" 4% Describé the effect of defi

. # Discuss the causes, symptoms, and
*

,Studénts Learning Outcomes
The students will be able to:

#> Define a skeleton and differentiate between cartilage and bone.

&> Describe the role of the skeleton in support and movement.

#» Explain that skeleton system is actually a dynamic, living tissue t
growth, adapts to stress and repairs itself after injury. f
Describe the main components of the axial skeleton and the appendicular skeleton. o
Describe the contribution of Vesalius in descri scles in human. !
Differentiate between moveable joints and immova
State the role of ligaments and tendons. :
% Describe the location and movement of hinge joints.
Identify ball and socket joints in the human bady.

Define antagonism. '

#» Describe the action of flexors and extensors as a pair of opp

and triceps as an example.

hat is capable of

bing the bones and mu
ble joints.

s

&

oz 2l

osing muscles se cting biceps
: e R

e

ciency of calcium on bones and relate this :geﬁcsencgw

0steoporosis. ;
treatment of arthritis.
d weight-bearing joints.
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Tntroduction®

You‘ might ?jtaw: seen a very common invertebrate the earthworm, which is generally
ound in the soil. Have you ever thought why it always crawls on the ground? Why it moves
so slowly? Why it can not stand erect like human beings and other mnmmcl'ls"‘ TEe nns:rer
to these questions is, “It does not have any skeleton which can support it to stn;lnd erect a:d
move 'fgster“. In previous classes you have studied the human skeleton, which not onl
gives proper shape to the human body but also provides support ju; movement Alill
animals, which can move fast, possess some type of skeleton. Free movement, also knlcn.un
as locomotion is a life characteristic of all living animals. It enables them 10 utilize the
environment in the best possible way and to save themselves from predotors and arange of
environmental factors. For all types of movements, the skeleton plays a basic role.

kW) Human Skeleton

A skeleton is defined as the
framework of hard structures that
provide physical support and
protection for the bodies of animals.
The skeleton also provides helps in
locomation. Like other vertebrates,
the human skeleton is inside the
body i.e. it is an endoskeleton. The
skeleton is made of living tissues. It
contains living cells and also has
nerves and blood vessels. It can also

grow and repair itself.

Science, Technology and Society
rious functions in the living body. These functions include shape, '
ood cells production. In different animals, these
he shape of the skeleton is in accordance with the

The skeleton performs va
support, movement, protection and bl
functions are variously performed and t
requirement of the particular animal’s types.

The human skeleton is composed of two partsi.e. (UM For Your Information

axial skeleton and the appendicular skeleton. The axial

: j The skelet
skeleton consists of 80 bones of the head, neck, and invl:r:e;rzt?;'s :.gf:t::hrzf :;:1;
chest. The appendicular skeleton consists of 126 bones  gutside the body, and iE ;:a'-l.ed

of the limbs, and the pectoral and pelvic girdles. on exoskeleton.

Biology X_| 57
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'ER) Axial Skeleton

The term axis means the central point around
which other structures are distributed. The axial
skeleton lies in the centre of the body oround
which the whole body is built. The axial skeleton
includes the skull, the vertebral column, the ribs

and the sternum.

1. Skull
The skull is made up of
which protect the brain. There are
2. Vertebral Column
The vertebral column extends
which not only allows us to stan

‘At the time of birth human infants
have 350 bones in their body. As g
baby grows Up towards adult
stages, many of these bones fuse
together and their number reduces
to 206. The largest bone is the
femur whereas the smallest bone js
found in the internal ear.
Nl

the cranium and facial bones. The cranium consists of 8 bones,
14 facial bones, which make the skeletal part of our face,

from the skull to the pelvis. It consists of the backbone,
d erect but also protects the spinal cord. The vertebral
column consists of 33 vertebrae. The vertebrae are named a_ccording to their location in
the body. Thase 7 vertebrae present in neck are called cervical vertebrae. 12 \f?r[gbr?e
which lie in the chest region are called thoracic vertebrae. Those j'lv:! vertebrae which lie in
the back region are termed as the lumbar vertebrae ar.=d those nine found betwelen the
lower limbs area are called the pelvic vertebrae. The pelvic vertebrae muﬁce two sets i.e. the
sacrum and the coccyx. The sacrum is formed by the fusion of anterior five vertebrae,
whereas coccyx is formed by the fusion of four posterior vertebrae.

3. Chest bone and Ribs .
There are 12 pairs of ribs in the human body, which are attached on dorsal (back) side with

the vertebrae. Out of the 12, 10 pairs of ribs connect anteriorly with the chest bon.e
(sternum) either directly or through an arch. The rib cage provides support to the thoracic
cavity (chest cavity) in which vital organs like the heart, lungs etc. are present. The lower 2
pairs of ribs are called floating ribs because they do not attach with the sternum.

4, Middle Ear Bones
Each human ear has three bones called ossicle

5. Neck bone

There is one bone in the neck called the hyoid bone.
13.1.2 Appendicular Skeleton

The appendicular skeleton consists of the following parts.

1. Pectoral Girdle s 4 4
The pectoral girdle attaches the forelimbs to the vertebral column. [t is comprised of
bones of the shoulder (2 bones on each side).

2. Forelimbs (Arms and Hands)

The arms contain b bones (3 in each arm). The hands contain 54 bones (27ine

s These are the malleus, the incus and the stapes.

ach hand).
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3. Pelvic Girdle
The pelvic girdle attaches the hind limbs to the vertebral column. It consists of 2 bones.
4. Hind limbs (Legs and Feet)

The legs contain 8 bones (4 in each leg) while both feet contain 52 bones (26 in each foot).

Identify and draw labelled diagrams of different bones of the human skeleton from real
specimen models or charts. y

3.1.3 Role of the Skeletal System
The skeleton performs the following functions in the body.
® The skeleton forms the hard structure of the body and givesit a definite shape.
o the skeletal muscles are attached to the bones. Hands, legs, pectoral girdle and the pelvic
girdle help in movement. The muscular system has an important role in movernent. Due to
the attachment of muscles with the bones, these bones can move and thus we can move.

e The skull protects the brain and the vertebral column protects the spinal cord. Similarly,
the lungs and heart are protected in the rib cage.

e Bone marrow produces the red blood cells, platelets and white blood cells.

¢ Bones store mineral salts (calcium, potassium, phosphorus). This is the reason why the
bones remain hard and strong.

Axial

: —— Cranium (08 bones Skeleten

| Skull (22 bones)
g Face (14 bones)
e Middle ear Ossicles

(03 bones in each)
Meck bone (01 bone)

Appenaieuldr
Skeleton .

Pectoral girdle
(04 bones) ~_
02 on each side

Arms
(06 bones)
03 on each side

Pelvic girdle Chest bane (01 bone)
(02 bones) =\
01 on each side

Rib cage (24 bones) g

Vertebral column

Hands
(54 bones) (26 bones)
27 an each side
ngﬁ - \(‘ Feet
(08 bones) e (52 bones)

2b on each side)

04 on each side
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ik¥) Composition of Skeleton

The human skeleton is made up of two types of connective tissue!

i e. bones and cartilage.

1. Bones : ;
Bones are the hardest and the most rigid ferm of connective tissue in the human body.

Muscles pull our bones to enable movements. Bones give sh:};l_’- :‘Jl’ld :l::i':;:: ;T “;‘;’t?no:g.
It provides support and protect delicate internal organs. I;Iu ; lt:TIr;. P f
many bones produce red blood cells, platelets, and white blooG c€lb- o i

The hard, white outer layer of the bone is called c-ornpnct bnne: ! edrn;:ltm: plural:
matrices) is the material (or tissue) in animal cells in which more ?pelcm;se struc u::s (.ma
embedded. The bone matrix contains collagen ﬁhr:es.‘ The matrix is d sobsa u:n‘:le v;r‘lt:
calcium phosphate. It gives strength to the bone. Within the bolne m-:.::tr_u::3 nu:::g ;b:: ed
osteocytes are present in spaces called lacunae. The bone matrix conbm i h,_-,n
bload vessels, which keep the osteocytes alive. Beneutl? the compact oneh f;:ngigbiqn;
is present. The spaces within the spongy bone contain bone marrow, where most bloo

cells are formed.

Marrow channel

Compact bone

Blood vessels

Fig.13.2 Structure of Bone

2. Cartiluge.

Cartilage is o specialised connective tissue, which is
firm and flexible and does not stretch. It has great tensile
strength and is much softer than bone. In adults the
cartilage covers the ends of the bone at the joints like the
knee joints. It also supports the flexible portion of nose
the and the external eafs called the pinna.

In common words, cartilage i
referred to as “soft bone”. In
early embryonic life, the yhole
skeleton is made of carnllnge
which then gradually turns into
(bones. :
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Ground substonce is the amorphous gel like substance present in extracellular spaces. The
ground substance of cartilage contains collagen fibers in parallel arrangements. The cells
of the cortilage are called chondrocytes. These are also present in this ground substance
within spaces called lacunae. The number of chondrocytes found in cortilage determines
how flexible or elastic the cartilage is. One of the main functions of some cartilage types is to
keep bones from rubbing together, thus reducing friction. There ore no blood vessels present
in the ground substance of cartilage. There are three types of cartilage i.e. hyaline, elastic,
and fibrous cartilage.

Investigate the nature of bones (by putting three pieces of lamb rib bone in water, sodium
hydro-oxide and dilute Hydrochloric acid). Observe the changes in the nature of bone after

60 minutes.
What will students learn from this? Explain what is expected to happen.-

Chandmcgte Lacuna Ground substance

\
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e on OERs @ - a5
gragif 51ip ¢ o ) 39
) ¥ 5 g W & <
Elastic cartilage Hyaline cartilage Fibrous cartiloge

Fig.13.3 Structure of Cartilage ond its Types

In elastic cartilage the cells are closer together
and there is less ground substance. Elastic
cartilage is found in the external ear flaps and in
the epiglottis.

Hyaline cartilage has less number of cells and
more ground substance. Hyaline cartilage is
found at the ends of long bones, in the nose,
ears, trachea, larynx, and bronchi.

Fibrous cartilage has the least number of cells
so it has maximum ground substance. Fibrous
cartilage is found in the inter-vertebral disc.

Biology X

Fig.13.4 Location of Hyaline Cartilage
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Nose .
Tracheo & Larynx Glottis

Bronchi

Hyaline Inter-vertebral discs

cartilage

| Fibrous cartilage

End of long bones

Fig.13.5 Locations of the Types of Cartilage

ED) oines

Joints are formed at the meeting pint of two or more bones. They keep our _bones together
by holding them with each other. They also allow the bones to move to different extents
and give mobility to our body. Joints are classified into three categories on the basis of the

extent of movement they allow:
ones are fused together and do not allow

a. Immovable joints: In immovable joints the b
the bones of the skull are immovable

any movement. For example, the joints present among
joints.

b. Slightly movable joints:
example. joints of the vertebral column, ribs etc. :
c. Freely movable joints: These joints allow free movements. There are two major types

of freely moveable joints i.e. hinge joint and ball-and-socket joints.

These are the joints which -allow little movement for

Slightly movable Freely movable

Fixed or immovable

Cranium bones
i Pelvis
Vertebrae Femur

i;‘;g)'p?‘ E:QR sb&LEﬁ_ S UniE 13 Stpport And Movement

NOT FOR SABE
E——— Ear J"“P:l—_, Elastic cartilage i

_(ii). Ball-and-socket joint: Ball-and-socket joints

 force on the attached bone. As a result the

Fig.13.6 Immovable, slightly movable and freely movable joints

62 I Biology X

(). Hinge joints: Hinge joints allow movements only in two directions. These are present at
the elbow and the knee.

Observe models for the movements
at joints and describe how joints
ollow various movements.

e

allow movement in all directions (up, down, forward,
and“backward).. Hip joint and shoulder joint are
examples of ball-and-socket joints.

s

Boll-and-Socket Joint

Hinge Joint
Fig.13.7 Hinge; and ball-and-socket joints in the human body
13.3.1 Roles of Tendons and Ligaments | | \
L | b

Ligaments are tough bands of connective M““"T; / i Bone \:\
tissue, which hold the bones at the joints, in - L / A \
place. ; . Cartilage " !. ] Synovial fluid
Tendons are tough connective tissues, N . )
which attach muscles to bones.. When a \\\\. ! £ Ligament
muscle contracts, the tendon exerts a pulling Tendon = W

: N 4

Fig.13.8 Structure of a joint (showing ligament

bone s pulled towards the muscle.
g and tendon)

EXJ Contributions of Vesalius (1514-1564)

Andreas Vesalius was born in Brussels. He was
professor of Anatomy at Padua University in Italy. In
1543, he wrote the first major book on human
anatomy. It was called ‘de Humani Corpris
Fabrica’ (The Fabric of the Human Body). Vesalius
worked ‘closely with the famous artist Titian who
produced 277 anatomical illustrations for his book. He
explained the different parts of the human skeleton,
including the number of bones. He also described the
source and position of each muscle and pravided
information on their respective functions.

g

Fig.13.9 Andreas Vesalius
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jEXY Muscles and its Types
: ihe contraction of musclerof tﬁg

Locomotion and all other types of movements aré duetot

body. We have three types of muscles in our body.
voluntary muscle — meaning we cannot -

(). The Cardiac muscle (heart muscle) is an in
control its function. Contractions of the cardicc muscle hélp the heart to pump blagd

throughout the body. Cardiac muscles keep on contracting throughout our life.
(ii). Smooth muscles are found in the walls of orsans e.g. the digestive tract, qir.
passageways, blood vessels ond the urinary bladder etc. Their ‘contractions move the

materials present in the organs. L3 nd - : .
(iii). Skeletal muscles are attached to the bones of the skeleton. Their contractions help
us in movement and locomotion. g '

¢ Movement of Skeletal Muscle

We know that muscles are attached to bones by tough connective tissue called tendons.
Skeletal muscles move the body. These muscles are under voluntary control, meaning you .
consciously control what they do. Almost all body movement, like walking and waving your

hand is caused by skeletal muscle contraction.
etal muscle is always attached
with some fixed bone while the other end is
attached to a moving bone. The point where the
muscle attaches to the fixed bone is called the
origin. The point where the muscle attaches to
the moving bone is called the insertion.
Far Your Information

Most skeletal muscles are arran ed in pairs. One _
: F It should be remembered that

muscle in a pair
the other muscle moves it in the opposite
Many other muscl

13.6.1 Antagonisti

\Interesting focts *
Muscles can only pull bones. They

cannot push bones.
The human body has over 500 muscles

responsible for all types of movement.

One end of a skel

the arm

moves a bone in one direction, !
does not has these two muscles only.
es are also present,

direction. In other words when one muscle in the _ ;
| which work at the same time e.g.

air contracts to exert a pull, the other muscle ame; tne
: R muscles which work to give direction tul

will relax or-elongate to allow the effect of the

contraction.of the prior muscle. The phenomenon these movement.

in which a muscle opposes the action of the other is called antagonism and the muscles
which show antagonism are called antagonistic muscles.

An example of this type of movement is the movement of @

two major muscles called biceps and triceps. When the lower arm is bent it
flexed state. When the lower arm is in hanging condition, it is called in extende
This extension and flexion is caused by the above mentioned pair of muscles i.e. bicé

triceps.

rm muscles. Qur upper ar™ h'?s
is called in

ded staté
Ps an

S e
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hen i m i Wi
Wi the bn:eps uscle contracts, its insertion with For Y. 1 _f
aur Information

the radius bone, pulls the bone upward. At the same
time the triceps muscle relaxes and the lower arm Similarly there are more complex
moves i ; < move :
Mg upwulrds causing a flexion. The bicep muscle ab:u:n\::!sh of ]'lngea's und_ wrists
in this case is the flexor and the triceps muscle the  in high ich you will study in detail
extensor. in higher classes

"On the other h i
e badtw;‘ t -::}r:d when :-"WP:, m:scle contracts, its insertion with the ulna bone pulls the
5 e same time the biceps muscle rel
Ky : axes and allows the ulna bo
down easily. It results in the extension of the lower arm. Th i gl

principal of the working of skeletal muscles. is example exploinls the general

Biceps relaxes

Flexion

Fig.13.10 Action of biceps and triceps ot the elbaw

‘Describe th ; o . : ;
et ﬁu: m“f"?’“*’“t of blce?s and triceps through presentation of the movement of

13.7; isorders of Skeletal Muscles

Frlom your day-to-day experience you might have learnt about many problems associated
with skeletal system. Sometimes during a cricket match the muscle of a fast bowler gets
pu],l_ed,jnint of a wrestler may get dislocated, the bones of a person may be fractured in an
accident and so on. Some of the disorders of skeletal system are described here briefly.

13.7.1 Osteoporosis
You learned in this chapter that the process of mineralisation, forms bones. Calcium

phosphate is deposited in collagen fibres to make the bones hard. This calcium is absorbed
from the food we eat. .

Biology X ‘ [
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in their daily diet, their bones start becomin 9

Unit 13 Support And Movement,

When a person is not taking sufficient calcium !
weak. Demineralisation is the process in which calcium moves from the bones to the blood jn

order to maintain its level. If this situation prolongs the bones become soft and fragile ang
start bending and can be broken easily. This disorder is known as 0steoporosis. Osteoporosis

occurs especially in old people and in women.
3 Bone with

g
ﬁ:%f‘ | osteoporosis
¥ oza

,ﬁ%.a

o ri
i LA
2w
[ ]
.

arison of normal bone with the bone affected by osteoparasis

Fig.13.11 Comp

D Ahics 4
Arthritis is the disorder of the
that damages the joints permane

13.7.

joints where they get inflamed. This is a degenerative disease

ntly. As a result, p
arthritis are osteoarthritis, rheumatoid arthritis, and gouty

hicken and fluid production is
n and in later stages complete
anently swollen and get de-

takes place. The different types of
 arthritis. In this disorder, membranes lining the joints t
decreased, which results in increased friction causing severe pai
immobility. With the passage of time the joints become perm
shaped. o
a. Osteoarthritis: Osteoa
the cartilage, which starts to wear

completely wear away, leaving nothin

rthritis is the most common type of arthritis. This disease affects
away over time. In extreme COSES, the cartilage can

g to protect the bones in a joint, causing direct bone-
on-bone contact. It occurs most often in older people. Osteoarthritis usually affects the
weight-bearing joints (the joints of the vertebrae, knee and hip). Osteoarthritis causes

joint pain and can limit a person's normal range of mobility.

Rheumatoid arthritis is an qutoimmune disease in which the

~ b. Rheumatoid arthritis:
body's immune attacks healthy joints, which become inflamed and swollen. It co”
 destroy cartil one within the joint. It usually affects joints in the fingers, wrists: knees

ses pain, stiﬂr_Lg;s, swelling, 51/r|d loss of function in joints.

SR
YRR ) =
: L s g,

i Jand elbows.
#ffeg Qg\
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Rheumatoid Arthristis

Fig.13.12 aneurnutoid arthritis in finger joints

c. Gouty arthritis:

By r'.:ld th:;::l':s ;l:-:;}ltly arthritis is caused by higher than normal levels of uric acid in the
ey It.causespmj]am orge u_.rnounr._s "DI uric acid in the lining of the joints in the form of
e ekt of I:"ﬁml:mn in th.e f|~:r|r|ts called gout or gouty arthritis. It usually affects
P of arthrit;g.tnTe'; Other joints (knees, wrists and fingers) may also be affected
improuing s jun.;'tion. 2 ?-I trEflt!'nenl:I of arthritis focuses on relieving symptoms alnd
e okl mlesring r::n?:sn:ss (pain killers), non-steroidal anti-inflammatory drugs

st leons amﬁciuljnim-m. urgery can also be performed in which the affected joint

.

Science, Tt'_icl'il:mli;:j'g ‘and Society

LR e _

Arthro i i

o Zﬁ'ﬂ::gj;:' :| s.u.rgerg that involves replacing a damaged, worn out or diseased joint

Shbough mostl joint. f\dults of any age can be considered for a knee replacement

it are carried out on people between the ages of 60 and 80. The mo ;;
on reason for knee replacement surgery is asteoarthritis. :
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+> A skeleton consists of a hard living substance, which provides a framework fu..
maintaining the body shape or support. ’
o> Human skeleton can be divided into two further types; the axial skeleton and the

oppendicular skeleton. .
> The axiol skeleton includes the skull, the vertebral column, and the ribs with sternum,

+> The appendicular skeleton consists of the pectoral girdle and the appendages (fore limbs),
> Human skeleton is made up of two types of materialsi.e. bones and cartilage.
+> Cartilage is much softer than bone. Itis also a form of connective tissue. - )
+> Joints are formed at the meeting point of two or more bones. They keep our bones
together by holding them with each other.
#> On the basis of the extent of movement allowed by the joints, they are cl-:fss'lﬁed into
. three categories immovable joints, slightly movable joints and freely movable joints.
+> There are three types of muscles in our body which are cardiac muscles which make up
our heart, smooth muscles are found in digestive, respiratory, circulatory and urinary
tract etc and skeletal muscles are found attached to the bones of the skeleton.
> The muscles in our body work in pairs. When one musclé of the pair contracts (shortens)
the other relaxes (elongates) to perform a coordinated movement known as the
antagonistic movement of muscles.
> Although bones are the hardest parts of our bedy,
system becomes weak and results in deformations.

however, sometimes our skeletal

NOT FOR SALEf==%

. Exercise |

A. Select the correct answer.
1. Which of these is a part of the appendicular skeleton?

a. Ribs b. Sternum ¢. Pectoral girdle R e Y G S
2. The joints between the skull bones are an example of:

a. Ball and socket joints b. Hinge joints

¢. Inmoveable joints d. Slightly moveable joints

Which type of joint is present between the vertebrae?

a. Fixed joint b. Slightly moveable joint

c. Ball-and-socket joint d.Hinge joint
4. Which of the following is not part of the axial skeleton

a. Sternum b. Vertebrae c. Leg bones d. Skull
5. Bones are stronger than cartilage due to the presence of: i

a. Collagen fibres b. Osteocytes c. Calcium phosphate d. Lacunae
6. The main protein in the matrix of cartilage is:
o. Collagen b. Osteo-nectin c. Keratin
7. Which connective tissue attaches two bones at a joint?
a. Ligament b. Tendon c. Cartilage
8. In which disease do the bones become weak and brittle?
b. Osteoarthritis

d. Vertebral column

d. Actin

d. Marrow

a. Osteoporaosis
c. Rheumatoid arthritis
9. The point where the muscle attaches to the fixed bone is called;
a. Tendon b. Ligament c. Insertion
10. Arthritis is defined as inflammation in:
" a.Bones b. Joints
Write short answers to the following questions.
Why are bones considered as dynamic structures?
What is the contribution of Vesalius in understanding the human skeleton?
Describe the function of three major types of joints and give an example of each.
How are different types of ‘arthritis caused?
Differentiate between a skeletal muscle’s origin and insertion.
State the functions of flexors and extensors.

d. Origin

c. Cortilage d. Muscles

B.
1
2,
3.
&,
5.
6.
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