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Iho rounded end of a bone is an avea of cartilago that
produces now bone tissue, Bone growth continuos until
the cartilage is roplaced by bone.

The replacement of cartilage with bone is a slow
orocoss that will not be comploto until you are about 20
vears old. Even as an adult, all of your cartilaj » will not be

roplaced by bone. What are some parts of your body that

romain cartilage? it
ho onds of  bono aro torn apart and

tho bono is oxposed

Skeletal Problems (Intarproting diag

to infoction.

A fracture is a break in a
bone, which may be partial or complete. You can see the
different kinds of fractures in Figure 20-7. Why do you
think a compound fracture is the most serious?

Fractures are common skeletal problems that usually

Have you ever fractured a bone?

result from injury. However, not all skeletal problems are
due to injury. Some problems of the skeletal system are
prosent at birth. Others develop as a result of disease. In
some cases, the cause of the problem is unknown.

Do you know anyone who has arthritis (ar-THRY'
Arthritis is a term used to describe a number of joint

problems. People with arthritis have inflamed joint
joints are painful and movement is limited in the affected i/
joints. In the most common form of arthritis, the cartilage (

between bones is destroyed and replaced with bone ; N p
deposits. People with severe cases of arthritis must have Simple N/
surgery so that their joints can be replaced / )/
Scoliosis (skoh-lee-OH-sis) is a disorder of the \
backbone. People with scoliosis have unusual curves in Oy
their backbones. Some children are born with scoliosis Compound
They usually wear a brace to correct the problem or they Figure 20-7 Compare the
have corrective surgery. Scoliosis also can be caused by breaks in a greenstick, simple,

disease or injury. " and compound fracture.

Think & Discuss SRR

4. What is the function of red bone marrow?
What type of movement does a hinge joint allow?

6. When does the process of forming bones begin? . backward and forward motlon 1 ohe

7. What are some symptoms of arthritis? 6. during the second and third month
3 | of ek R months
8. What kind of joints are found in your finger: 1 pment

| F e

oints (Classifying]

Red bone marrow produces blood.
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€Y Points

* The human body has three
different kinds of muscle tissue,
Which are needed for all types
of movement

Muscles move bone when they
contract. Muscles work in paire
to cause movement

* Muscular dystrophy is a serious
disease of the muscles

| After you read Section 20.3, |
The Muscular system, fist the

| three types of muscle tissye

Land their characteris tics. |

You may wish to on

phasizo th
endons and

Answers may includ
heart, the
(Inforrir

do parts such as the
stomach, and the pupil.

Figure 20-8 Compare the
appearance of skeletal (left),
smooth (middle), and cardiac
muscle tissues (right)

20-3 The Muscular

You have loarned that your bonos can move at jojyy,
However, without muscles your bones could 10t bg yggy
for movement. Your body is made up of more thap 600

muscles. Your musclos help you walk, run,

play bagghy
and breathe. Without muscles, your heart

would oy |,
and blood would not flow throughout your body, Yoy
could not even digest your food without muscl

ol

Skalotal musclo colls aro callod mugely

T 3 ibors, Musclo ibors aro rolativoly fo.
Types of Muscles [ Musclor tivoly Jong

colls that lio parallol to ono anotfer

The human body has three different kinds of muscly
tissue. Each kind of muscle tissue looks difforent and h
a different job in the body. You can see the three
muscle tissue in Figure 20.8
Look at the skeletal muscle in Figure 20-8. Skelotal
muscles are attached to the bones,
possible. At movable joints skelet
to bones by tendons. Tendons are
tissue.

You can make skeletal musclos move whenever you
want. Because you can control the movement of skeletal

muscles, skeletal muscles also are ¢ alled voluntary
‘muscles. What part of your body has muscles that are not

under your voluntary control?

Look at the smooth muscle in Figure 20-8. Smooth

muscle is found in the w.

s
kinds of

» and make movement
al muscles are attached
tough elastic bands of

alls of blood vessels, the stomach,
and other organs. Smooth muscles are involuntary
~muscles, An involuntary muscle is a muscle that you
cannot control. For example, You cannot make your
stomach muscles work harder to digest food.

Did you know that your he,
of the heart are made

art is a muscle? The walls

up of cardiac muscle, Cardiac

muse
pody
pran
or in

Mu

How
leng
must
cont
attac
mov.

i
cont
pust
benc
strai
strai
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x
mus
arm,
The
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musclos pump blood through the heart and the rest of the
body. The cells that make up cardiac muscle seem to
pranch and weave together. Is cardiac muscle voluntary

or involuntary muscle? How do you know?
Cordiag musclo is nvoluntary becau

Muscle Actions Bncept

How do muscles work? Muscle cells can change their
lengths. When a muscle does its job, the cells in the
muscle contract, or shorten. When a skeletal muscle
contracts, the muscle pulls on the bone to which it is
attached. Movement of the bone causes the body part to
move.

Because skeletal muscles move bones when they
contract, muscles can only pull bones. Muscles cannot
push. For example, the contraction of one muscle can
bend your arm. However, this same muscle cannot
straighten your arm. A different mus
straighten your arm. For this reason, muscles always work

le is needed to

in pairs.
The teamwork of muscle pairs can be seen in the

muscles of the upper arm. The two muscles in the upper
arm, the biceps and the triceps, are shown in Figure 20-9
The biceps is in the front of the arm. Bend your arm at
the elbow. You should feel the biceps contract. The job of
the biceps is to bend the arm at the elbow. You probably
have heard people say, “Flex your muscles.” A muscle
that bends a joint is called a flexor. The triceps is in the
back of the arm. The triceps’ job is to straighten the arm
A muscle that straightens a joint is called an extensor.

@ In Figure 20-9, you should notice that the biceps and

tr
When one of the muscles
must relax so that movement can occur What kind of

ceps are attached to opposite sides of the same bone.

contracts, the other muscle

joint allows the arm to bend at the elbow? ¢

Muscle Problems
Have vou ever had a charley horse or a muscle cramp? Do
vour muscles ever get sore after you exercise? A charley
horse is caused by a bruise and tears in a muscle, which
bleeding from small blood vessels. A muscle cramp
occurs when muscles contract suddenly and strongly. Sore

re caused by small tears in muscles. Usually,

cause

wscles a

Triceps relaxed

Biceps contracted

Figure 20-9  The biceps
and triceps muscles work
together to move your arm.

Health and Safety Tip
When lifting heavy objects,
you should squat and use .

your leg muscles, not
back muscles, =’

Support and Movement 353
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vou got sore musclos aftor you use musclos that have not

hoon oxorcised for awhilo. How can you avoid soro

<rainod musclos or muscle cramps during stronuous

You should always romomber to do warm-up

Dofore you begin.
scular dystrophy (DIS-truh-foe) is a disoase of the
1

skelotal musclos in which the muss gradually are

ability to contract,

skolotal muscle losos it

which may causo tho arms and logs to become useloss

dostroyed. The

Somo forms of muscular dystrophy are inherited, or
passed from parent to ¢ hild. The cause of muscular
dystrophy is not known « i

T'hink & Discuss
. What is the

10. What does an extensor mus

unction of tendons?

o do?
11. How do skeletal mus

Jlos move bones? |

12. What causes sore musc

% | 13. Why do you think cardiac
number of mitochondria?

le has a large

Did vou know that the skin is the largest organ of the
human body? You know that the outside of your body is
covered by skin. However,

skin also covers most of the

organs inside your body.

The Outer Layer

Rub your hands together. You just wiped hundreds, or
Is from your hands!

perhaps thousands, of dead skin ce
These dead skin cells form the outer layer of the skin. This
mis (ep-uh-DUR-mis)

layer of skin is called the epide
The main function of the skin is to support and protect
the body. The dead skin cells of the epidermis form a
waterproof shield for the body. The epidermis also protects
the body from invading germs. Each day, you lose millions
of cells from the epidermis. Dead skin ¢ s
eplaced by the living ¢ ells beneath them.

re constantly

9. Tondons attach muscles to bones.

10, straightons a joint

Key Points

o Skin is made up of two layers
called the dermis and
epidermis

The epidermis protects the
body from germs and helps
control water loss.

The dermis contains nerves,
blood vessels, hair follicles, oil
glands, and sweat glands

Health and Safety Tip
Skin cancer can result from
being in the sun too long.
You should avoid too much
exposure to the sun.

Support and Movement 355
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20-1 The Skeletal System

Key Point

is made up mostly of bon,
* Bones and cartilage protect and Your skeletal system is p y
support the body, and work

e. Bong isq
With muscles for movement

very hard tissue, which is also a little flexible, Your
skeleton also contains cartilage (KART-ul-ij). Cartilage isq
tough, flexible tissue. Your ears and the end of your ngg,
contain cartilage. If you move your ears with your hang,
you can feel how tough, but elastic, cartilage is, The engs

You may wish to

; show students the

of some bones also contain cartilage. The cartilage Tote
s utien bune the ends of bones from rubbing against each other. If yo

want to see cartilage on the end of bones, look at the ends
of a chicken bone.

Figure 20-1 Scientific
names of the parts of the

skeletal system are in
parentheses.

Shoulder blade

(Mandible)
Canuls) Collar bone
Upper arm bone (Clavicle)
oy Breastbone
Rib (Sternum)
Backbone
- // (Vertebrae)
um L
Pelvic AT

bones | Sacrum

A Ulna
Gz bones
Ischium !@," /& Radius | LOWer arm

7y
K
a Wrist bones
Thigh bone - (Carpals)
(Femur) S Finger bones
(Phalanges)
Kneecap

(Patella) >4
Leg [ Tibia L
bones Iripyia / “

a2V

Ankle by

2 e bors

D Toe bones
(Phalanges)

oA i S
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A The human skeleton s dividad into two maln parts

T Figare 2041, find the skull, vib gag

o0, and backbono
Ihacskull vib cage, and backbone make up the axial
(ANwsoo-uhl) skeleton, Notico that the backbone is made

ap ot small hones callad vertabras (VUR-tuh-bray), Run
vour hand along your backbene, Bach bump you feel is a
vortohra, Now find the hones of the shoulder, hip, pelvis,

and logs, All of these banes make up the
appendioular (ap-uhn-DIKsyuh-luhr) skeloton, Look up
the word "appendage” in the Glossary to find out how
this part of the skeloton gots its name.

and arm

What are the functions of your skelotal system? The
Kolotal systom has

oral important jobs.

® The skeleton supports your body and glves it shape.

¢ The skeloton covers and protects certain body organs.
For example, your skull protects your brain,

® Many bones of the skeleton work with muscles to
make movement possible.

make blood cells

store minerals such as calcium and

® Some bone

® The bones

phosphorous that the body needs

I'hink & Discuss

1. What bones make up the axial skeleton?

2. What are three functions of the skeletal system?
3. Discs of cartilage are found between the vertebrae.

20-2 Bones
e
od the bones that make up your skeleton, you

If you count

would count 206 bones. Some of your bones are like long
Other bones are short and flat. Some bones, such as
in your ear that help you hear, are very

are the smallest bones in your

your femur, or thigh bone, are

tubes.
the three bones
mall, These three bones
such as
the femur is the largest bone in your

Other bones
In fact

body
quite large

body

Refer to Figure 20-1 on page
344 as you read about the
axial and appendicular
skeletons.

16 passible, obtain o modal of the
skalaton, Point out to studonts the
difforont bones and joints of the skeletal

1. skull, rib
2, Answors mi

backbone

upport

production of
Is

rubbing

ST WA S T TS

Key Points

© Bone replaces cartilage during
bone formation.

* Arthritis and scoliosis are two
problems of the skeletal
system.

Support and Movement 345
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The word “osteum’ is from

the Greek worq “o;

steon’”
meaning “hope, What d
think the prefiy “peri- e
means? Look in the dictionary
to check your answer,

btain a |
0o from
1

Red bone marrow prod
cells and most of t
Yellow marrow makes som
white blood cells.

of the

Figure 20-2 Compact
bone (left) is made up of
living bone cells. Find the
compact bone in the diagram
(right).

346 Human Biology

Structure of Bones

Although bones have different shapes, they aj] hav,
similar structure. Bones are unusual because they :,.a
made up of both living and nonliving materia], Lnoke
Figure 20-2 as you read about the structure of 5 bone, g

A bone is covered with a thin, tou; i I
the periosteum (per-i-AS-tee-um). The periosteum ha: g
many blood vessels that supply bone cells witl
What does the blood do? It supplies living bone cells with

and

The hardest part of a bone is
This dense part of a bone is called . Compagy
bone is made up of living bone cells, tough protein fibers,
and mineral deposits. Galcium is the mineral that makes
bone hard and gives bone its strength. Calcium in your
diet helps keep your bones strong and hard. To get enough
calcium in your diet, you should eat calcium-rich foods
such as‘nd‘

The ends of bones are made up of spongy bone. You
can see that spongy bone has many spaces, like
The structure of spongy bone adds strength to bone
without adding much ‘weight. Strong, lightweight bones
are important because your bones need to be strong
enough to support your body weight, but light enough so
that you can move easily.
A The spaces in spongy bone are filled with bone
‘marrow. Bone marrow is a soft tissue that is either red or
yellow in color. Spongy bone contains red marrow. Why is
red marrow important? s are made in red
marrow. contains
yellow marrow. Yellow marrow is made up mostly (‘

~ cells. If you break a chicken bone in half, you can see the

yellow marrow inside the bone.

Periosteum Red marrow

Shaft Blood vessels

Compact bone
Yellow marrow

Spongy bone
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Kin
Figure 20-3 This femur
(e |l) I broken below the Hir
oint. Ligame i
Eon gt 0 lon e
bot
. Al
Joints in ¢
1£ you havo evor broken a bone, you know that bones do 5
| mot bend. How then, does the skeleton make movement
‘ _Amtr yaul,(ead about the ‘ possible? Movement can occur only where bones meet, 'B':
joints, m: The place o] i g
‘ ol /«mfisea?,gﬂilf,fg'g the IhLY{:{;u[.‘(], lt:,/l;;ri(“\,:z‘(:;nori‘ p‘m}:eidmem is called a joint, “)m
Sreastidy | ay be oring what holds your bones /
l together. Somo of your bones are connected directly to o
T each other. However, most bones are connected to sach Jor
other by bands of tough tissue. These bands are called up)
ligaments (LIG-uh-muhnts). When bones move at joints, L
| your ligaments are stretched. Have you ever had a b
| sprained ankle? You sprain your ankle when the ligaments k2

| connecting the bones of the ankle are stretched too far,
) sprain acurs, (Rolating causo What do you think happens when a ligament is torn?
foct) The human skeleton hat

A sove
and

ixed joints do not move at all.

Partially movable joints

\
| . :
Fixed joints {
Ribs “‘

Figure 20-4 Fixed joints \
connect the bones of the
skull. Partially movable joints )
connect the ribs to the e i
sternum. 3
348 Human Biology |

-
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; ik

Fhoy aro found in bonos that are joined together, For
axamplo, the joints in your skull are fixod joints, Partially
movablo joints allow only a little movement, The joints
whore your ribs join your stornum, or broasthone, move a
littlo whon you broathe in and out, Movable joints permit
movement in one or more directions, There are several
Kinds of movable joints

Hinge Joints

Bond your arm at the elbow or your leg at the knee: In
both of the
\ hingo joint allows bones to move backward and forward

places of your body, you have a hinge joint

in only one direction. How is a hinge joint similar to the

hinge on a door?

Ball-and-Socket Joints

I'hink about a baseball pitcher winding up for a pitch. The
pitcher's movements show the wide range of movement
that a ball-and-socket joint permits. Ball-and-socket

joints connect your upper arm Lo your shoulder and your

upper leg to your pelvis. The ball-and-socket joints in
these places permit movement in all directions, Ball-and- Figure 20-5 Locate the
socket joints allow the widest range of movement of any four kinds of movable joints in

kind of joint the pitcher's body.
o

v

Ball-and-socket joint

W

Hinge joint

Gliding joint s
Support and Movement 349
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Nod your head. Turn your head from side

I
backbone is a pivotal joint, A pivotal joint al
sido-to-sido and up-and-down movements,

‘Gliding Joints

Tty moving your wr

directions. 8
~other. What other parts of your body c:

have gliding joints? ankio, vertebrae (Classfying)

Formation of Bones

Do you think that you always h,
bone? As a developing baby, your skeleton wa
mostly of cartilage
The process of bone formation is called months of de
ossification. this proce:

cartilage was replaced by bone.

How tall were you when you were three years old?
| How tall are you now? Even if you do not know the exact
heights, you know that you have grown since you were a

small child. This growth took place because ne

tissue was produced in the rounded ends of your bones.

Figure 20-6 Notice the
difference in the hand bones
of a child (left), teenager
(middle), and adult (right).

350 Human Biology

to side, Ty,

tin as many ways as you ¢,
gliding joint in your wist allows some movement jn all

an you name thay

ad a skeleton made of

- However, during the second and third
velopment, your bones began to form. During
 bone cells replaced cartilage and calcium
compounds were deposited. Eventually, most of the

Th
pro
the

lows both
rC
Je
ref
rer

The

s made up

w bone




