Q\
Radius Ribs
Pelvic girdle X F Veftebral column
Carpals
Metacarpals
Phalanges
Femur
Patella
Tibia
Fibula
Tarsals
Metatarsals ~ S8\
Phalar_tges = {/ &
. ig. 12.5 - Human Skeleton | o :
s SR Qlf the body. Its bones support and protect the organs of the head, neck, and
The axial skeleton forms tij€a - T

3. Skuly

The skull consists of 22 bones.
* * Eight cranial bones form
‘ bone. The 4 unpaired bon€
*  Fourteen facial bones ar€ a'lt‘t
bones, inferior nasal concha,
and vomer.

3 D d sternum.
Pest 1t consists of the skull, % e, an

o . box). The 2 paired bones are parietal bones and temporal
the cranium (t;f;:‘nzoo)ccipital bone, ethmoid bone,_ and sphenoid bone.
s are mntathe cra'n ium. The 6 paired bones are lacrimal, zygomatic, nasal
ached f;':a and palatine. The 2 unpaired bones are mandible (jaw bone)
maxl 4 & - N

’
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Frontal

Sphenoid
Ethmoid
Nasal (2)

Lacrimal (2) Palatina

2
Inferior @

nasal concha

, (?) Zygomatic
Lacrimal (2) (2)
Maxilla (2)
Maxilla (2)
Mandible Vormer

Zygomatic (2) Occipital

Front view
(to mention th jal bones)

Mandible

Lateral view 4
: Fig. 12.6 - Human skull
b). Middle Ear '
There are 6 bones (3 pairs) in the middle ears.
o These are called ossicles ~and include
malleus, incus, and stapes. °

% - Exurnal’ lIWitlc!Ie‘Ir\(zrr\a‘I .
! . Fig. 12.7 - Middle ear ossicles
c). Neck Bone : € 7
The hyoid bone is a small single bo w@es_at the base of the skull below the tongue. It does not articulate
with any other bone of the head. - ”b ' S o %

d). Vertebral Column -
~ The vertebral column consists of %es called vertebrae. The vertebrae make five groups:
e Seven cervical vertelira ese are the’ vertebrae of the neck..The first one is called atlas and the -
‘second one is call S .
*  Twelve thoraci e%wae These are rib- carrylng vertebrae and are found in the chest region.
e Five lumbar ae: These are present in the abdominal region. :
e Five sacral ae: These are five fused vertebrae forming the sacrum. The sacrum articulates' with
m the hip to form the back of the pelvis, .

the iliac
* Four &al vertebrae or coccyx: these vertebrae are fused in adults. Sacral and coccygeal
vertet%re together called pelvic vertebrae. : , o

. €). Rib Cage & Chest Bone

» The rib cage consists of 24 bones (12 palrs) called nbs and a sternum. The sternum (chest bone) is a
long flat bone located in the central part of the chest. ' B
The ribs articulate posteriorly with the thoracic vertebrae,

On the anterior side, 7 pairs of ribs' attach dlrectly with the sternum by means.of separate cestal
cartilages. These are called true ribs.

The 8th, 9th, and 10th pairs attach to the sternum by means of a common costal cartllage and are ¢> d
false ribs.

The last 2 palrs of ribs (11th and 12th) are known as floating ribs, bec‘ause they do not attach 2
sternum,
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‘~, Atlas
@ Axis
A
Cervical
Spinal - Th .
chord TR | Toracc
. ‘ v i Thoracic
‘ CV e ST , vertebra
BORREASE .- , True .
o R | Lumber- ribs Sternum
Intervertebral — . g¥iS
. ' \\' Fal g
A ; ; se
\ s\ [ Sacral ribs _
[se A : Costal
( A Coceygeal Floating cartilage
e o ribs
Fig. 12.8 - Vertebral Column o o e @2
;. Appendicular Skeleton - , BT \
The appendicular ske|eton includes.

i o 2 the bones present |n {
pectoral girdle, pelvic girdle; forellmbs and hlndlrmbs
a). Pectoral Girdle

It consists of 2 pairs, e, a pair of clavrcles (collar bones-

gach clavicle artrculates with. the sternum. The other end artlc |
b). Forelimbs

) palr of scapulae (shoulder bones). One end of
s With the scapula

A

Each forelimb (arm, wrrst hand frngers) consists o
One humerus: It is a.long bone, the end

One ulna and one radius: These a I@ones Ulna is on, the inner. srde of the arm while radius is on
the outer side (thumb side). Uina i@ y bigger than radius. - -

Eight carpals: These are short esent in. two rows ‘and form the wrlst The upper row articulates
with the radius and forms the

int.-
- Five metacarpals These boRes make up the palm of the hand
o - Fourteen phalanges Ea

@er has 3 phalanges while the thumb has 2 phalanges
0 Pelvic Girdle i
It is made up of two hlp-

Each hip. bone contalns 3: bones, i.e., ileum, lschlum and publs In each hip
bone, there is a bony socket, etabulum that is composed of the fusion of these three bones. The two hip
bones are joined at the fr '

the pubrc symphysrs (a cartllagmous joint that connects the pubic bones at the
- Midline of the body). 3 :
d)Hindlimbs = - ' J t of 30 bones , .
' : ankle, foot toes) consists. :
EaCh.hlngl';rzt:e('l:‘g" Itis a long thigh bone. Its head fits into the acetabulum of the pelvrc girdle.
i o tella or kneecap: It is embedded in a'long tendon which runs over the knee joint. '
e eone ;:Iab % and one fibula: ‘Tibia or shin bone is the large bone in the leg. Fibula or outer bone is-a thin
]
I n: that joins-the: tibia just below the knee joint and just above the ankle.
Y b J alls: These are short bones which are tightly attached to form the ankle. :
-+ Seven tatrst “reals: These bones articulate with the tarsal and phalanqes to form the sole of the foot,
g : . i:ﬁ:;:naphalanges Each toe has 3 phalanges while the big toe comprises 2 Pha|an995
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mAs& |
How many vertebrae are there in total?

1. How many bones are in the human skeletal | 10. 4] 32 B) 33v”

system? ' D) 31
C) 34 y
A) 206v” li)) i?i 11. What are the first two cen{rlﬁal vertebrae Calleg,
i B raci
2 \(I:\)Ihzaot1are the two main divisions of the human A) Atlas and Axisv” AL L and.Lumbar
" skelstend ~ ©) Sacrum and Coccyx D) Femur and Tibj,

A) Axial a.nd Appendicularv” 12. How many thoracic vertg)b;ae are present)
B) Cranial and Facial . - f_\) :2\/ D) 14
C) Vertebral and Pelvic ) . & B e G
D) Thoracic and Lumbar 13. The sacrum is forme y e Tusion of hoy,

3.  Which bones form the axial skeleton? many vertebrae? s .
A) Skull, ribs, spine, sternumvy” ‘ A3 N
B) Clavicle, scapula, humerus - | Q) 5v '
C) Femur, tibia, fibula . 5 14. How many palro s are called true ribs?

‘ D) Pelvic bones and skull A) 5 B)7v/

4. How many cranial bones are in the skull? ) 03 D) 2
A 14 B8V - 15. Which ribs arg called floating ribs?
Q6 , D) 10 . A) 1st pairs

5. Which of the following is NOT -an unpaired B T 12th pairsv”
FAUIEISREr - B ‘cffBthahd 9th pairs D) 3rd and 4th pairs
A) Frontal bone, 8) TemporalBane , ctoral girdie consists of which bones?
C) Occipital bone D) Sphenoid bqne e emur-and tibia

6. ' How many f;c'ial bones are attached to the ). Clavicle and scapulav”

C) llium and ischium* D) Sternum and ribs

cranium? 4
8 ?2 B) s - 17. How many bones are in each forelimb?
. 016. D) 10 A25 B)30v/
H H H ? v A ’ . .
T oy e, (NN gz e
. ‘ S ; 18. .What are the three bones that form each hip
B) Lacrimal and zygomaticv”. ¥ e gt
C) Frontal and occipital b 4 | ' A) Femur, tibia, fibula
: - B) llium; ischium, pubisy”

D) Ethmoid and sphenoid
8. How many bones are in the mj

ar on each o . : i
: _ C) Clavicle, scapula, humerus

side? , A i , | :
AT . B) . . -|* . D) Radius, ulna, carpals |
0 3v ' ab " . .| 19. What is the name of the socket in the hip bone?
' : ‘ R | A) Acetabulumvy” B id cavi
- 9. . What is unique abou oid bone? - L= o : ) la = _u_m/' - ) Glenoid cavity

A).It is the largest borigh jh&body - . ©) Pubic symphysis _ D) Patella

 B) It does not articdfage With any other boney” ,20' ' _:I)o;rj ‘many bones arein ;)azcg hindlimb?
'C)ltisapaired e ¢ e e S | 52

- D) It forms the low&T jaw . : - ,C) 30v/ ey "ol A D)3z -

'How many bones are there in the human skeletal system and how is the skeleton divide\d?

o 1.
: Ans. The human skeletal system consists of 206 bones. The skeleton has two mainl'divisio'ns, i.e, axial

skeleton and appendicular skeleton.
2. What is the axial skeleton and what is its primary function? A
- Ans, The axial skeleton forms the axis of the body. Its bones support and protect the organs ;of the head, neck and
e chest. It consists of the skull, ribs, spine, and sternum, . = . g ‘ "
3. ‘How many bones make up the skull and how are they categorized? ' |
Ans. The skull consists of 22 bones, Eight cranial bones form the cranium (brain box) and fourteen facial bones

. -attached to the cranium.
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10.
Ans.
11.

AnS.

12.

Ans.

13.

Ans.

14.

Ans.

15.

Ans.

16.

Ans.

L
Ans.

18.

Ans,

19,

Ans,

20,

€ bone which |
* with any other bone of the heaq h lies

_The seven cervical vertebrae are t

ok ‘What are the characteristi
ns,

‘The femur is a long thigh bone with its head fitting into the acetabulum. The patella is embed
- the knee joint. The tibia (shin bone) is the'large bone in the leg,

The hyoid bone is a small sing|

How many vertebrae make u

e vertebral column consists gft;‘; l;lct)!rr]teesbra‘ll £olumn and‘.how are théy grouped? N
" \umbar, sacral, and coccygeal, Called vertebrae, These vertebrae make five grofpiagervical, thoracic,
what are the characteristics of

the seven cervical vertebrae?
axis.

he vertebrae of the neck. The first one is called atlas e second one is called
What is the role of the twelve thoracic vertebrae? '
The twelve thoracic vertebrae ar

: € rib-carryin vertebrae and i :
Where are the five |“_mbar vertebrae Iocatged? AL R n . e
The five lumbar vertebrae are Present in the abdominal region. o @
What is the sacrum and how is it formed? ; o \
the Sacri. 15 forme.d by the fusion of five sacral vertebrae. It affic ith the iliac bones of the hip to form
the back of the pelvis, : . o :

What are coccygeal vertebrae and how are they grouped
The four coccygeal vertebrae o

’ atral vertebrae?
I coccyx are fused in adults
pelvic vertebrae. ' :

al and coccygeal vertebrae are together called

the sternum?
: _ asternum. The sternum is a long flat bone located in
the central part of the chest. - _

How do the ribs attach to the sternum and

The ribs articulate posteriorly with the thora |mrae. On the anterior side, 7 pairs of ribs attach directly to the
sternum by separate costal cartilages and

te ed true ribs. The 8th, Sth, and 10th pairs attach via a common
costal cartilage and are called false ribs.

2 pairs (11th and 12th) are floating ribs as they do not attach to
the sternum. - - - _ f
What bones form the pectoral girdle? '

The pectoral girdle consists of 2 F3igs’ pair of clavicles (collar bones) and a pair of scapulae (shoulder bones).
One end of each clavicle artic ith the sternum and the other end with the scapula.

What bones make up each m mb?

Each forelimb consists of ORgs: one humerus, one ulna and one radius, eight carpals, five metacarpals, and
fourteen phalanges:. _ e, ' '
Describe the bones &pelvic girdle? . '

The pelvic girdle is up of two hip bones, each containin

g three bones: ileum, ischium, and pubis. Each hip
bone has a socket called the acetabulum formed by fusion of these three bones. The two hip bones are Jjoined in
front by the pubic symphysis. : ' ‘ )

they classified?

‘What bones are included in each hindlimb?

Each hindlimb has 30 bones: one femur, one patella, one tibia and one fibula, seven tarsals, five metatarsals, and
fourteen phalanges. | |

cs of the femur, tibia, and fibula in the hindlimb?

ded in a tendon over
while the fibula is a thin outer bone joining the
tibia just below the knee and above the ankle. :

-
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@ What is a joint, and what are the rﬁajc’." kinds of joints found in ki 4
. a , ar -

‘ ; ther. Three major kinds of joint
L= AN and cartilage come together A Joints are ¢
Ans. A joint is a place where two bones or a bone joints, cartilaginous (slightly moveable) joints, and Synovia| (0

_in the human body, i.e. fibrous (immoveable)
_ moveable) joints. ‘ |
1. Fibrous Joints 4 ' h other by fibrous connective tissue consics:
- : i e directly connected to each o W HEIER SURSOs Onsisting m.:
‘In fibrous joints, the bones are direc )t/of bones. Examples ot fibraus Joints inelude: g Mainy,

ioi it no movemen
~ of collagen. These joints permit no the immovable bohes of e skull,

e Sutures that occur only between :
« Joints between the tibia and fibula bones in the lower leg.

«  Joints between teeth and their sockets in the jawbone.

freely

2. Cartilaginous Joints : o s )
In cagrtilaginousjoints, the bonies are connected by a layer of cartilage. Cartilaginous joints allow little MOovemep

of the bones. There are two main types of cartilaginous joints: . o o _
e In some cartilaginous joints, the bones are connected by hyaline cartilagedfoMexample, the joint betwee,

~ the first rib and sternum. o Q |
e In some cartilaginous joints, the bones are connected by fibrocartil example, pubic symphysis i
the pelvic girdle and intervertebral discs. .

. 3. Synovial Joints ' Lot \‘ ; :
B Synovial joints are the most common type of joint in the human bod Rey allow a wide range of movernent

A smooth, tough, and elastic hyaline cartilage, called articular cartilag the ends of the bones in the joint. it
prO\}idés a smooth and frictionless surface for movement. A fibrous surrounds the synovial joint and helps to
hold the bones together. The fibrous capsule is composed of an ute@r of ligaments and an inner lining of synovial
- membrane, which secretes synovial fluid, which lubricates the j Mmg bands of connective tissue that connect the

bones in the joint are called ligaments.

Types of Synovial Joints - = - : - % |
= Ball-and-socket joints: These allow motion rections. Examples include the shoulder and hip joints,

* - Hinge joints: These allow movement in ne plane, like a door hinge. Examples include the elboy

and knee joints. e e :
* Pivot joints: These allow rotational ngovéy

first and second vertebrae of the \
= Ellipsoidal joints: These allow§

ent around a single axis. An example is the joint between the

nt in two planes, but not rotation. An example is the joint of the
* wrrist with the radius. : e | '
= Saddle joints: These allow ghgVerfient in two planes because one bone has a concave surface and the
“other has a convex surfa %ample is the thumb joint. _ _ B
“~ = Gliding joints: These allgw gliding movements bétween bones. Examples include the joints between the
vertebrae and the joj een the bones in the wrist and ankle. SR

Joint Transplantatj Q'a surgical procedure in which a damaged joint is replaced with a healthy natural’

‘| joint (from do )@n rtificial joint. The most common types of joint transplantation are: Total joint .|
replacement: Inthig procedure, the entire damaged joint is replaced with an artificial joint made of metal,

 plastic, or cer Partial joint replacement: In this procedure, only the damaged part of the joinit is replaced
with an artificial®€omponent. This is often used in the knee joint. Allograft transplantation: In this procedure,
a healthy joint-from a donor'is transplanted to replace the damaged joint. This technique is often used in
the -ankle and knee joints, Chondrocyte implantation: In this procedure, chondrocytes from_patient's own
joint are implanted into the damaged joint. This technigue is often used in the knee joint. v J
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Synovial
(Pivot joi nt)

Cartila};inous
joint

synovial Synovial

(Saddle joint)
Synovial
(Gliding joint)

ynovial

@) f(H_ing'év joint)

" Articular <

carti_lage

Bone 2

m——

Human Skeleton & Musculature helps in Bipedal Posture The

bipedal posture of .humans is linked to.skeleton and
musculature in several ways. e i i
i, The human vertebral column has a distinctive S-shape
wrve, which helps to distribute weight evenly and maintéi
balance while standing and walking. o
2. Human pelvis is shorter and broader, - which’ ® o
stabilize the torso and. support the body's we two
legs. - : o,

3. The human femur is alsb angled inward t%
joint, which helps to keep the body's centgiORIS
feet. It allows stability while standing and alking.
4. The muscles are located in th ocks, are much
larger in L T ;
humans. They play a crucial stabilizing the torso

and : ' ‘
&whﬂe walking.

Propelling the body fo | ,
5. The calf muscles are well-developed in humans,

Providing power for walking and running.
6. Human foot has a Iongitudinal ar;h that helps t0
absorp k R 98

shock and distribute weight evenl

1. The toes are shorter and less P
foot '

tao function: more effecti\/ely as a leve
nd - 5 ot

s over the’

y across the foot.
rehensile, allowing the

r during walking

he knee |

| . Fig. 12. .10 - (a)- 'fypes of joims; {b)- Structur \Qlal joint

Problems due to Improper Posture
Improper posture can negatively affect
bones and joints, causing:

Vertebral Misalignment

This can lead to back and neck pain, and
herniated discs by putting pressure on
‘'vertebrae and nerves.

Joint Strain

Poor posture can strain neck, shoulders,
hips, and knees, leading to pain,
inflammation, and potentially arthritis.
Muscle Imbalances:

Overused

and underused muscles from poor
posture can pull bones and joints out of
alignment.
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Qs

1. Whatis a joint? ¢) Synovial jointsv” d) Pivotjoints
) a) A place where muscles connect : 9. What covers the ends of bones jp SYnoviy,
b) A place where two bones or bone and cartilage joints?
come togetherv” a) Fibrous capsule _ '
¢) A type of muscle tissue b) Articular cartilage (hyaline cartilage)y”
d) A ligament connecting bones ¢) Synovial membrane

2. Which type of joint permits no move.ment? d) Ligaments .

a) Synovial joints b) Cartilaginous joints 10. The fibrous capsule surrounding synovia) Jointg
c) Fibrous jointsy” - d) Ball-and-socket joints is made up of? . ‘

3. What connects bones in fibrous joints? a) Outer synovial membrane and inner ligamengg
a) Cartilage b) Ligaments b) Outer ligaments and r synovial membrane,/
¢) Fibrous connective tissue mainly of collagenv” ¢) Cartilage and synowjal fiyid
d) Synovial fluid. d) Mu::cle tissue . o

4. Which of the following is an example of a | 11. What is the fu f synovial fluid?
fibrous joint? a) Connect boRes

* a) Elbow joint ' b) Providwen ent to muscles

' b) Sutures between skull bonesy” c) Lubri Jointy”

c) Pubic symphysis _ 9 Str. ligaments

.. d) Hip joint y ' 12, Lim s are? .

5.  Cartilaginous joints allow? _ of muscle connecting bones :

"~ a) No movement b) Slight movementy” ) @pnnective tissue connecting bones in a jointy”
c) Free movement in all directions ‘ ) Cartilage Ia)llers betwgen bones
d) Rotation only : ' O ) Synovial fluid producing membranes

6. . Bones connected by .hyaline cartilage in Which ‘synovial joint allows motion in a|l

cartilaginous joints can be found in? : directions? }

a) Kneejoint - | a) Hinge joint s

b) Joint between the first rib and sternumy” b) BaII-and-socketJomtf |

c) Joints between vertebrae  * . @ . c) Pivot joint d) Saddle joint
d) Teeth sockets , 14. A hinge joint allows movement in?

7.  Which cartilage type connects bapes’in the a) Multiple planes and rotation .-

pubic symphysis? - ’ & k b) One plane onlyv” ) _
a) Hyaline cartilage ~ b) Fibg ey’ _ gRotationonly - d) N ipoREinit
¢) Elastic cartilage d) dilage ' 15. Which joint type allows ‘gliding movements
8. What is the most comm e of joint.in the between bones? _ %
~ human body? g _ a) Ball-and-socket joint  b) Gliding jointy”
.a) Fibrous joints | artilaginous joints . 9 Pivot joint . d) Ellipsoidal joint

| 1. WhaggM . * =T
_ Ans. A joiat iS@place where two bones or a bone and cartilage come together,
% o

P AU H ny major kinds of joints are found in the human body? . ‘
~ Ans.  Three major’ kindS of joints are found in the-human body: fibrous (immoveable) joints, cartilaginous (sliahtly
: : moveable) joints, and synovial (freely moveable) joints. - ‘
3. | What connects the bones in fibrous joints? : : .
_Ans.: In fibrous joints, the bones are directly ,c‘,onn:e’cted,_to;e‘ach, other by fibrous connective tissue consisting mainly of
. collagen. . S A ‘ '

4. Do fibrous joints allow movement?

Ans.' No, fibrous joints permit no movement of bones.
5., Give'ex'amples of fibrous joints. - ! N , et C
Ans.«Exam_ples of_ fibrous joints include sutures between the immovable bones of the skull,jjoints,ﬁbetvveen the tibia

and fibula bones in the lower leg, and joints between teeth and their sockets in the jawbone. R
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re bones connected in cartjlaginous joints?

L joints, the bones
jlaginous JOIN™> are connected .
‘s. mcartt " o movement do cartilaginous | .bYa layer of cartilage.
pat tyP€ O7 " low fitkle ginous joints allow?
Cart”aginous)omts allow little movement of the bones
¢ “nat are the two main types of cartilaginous joi‘ntsl?

a0 main types are those connected b ' i ' |
3 Gise an example of a cartilaginous joint{:ﬁ;ﬁ:; rlt;)l/age al?d e My BBARNES
it between the first rib and stern ni i L
\s' TY'IEJO B cartilaginbus ol rnum is connected by hyaline cartilage.
" Give examn Pl e ih 9 s joints connected by fibrocartilage?
. examples inclu .e . e;PUb'C SymPhYS_ls in the pelvic girdle and intervertebral discs.
which type of joint is the most common in the human body? .

< synovialjoints are the most common type of joint in the human body.

/

pov 2

{

. What type of movement do synovial joints allow? )
 gynovial joints allow a wide range of movement. : 0
. What covers the ends of bones in synovial joints, and what is its function?
5. A smooth, tough, and elastic hyaline cartilage called articular ca‘rtilage covers the end e bones in the joint.
it provides a smooth and frictionless surface for movement. ' ' R
. What surrounds synovial joints and what is its role? e o L b
t

s Afibrous capsule surrounds the synovial joint and helps to hold the bones to
. What are the two layers of the fibrous capsule in synovial joints? Qe .
] mbrane, which secretes synovial

. The outer layer is made up of ligaments, and the inner lining is the-
fluid. : e ) '

6. What is the role of synovial fluid in joints? - TR

ns. Synovial fluid lubricates the joint. . . : ; 0 ,

1. What are ligaments? & Ay B e

. Ligaments are strong bands of connective tissue that conn H*ones in the joint.
th@ range of motion?

f synovial joints are there ba '
ovial joints based on thesfange of motion.

all-and-socket join and where are they found?
~ , are found in the shoulder and hip joints.

8. How many main types 0
hns. There are six main types of syn
% What type of movement dob
Ars. Ball-and-socket joints allow motion in all directio
0. Describe hinge joints-and give examples?

3

e. Examples include the elbow and knee joints.

M‘gejoints allow movement in only one pl . door hing
: 12.2.DIS OF SKELETAL SYSTEM
\ . L] . - . . . ' ;
ge of disorders that can impact its structure and function. These

isorderslof skeleton?

7. Writea detailed note _ | A
may be affected by @ variety of disorders. These disorders can compromise
and associated structures. The major disorders of the

Skelet e ible to @ s Yo g i
Usorders cazla?::te ;‘r‘\;sp;::?faae ckel , including bones, joints, and connective tissues.

Ans The‘ human % i
ity skeleta
-, Ntegrity, function, and © alth of the bo.n'es, Jo(;nts,t s
ieton include disc sllip spon hritis, and osteop
- Slip ey
uc;ure _a“d Function of Intervert
Ove he intervertebral discs are loca
caus:\ef‘nt of the vertebral column-
of Disc Slip -

. the ou
the A herniated or slipped disc occurs wdhe?ess ¥
Re S“:Er gel-like substance 10 leak out and P
. '"s for Occurrence ;

e Trauma . , _
) : : agin

*  Degenerative chang®® due r'::brgl cglumn

*  Repetitive strain on the vé

.« <ciatica, art sis. These are discussed below:
sis, s€I ’

etbgat::t::::n the vertebrae and function as shock absorbers. They also aid in the
e

ter layer of the intervertebral disc tears or ruptures. This causes
nst nearby nerves of the spinal cord.
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Symptoms of a Slipped Disc
*  Pain o
* Numbness and tingling in the affected area

*  Weakness or loss of muscle function _
*  |n severe cases, bowel or bladder dysfunction

2. Spondylosis
Definition

vertebral column.

Pathological Changes
* Narrowing and fusion of intervertebral discs

* Development of bone outgrowths
e Pressure on thé nerves or spinal cord

Common Sites
e Lower back (lumbar vertebrae)

e Neck (cervical vertebrae) o

Causes of Spondylosis -
e Natural degeneration with aglng 0
*  Genetic factors ’ :
e Trauma
* Prolonged periods of poor post
e  Obesity
Symptoms @
» Back or neck pain b ~
o Stiffness. /.

3. Sciatica
Definition
Sciatica refers to the com

Anétomy of the Sciatic Ne
The sciatic nerve origj
Causes of Sciatica

e Reduced range of mft@

‘
~ : -

¢ Herniat r bulgl};g' disc' (most common)
e Trauma i )
e Infection
e Inflammation -,
* Spondylosis
Symptoms

e Tingling or nUumbness j in the legs or feet
»  Weakness or difficulty moving the legs or feet

Spondylosis refers to the degeneration of the vertebrae, intervertebral d

Vertebra

Herniated
dise Pressed
nerve

Lumbar vertebrae

(herniation)

Fig. 12.11 - Dis

@igaments, or cartilage of the

QI Vertebral column

Spondylosis

Fig. 12.12 - Spondylosis

or irritation of the sciatic nerve. ;

m fh; lower back and runs through the buttocks into each leg.

e Pain or discomfort in the lower back, buttocks, legs, or feet
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Herniated
disc

Sciatic nerve
compressed

Bulging O@
i disc
- Fig. 12.13 - Sciatica and its causes Q
| Arthritis , ' \
pefinition |
Arthritis includes various inflammatory conditions that affect the joints, ¢ (b
general Symptoms of Arthritis : C)\

e Joint pain
Stiffness
Redness
Warmth

Swelling in affected _|0|nts : ? : SRR » :O

Types of Arthritis

3) Osteoarthritis
¢ Most common type of arthntls .
o Occurs when the articular: cartilage a

« Commonly affects knee h|p, and lnt v
b) Rheumatoid Arthritis )

¢ Anautoimmune dlsorder .‘ :

s The synovial membrane becc q med
¢ Most commonly |nvo|ves and hands

] Gouty Arthrltls (Gout): : .
iC aCId in the blood _
innghe joints and cause inflalmmation

“ Caused by a build- -u
Uric acid crystals' f
the joint of the big toe
be affected include the knees, wrists, and fingers

S of bones in Jomts gradually softens and disintegrates
et raI Jomts

Most common

Other joints t :
steoarthrms :

.Rheumatoid a&hitis ~ Gouty arthritis

Degenerated Inflammation in K Uric acid
cartilage synovial membrnae crystals
o Fig, 12.14 - Types of arthritis
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5. Osteoporosis _
Definition

Osteoporosis is a condmon characterized by weakened bones that are more prone to fractures ang break,
Normal Bone

Pathology
Bone density decreases, making bones fragile and porous.

Causes of Osteoporosis
Aging: Bone mass naturally decreases with age, but it

may be more pronounced in some individuals.
Menopause in Women: A drop in oestrogen levels
after menopause accelerates bone loss.

e Nutritional Deficiency:

e Lack of calcium impairs bone strength.

 Vitamin D deficiency reduces calcium absorption.

o Physical Inactivity: Lack of weight-bearing exercise

weakens bones.
e Medical Tréatments: Long-term use of corticosteroids

contributes to bone loss.
* o Lifestyle Factors: Smoking and alcohol consumption

increase the risk of osteoporosis. tegporosis

(U .15 - Normal bone and osteoporosis
}

1.  What is the primary function of mtervertebral discs?
A. To store calcium
B. To supply blood to vertebrae
C. To act as shock absorbers and help in
movementy” ‘ _ :
D. To fuse vertebrae together

ich vertebral regions are most ¢

in spondylosis? ’ onmonly siscts
A. Thoracic and sacral

B. Lumbar and cervicaly”

C. Coccyx and thoracic  D. Sacral and lumbar

2.  What happens in a slipped disc? _ ‘ 1°8.. " The most common cause of spondylosis is?
A. Vertebrae break completely A. Sudden injury .
B. Outer layer of intervertebral disc te @ner B. Natural degeneration of intervertebral discsy”
substance presses nervesv” 6 - Clackofsunlight  D. Viral infection
C. Bones get fractured - | 9. "What are common symptoms of spondylc;s:s7
D. Ligaments become loose @ _ A. Headache and fever
3. \ﬂ!hich_ of the following is NOTO e of a slipped |- B. Back or neck pain, stiffness, reduced range of
: disc? Rt "~ motiony” ;
A. Trauma : C. Vomiting and Diarrhea
B. Degenerative change glng D. Breathing difficulty
€. lcztitcéfr:?foltl epetitive strain on -] 10. Sciatica is c_auséd by compression of which nerve?
: - A.Ulnar nerve " B.Cranial nerve
4. Whatis a commo tom ofa sllpped disc? . .C. Stiatic nervev” D. Facial nerve
A. Redness of Sﬁ B. Fever _ 11. * The sciatic nerve runs from the?
C. Tingling and nutbnessv” g o A. Necktd amiis :
. ‘?v-hcoflgh'ng _ . : - B. Lower back to each legv”.
. s Ia; is S_PO"de_lO_SIS? : C. Chest to abdomen  D. Brain to spinal cord
A I:ﬂeainﬂ;nat?oiog;t:endons ' R 12.  Which o.f the fcrllowing. can cause sciatica?
C Degeneration of vertebrae, discs, ligaments, or - 2 I'__:x?':::l‘: d'sc_\/ B. Skin in;ection o
o ey s, Y unction D. Loss o eyesug
D. Swelling of bones ' | Tk Raastsl Z:y:::t;':;“ i
B ch'::ndylos’ls can Ie'ad to? 3, i, B. Pain in lower back, buttocks, legs or feet\/
_A. Formation of kidney stones . Haaflié | b s
B. Narrowing and fusion of intervertebral dISCS\/ ' . Py b L
e i Bleedmg inspinal cord 14, Aty iataty 161
: . . A Fractures in long bones
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matory conditions affecting joints

am | cord C. An autoimmun
¢ 3™ ¢ of spinal €O | ' autoimmune disorder causing i i
‘Caf‘ 0 s | . of synovial e Erse.” ausing inflammation
4 n in D.p <
). pal ptoms of arthritis include? 18 hYSlcaI '“JU’V
s G‘"ornt paln and stiffness, redness warmth, 3 :‘:th'::::ij;ints are commonly affected in rheumatoid
I} S
' elllng ‘
thache and bleeding A. Knees and ankles B. Wrists and handsy”
B. T(t) mach cramps ia C. Jaw and neck D. Elbows and shoulders
ainting and dizziness - + What causes gouty arthritis?
it occurs when? A. Build-up of uric acid forming crystals in jointsv”
! ostL o:mentS are torn . CBI lc-)aCk of physical activity
0 V . . .
Articular cartulagge St:ft:_ns and disintegratesy” 20. Osteo::jriiifiﬂ:::acte i Dd?:;f?lﬂency HRAE
ones become twiste rize
Eied plood cells break down. - it o
‘ sS :
i Rhe“ma“"dda?h"::z i ‘a“;e: by? _ : C. Weakened bones pro Qctures\/
' 5 Calcium deficiency viral lnfectlon D. Excessive growth of;é

What is the function of i mtervertebral discs between vertebrae? o
@ Ans.The intervertebral discs between vertebrae act as shock absorb;rs '

2. What happens in a herniated or slipped disc?
os. A herniated or slipped disc occurs when the outer layer of the inte er@
inner gel-like substance to leak out'and press against nearby nerv;
;, Whatare the causes of a slipped disc?
ns. It may be due to a trauma, degenerative changes due to agmg,
4, Whatare the symptoms of a slipped disc?
Ans. Symptoms of slipped disc include pain, numbness, and ti
function, and in severe cases, bowel or bladder dysfuncti
5,  What is spondylosis?

Ans. Spondylosis means degeneratlon of vertebrae te@ al discs, ligaments or cart:lage of the vertebral column.

6. What changes occur in the vertebral columlh spondylosis? - ° :

Ans. It may result in narrowing and fusion’ of inte dISC and development of bone outgrowths It puts pressure
on the nerves or spinal cord.

1. Where is spondylosis-most commonl

Ans. Spondylosis is most common in the
8. What are the causes of spondyl

p in movement. .

isc tears or ruptures, causing the
cord.

itive strain on the vertebral column.

in the affected area, weakness or loss of muscle

ck (lumbar vertebrae) and neck (_<:ervical yertebrae).

Ans. The most common cause is the | degeneratlon of intervertebral discs. It occurs with aging, genetlc factors,
trauma, and prolonged peri or posture and obesity.
3. dylons?

What are the symptom%‘ .
Ans, Symptoms include bac pain, stiffness, and reduced range of motron
0. Whatis sciatica? @ ' '

Ans. Sciatica means compression or irritation of the SCIatIC nerve.

1. Where does the sciatic nerve run in the body?
Ans, The sciatic nerve starts from the lower back and goes down through the buttocks into each leg.

2. What is the most common cause of sciatica? . i

Ans Sciatica is often caused by a herniated disc or bulging dISC, which can put pressure on the sciatic nerve.
besides a herniated disc?

mflammatnon and spondylosns

-

* 'What are some other causes of sciatica
"8 Other causes of sciatica include trauma, infection,

14 w
Ca What of sciatica?
hs, Symptcaar;st:‘:cl?d':':;? :r dlscomfort in the lower back, buttocks legs or feet, tingling or numbness in the legs

15 Orfeet, and weakness or dlfflculty movmg the legs or feet.
* What is arthritis?

8, Arthntls includes different inflammatory condltlons that affect the Jomts
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[N

16.  What are the general symptoms of all types of arthritis? )

Ans. Symptoms of aﬂ types in!lugejoint pain a?;i stiffness. Other symptoms may include redness, warmth, ang s‘”e”ing

_ in affected joints. » gffout?

17._ What is osteoarthritis and which joints does it a ' ) ‘

Ans. Osteoarthritis is the most commorj\ type. It occurs when the articular cl;ilrtflé!tge at the ends of bones j, joins
gradually softens and disintegrates. It affects knee, hip, and intervertebral joints.

18. What is rheumatoid arthritis and which joints are commonly Invoﬁlved? ’ t |

Ans. Rheumatoid arthritis is the result of an autoimmune disorder in which synavial membr ecornes lnflamed
Most commonly, the wrist and hands are involved.

19. What causes gouty arthritis and which joint is most commonly.af'fected?

Ans. Gouty arthritis (or gout) occurs when there is a build-up of uric acid in the blood,
joints and cause inflammation. The most common joint affected is the joint of ghe

can form crystals i, the
toe. Other joints (kneg,

wrists and fingers) may also be affected. \
20. What is osteoporosis and what are its causes? ¢
Ans. Osteoporosis is a condition characterized by weakened bones that gre @ rone to fractures ar?d breaks |
occurs when bone dénsity decreases, making the bones fragile and . : Its causes include 39ing, drop in
a in the diet, lack of wevght-bearing

oestrogen levels after menopause in women, lack of calcium a d
exercise, long-term use of corticosteroids, smoking, and alcoh

8 Explain in detail the different types of injuries to jo

tion.

ng with their causes, symptoms, and firsy

aid treatment.
Ans. Injuries to Joints . .
Joints can be subject to a variety of injuries, which c t in pain, swelling, and reduced motion. Here 3rs

some common injuries to joints:

1. islocations
A dislocation is when the bones in a joint are f@ ut of their_
normal positions. This can happen as a result o n impact or
trauma. A severe dislocation can cause tea the muscles,
ligaments, and tendons.

Symptoms _ _ (b
.o . Swelling ' 0
' @ t

e Intense pain

« Immobility of the aff; in .
i e Rheumatoid arthr also cause joint dislocation.
Treatment @ w
e Adislocated & only be successfully corrected by
a physiot : .
Dislocated elbow joint

h
e Surgery n@e needed to repair or tighten the

stretched ligaments. Fig.: 12.16 - Dislocation in elbow joint

2. prain _
A sprain is an injury to the ligaments that connect bones in a joint. Commonly injured ligaments are in the ankle,

knee, and wrist. - :
This can happen when the joint is forced beyond its normal range of motion, causing the ligaments to stretch or

tear. Sprains are usually treated with physical therapy. Dressings are done to immobilize the sprain and provide support
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- pid Treatment for Dislocation and Sprain

f,rst first aid treatment for dislocation ang sprain
udes the following steps:

a0 Immobilize the affected area:

« Keep the affected area immobile ang do not
attempt to re-align the dislocated joint, Use
a sling or splint to support the limb.

o Elevate the affected limb:

e In the case of dislocation, if po :

e eitecteh linlh: Ehoes fo s:le)lls (:Lec;/:::; Foot turned inward
swelling. ‘

o Seek medical attention:

o Dislocations and sprains require medical
attention, so call for emergency medical
services 1122 or take the person to the
hospital  for further evaluation and -
treatment. - Foot turned outwar

Fig. 12.W,- Agkle sprain

5119..@

" 1.  Whatis a dislocation? * Who can successfully correct a dlslocated joint?
' A. Swelling of a joint : iy A. Surgeon B. Chiropractor
B. Misalignment of b@-a joint/ { a1 e . C: Physiotherapisty” D. General physician
C. Tearing of ligaments P ‘ 6. What may be required to repair stretched ligaments
_ D. Softening of cartilage - / in severe dislocation?
. 2. Which of the followmg is NOT a symptom of joint. ~ A Massage therapy B. Acupuncture
dislocation? _ ' C. SUTQETY\/ * D. Injection
A. Swelling ' B. Intense pain - 7. ‘What is a sprain? _
C. Increased motiony” D. Immobility ; ~ A Dislocation of bones B. Inflammation of tendons
3. What can cause a joint dislocation? g C. Injury to ligamentsv”  D. Fracture of joint
A. Bacterial infection B. Lack of calcium 8.  Which joints are commonly affected by sprains?
C.Sudden impact or traumav” 4 ~ A Elbow, shoulder, neck ~ B. Ankle, knee, wristv”
D. Poor posture e : . . C.Hip, spine, foot D. Finger, toe, back
4 Which medical condition can also cause Joint | 9. :"SW is a sprain usually treated?
liclocation? , T4 3 urgery : B. Massage
:l..sézct:::::ogis - B. Rheumatoid qnhriti;/ C. Physical therapy and dressings v* ’

i it D. Ostgoartl‘\ritis' , D. Immobilization with metal plates

{
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B. Forcetully agn the joint

10.  What is the correct first aid step for dislocation or ¢ immobilize the area ol seek' YIﬂEdical helpy”
:p:{ai'bﬂth joint with oil D', Move the joint to check mobility
- Rub the joint with oil ‘\
ause?

& Y b o iy ey g ("o s A It in pain, swelling, and reduced mqs:
Ans. Joints can be subject to a variety of injuries, which can resu ' Motioy
2. What is a dislocation, and what causes it? heir normal positions. This can happen as 3 'ESuItr,
J)

Ans. A dislocation is when the bones in a joint are forced out of t
a sudden impact or trauma.

3. What are the symptoms and complications of a dislocated Joint? dons. Symptoms includ

Ans. A severe dislocation can cause tearing of the muscles, ligaments? .and te? ocal;sey'oint dislocatione Swe
intense pain, and immobility of the affected joint. Rheumatoid arthritis can also J :

4. How s a dislocated joint treated? .

Ans. A dislocated joint carJ\ only be successfully corrected by a physiotherapist. Surgey gy R "epair or

tighten the stretched ligaments.
5. What s a sprain and which joints are commonly affected? . .
red ligaments are in the a7y,

ling,

Ans. A sprain is an injury to the ligaments that connect bones in a joint. Corpmo ¢ . _
knee, and wrist. This can happen when the joint is forced beyond |ts@a range of motion, causing the

ligaments to stretch or tear.
6.  How are sprains usually treated? ) ¢ , o g
Ans. Sprains are usually treated with physical therapy. Dressings, @ o immobilize the sprain and proyige

support.
7. What are the first aid steps for dislocation and sprain g)
Ans. First aid treatment for dislocation and sprain includes g steps:

1. Immobilize the affected area: Keep the affec a'immobile and do .not attempt to re-align the

dislocated joint. Use a sling or splint to support

he limb.
2. Elevate the affected limb: In the case of diiln, if possible, elevate the affected limb above to help
r

reduce swelling. . ' :
3. Seek medical attention: Dislocations a require medical attention, so call for emergency medical

services 1122 or take the person to the itdl for further evaluation and treatment.

.3 MUSCLES

Muscle is defined as the tissue that ract in a coordinated way to produce movements of body parts or
whole body. The individual cells of muscl alled muscle fibres or myofibres. The human body has three types of

muscle tissues: skeletal, smooth, 'anc@ac. o

9 Explain the differen s of muscles in the human body?

Ans. ‘b’

1.  Skeletal Muscles _ . . -
o Skeletal m e responsible for moving parts of the body, such as the limbs, trunk, and face.
» The mi %s f skeletal muscles are elongated cells with striations. :
e Becau if contractions are uSually consciously controlled, skeletal muscles are called as voluntary
musé¢ ' = ' :
2. Smooth Muscl o ‘
. Smooth muscles are present in the walls of the stomach, intestines, blood vessels, and other internal
organs. B ‘ o
» - Smooth muscle fibres are spindle-shaped, have a single nucleus and lack striations.
e Smooth muscle fibres are surrounded by connective tissue.
* Because most of their movements cannot be consciously controlled, smooth muscle is referred to as
~ involuntary muscle.

3, Cardiac Muscles :
» These are found only in the walls of the heart.

o Their fibres branch extensively. : )
» The muscle fibres of cardiac muscles are striated like skeletal muscle, but each cell usually contains one

nucleus located near the centre.
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L7 Striations

Sibpm:

Nucleus

Skeletal muscle

=1 Nucleus

Y

=1— Plasma
> membrane

Intercalated

disk

— Nucleus .

: VR 7 e SR e S ni KT T
Smooth muscle

Comparison of three Qpes :

‘I _property || Skeletal Muscle Al

C J

. Cardiac Muscle

mpcarance jBegularly striped (striated)llgnstriped (non-striate

il

"~ |[irregularly striped (striated) -

Ecll Shape qlc;ylindrical |ISpindle-shape N |{Branched
[Number of Nuclei |Many nuclei per cell |One nucleu pérgell- |[One nucleus per cell

[Voluntary Control|{Under voluntary control |[Not u

tary control

||Usually not under voluntary control

I[Function |[Moves the skeleton ]

Although our focus in this chapter.i
is important to realize that ess

earthworm burrows thro
is driven by strong
the surroundina s .

~ .

e soil, its movement
shing its body past |

: ; .- ; the
employ muscles. For exampl  a mosquito
flies, its wings are moved rap ough-the air by .
. : : y : : 11 the
quickly contracting fli cles. When an

Muscles’ ability to contract and relax not only enables

body to move, but also provides the force that

“pushes substances, such as blood and food, through

body.

)

such as the limbs and t:‘upk'l ‘

A) Cardiac muscle B) Smooth muscle

C; Skeletal muscle D) Involuntary muscle

What is the shape of smooth muscle fibres?

A) Cylindrical g ~

ith striation ;

2)) EI;?\%?\?: ¥ 3 - D) SpIndIe-shaped/
. Which muscle tlype is volur;t)ag:oom e ?

- A) Cardiac muscle - m

8 S:;l;?al muscley” D) Involuntary muscle

of the body

Which ,Atype of muscle is responsible for moving parts

4.

5.

Where are cardiac muscles found?
A) In limbs : .

B) In the walls of internal organs

C) In the face muscles

D) In the walls of the hearty”

Which characteristic is common between skeletal and

"cardiac muscles?

A) Both are involuntary

B) Both have spindle-shaped fibres
C) Both lack striations ' !

D) Both have striated muscle fibresy”
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3 ody?

1. How many types of muscle tissues are found in the hUTa“ 20’(!3, -

Ans. The human body has three types of muscle tissues: skeleta.,ts.:;? '

2. What are skeletal muscles and what are their characteristi '

, a
Ans. Skeletal muscles are responsible for moving parts of the body, such as the "":'l:’asét?g;';kare”‘:szacue- The m

fibres of skeletal muscles are elongated cells with striations. Because their con ally consg;
controlled, skeletal muscles are called as voluntary muscles.

3. Where are smooth muscles found and what are their features? ssels, ol othes |
Ans. Smooth muscles are present in the walls of the stomach, intestines, blood vessels, an er internal orq,

Smooth muscle fibres are spindle-shaped, have a single nucleus and lack striations. Srmoloth m;Jsc[le fibres are
: 5C

surrounded by connective tissue. Because most of their movements cannot be consciously contro led, SMoot,

muscle is referred to as involuntary muscle.

USCIQ
Ously,

4. What are cardiac muscles and where are they located? h '

Ans. Cardiac muscles are found only in the walls of the heart. Their fibres branch'ext ly. The muscle fibres o
cardiac muscles are striated like skeletal muscle, but each cell usually containg o, nucleus located near the
centre.

5.  What is the major difference between voluntary and involuntary musc| .
Ans. Skeletal muscles are voluntary muscles because their contractions are usuflly gonsciously controlled. In COntrags
ts

smooth muscles are involuntary muscles because most of their movewgen not be consciously controlleq
[ ]

10. Describe the structure of skeletal muscles in detail? R

Ans. The cells of skeletal muscles, i.e.,, muscle fibres (myofibres), a@we form of bundles which are enclosed by

collagen fibres and connective tissue, At the ends ofas & cle, the collagen and connective tissye forms
tendons which attach the muscle to bones.
I

Ultrastructure of Skeletal Muscles

Each skeletal muscle cell, i.e, muscle fibre, is a cylin tinucleated cell, enclosed by a plasma membrane
called sarcolemma (Fig. 12.20). Its cytoplasm is called s sm and it contains sarcoplasmic reticulum (SR). The
sarcolemma penetrates deep into the cell to form ho longated tubes, the transverse tubules (T-tubules). The

T-tubules reach the ends of SR.
Myofibrils and Filament Composition ' _
Each muscle fibre contains a bundle of 4 longated threadlike structures called myofibrils. Myofibrils are

made up of two types of filaments: ‘
* Thick filaments composed of ir _ :

* Thin filaments composed ’ .
The thick filaments create dark called A-bands, while the thin filaments create light bands called |-
bands, These alternating dark and Ii@nds give skeletal muscle its striped (striated) appearance.

Structure of Sarcomere - _ _

The thin actin filaments a@ached to protein discs called Z-lines. The section between two Z-lines is a
sarcomere, the smallest un' uscle contraction. Within a éarcomere, the thin filaments extend from the Z-line
toward the center, where gVerlap with thick filaments. This overlap creates the A-band, with a lighter central
region called the H-b %e 0 overlap occurs (Fig. 12.20).

Mechanism of Muscl raction

action, the thin filaments slide deeper into the A-band, causing the H-band and I-band to
narrow. The A-bands #fe pulled closer together, shortening the muscle. The center of the H-band may have a dark
line called the M line which helps stabilize the thick filaments.
Biochemistry of Myofilaments

Myofilaments are the contractile structures found within the myofibrils of muscle fibres. They are broadly

classified into thick and thin myofilaments, both of which are composed of specific proteins essential for muscle
. contraction.

Thick Myofilaments

*  Thick myofilaments, about 16 nm in diameter, are made up of many myosin proteins. 4
* Each myosin protein consists of two intertwined polypeptide chains, ending in a globular “head.

These myosin heads extend from the thick filaments and connect to actin during muscle contraction
(Fig. 12.21).
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" ofilaments 7
M in myofilaments, 7-8'nm in diameter, are ma
i “Actin (Core Protein) de of three proteins:

The core is made of two twisted strands of acti
Tropomyosin i

Two strands of tropomyosin wrap ab "
ou : T
In a relaxed muscle fibre, they b|2c tthe actin core and stiffen it,

Troponin k myosin binding sites on actin.

Troponin protein is present at reqular i

| ‘ " . .
It is made of three polypepti deS:Q tervals qn thin myofilaments,
o One polypeptide issinhibitory and binds to actin

o The second polypeptide binds to tro i o
. & A pom osin tO k et
o  The third polypeptide binds to calcium io)rl\s. Rt pses

Bundle of
muscle fibres

@NoWwHwN

Sarcolemma

(a cell)
Skeletal . =Sarcolemma
muscle . 5
Sarcop
reticulum
. Tendon i ¢ : :
- Sarcoplasmic = T-tubule

reticulum °

. Myofibril

O

Sarcomere :

Actin .

myoﬁlamgnt o |-rband={}——Aband —|bana—
Myosin RO - L
myofilament : : e 4

[
0 Ak =
. SREIN o Zline -~ Myosin Actin
/ . '@.20 - U{trasgructaré of skeletal muscle
‘We can summarize -the

s

- Myosin molecule

A&ptide’s r

Acti'n.Troponin Tropomyosin

T Actin filament ;
' Fig. 12.21- St{ucture of myofilaments

organization of a skeletal muscle as; A
skeletal muscle is made of groups of cells
called muscle fibres. Each ‘muscle fiber
contains bundles of myofibrils in" its
cytoplasm. Each myofibril is made of 2
types of myofilaments (myosin and actin).
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" A) Part of the nucleus - ~

The cells of skeletal muscles are enclosed by? C) Hollow tubes from the sarcolemmay”

A) Myelin sheath B) Cartilage D) Extensions of myosin filaments

C) Collagen fibres and connective tissuev” 6. Myofibrils are composed of? .

D) Ligaments ' A) Actin and collagen  B) Myosin and actiny”
The tendons at the ends of skeletal muscles are C) Myosin and troponin D) Actin and elastin
formed by? | 7. The dark bands in skeletal muscles are?

A) Bone marrow B) Sarcomeres A) I-bands B) H-bands

C) Collagen and connective tissuey” C) Z-lines D) A-bandsy”

D) Z-lines : v 8. The light bands in skeletal muscles are formeg
The plasma membrane of a skeletal muscle fibre by? 4

is called? 8 A) Myosin filaments ctin filamentsy”
A) Sarcomere : B) Sarcoplasm - ’

C) Collagen fibres Q ) T-tubules

C) Sarcolemmay” | D) Myolemma 9. A sarcomere is $h ion between?
The cytoplasm of a skeletal muscle fibre is known A) Two M-lines B) Two H-zones

axs ' _ , : C) Two Z-lifesy”, D) Two A-bands
A)‘Sarcolemma B) Sejcaplasniy” ‘ 10. During contraction, the A-bands?

C) Sarcotubule ~ D) Sarcomere. A Narr% B) Disappear ,
The transverse tubules (T-tubules) are? : : : ‘ :

lled closer togethery”

B) Elongated tubes from the sarcoplasm

1. How are skeletal muscle fibres arianged and . '
~ Ans.The cells of skeletal muscles, i.e, muscle fimyofibres)_, are in the form of bundles which are

Ahs.

Ans.

5.

“enclosed by collagen fibres and connective tissue. A}gg
r

 What is the ultrastructure of a skeletal muscl
Ans.

called sarcolemma. Its cytoplasm is called sar,

~What is a sarcomere an is its structure? ‘ : . .-
.The thin actin filaments hed to protein discs called Z-lines. The section between two Z-lines is a sarcomere,

An.s.

s of a skeletal muscle, the collagen and connective
tissue forms tendons which attach the muscle to b ' = :

Trical mulfinutlé'ated cell, enclosed by a plasma membrane
and it contains sarcoplasmic reticulum (SR). The sarcolemma
gated tubes, the transverse tubules (T-tubules). The_T-tubules

Each skeletal muscle cell, i.e.” muscle fibre, is

penetrates deep into the cell to form hol} V4
reach the ends of SR. - _ ‘ ' » ;
What are myofibrils and what filalw re they composed of? . - -

Each muscle fibre contains a bun@ V'to 20 elongated threadlike structures called myofibrils. Myofibrils are

made up of two types of filamenfs: tHick filaments composed of myosin and thin filaments composed of actin.
The thick filaments create dar% s called A-bands, while the thin filaments create light bands called I-bands.
These alternating dark and Jj ds give skeletal muscle its striped (striated) appearance.

the smallest unit of&.p ontraction. Within a sarcomere, the thin filaments extend from the Z-line toward the
center, where theyeveMap with thick filaments, This overlap creates the A-band, with a lighter central region called
the H-band, wher@sioJoverlap occurs. ' - o

How does muscle contraction occur in skeletal muscie? ~ ,
During muscle..contraction, thethin filaments slide deeper into the A-band, causing the H-band and I-band to

~narrow. The A-bands are pulled closer together, shortening the muscle. The center of the H-band may have a dark

line called the M:line which helps stabilize the thick filaments.

}_ ; 11. Explain the mechanism of muscle contraction using the sliding filament lﬁodel?

Aps. Introduction

The sliding filament model explains how a muscle contracts. According to this model, a muscle contracts when its

thin myofilaments slidg past the thick ones so that they overlap to a greater degree. It occurs'in the following steps:
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H-zone

Actin filaments
Myosin filament 7 line

\ \ Corss-bridges |
H-zone
—

Fig. 12,22 - S“d‘ng ﬂlGMQnt model ;
of muscle
eres at Relaxed State contraction

In a relaxed muscle, sarcomeres are at their normal length

Relaxed

rcom

tropomyosin of thin filaments.

, The myosin heads are not bound to actin because the binding sites on c& blocked by

, Troponin, another profein, is attached to tropomyosin.
. Myosin heads have hydrolysed ATP into ADP and Pi.

arrival of Nerve Impulse o

\.
. When a nerve impulse reaches the muscle fibre, it travels along the @le

then to the sarcoplasmic reticulum (SR). .

. The SR releases calcium ions into the cytosol.
« These calcium ions bind to troponin, causing it to shift tro

on actin.
Cross-Bridges and Power-Stroke

« Once the cross-bridges ‘are formed, the myosi

conformational change.

O

mma to the T-tubules and

N

5@ away from the myosin-binding sites

ds release the ADP and Pi, and undergo

« When binding sites on actin are exposed, the myosih P.EQind to them and form cross-bridges.

This pulling action is called a power stroke.

* The adjacent A-bands of sarcomeres@
- Separation of Myosin Heads from Acti:Gs’

They bend towards the centre of sarcomere, p

It shortens the sarcomere, bringing Z-lin€s
It occurs simultaneously in all sarcomere @

ndhactin filaments with them.

together, and H-zone disappeérs.

ing the muscle to contract. -
oser to each other but do not shorten.

*. After pulling, the myosin head r a new molecule of ATP.
* This allows the head to detac)-ﬁh actin. &

.. Sp.litting of this ATP into
bridge cycle to begin agai

[ ——

Pi puts the head into its original conformation, allowing the cross-

When a nerve impuls s sarcolemma, a
Neurotransmitter (ace line) is released by
Motor neuron at the synapse. Jt stimulates the
sarcolemma to produce its own electrochemical
impulses which are carried into the muscle fiber

" After death, the cells can no longer

‘ \wubules.

produce ATP and therefore the (ross-
bridges cannot be broken. It causes the
muscle stiffness of death, or rigor mortis. A
living cell, however, always has enough ATP
to allow the myosin heads to detach from

actin.
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Caion
. Thin

filament\{

Thick

filament\[
S . e

* ATP attaches with myosin head:
* . Myosin head detaches from actin.

* Binding sites on actin are blocked;
* Myosin head has hydrolysed ATP
into ADP and Pi.

Myosin- binding
site on actin

Cross-bridge

ites on actin are open;
in heads attach with actin,

Fig. 12.23 - Steps of a pow

~ contraction occurs when:

~ B) Thin filaments slide past thick filamen

D) They are deta dinactive. - : I'
" Where does the e impulse travel after reaching

'C) Breaks ATP

According to the sliding filament model

S

o actin in a ]

A) Myosin filaments break down

C) Sarcomeres expand -

D) Z-lines disappear

What prevents myosin from bin
relaxed muscle? .
A) Calcium ions B) Aoq? Pi
C) Tropomyosiny” Dm lecules

What is the state of myosi in a relaxed muscle
fibre?

A) They are bound to

B) They are unhydr, .

C) They have hydr P into ADP and Piy”

the muscle fibre?

A) Directly to the sarcomere

B) To the Z-lines

C) Along sarcolemma to T-tubules and SR\/

D) To the myosin heads

What role does troponin play durlng muscle
contraction?

A) Blocks myosin-binding sites

B) Binds calcium ions and shifts tropomyosm\/

° /
Myosin heads release ADP and 7~
Heads undergo conformational

change and pull actin filament
towards centre.

oke (cross bridge cycle) _

D) Binds myosin to actin

6.  What initiates the formation of cross-bridges in

muscle fibres?

A) Hydrolysis of ATP

B) Disappearance of the H-zone

C) Exposure of binding sites on actiny”
'D) Rélaxation of sarcomere

7."  What happens during the power stroke?

A) Tropomyosin blocks actin

B) Myosin heads bend, pulling actin filamentsy”
C) Sarcomere returns to relaxed state

D) ATP is synthesized

8.  What disappears during sarcomere shortening?

B) A-band

A) I-band
D) H-zoney”

..C) Z-line

9. What causes myosin to detach from actin after a

power stroke?
A) Troponin release
B) Binding of new ATP moleculey”
C) SR absorbing calcium
D) Relaxation of muscle fibre
10. . What happens after ATP is split into ADP and P'?
- A) Myosin detaches permanently
B) Sarcomere disintegrates .
C) Myasin head returns to original confonnatlonv/
D) Troponin.rebinds calcium
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2 .
Ans :!?ce;pfa?;ri\éergcp:llj;r?sa;:)h ?hteh:;\n ::j;le flbre,l it' travels along the sarcolemma to the T-tubules and then to the -
- . ases ca ions i . . 4
causing it to shift tropomyosin away from the m;g‘srirr]\jgi?\sdli:tgosti?ez,coy:zsci:ﬁhese SR TR S et

3, Howare cr.oss-l.)ridges formed and what is a power stroke? '

Ans. When b!ndlng sites on actin are exposed, the myosin heads bind to them and form cross-bridges. Once the
cross-bridges are formed, the myosin heads release the ADP and Pi, and undergo conformational change. They
bend towards the centre of sarcomere, pulling actin filaments with them. This pulling actibn ¥s,called a power
stroke. 1t shortens the sarcomere, bringing Z-lines closer together and H-zoneddisdppears. It occurs
simultaneously in all sarcomeres, causing the muscle to contract. The adjacent A- sarcomeres come
closer to each other but do not shorten. _ t@

4. What causes the detachment of myosin heads from actin? " Q

Ans. Aftt_ér-pulllng, .the myosin head receives a new molecule of ATP. This allots, the Fead to detach from actin.
Splitting of this ATP into ADP and Pi puts the head into its original conform \fowing the cross-bridge cycle
to begin again. ) - o (8

5. What is the sliding filament model of muscle contraction? . '

Ans. The sliding filament model explains how a muscle contracts. Acger ir@this model, a muscle contracts when
its thin myofilaments slide past the thick ones so that they ov &reater degree. It occurs in the following
steps: relaxed state of sarcomeres, arrival of nerve impulse, fargatian of ¢ross-bridges and power stroke, and
separation of myosin heads from actin. N

12. Describe the arrangement of skeletal muscle Qleable joints and explain the mechanism of
: movement at the knee joint. o

Ans. Arrangement of Skeletal Muscles at Moveable J .

o Skeletal muscles are attached to bones ugh connective tissues called tendons. Typically, a muscle
has two attachment points on_diffe nes. The end attached to the stationary bone during
contraction is called the origin, whi d attached to the bone that moves is the insertion. The
middle part of the muscle is know belly. ' S '

e For the movement of bone ~joint in two Origins of biceps
directions, muscles work jf® paifs. They produce
opposing actions when, they contract. Such
arrangement of mus% called antagonistic

_arrangement. In - syghnahwarrangement, when one.

~ muscle, called flexo %‘v racts, it bends the bone at NS o , & Origins of triceps
the joint. When t Jesing muscle, called extensor, Extension N 2 s )
contracts, it s iﬂs the bone at joints. ‘

o During suchrantdgbnistic action, when a muscle (e.g. _
flexor) con . the other muscle (i.e, extensor) is ' Insertion . Insertion
relaxed and vice versa. ‘ . of biceps of triceps

: . ' » Fig. 12.24 - Arrangement of skeletal
Movement at Knee Joint , - : muscles at elbow joint

1. What happens to sarcomeres in a relaxed muscle?
Ans. In a relaxed muscle, sarcomeres are at their normal

because the binding sites on actin are blocked b 1ength. The myosin heads are not bound to actn

protein, is attached to tropomyosin. Myosin heads have hyy bR s g, Fesieie, ancfh

p drol i :
What is the role of a nerve impulse in muscle contraction? Sl

‘The knee joint is located between the femur (thigh bone) and the tibia and fibula (lower leg bones).
« Flexion, or bending, of the lower leg is done by the hamstrings. It is a group of three'muscles at the back
of the thigh: The hamstrings originate at the pelvic girdle and the top of the femur, with insertions at the
upper parts of the fibula and tibia. ‘ : S
e Extension, or straightening, of the lower leg is done by the quadriceps. It is a group of four muscles at
the front of the thigh. The quadriceps originate at the ilium (part of the pelvic girdle) and femur, with
insertions at the patella (kneecap) and tibia. ' .
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Relaxed
quadriceps

Hamstrings
contract Relaxed

. hamstrings
Lower leg is (not shown)
flexed (bent)

(not shown)

Quadriceps
contract

Lower leg
is extended
(straightened)

Fig. 12.25 - Movement at knee joint

~ WmQs© :

" A. Cooperative arrangef

What are skeletal muscles attached to bones by?
A. Ligaments B. Cartilage
C. Tendonsv” D. Joints

What is the end of the muscle called that is
attached to the stationary bone during

contraction?

A. Insertion B. Originy”

C. Belly D. Extension

Which part of the muscle is referred to as the
belly?

A. End attached to statiohary bone
B. End attached to the moving bone
C. Middle part of the muscley”

D. Outer sheath of the muscle
A. Individually
D. By stretching the bone )

How do skeletal muscles work to-mov
joints in two directions? 2 '

B. By contracting randomly

C. By working in pairsy” :
What is the arrangemen Qles,called when
they produce opposing,z ? '

D. The foot lifts and hamstrings stiffen

D. Linear arrange
What is the r@ 5f the muscle that bends the

bone at @ joinths
A. Extenso o
C FLex

XD ntracts simultaneously
[tbends the bone

- It rotates the joint
D. It relaxesv”

B. Rotator
D. Contractor

' Between which bones is the knee joint located?

A. Radius and ulna B. Femur and humerus

. C. Femur and tibia and fibulav”

D. Tibia and scapula
What group of muscles performs flexion of the

_lower leg at the knee joint?. -
- A. Quadriceps

. B.Gluteals
C. Calf muscles .D. Hamstringsv”

What happens when the quadriceps contract?

* A.The lower leg bends and hamstrings relax
_ B. The lower leg straightens and hamstrings relaxy”

C. The thigh rotates and hamstrings contract

C. Symbiotic ar F e :
= 7 skeletal muscles attached to bones and what are their typical attachment points

ethl muscles are attached to bones by tough connective tissues called tendons. Typically, a

Ans.

muscle has two attachment points on different bones. The end attached to the stationary bone during
contraction is called the origin, while the end attached to the bone that moves is the insertion. The middle part

of the muscle is known as the belly.

How do muscles work to move bones at a joint in two directions? .

. For the movement of bones at a joint in two directions, muscles work in pairs. They produce opposing actions

when they contract. Such an arrangement of muscles is called an antagonistic arrangement. In this arrangement,
when one muscle, called the flexor, contracts, it bends the bone at the joint. When the opposing muscle, called

the extensor, contracts, it straightens the bone at joints.
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pat nappens to the opposing muscle during an antagonistic muscle action?

; ntagonistic action, when one muscle contract i
» . puring such a cts, the opposing muscle i
cle is relaxed. For example, wh
. , when

r .
pos: muscle such as the flexo c.o‘ntracts, the extensor is relaxed, and vice versa. Thi inati
? d controlled movement at joints, . This coordination allows smooth
n

the knee joint and what is the f
hat bones form e function of the ha
4 \Tht’ie knee joint 1s located between the femur (thigh bone) and the tibi«;“:t :"fg’ ‘l" Sonss o
Ans: . of the lower leg is done by the hamstrin il 1 nd fibula (lower leg hanes). Flexion, or
pending. ings, which is a group of three muscles at the back of the thigh.

i iginate at the pelvic girdle and
The hamstqngs origi p girdle and the top of the femur, with i i
fibula and tibia. insertions at the upper parts of the

Wwhat is the role .Of qua.driceps in the movement at the knee joint?
Extension, OF straightening, of the lower leg is done by the quadriceps, a group of four muscles at the front of

the thigh. The q’ugdriceps originate at the ilium (part of the pelvic girdle) and femur, with ingfigns at the patella
(kneecap) and tibia. When the quadriceps contract, the lower leg straightens and the ha

5 relax.
13. Describe Ssome common muscle disorders in detail.
AnS. Muscle Disorders ( )
The following are some common muscle disorders: < )
1. Muscle Fatigue _ h

Muscle fatigue means a decline in muscle performance that occurs aft gbnged or intense physical activity

or due to some disease. Its symptoms include pain, decreased muscle stren Xd reduced endurance. The followmng
factors contribute to muscle fatigue:

Causes
' « During exercise, the muscles use ATPs to contract. Wheg the supply of ATPs is depleted, the muscie is
no longer able to contract.
« As muscles work, they produce metabolic wastes ate, hydrogen ions, and reactive oxygen. These
wastes contribute to muscle fatigue.
« When muscle fibres are repeatedly activatedf théy arg not able to effectively handle calcium ions, which
can impair muscle function.
« Prolonged or intense exercise can all amounts of damage to muscle fibres, leading 1c
Vi inflammation and reduced muscle " e
Treatment
Muscle fatigue typically improves with s severe, it requires medical attention.

2. Muscle Cramps
Muscle cramps are sudden, involufitary and often painful contractions of a muscle or group of muscles. They

usually last from a few seconds to s nutes and most commonly occur in the legs and feet. Commen Causes
include:
Causes ;

o Dehydration @

s Animbalan

L ]

®

Overuse Ojsif) f the muscle
Certain rr%\ions (like diuretics) . .
« Medical coriflitions such as diabetes, liver disease, and nerve damage
Treatment :

To relieve muscle cramps, gently stretch and massage the affected muscle. Applying heat or cold to the -
using pain-relieving medications can also help. wes
3. Tetany _ . . |

Tetany is a condition characterized by mvolgntary muscle c_ontra_ctaons or spasms due to increased muscle
and hyperexcitability of the nerves. These contractions can occur in various partg of t_he body such as hands, feet, ;' :
or larynx. The most common cause of tetany is hypocalcaemia (low level of calcium in bload), which may be due to:

« Vitamin D deficiency

Renal failure

Thyroid disorders ;
: Tezany may also be due 10 other salt imbalances, such as a low level of magnesium in blood,
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Treatment

Treatment for tetany depends on the underlying cause. If tetany is caused by salt imbalances, treatmeny

may involve calcium or magnesium supplements or intravenous fluids to restore electrolyte balance

Muscles pull but do not push. Muscles can only
pull, not push. This is because muscle fibres are
designed to contract and shorten,. pulling on
_tvendons and thus moving bones. When a muscle
contracts, it pulls on the bone via the tendon, and
when it relaxes, the bone moves back to its original
position. Muscles cannot push because they only
generate force by pulling. If a muscle were to push,
it would need to be attached to bones at both ends
and make both ends move closer together, which
is not possible in the body. Muscles are usually
attached to bone at only one end.

\
Skeleton is a system of rods and levers, T,
skeleton works like a system of rods and levers,
Bones act as the rods, giving structure and support
to the body and protecting internal organs, |n this
system, joints serve as fulcrums (pivot points) for
the levers, allowing movement. Muscles generate
the effort or force, while the weight or resistance
being moved is the load. xample, when Iifting
a weight, the bicep mug€ienig the upper arm acts a5
a lever. The elbow jaigiNg the fulcrum, the bicep
provides the effort,he weight is the load,
O —

N\

1. What.is muscle fatigue? .
- A) Permanent loss of muscle function -
B) A sudden contraction of muscle ' '
C) Decline in muscle performance after prolonged
activity v’ ,
D) Complete breakdown of muscle tissue
2. Which of the following is a symptom of |
fatigue? ‘ '
A) Hyperactivity B) Increased en
~ *C) Pain and decreased muscle streng

D) Muscle enlargement

3. Which compound is depleted ﬂvg.exercise,
leading to muscle fatigue?
A) Glucose - B) Oxygen ,
Q) ATPsy” '

fatigue?

" A) By stimulatin
B) By enhancin

- C) By impairi

4. How do ngefabolic Q:ontribute to muscle

wth A
en uptake
scle contractionv”
D) By increasing"€nergy reserves
-'5. What happens to calcium ion handling in muscle
fibres during repeated activation? -
A) It improves with time
B) It becomes more efficient
" Q) It becomes ineffective and impairs muscle
~ functiony”

W - O
S

. \
to bone contraction

group of disorders includes sudden,
luntary contractions of muscles?
%\) Muscle fatigue B) Muscle crampsy”

C) Bone fractures D) Tetany

Which of the following is a common cause of
muscle cramps? '

A) Excess sleep B) High blood sugar

C) Dehydration and imbalance of saltsy”

D) Hyperventilation

D)t le

8. What is tetany?

A) Permanent muscle relaxation -
B) A condition with involuntary muscle spasmsy”

C) Muscle regeneration process
D) Muscle thickening condition

9.  What is the most common cause of tetany?

A) Excess sodium’
C) Hypocalcaemiay”

B) Hyperglycemia

D) High levels of potassium °

'10.- How is tetany treated when caused by salt

imbalances? , 3 _.

A) By surgery B) By applying ice

C) By calcium or magnesium supplements and
intravenous fluids v :

D) By massage only

1. Whatis muscle fatigue? : 3 oo g o '
§ A Ans.Muscle fatigue means a decline in muscle performance that occurs after prolonged or intense
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pos

prs:

Ans.

Ans.

Underlying Causes

‘Severity

P durance nclqde pain
pat factors contribute to muscle fatigue?

” following factors _contribute to muscle fatigue:
s-T , During exercise, the muscles use ATps to contract Wh _ ‘
' no longer able tg contract, - When the supply of ATps T X
. Asmuscles work, they produce Metabolic wastes e.g, lact » the muscle js
wastes contribute to muscle fatigue, v actate, hydrogen ions, ang reactive o
. When mgscle fibres are repeatedly activatedl they are Xygen, These
can impair muscle function, not able to effectively hanje calcium ions, whi
i Prolonged' Or Intense exercise can cause smal| amo S, which
inflammation and reduced muscle functio unts of damage to muscle fibr -
' L es, leading to
Wwhat are the symptoms of muscle fatigue?
The symptoms of muscle fatigue include pain, decreased muscle strength, and
How does depletion of ATPs cause muscle fatigue? ' 9th, and reduce nce.
; ise, the muscles use ATPs t
puring exercise, $ 10 contract. When the sy :
able to contract. b pply.of ATPs is d@ » the muscle is no longer
How do metabolic wastes contribute to muscle fatigue? |
. ° ‘
As muscles work, they produce metabolic wastes e.g, lactate, h ' \ .
contribute to muscle fatigue. + hydrogen %ﬂ d reactive oxygen. These wastes
- How does repeated activation of muscle fibres affect muscle fu th
When muscle fibres are repeatedly activated, they are not - e .
impair muscle function. s i \ ectively handle calcium ions, which can
What happens to muscle fibres ddring prolonged or in ercise? .
prolonged or intense exercise can cause small amounts e to muscle fibr 3 . '
3 = | ‘ "
reduced muscle function. ) ‘ 9 o S Igadung to inflammation and
How is muscle fatigue treated? 5 ay N S
- Muscle fatigue typically improves with rest. If it is$gvete, it requires medical attention. .
What are muscle cramps? ‘ e, o
. Muscle cramps are sudden, involuntary, a en painful contractions of a muscle or group of muscles. They
usually last from a few seconds to several es and most commonly occurin the legs and feet. -
What are some common causes of cramps? ¥ o
. Common causes of muscle cramps

. cldde dehydration, an i}nbalanc‘e of salts, overuse or injury of the muscle,
certain medications (like diureti medical conditions such as diabetes, liver disease, and nerve damage.

‘g 14. What is the differetweén Tetany and T,e,ta.r‘\us? :

Ans.

Tetany and tetanus& rent con
distinct in cause, synyptots,

ditions often confused 'due to their similar names. However, they are
Cause and Nature

and severity. The following points highlight their differences:
* Tetany involves increased muscle tone and overactive nerves, causing involuntary muscle contractions
. O spasms. ok T ' T
s Tetanus is a severe bacterial infection caused by Clostridium tetani, which produces a toxin affecting the
~ nervous system, leading to muscle stiffness and spasms.
Affected Body Parts B+ ‘

* Tetany can affect various bo

A}

Ady' parts like the hand.é, feet, face, or larynx..
Tetanus mainly affects the jaw and neck muscles.

~ »  Tetany can result from issues like electrolyte imbalances or nerve problems. -
* Tetanus is caused by a specific bacterial infection. :

* Tetanus is more serious and potentially life-threatening compared to tetany.
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What Is a key difference in severity bﬂwm

and tetanus?
A) Tetany is more serious than tetanus

1. What causes tetany?
A) Bacterial infection by Clostridium tetani
B) Increased muscle tone and overactive nerves causing

involuntary muscle contractionsy” 8) Both have equal se\{ef'ty A
() Viral infection affecting muscles ©) Tetans | MOvh BEIONE R
D) Lack of oxygen in muscles threatenmg L .
2. Which body parts are mainly affected by tetanus? D) Neither condition Is serious

Why are tetany and tetanus often confused?

A) Because both are caused by bacteria

B) Because both affect the jaw muscles

C) Because they have simifargmes but are differant
conditions

D) Because both re

A) Hands and feet B) Face and larynx 5.
Q) Jaw and neck musclesy” '
-D) Lower back muscles
3.  What s the cause of tetanus?
A) Electrolyte imbalance B) Nerve problems
C) Bacterial infection producing a toxiny”
D) Muscle fatigue

s . P s
1. What is the main difference between tetany and tetanus u@us of their causes and natyre;
Ans. Tetany involves increased muscle tone and overa%r;en/es, causing involuntary muysc
contractions or spasms. On the other hand, tetanus is a sev terial infection caused by Clostridiyn,
tetani, which produces a toxin affecting the nervous system, lead@uscle stiffness and spasms.
2.  Which body parts are affected by tetany and tetanus resp ?
Ans. Tetany can affect various body parts such as the hands, m
the jaw and neck muscles. \
3.  What are the underlying causes of tetany and tetan
Ans. Tetany can result from issues like electrolyte imbal@ nerve problems. Whereas tetanus is caused by 3
specific bacterial infection by Clostridium tetani.
4. How does the severity of tetany compare to a%?
i atéging compared to tetany.
5. Why are tetany and tetanus often confu h each other?

Ans. Tetany and tetanus are often confused of their similar names, even though they are dlfferent conditions
with distinct causes, symptoms, and everity.

OLVED EXERCISE
ULTIPLE CHOICE QUESTIONS |

Tick (v) the correct answe@ i |
1. Which structures are p, the appendicular skeletoﬁ?

electrolyte imbalance

or larynx. In contrast, tetanus mainly affect

(a) Ethmoid bone (b) Floating ribs " (c) Lumber vertebrae d) Humerus bonev”
2.  The term musc myofiber refers to? ‘ -

(a) A cellular (b) A celly” - (c) A tissue . (d) An organ
3.  Which of th nds the entire length of a muscle fibre? '

(a) Sarcomere (b) Myofibril - (o) Myosm f:lament . (d) Actin filamentv”

4.  Actin filaments are‘made of proteins?

(a) Myosin and troponin  (b) Actin and troponm ~ (c) Actin and myosin “(d) Actin, tropomyosin and
troponiny”

5.  Inamuscle, the Z-line are the proteins for the attachment of the ends of?
(a) Actin filaments v/ (b) Myosin filaments
(c) Both actin and myosin filaments (d) Sarcomeres ,

6.  Sarcomere is a part between? ‘
(a) Two H-lines (b) Two A-bands (c) Two Z-linesy” (d) Two I-bands

7. Which part of muscle fibre releases calcium ions which trigger contraction?-

" {(a) Sarcolemma* : (b) Sarcoplasm

() T-tubules © (d) Sarcoplasmic reticulumy”
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~ Name three types of cells associated with bone and write their functi

hich statement is correct to describe sliding filament model of muscle contraction?
Myosin filaments pull on the'sarcomere so that actin filaments are shortened
) Myosin filaments pull on act!n f?laments so that sarcomere is shortened.v” .
o) Actin filaments pull on myosin filaments so that sarcomere is shortened.
d Actin filaments pull on sarcomere so that myosin filaments are shortened.

ke muscle fibre shortens, which of the following also shortens?

() Actin flamert AD Myosiargent (c) Sarcomerey” (d) Z-line
which statement CO_I'l’ectly describes an event of muscle contraction?

(a) Myosin heads bind to _troponm.' (b) ATP binds to the actin binding site.
(¢ ATP s used to detach the myosin head from actin.*  (d) Troponin blocks the binding sites. -
Tendons connect bone and? : Nt es.
(a)Bone - (b) Ligaments i e 7 gy Cartiale
What is true about antagonistic pair of muscles? . .

(a) It provides a backup if one of the muscles is injured (b) One muscle push while oth d G
() It allows muscles to produce opposing movements- . (d) It doubles the strength to) ion

SHORT ANSWER QUESTIONS \
ons

. Osteoblasts: Bone-forming cells that synthesize and secrete bone matr 3

« Osteocytes: Mature bone cells that maintain bone tissue and regulat “’hal homeostasis.

« Osteoclasts: Bone-resorbing cells that break down bone tissue fg dglling and calcium release.

Name the bones of cranium? ~ ' \ ER. o
Frontal bone k=
Parietal bones (2)

Sphenoid bone

.« Temporal bones (2) ok oingh 2 5] < O e
“e Occipital bone E R \ :

. " Name the bones of p
_» Pectoral girdle: S5¢

" Name.the bones of f

Ethmoid bone

e Cervical vertebrae (7) — Neck region
« Thoracic vertebrae (12) — Attach to ribs '
e Lumbar vertebrae (5) — Lower back @

_Enlist the bones in the five groupé of vertgbré@

« Sacrum (5 fused) — Pelvic region -

"« Coccyx (4 fused) — Tailbone <:’ R

What bones make the rib cage?
o Sternum (breastbone) - . , 4
« 12 pairs of ribs (attached q ic vertebrae) -
o Costal cartilages, (conn sternum) .
rdle and pelvic girdle? .
oulder blade) and clavicle (collarbone)
imbones (each made of ilium, ischium, and pubis) e
imbs and hindlimbs? - ' S -
* Forelimbs: Humerus, radius, ulna, carpals (wrist), metacarpals (palm), phalanges (fingers)  °

* Pelvic girdle: Two
\

. * Hindlimbs: Femur, patella, tibia, fibu]a,‘tarsals (ankle), metatarsals (foot), Phalahges_(tqes)
~ What is fibrous joint? Give examples? P ;
~ « Definition: Immovable joints held together by dense connective tissue.

N

* Examples: Sutures in.the skull; teeth sockets (gomphosis), and interosseous membrane between radius and
ulna, ik g : ' S ‘

- Name the steps involved in bone repair?

1: Hematoma formation (blood clot at fracture site).

2 Fibrocartilaginous callus formation (soft callus of collagen and cartilage).
’ z--Bony callu; formation (hard callus of spongy bone).
_ 4. Bone remodelling (osteoclasts and osteoblasts reshape bone).

\
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9.  What skeletal structures are affected from the osteoarthritis?
e Articular cartilage (wears down)
¢ Subchondral bone (thickens)

* Synovial membrane (inflamed)
.« Joint capsule (stiffens)

10. List the major parts of skeletal muscle fibre?

¢ Sarcolemma (cell membrane)

e Sarcoplasm (cytoplasm)

« Myofibrils (contractile proteins)

« Sarcoplasmic reticulum (stores Ca’*)

e T-tubules (conduct impulses)

11.  What do you mean by I-band, A-band and H-zone?

-« |-band: Light band (only actin filaments).

o A-band: Dark band (overlapping actin and myosin).
‘e H-zone: Central region of A-band (only myosin).

12. Describe the antagonistic arrangement of skeletal muscles?. O
 Muscles work in pairs (agonist and antagonist) for opposite movementsc)

~» Example: Biceps (flexor) and triceps (extensor) in the arm.

13. Ligaments are elastic while tendons are hard. Justify? °
« Ligaments (bone-to-bone) contain more elastin for ﬂexibility.. (b
 Tendons (muscle-to-bone) have more collagen for strength. \

14. Draw a diagram of sarcomere and label its parts?

Ans. (Visual answer: Z-lines, I-band, A-band, H-zone, M-line, acfin, in)

“15. Differentiate between?
| Comparison | ~ ltem1 Item 2 ||_item 3 (if applicable)
|Bone T _||[Compact Bone: Dense, solid, outer ne: Porous trabeculae, || _
ype layer, strength/support ' i layer, shock absorption
Skeleton ~ |lAxial Skeleton: Skull, vertebrae, ri icular Skeleton: Limbs, -
Division sternum ' oulder and hip girdles

Floating Ribs (11=12): No
sternal attachment

\ e o b [Eor ons . e .
Rib Types True Ribs (1 7). Dlre;tly a Fals_e Ribs (84 10): Indirectly via
sternum - cartilage B
Rheumatoid Arthritis: A une, |[Osteoarthritis: Wear-and-tear,

. Anhr;gls Type - synovial inflammatio cartilage degeneration

Fibrous: Immovable (e.§., skull Cartilaginous: Slightly movable (e.g.,

Synovial: Freely movable,

fluid-filled cavity

Joint Types sutures) - % discs) -
Bone Cells J[Ost‘eoblas% #Oone matrix ][Osteocytes: Maintain bone tissue‘JF

Muscle Tropo ocks actin binding o g S B B o S .
- |lProteins iy Troponin: Bmds Ca , exposes dactin |[—
Connective S VI o
e ‘.Bone_-tvo-bone, elastic | Tendpn. Muscle-to-bone, tough —
Muscle - ; ' Tetanus: Sustained contraction
3 Tetany: Muscle spasms (lo 2 2 = e S MR —
Disorders 8 ahis P ol ||(high-frequency stimulation) =

LONG QUESTIONS |

Q1. -Explain the structure of bone?
Ans. See Long Question No. 01
Q2. Describia the structure of three types of cartilage?
- Ans. See iong Question No.04 . -
Q3. Write the cause and symptoms of joint dislocation, spondylosis, and sciatica?
Ans. ‘See Long Question No.07 . ' ‘
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ee Longd Question No. 09
e

ANS- (ain the ultrastructure of skeletal muscle?
Qé- ::: Long Question No. 10 '

write 3 detailed note on the sliding filament model of mﬁscle contraction?
A See Long QUEStiOn No. 11 : | ‘ |

Jain the action of antagonistic Muscles in the movement of | :
as- g:: Long Question No. 12 : t of knee joint?
praw a diagram of sarcome
" cee Long Question No. 13

pescribe causes and Symptoms of muscle fati ue, cramps :
010.-See Long Question No. 14 2 . ,p- g tetany?

ify how the main functidns of the sk ' : '
1. Justify t . e skeleton are to act as a
a o estion No, 13 : system of rods and leyers?

q12. Justify why do the muscles pull but do
Ans. See Long Question No. 14

ré'and label its parts?

not push?

. “|___INQUISITIVE QUESTIONS
o Wh)( is calcil.!m essential for both the structural integrity of bones aiid.the Jprocess of muscle contraction?
Ans. Calc'lum .prowc!es hardness and strength to bones by forming calcium phx ate crystals. In muscle contraction,
calcium ions bind to troponin, exposing actin binding sites for myosi '

i z . _ Ing contraction.
2. Whyis the human skeleton designed with both rigid bones a ble joints instead of being made of a
single solid structure? _ : T

jC ,\ow movement. A single solid structure would

3. Why do muscles always work in pairs (antagonistic rather than alone?

Ans. Muscles can only pull, not push. Antagonistic pair Il@bice’ps and triceps) allow movement in opposite
directions—one contracts while the other relaxes abling controlled motion. s -

4.  Why does prolonged inactivity or space travelfe » tos'nuscle atrophy and bone weakening?

‘Ans. Lack of mechanical stress reduces stimulatiorof

. ‘ As'c»le’s' and bones. Muscles shrink (atrophy) and bones lose
density (osteopenia/osteoporosis) due to re® alcium deposition and protein synthesis.
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Self-Assessment Unit 12
' Time allowed 60 Mjp,

Max. Marks: 28 ‘ =
Q1. Each of the following question has four options. Select the correct answer. (10x1=10)

keleton?
1. Which of the following bones belongs to the appendicular s
(a) Ethmoid bone . (b) Floating ribs | :c) Ll:mbar vevrtebrae (d) Humerus
2. The term "muscle fibre" or "myofibre" specifically refers to: |
(a) A muscle ol:gan (b) Aytype of tissue (¢) An individual muscle cell (d) A cellular component
3. What structure runs the full length of a muscle fibre? o ' ) f_!-
(&) Sarcornere - (b) Myofibril (c) Myosin filament (d) Actin filament

4. Actin filaments are ‘o.:om"posed»of the following proteins:
-(a) Myosin and troponin  (b) Actin and troponin -
() Actin and myosin (d) Actin, tropomyosin, and troponin

5. In skeletal muscle, the Z-line serves as the point of attachment for: . ,
’ (a) Actin filaments (b) Myosin filaments . (c) Both actin and myosin ) The sarcomere unit’
6 A sarcomere is the structural unit located between:
(@) Two H-zones . (b) Two A-bands _ (c) Two Z-lines (d) Two I-bands
7..  Which structure in a muscle fibre stores and releases calcium for ¢ ntrag';’?
' (a) Sarcolemma (b) Sarcoplasm (c) T-tubules \. (d) Sarcoplasmic reticulum

8.  What best explains the sliding filament theory of muscle cont:ac%
| (a) Myosin filaments contract to shorten actin filaments -

(b) Myosin pulls actin filaments; shortening the sarcomere C)\
(c) Actin filaments move myosin filaments to shorten sarconffe _ '
(d) Sarcomere pulls actin and myosin toward each other

9. When a muscle contracts, which of the following sho

- (a) Actin filament : (b)vMyosin filament arcomere ~ (d) Z-disc
10. Which of the following occurs during muscle cont ? :
- (@) Myosin heads attach to troponin b) ATP binds directly to actin

(c) ATP is used to release myosin from actin ) Troponin completely covers bihding sites

'Q2. Write short answers to the following questions
1 Name three types of cells associated with t@ d write their functions.
2. Enlist the bones in the five groups of ve :
3." Name the steps involved in bone repai '
4. What do you mean by I-band, A-ba H-zone?
5
Q

(5x2=10)

- 5. Describe the antagonistic arran f skeletal muscles.
- .. Q3. Write detailed answer to the folh g question

1. . Describe the structure of ’thr%e_s of cartilage. :

2..  Write a detailed note on Q g filament model of muscle contraction.

(4+4=8)
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