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You Can’t Move 
Without a Skeleton

Your Skeleton Has Several Jobs

A Skeleton Gives Your Body a Shape

More than 200 bones connect inside your body to form your 

skeleton. You need your skeleton more than you probably 

think you do. What would life be like without it? If you didn’t 

have a skeleton, you would be just a puddle of skin and other 

body parts piled on the floor. You couldn’t stand or hold your 

head up, let alone move!

Like the steel beams that keep up a tall building, your skel-

eton is the structure that the rest of your body is built around. 

Your skeleton gives your body a shape, something to hang 

everything else on. Your bones, which hold up the rest of your 

body, are stronger than wood, concrete, or even steel. They 

need to be that strong because they support your body when 

you move.

�
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A Skeleton Protects Your Body

Challenge
Name three organs, 

besides your brain, 

that your skeleton 

protects.

Think about your skull. Just like a helmet, it protects your 

brain. If you fall and hit your head, it might hurt, but your 

brain is safe inside and will usually be okay. Your skull and the 

rest of your skeleton are like “armor.” They keep your brain 

and the other organs in your body safe.

The Human Skeleton

Human Body Facts
• An adult’s body has 

about 206 bones. 

But a baby has 

as many as 270. 

As you get older, 

some bones grow 

together, so two 

bones become one.

• Babies’ and tod-

dlers’ bones are 

softer than older 

kids’ and adults’. 

So—when toddlers 

fall—their bones 

are likely to bend 

instead of break.

People Doing 
 Science

Many of the names we 

use for bones today 

were first used more 

than 1800 years ago 

by a Roman scientist 

named Galen.

skull

maxilla

mandible

clavicle 
(collarbone)

vertebra

scapula
(shoulder blade)

humerus
rib

vertebra

radius

ulna

femur

tibia

fibula

tarsals metatarsals

phalanges

phalanges

patella 
(knee cap)

pelvis

sacrum

carpals
metacarpals
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How Does a Skeleton Move?

If bones are hard and don’t bend, how can a skeleton move? 

Your skeleton can only move where two bones come together.

Joints—Where Bones Meet

Human Body Fact
Do you know some-

one who’s “double-

jointed”? They really 

aren’t. People who 

are double-jointed 

have ligaments that 

stretch more than 

other people’s. They 

can move in ways that 

most people can’t. 

This makes it seem like 

they have extra joints.

The point where two or more bones meet is called a joint. 

Joints that cannot move, like most of those in the skull, are 

called fixed joints.

How is your skeleton held together?
Word Connection
The word ligament 

comes from the Latin 

word, “ligamentum,” 

which means a band 

or tie.

Bones that move are held in place by bands called ligaments 

(LIG-uh-muhnts). Ligaments hold your bones in place, but they 

are slightly stretchy—so you can move.
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Joints that allow you to move, like those in your knees, are 

called moveable joints.

Femur

Patella

Tibia

Ligament

Ligament

Ligament
Ligament

Some joints allow a lot of movement and some just a little. 

Your body has many different kinds of joints. You’ll be looking 

at three kinds of moveable joints in science class.

Hinge joints, like those at your knees and elbows, allow your 

arms and legs to swing back and forth like a hinged door.
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Human Body Facts
• Just like you oil the hinges of a door so the parts don’t scrape against each other 

and squeak, your joints are oiled with a slippery, oily substance (called synovial 

fluid) that keeps the bones from grinding against each other.

• Have you ever heard someone crack their knuckles? They’re not really cracking 

their bones against each other. When they pull their bones apart, air bubbles  

form and then burst—which makes that weird popping noise!

Pivot joints allow bones to rotate from side to side—like an 

office swivel chair. You can brush dirt off your clothing with 

your hand thanks to your wrist’s pivot joint. And you can 

shake your head back and forth to say “No” because of your 

neck’s pivot joint.

T Think About It!
Try moving different parts 

of your body, like your 

arm at the elbow or shoul-

der, your ankle, or your 

head and neck. As you 

move, think about what 

kind of movement each 

joint allows. What kind  

of joint is moving in  

each of these places?

Ball-and-socket joints, like those in your shoulders and  

hips, allow you to swing your arms and legs in almost any 

direction.
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Your Body in Motion—An Owner’s Guide

You’ve got to have smoothly working joints to move freely. But 

joints are easy to injure. Here are ten ways you can be good to 

your joints.

1. Move! When you don’t use your joints, they can become 

stiff and weak. Change positions often if you have to sit for a 

long time.

2. Stretch. Hold gentle stretches for 30–40 seconds. Don’t 

bounce when you stretch.

3. Wear elbow pads, knee pads, and other gear that protects 

your joints when you play sports.

4. Don’t overdo it. Using the same joint over and over can put 

stress on it. When you’re doing the same activity again and 

again, take a five minute break every 30 minutes of activity.

5. Keep a healthy weight. Walking or running with just one 

extra pound on your body can put four extra pounds of 

force on your knees.

6. Don’t slouch. Sit up straight and keep both feet flat on the 

floor. This will help you develop good posture, and will pro-

tect the joints of your neck and back.

7. Think twice before wearing shoes that could hurt your feet. 

Women who wear shoes with high heels often develop prob-

lems with their feet. There are lots of great-looking shoes 

that are also good for your feet. Shoes that cushion and 

 support your feet, like running shoes, are best.
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8. Eat smart for your bones. Calcium-rich foods such as milk, 

yogurt, broccoli, spinach, tofu, cheese, and salmon help 

keep your bones strong.

9. Be careful when you lift heavy things. Bend your knees when 

you pick stuff up and balance loads so that your largest and 

strongest joints (your shoulders, elbows, hips, and knees) 

are supporting most of the weight. Carry loads close to your 

body—backpacks are great for this.

Backpack Tip
• Always wear the 

straps of your 

 backpack over  

both shoulders.

• Keep the weight 

you carry in your 

backpack to  

10% of your body 

weight. (If you 

weigh 100 pounds, 

you shouldn’t be 

carrying more than 

10 pounds in your 

backpack.)

10. Protect your lungs as well as your joints. Say “No” to  

smoking! Smoking can make your bones thinner. Thin bones 

break more easily than normal bones. Don’t let this happen 

to you.
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Science Inventions—Artificial Joints

Sometimes people’s joints wear out, or stop working well. This can 

happen as people get older or as a result of injuries. In the past, 

when this happened, people were just plain out of luck—forced to 

live with the pain or unable to walk.

Now, doctors can actually replace worn-out or damaged joints 

with new joints made of metal and plastic. The most common 

joint to be replaced is the hip joint. Arthritis, a condition that can 

damage the joints in older people, is a major cause. Another joint 

that often gets repaired or replaced is the knee joint, which people 

sometimes injure when they ski or do other sports.

The artificial hip joint in the hip on the left side is easy to see in this x-ray. Can you see 
how this joint looks like a ball resting in a socket?
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Muscles Move Bones

Your Moving Team—
Bones, Joints and Muscles

Human Body Facts
You have more  

than 630 muscles in 

your body. 

You’re able to move because many parts of your body work 

together. Your bones support your body parts as they move. 

Your joints—the points where two or more bones meet—make 

it possible for your bones to move. But you also need another 

member of the team—your muscles.

�
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Muscles Pull Bones

Every bone in your body that moves has muscles attached to 

it. Muscles are attached to bones by rope-like structures, called 

tendons. Unlike ligaments, tendons are not stretchy.

Human Body Fact
When you shiver,  

it’s actually your 

muscles contract-

ing very fast (up to 

20 times per second). 

When your teeth  

chatter, it’s because 

your jaw muscle is 

shivering. Shivering 

is your body’s way of 

getting you mov-

ing to warm you up 

when your body gets 

too cold.

Your muscles are different than other parts of your body in one 

very special way. They are able to shorten, or contract. When 

the muscles attached to a bone contract, they pull on the 

bone, causing it to move.

I Try This!
Observe a muscle contraction. Bend your arm to see how your upper arm muscle, called 

the biceps, becomes shorter and thicker. You may also be able to see or feel the tendons 

that attach these muscles to your elbow joint. They feel like thin, tightly stretched ropes 

in the inside of your elbow.

Muscles Don’t Push!

Muscles only work one way—they pull on bones by getting 

shorter. But they cannot push the bones back. When a muscle 

stops contracting, it relaxes and stretches out. It becomes lon-

ger and thinner, and stops pulling on the bone.

If muscles can only pull bones in one direction, how does your 

lower arm move back and forth? Here’s how: One muscle pulls 

the bone in one direction, and a second muscle pulls it back  

in the other direction. Many muscles work in pairs. These 

 muscle pairs are called antagonistic muscles.

Word Connection
An antagonist in a 

story is someone who 

works against some-

one else. Antago-

nistic muscles work 

against each other, 

though in a useful way 

that makes it possible 

to move our limbs.
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People Doing Science

Leonardo da Vinci (1452–1519), one of the world’s most  

famous artists, also helped people’s understanding of  

science grow.

He was one of the first artists to ever focus on the inside of the 

body as well as the outside.

He used these drawings to help him understand how to draw 

humans realistically. But they also helped scientists and doctors 

understand the human body and how it works.

You can see some of da Vinci’s drawings of the human body  

on the web site of the Institute and Museum of the History  

of Science in Florence, Italy (Istituto e Museo di Storia della  

Scienza).

Andreas Vesalius (1514–1564), a doctor, wrote the first book 

that accurately described the human body. Vesalius succeeded 

where others had failed because he dissected (cut open and took 

apart) the bodies of people who had died—so he could really see 

what was inside. His book was also better because it was printed 

on a printing press, rather than handwritten. This meant that the 

drawings were just as accurate in every copy of the book. When 

books were handwritten, artists copied and re-drew the pictures 

for each new copy of the book.
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How Muscles Work in Pairs—Moving Your Arm

The muscles that move the bones of your arm are paired mus-

cles. Here’s how they work together so you can bend your arm 

back and forth.

 When you bend your arm,
your biceps muscle contracts.

 It pulls on the radius bone 
of your lower arm…

 …and stretches out the muscle at 
the back of your arm, the triceps.

 The biceps lifts your lower arm up 
towards your shoulder to bend your arm.

Human Body Facts
• For many movements, several muscles must work together.

• It takes 72 muscles (including muscles in your face, mouth, jaw, and tongue) to 

say one word.

• It takes 200 muscles (including muscles in your legs, buttocks, feet, and back) to 

take a single step.

        
     

   
 

     
   

   
  

  
     

  

           

             

             

           



��Muscles Move Bones

      

           

            

  

     
   

       
   

       
      

        
      

  
        

               

  

               

   

 The triceps pulls on the other bone 
in your lower arm, the ulna,…

 …stretching out 
your biceps…

 …and pulling your arm 
down to straighten it.

 When you 
straighten your 
arm, your 
biceps relaxes… …and your triceps contracts.

People Doing Science

Erasistratus, a doctor and teacher who lived more than 2000 years 

ago, was the first to write that muscles contracted and pulled on bones 

to move them. Like many scientists of his time, he thought that spirits 

that flowed through the nerves and blood vessels caused this to happen.
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Your Body in Motion—An Owner’s Guide

Take Care of Your Muscles and They’ll Take Care of You

What do your muscles need so you can stay active and healthy? 

Here are some things you can do to take care of your muscles.

1. Work those muscles. Have you ever ridden a bike up a steep 

hill? The first day you try it, you may have to get off part 

way and walk. But, if you do it every day, you’ll find that 

each day you can ride a little farther up the hill. The more 

you use your muscles, the stronger they’ll get.

2. Stretch. Gentle stretches can help relax tight muscles and pre-

vent injuries. Hold a stretch for 30 seconds or more and don’t 

bounce when you stretch. Stretching after sports and other 

physical activities is one of the best ways to prevent injuries.

3. Eat foods with lots of protein—your muscles need it to work 

properly. Meat, tofu, beans, peanut butter, eggs, and dairy 

products are all good sources of protein.

4. Wear the right shoes when you play sports. For some activi-

ties, like hiking or playing basketball, high-top shoes with 

good ankle support can prevent twisted ankles.

Muscle Injuries

Almost everyone injures their muscles, tendons, or ligaments at 

some time. Most of these injuries are not serious and will heal with 

a little bit of time and care. Here are some common injuries:

• A sprain happens when a ligament is stretched too far. 

Sprains can range from overstretching to a rip of the liga-

ment. A “twisted ankle” is a sprain that occurs when the 

ligaments on the outside of your ankle are stretched too far.
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• A strain is similar to a sprain, but it happens when a muscle or 

tendon, instead of a ligament, is stretched too much or torn.

• Tendonitis occurs when you “overdo” an activity, repeat-

ing it over and over again.

The initials RICE can help you remember the treatment for sprains 

and some other injuries:

Rest  Stay off your injury as much as possible.

Ice  For the first two to three days, apply ice to 

the injured area for 20 minutes at a time.

Compression  This means pressure. A bandage wrapped 

around the injured joint so it’s snug (but 

not too tight!) will support it and keep you 

from stressing it again.

Elevation  Keep the injured part of your body ele-

vated, or raised, to prevent too much 

blood from flowing to it. This will limit 

how much it swells.

For a really bad sprain or strain, you may need to see a doctor.
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Directing Your Muscles—
The Nervous System

How Your Nervous System Works

You see a mouth-watering choco-

late chip cookie. It smells so good! 

How do you control the muscles of 

your hands and arms so that you 

can grab that cookie and get it to 

your mouth? How do you get your 

jaw to move so you can devour 

it? To grab a cookie and eat it—or 

make any other movement—you 

need your nervous system.

The nervous system includes the 

brain, spinal cord, and a huge 

network of nerves that extend 

throughout your body.

�
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Your Brain—Command Central

Human Body Fact
Your brain is only 

about 1⁄50th of your 

body weight. But it 

gets about 1⁄5th of your 

body’s blood supply.

Your brain is the control center for your body. It gets informa-

tion (sent through your nerves) about what’s going on inside 

and outside your body. It uses this information to make deci-

sions that keep your body running as it should.

Once it makes a decision, your brain sends out instructions 

to the body parts that will carry it out. Remember the cookie? 

You see it. Your brain gets information about its yummy smell. 

Your brain also gets information that you’re hungry. So your 

brain sends out instructions to the muscles in your arm and 

hand so you can grab it!

Your Senses—Providing Information

Your brain gets most of its information from your five senses: 

sight, smell, hearing, touch, and taste. For example, the first 

information your brain receives about that freshly baked 

cookie might be about its smell or the way it looks. Later, if 

you’re lucky, your brain might get information about how it 

tastes.
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Each of your senses gives you important information. For 

example:

• Your sense of sight might let you see that a car is 

approaching so you can get out of the way. Or it  

might guide you as you use a tweezers to pull out a  

splinter.

• Your sense of smell helps you recognize when something 

is burning.

• Through your sense of hearing, you know when a fire 

alarm is ringing or a baby is crying.

• Your sense of touch lets you know when bathwater is  

hot or when a bug is crawling up your leg!

• And your sense of taste lets you enjoy your favor-

ite meal.

Human Body Facts
• Humans tend to 

depend most on 

our sense of sight. 

For many animals, 

their sense of smell 

is more important 

than their sense of 

sight.

• With your sense 

of smell, you can 

tell the difference 

between thousands 

of different odors.

• Pain is your body’s 

way of protecting 

itself, through your 

sense of touch. 

When you feel pain, 

you get the message 

to stop doing some-

thing that hurts.
Your Nerves—Sending the Messages

A network of nerves goes from your brain to all parts of your 

body. Information travels all over that network, from your 

senses to your brain and back to your body parts, including 

your muscles. Your nerves send messages to and from your 

brain at incredibly fast speeds. Once your brain decides what 

to do, it sends messages back to your muscles through your 

nerves.

This network is constantly sending messages to keep you safe 

and healthy and get you where you want to go.
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Your Spinal Cord—The Main Pathway 
Messages Travel On

Your spinal cord is the main pathway to and from your brain. 

Nerves going to the brain, and nerves going away from the 

brain, are part of it. Nerves from your arms, legs, and other 

parts of your body send messages through it. All the nerves 

that meet here are bundled together as one large, rope-like 

“cord” that goes up and down your back inside your spine.

If the nerves that make up the spinal cord are severely dam-

aged, your brain cannot receive or send information. Fortu-

nately, your spinal cord is protected by a part of your skeleton 

known as the vertebral column, or spinal column. This pro-

tection is limited, though. Diving accidents and serious falls, 

among other things, can damage the spinal cord. When some-

one injures their spinal cord, they can become partly or com-

pletely paralyzed, meaning they cannot move certain parts of 

their body. The muscles of the arms and legs are fine but, with-

out the message to “move” from the brain, they can’t move 

the body’s limbs.

I Try This!
Feel the individual verte-

brae that make up your 

vertebral column. Think 

about how they protect 

your nerves but still allow 

you to bend your back.

How Do All the Parts of Your Nervous 
System Work Together?

What does the brain do with the information it receives about 

a cookie? That part depends on a lot of different things. Are 

you hungry? Have you eaten dinner yet? Is it the last cookie? 

Is the cookie yours or does it belong to someone else? Your 

brain considers all this information.

If you decide to eat the cookie, your brain sends out messages 

down the spinal cord to the muscles of your arm and hand. 
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These messages “tell” the muscles to contract. This moves the 

bones in your arm so you can grab the cookie and put it in 

your mouth. Yum!

T Think About It!
Look at the spinal cord in 

this picture. What parts 

of your body would you 

be unable to move if your 

spinal cord was damaged 

at the neck? What if it was 

cut below the chest?
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Reaction Time

In science class you tested your reaction time—the time it 

takes for you to react to something. You saw how your senses, 

brain, and muscles all worked together to help you catch a 

ruler that was dropped between your fingers.

Here’s what took place between the time the ruler was dropped 

and the time you caught it:

 Your eyes saw the 
ruler being dropped.

 They sent a message to your 
brain. Then your brain made a 
decision to grab the ruler.

 Your brain sent a message 
to your hand muscles, 
through your nerves, 
“telling” them to contract 
and pull on your bones.

 Your bones 
moved to 
grab the 
ruler.
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Having quick reaction times can keep you safe from harm. For 

example, reacting quickly can help you avoid hitting some-

thing by swerving (turning sharply) on your bike.

Quick reaction times can also help you when you play sports. 

Have you ever moved quickly to stop someone from making a 

goal, caught a ball someone threw suddenly, or blocked  

a kick?

Health Connection
Alcohol, certain drugs, and lack of sleep can increase reaction times, so it takes 

longer to respond to dangerous situations. In some cases, this can be a matter of life 

and death—when someone is driving a car, for instance.
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Moving Without Thinking 
About It—Reflexes

Sometimes information from your senses reaches the spinal 

cord and causes an almost instant response in your muscles—

before you even know what has happened. These messages 

don’t go to your brain. They travel straight from your senses  

to your spinal cord and back out to your muscles.

Human Body Fact
Babies can’t make many controlled movements, but they have lots of reflexes. For 

example, if you touch a baby’s cheek, they will automatically turn their head to the 

side. Scientists believe they do this to search for food. These reflexes disappear as 

babies grow and are able to control their movements.

These automatic responses—called reflexes—protect your 

body from harm. For example, if you touch a hot stove, you’re 

likely to remove your hand before your brain is even aware 

of what has happened. Since the response happens without 

a decision by the brain, it can happen very quickly. Speed is 

important, since the longer your hand remains on the stove, 

the more likely your skin is to be burned.

T Think About It!
Did you know that the size of your pupils gets smaller when the amount of light in a 

room increases? Why do you think this happens? Is this something you think about or 

does it happen automatically?
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Diseases and Other Problems of 
the Nervous System

Many people have diseases and conditions that affect their 

nerves and muscles. Think about how much harder it might 

be to do some of your daily activities if you had one of these 

diseases.

Muscular dystrophy is a group of inherited (passed on from 

your parents) diseases. Over time, this disease weakens a per-

son’s voluntary muscles—the muscles you can control. In one 

form of muscular dystrophy called Duchenne’s muscular dys-

trophy, people don’t have enough of a substance that muscles 

need (called dystrophin). Sometimes they don’t have any dystro-

phin at all in their body. Without it, a person’s muscles become 

weaker and weaker. First, the muscles in the arms, legs, and 

trunk weaken. Later, a person’s heart and “breathing” muscles 

are affected. Duchenne’s muscular dystrophy, or DMD, begins 

in young children (usually boys) ages two to six. It is rare for 

someone with DMD to survive beyond their early 30s.

ALS (Lou Gehrig’s Disease) is a disease that weakens a 

person’s muscles until they no longer work. ALS slowly dam-

ages the nerves that control muscles. Over time, as the nerves 

are destroyed, the muscles they control become weaker and 

weaker. Eventually, the muscles become paralyzed, making it 

impossible to walk, talk, swallow, and eventually breathe. Peo-

ple with ALS usually only live three to five years after they find 

out they have it. In most cases, the cause of ALS is unknown.

Health 
 Connection

You cannot catch these 

diseases. Show how 

much you know about 

nerves and muscles 

by explaining this to 

anyone who thinks 

otherwise.

Parkinson’s disease is a brain disorder that leads to uncon-

trolled shaking and other movement problems. It occurs when 

the part of the brain involved in voluntary movement—move-

ments you control—doesn’t work properly. Normally, this part 

of the brain produces a substance called dopamine that helps 



Chapter ���

your muscles move smoothly. People who don’t have dopamine 

can have tremors (shaking), stiffness, poor balance, and a shuf-

fling walk. This makes it hard to do daily activities such as eat-

ing, writing, and talking. People don’t usually get Parkinson’s 

disease until they are at least 65 years old.

Cerebral palsy is a chronic (life-long) condition that occurs 

when the parts of an infant’s brain that control movement are 

permanently damaged, either before or soon after birth. Chil-

dren with cerebral palsy are often unable to sit, stand, walk, 

talk, write, eat, or play like other children.

People Doing Science

Stephen Hawking is a scientist who has studied many things. 

He is best known for his theories (ideas) about how the universe 

began. He has been called the most brilliant scientist since Albert 

Einstein.

Hawking has lived with ALS for over thirty years. He cannot move 

much of his body and cannot even speak (his vocal cords were 

damaged in an operation). In fact, he can only use two fingers in 

his right hand. Still, he has written a best-selling book and gives 

sold-out lectures. How does he do it? He “talks” through a com-

puter “communicator” on his wheelchair. He presses a switch to 

choose words from lists and make sentences. Then the computer 

turns these words into speech, so Hawking can give lectures, share 

his research, and “talk” with his family and friends.
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What’s Inside Your Body?

How Your Body Is Organized

Your body is an amazing living “machine.” While most 

machines are designed to do just one thing well, your body 

does lots of jobs—taking in the food you eat, moving you from 

place to place, and hundreds of other things. Not only that, 

most of the time when your body “breaks down” (when you 

get sick or hurt), it fixes itself. Just how does your body do all 

these different things?

�
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Cells—The Building Blocks of the Body

Word Connection
organism—any living 

thing, including plants, 

animals, and bacteria.

Every living thing is made up of tiny working units, called 

cells. Cells work to keep an organism alive and healthy. Some 

organisms, such as bacteria, are made up of only one cell.  

This one cell does all the jobs needed to keep the organism 

alive—bringing in oxygen, water and food and removing 

waste.Math Challenge
How much is a trillion?

A trillion is a thousand 

billion, written as a 

one with 12 zeros: 

1,000,000,000,000

A single cell cannot do all the work needed to keep a human 

being alive and healthy. A human body is made up of trillions 

of cells. Each of these cells is like a tiny machine within the 

larger machine of your body, working all the time to keep you 

alive and well.

There are many different types of cells in your body, and 

each type has its own job. Some protect you from disease; 

others allow you to move. Some clean the air you breathe, 

while others help you see. The way each type of cell is put 

together—its size, shape, and structure—makes it perfect for 

doing its job.

Human Body Facts
• Even humans start out as a single cell that divides in half, divides again, and keeps 

dividing. By the time a baby is born, its body is made up of millions of cells.

• When you’re a kid, your body is constantly making new cells. In adults, some 

cells—like skin cells—continue to be replaced. But others—muscle cells, for 

example—are not replaced.

Two types of cells in the human body are shown on the next 

two pages. As you read about them, think about how the spe-

cial abilities of each of these types of cells allow them to do 

their job.
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A Closer Look at Two Kinds of Cells

Word Connection
The word “macro-

phage” is Greek for 

“big eat.”

Throughout your body, a special type of white blood cell 

(called a macrophage) is “on patrol” looking for germs to 

destroy. These cells can wrap around an “invader,” pull the 

invader inside, and break it down into harmless pieces.

In this picture, the macrophage (in blue) is wrapping around a bacterium (in red). 
Bacterium is the singular form (when you’re talking about just one) of bacteria. This 
picture, taken with an electron microscope, was originally black-and-white. Afterwards, 
scientists colored the cells to make them easier to see.
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Nerve cells (also known as neurons) are very special cells that 

messages can travel through. The “tentacles” at their ends 

connect with many other nerve cells to send and receive the 

messages. The ends don’t actually touch other cells, but they 

are close enough that chemicals can travel between them. 

These chemicals work like messages.

  
This photograph shows some nerve cells, or neurons, found in the brain.  
The drawing to the left of it shows what a single nerve cell looks like.
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Cells Combine to Make Tissues

As you know, a single cell by itself cannot perform the many 

big jobs that keep a human body running smoothly. Fortu-

nately, your body is organized in a way that allows each cell 

to do its part by combining its actions with other cells.

To get big jobs done, your cells are arranged into larger work-

ing units called tissues. Some tissues are made up of only one 

type of cell; others are made up of several types. The things 

each tissue can do are determined by its cells.

Your body is made up of four basic types of tissue:

• Muscle tissue

• Skin tissue, also called epithelial (eh-puh-THEEL-ee-yul) 

tissue

• Connective tissue

• Nerve tissue

Each of these types of tissue has qualities that make it good for 

its job. And each type gets these qualities from its cells.

For example, your muscle tissue is made up of thousands of 

muscle cells that are able to shorten. When these muscle cells 

shorten, they pull parts of your body so you can move.

People Doing Science

Robert Hooke, an English scientist, was the first person to use 

the term “cell.” Hooke compared the small boxy spaces he saw 

when he looked at a plant under a microscope with the tiny 

rooms, or “cells,” in which monks lived.
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Tissues Combine to Form Organs

Human Body Facts
Your skin is the largest 

organ in your body. It 

is made up of several 

different layers and 

tissues. Did you  

know that:

• The outer layer of 

your skin is made 

up entirely of dead 

skin cells. New, 

living skin cells are 

made in the inside 

layer.

• Much of the dust 

in your house and 

elsewhere is actually 

dead skin cells.

For some jobs, more than one kind of tissue is needed. Two or 

more tissues working together form an organ. Your heart, for 

example, is an organ. It is made up of several types of tissues 

that work together but do different jobs. The following types 

of tissues work together so your heart can pump blood to all 

parts of your body:

• To act as a pump, your heart needs the squeezing action 

of muscle tissue.

• To change how fast your heart pumps during different 

activities, your heart needs the message-sending and 

receiving ability of nervous tissue.

• To hold its parts together, the heart needs connective 

 tissue.

Organs Work Together as Organ Systems

The heart does not work alone. It has to have blood to 

pump. And it has to have blood vessels to carry the blood in. 

Together, the heart, blood, and blood vessels are considered a 

system. All three parts work together to send blood to every 

part of your body.

Scientists often think of the human body as being organized 

into twelve major organ systems. These twelve systems, which 

are listed on the next page, carry out all the tasks needed to 

keep your body, and each of its cells, alive and well. You will 

be exploring several of these systems as you learn how the 

human body moves. Can you guess which ones?
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The Body’s Major Systems and 
What They Do

circulatory system  Carries needed materials to all the cells 

in your body, and carries away waste. Also known as the car-

diovascular system.

digestive system  Takes in and breaks down the food you 

eat so it can reach your blood.

endocrine system (EN-duh-krin)  Allows one part of your 

body to “talk to” other parts of your body by sending chemical 

“messages” through the bloodstream.

excretory system (EK-skre-tohr-ee)  Removes waste from 

your body. 

immune system (im-YOON)  Protects you from infection 

and disease.

integumentary system (in-TEG-you-men-teh-rey)   An 

outer covering that protects your body. Includes your skin, 

hair, and nails.

lymphatic system  Returns fluid to your blood and carries 

disease-fighting cells where they are needed.

muscular system  Allows your bones and other body parts 

to move.

nervous system  Sends messages from one part of your body 

to another.

respiratory system  Delivers oxygen from the air to your 

blood and carries waste from your blood to the air.

reproductive system  Makes it possible for humans to have 

children.

skeletal system  Protects other body parts, provides support, 

stores minerals, and allows you to move.
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A Summary of How Your Body Is Organized

This diagram shows how your body is organized—with cells 

forming tissues, tissues forming organs, organs combining to 

form systems, and systems working together to keep you healthy.

Cells are 
the building blocks 
of the human body.

CELL

Tissues are 
groups of cells 

working as a unit.

TISSUE

Organs are made up 
of several types 

of tissues.
ORGAN

smooth muscle tissue

epithelial tissue

connective tissue

Organ Systems are two or more 
organs working together 

to accomplish an essential task.

ORGAN SYSTEM

HUMAN BODY

Humans are made up 
of many organ systems.

smooth muscle
cell

smooth muscle tissue

blood vessel

circulatory
system
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How Is Your Body Organized Like a House?

• Your cells are like the bricks, wood, and other supplies 

that are used to build the house.

• Your tissues are like the floors, walls and ceilings that are 

made from these building supplies.

• Your organs are like the rooms of the house, made up of 

floor, wall and ceiling “tissues.”

• Your organ systems are like groups of rooms used for the 

same kind of thing—for example, all the bedrooms make 

a kind of “sleeping system.”

Your Body—Many Parts All Working Together

All the parts of the body depend on one another. Just as each 

member of a soccer team needs to do their part to make the 

team successful, every part of your body needs to carry out its 

specific job to make sure that your whole body works properly.

T Think About It!
Which organ systems 

work together when you 

move your body?

What Cells Need to Stay Healthy

T Think About It!
Turn back to “The Body’s 

Major Systems and What 

They Do” on page 33 and 

review the descriptions. 

How do these “jobs” help 

make certain that each cell 

in your body has what it 

needs to survive and  

work well?

All your cells—and all the body parts that are made from 

these cells—have the same basic needs as most other living 

things. They all need:

• Water

• Oxygen

• Nutrients (food)

• A way to get rid of harmful waste

You play an important role in helping your body meet these 

needs. You eat food, drink water, breathe in air, wash your hands, 

use the bathroom, dress warmly when it’s cold, and wear less 

clothes when it’s hot. If your cells are healthy, you are healthy.
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Science Inventions

After reading this chapter, you know more about how the human 

body is organized than the best scientists did 500 years ago. Not 

until the microscope was invented, in the 1600s, did people even 

see cells.

If you use a microscope in class, there’s a good chance you can 

see as much as scientists in the 1600s and 1700s who were using 

the best microscopes available could. Just one hundred years ago 

people could still see only hazy outlines of cells with a microscope.

Many of the pictures of cells in this book were taken with an 

electron microscope. Scientists could not see some of the actual 

details of cells until the modern electron microscope was invented 

in the 1930s.
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A Closer Look at Bones

The Structure of Bones Helps 
Them Do Their Jobs

Human Body Fact
Your bones may look 

solid—but they’re 

actually one-third 

water!

You learned earlier how your skeleton holds up your body and 

protects the organs inside. But your bones do much more than 

just hold you up. They constantly maintain themselves, and 

repair themselves when needed. And they make blood cells for 

the rest of your body.

How do your bones do these things? Your bones are made up 

of different kinds of cells, which form different kinds of tissues. 

Each type of cell performs a specific job to keep your bones 

healthy and strong.

�
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What Do Bone Cells Do?

Human Body Fact
Your skeleton makes 

enough new bone 

tissue every seven 

years to create a new 

skeleton.

When you look at a bone, it probably doesn’t look alive. In 

fact, it may look like a bleached piece of wood or a rock. But 

your bones are definitely alive. Within the hard, non-living 

part—called the matrix—are living cells. These cells are con-

stantly breaking down old worn-out bone matrix and making 

new bone matrix to replace it.

How do your skeleton’s cells do this? Different types of cells do 

different things. Some check out the condition of the bone and 

let the other bone cells know what needs to be done; some break 

down old, worn-out bone; and others lay down fresh, new bone. 

Osteoblasts:
“bone builders” build
new layers of bone.

Osteocytes:
“bone directors” direct
the actions of osteoclasts
and osteoblasts so that
just the right amount of

bone gets replaced. 

Osteoclasts:
“bone digesters” get rid

of worn-out bone so
that new bone can be

deposited.

Osteocyte Osteoblast Osteoclast
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Osteoclasts

This photograph shows two osteoclasts ”eating away” old bone matrix. Soon osteoblasts 
will fill in the holes with new bone matrix.

Just as these cells work together in your skeletal system, the 

other systems in your body rely on the combined efforts of 

many different types of cells too.

Two Kinds of Tissue

The bone cells of the skeletal system combine to form tissues. 

Your bones have two basic kinds of tissue:

• Compact bone is a hard, dense tissue. (Dense means 

the cells are packed tight, with very little space between 

them.) Compact bone may look smooth and solid, but it 

has thousands of tiny passageways in it. These passage-

ways contain blood vessels and nerves.

• Spongy bone has lots of spaces or holes in it. It looks sort 

of like a sponge, but spongy bone is really a hard tissue, 

too. Spongy bone is not as heavy as compact bone.
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When Bones Break

You or someone you know may have broken a bone—an arm or a 

leg, even a finger or a toe. A doctor may set it, to make sure it heals 

in the right position. But it’s your bone cells that actually fix the bone.

Within a few days after you break your bone, “bone builder” 

cells start making a framework of new spongy bone. They knit 

together the broken area. Over time, as the broken part gets 

filled in, the spongy bone fills in, too. Eventually, the bone heals 

completely. Your repaired bone can be as strong as it was before 

your broke it.

Bones Make Blood Cells

You learned earlier in this book about two of the jobs your 

skeletal system does, supporting and protecting your body. But 

your bones also have another important job that you might 

not know about—making the blood cells your body needs to 

survive.

Within the holes in spongy bone—and in other parts of some 

bones—is a soft jelly-like material called bone marrow. One 

kind of bone marrow, red marrow, contains the cells that 

make blood cells. The other kind of bone marrow, yellow 

 marrow, contains lots of fat that the body can use when it 

needs energy.

Human Body Facts
Yellow marrow has much less blood than red marrow.

When you’re born, all of your bone marrow is red marrow.

By the time you’re an adult, most of your bone marrow is yellow marrow.
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Types of Bones

Bones—the organs of the skeletal system—come in many 

 different shapes and sizes. Scientists group them into four  

basic types:

All the bones that don’t 
fit into the other three 
groups, like the vertebrae 
of your spine, are called 
irregular bones.

Flat bones, like those in your
skull, are—you guessed it!—flat.

Short bones, like your
metacarpals (finger bones)
are short and shaped like a cube.

Long bones, like the
femur, are longer than
they are wide.
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Looking Even Closer—Long Bones

In each type of bone, the compact bone and spongy bone are 

arranged differently.

The long bones in your arms and legs have two knobby ends 

connected by a long tube. (Think of how a chicken leg, or 

drumstick, looks.)

Human Body Fact
Builders know that, 

when it’s made out 

of the right materi-

als, a tube with some 

space inside can be 

stronger than a solid 

one. Your bones are 

much stronger—and 

lighter—than they 

would be if they were 

solid throughout.

The knob-like ends are made of strong but lightweight spongy 

bone, coated with a thin layer of hard, dense compact bone. 

The spaces in the spongy bone are filled with bone marrow. The 

tube is also filled with bone marrow and is made of strong com-

pact bone.

Cross Section of a Long Bone

Compact Bone

Marrow

Red Muscle

Fat

Red Muscle

Fat

Spongy Bone
Compact Bone

Marrow

Whole
Long
Bone

Cartilage

Cartilage
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This combination of compact bone and spongy bone makes 

the bones of your arms and legs very strong, but also light 

enough so you can move easily.

Human Body Fact
The younger you are, 

the faster your bones 

will heal if they break. A 

baby’s bone can repair 

itself in just 6–8 weeks. 

It may take 6 months 

or more for a very old 

person’s bone to heal.

The other types of bones in your body have different combi-

nations of compact bone and spongy bone. Short bones, for 

example, which don’t support as much weight, are made up 

mostly of spongy bone.

Calcium—The Key to Strong Bones

Human Body Fact
You need calcium in 

your blood to form 

scabs. Without it, your 

body could not heal 

itself when you got cut 

or skinned your knee.

Calcium is a mineral your bones need to stay strong. Without 

calcium, your bones would be as soft and flexible as cooked spa-

ghetti. Can you imagine how different your body would be if 

your bones were bendable? Could you walk, jump, or lift a glass?

The calcium in your bones comes from the foods you eat. 

When food with calcium in it is digested (eaten and broken 

down), your blood absorbs the calcium that was in the food. 

Then your blood delivers the calcium to your bones and the 

other parts of your body that need it. To work properly, your 

heart, muscles, and nerves all need calcium—you even need it 

in your blood.

Your skeletal system stores the calcium the rest of your body 

needs. In fact your bones store 99% of the calcium found in 

your body. When calcium reaches your bones, it is deposited 

around certain bone cells.

If you don’t get enough calcium from the food you eat, your 

body will take the calcium it needs from your bones. That’s all 

right as long as you replace it regularly by eating foods that 

have lots of calcium in them. If, over a long period of time, 

people don’t eat enough calcium-rich foods to replace the 

 calcium that is taken away, their bones can become weak and 

can break easily.
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Your Body in Motion—An Owner’s Guide

Now you know how much you depend on your bones. You also 

know some of the things your bone cells need. Here are some 

things you can do to help keep your bones strong and healthy.

Eat lots of calcium-rich food

Calcium keeps your bones from becoming weak. Older kids and 

teenagers should eat at least four servings of calcium-rich food 

each day. Dairy products such as milk, cheese, and yogurt have 

lots of calcium. Green leafy vegetables, beans, and tofu also con-

tain calcium. You can also find some foods, like orange juice, that 

have calcium added.
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Read food labels

The labels on food packages tell you how much calcium and other 

nutrients they have. Look for foods that provide at least 30% of 

your daily supply of calcium per serving.

Save sodas and other sugar-sweetened drinks 
for special treats

T Think About It!
Doctors are seeing more 

kids with broken bones 

now than they did in 

the past. Scientists think 

this may be because kids 

aren’t getting enough 

calcium in their diets. 

This might be happening 

because kids are filling up 

on soda and other “junk” 

food—foods without 

much nutritional value.

Sodas and even juices take up space in your stomach that you 

could be filling with milk or calcium-enriched juices. Also, many 

sodas have caffeine. Besides making it hard to sleep, caffeine can 

actually keep your body from absorbing calcium.
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Exercise regularly

Exercise helps your bones grow thicker and stronger. The more 

you use your bones to support yourself, the stronger and thicker 

they become. Try doing bone-building activities, such as running, 

dancing, or playing basketball for 20 to 30 minutes at least three 

times a week.

T Think About It!
Look over this chart. What foods do you eat that are high in calcium? What foods could 

you add to your diet so you get more calcium?

Nutrition Value of Some Foods

Food Serving Size Calories Protein (g) Fat (g) Carbo
hydrate (g)

Calcium 
(mg)

Phosphorus 
(mg)

Vitamin C 
(mg)

Fast Food 
Hamburger

1 sandwich 275 12 12 31 63 102 0

Broccoli 1 cup 52 4 0.2 10 94 102 74

Cheese Pizza 1 slice 400 16 21 36 218 222 2

Cola Soda 1 can 207 0.2 0 53 15 64 0

Cooked 
Spinach

1 cup 41 5 0.5 7 245 101 18

French Fries 1 small 291 4 16 34 12 110 10

Cooked 
Kidney Beans

1 cup 219 16 0.2 40 117 242 2

Plain Low-fat 
Yogurt

1 cup 154 13 4 17 448 353 2

Macaroni 
and Cheese

1 cup 260 12 3 48 92 264 0.4

Potato Chips 1 oz. 152 2 10 15 7 47 9

Fast Food 
Taco

1 small 370 21 21 27 221 203 2

Fried Tofu 1 oz. 77 5 6 3 105 81 0

Vanilla Ice 
Cream

1 cup 290 6 16 34 184 152 0.8

Whole milk 1 cup 146 8 8 8 246 205 0

Skim Milk 1 cup 86 8 0.4 12 301 247 0

Chocolate 
Chip Cookie

2 cookies 90 1 3 15 4 16 0
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Science Inventions

Doctors have been setting broken bones for hundreds of years. 

But setting broken bones so they heal properly became much 

 easier with the invention of the x-ray machine. X-rays allow 

 doctors to take a picture of the inside of your body—so they can 

actually see what your bones look like.

X-rays were discovered a little  

over 100 years ago, in 1895, by 

Wilhelm Conrad Roentgen. They 

were one of the most exciting 

inventions of the time. People 

stood in long lines to see the 

bones of their hands. They got  

“x-ray portraits” taken of them-

selves. Some people worried about 

“x-ray glasses” that could see 

through people’s clothes.

Many scientists and inventors—

including the famous inventor, 

Thomas Edison—soon found  

new uses for Roentgen’s inven-

tion. Before long, doctors were 

using x-ray machines in many 

 different ways.

Today, doctors use x-rays for all 

kinds of health-related reasons, 

including treating cancer. You’ve 

probably had an x-ray of your 

teeth taken to see if you have  

any cavities.

X-ray of a woman’s hand
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A Closer Look at Muscles

The Muscular System

The muscular system includes all the muscles of your body—

more than 600 in all. Together, they are the powerhouse that 

makes you move—so you can run, jump, and write. Your mus-

cles also move your body in ways you may not notice or may 

never have even thought about before.

To Move Your Bones, Many Muscle Cells Pull Together

You already know that muscles pull on bones to move them. 

And you know that they’re able to do this because your muscles 

contract, or shorten. Here’s what happens: Before a body part 

is moved, the muscle that moves it is relaxed. As the muscle 

contracts, it becomes shorter and thicker, pulling on and mov-

ing the bone it is attached to.

If you’ve played “tug of war” before, you know the power a 

group of people can have when everyone pulls together at the 

same time. Your muscles pull on your bones the same way. To 

pull on a bone, many cells within that muscle contract at the 

same time. The “teamwork” of each of these tiny muscle cells 

�
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all working together is what makes it possible for you to move 

your bones.

Before they contract, muscle cells are relaxed. If you could see 

them, they’d look long and stretched out. When a muscle cell 

contracts, it gets shorter and thicker. When many cells contract 

at the same time, the entire muscle contracts and becomes 

shorter and thicker.

From Cells to Tissues

These two pictures show how muscle cells combine to form 

 tissues.

This photograph shows three skeletal muscle cells teased apart so you can clearly see each one.
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In this photograph, a muscle has been cut so you can see what it looks like inside. Lots of muscle cells 
or fibers are packed together to form muscle tissue.

Muscles You Control and Muscles You Don’t

Human Body Fact
A single muscle cell—

in your arm, leg or any 

other skeletal muscle—

can be as long as the 

entire muscle.

Most of your muscles pull on your bones and make it possible 

for you to move. Since they are attached to your skeleton, they 

are called skeletal muscles. You control these muscles. When 

you want to drink a glass of milk, your arm reaches for the 

glass, your hand grabs it, and your arm lifts it to your mouth 

to drink.

But a few of the muscles in your body do things you can’t 

control or see. You probably never think about what hap-

pens once you drink a glass of milk—how the muscles in 

your throat, stomach, and other parts of your body, move it 
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along so its nutrients can by used by your body’s cells. These 

muscles work all the time without you thinking about them 

or controlling them.

You have two types of muscles that you don’t control.

Cardiac muscle cells

Cardiac muscles keep 
your heart pumping for your 
whole life, without ever 
getting tired. Your heart is 
the only part of your body 
that has cardiac muscle.

Your stomach, as well as 
many of your other 
organs, is made up of 
smooth muscles. The 
smooth muscles of your 
stomach squeeze the food 
you eat. This helps free up 
the nutrients for your 
body’s cells to use.

Smooth muscle cells

What Muscle Cells Need

Your skeletal muscles work hard to move your bones—to 

carry you to the top of a steep hill or across a finish line. Your 

smooth muscles and cardiac muscles also work hard, since 

they do their jobs 24 hours a day. And hard work takes lots  

of energy.
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How Do Your Muscle Cells Get Energy?

Like all the other cells in your body, muscle cells make energy 

from the nutrients and oxygen they get from your blood. The 

nutrients come from the food you eat; the oxygen comes from 

the air you breathe.

When your muscle cells work hard, they need more energy— 

so they need even more nutrients and oxygen than usual. You 

breathe deeper and faster to bring more oxygen into your body. 

And your heart pumps the blood harder and faster to deliver 

more nutrients and oxygen to your muscles.

Hard-working muscle cells also create more waste. While your 

blood is delivering nutrients and oxygen, it is also taking away 

the cells’ waste.

What Happens if Your Muscle Cells Don’t Get Enough 
Nutrients and Oxygen?

Active muscle cells sometimes use up nutrients and oxygen faster 

than they can be replaced. Waste can build up in cells faster than 

it can be carried away, too. When this happens, your muscles 

can’t work as well. You feel muscle fatigue. (This happened 

in class when you squeezed a clothespin over and over again.) 

Don’t worry—muscle fatigue doesn’t cause permanent dam-

age. If you stop the activity that’s causing the fatigue, and give 

your body good food and rest, your muscles will soon be good 

as new.
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Your Body in Motion—An Owner’s Guide

Do you know anyone who’s run a marathon? A full marathon is 

26.2 miles. How do people get their bodies to run so far for so 

long without getting too tired to finish the race?

Preventing Muscle Fatigue through Training

Marathon runners and other athletes train their muscles to work 

longer and harder by exercising regularly. You can do the same 

thing—so you can play an entire game of soccer or compete in a 

swim meet.

T Think About It! 
What activities do you 

wish you had more endur-

ance for?

How does training work? When muscles are not used, they 

become weaker. When they are exercised regularly, they become 

stronger. And when you work your muscles regularly, more nutri-

ents and oxygen reach them, and more waste is carried away. 

 Athletes build muscle endurance (the ability to do a physical activ-

ity for a long period of time) by using their muscles more often 

and for longer and longer periods of time.

Eating for Sports Success

Athletes make sure they eat a variety of healthy foods so their 

 muscles, and the cells they’re made of, get the nutrients they need.

Among the things your body needs for any physical activity are:

• Proteins (including eggs, tofu, beans, meat, and cheese), 

for cell growth and repair. Since muscles are mostly made of 

protein, you need to eat protein to build them up.

• Carbohydrates (car-bo-hi-drayts) like breads and cereals, 

give your cells the energy they need. For activities that take 

a lot of energy, like running a marathon, athletes will often 

eat a big dinner the night before with lots of carbohydrates. 

Carbohydrates are sometimes called “carbs.”
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• Fats, from foods like olive oil, butter and even nuts, are your 

body’s main form of stored energy. If you run out of carbs 

during a big game, your body can use the energy stored in 

fat to keep you going.

• Minerals do lots of different things. Calcium, for instance, 

keeps your bones strong and hard. Iron, magnesium, and 

potassium are some of the other minerals your body needs. 

If you eat a variety of foods, including vegetables, you’ll 

probably get all the minerals your body needs.

• Vitamins, found most often in fruits and vegetables, do 

many things for your body, including helping it make energy.

A healthy meal providing the protein, fats, carbohydrates, minerals, and vitamins 
the body needs to function.
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Getting Muscles What They 
Need—Your Circulatory System

Your Circulatory System and 
How It Works

How Do Oxygen and Nutrients Get to Your Muscle Cells? 

Your muscle cells—and all the other cells in your body—could 

not stay alive without a constant flow of blood delivering 

oxygen and nutrients. This blood flow is also needed to carry 

away the waste your cells make.

But how does your blood get everywhere that it’s needed? You 

may already know that your blood is carried in a system of 

tubes, or pipes, called blood vessels. But blood can’t flow to 

all the parts of your body without some help. This is where 

your heart comes in. Your heart is a powerful “machine” for 

pumping blood throughout your body.

Your blood, blood vessels, and heart make up your circulatory 

system. Working together, this team delivers nutrients, oxy-

gen, and other needed substances to the cells of your body and 

then carries away their waste.

�
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The Heart

Human Body Fact
The human heart beats 

about 3 billion times 

in the average person’s 

lifetime—about 

100,000 times a day!

Your heart itself is a muscle. It is powerful enough to pump 

blood to all the parts of your body, but it’s only about the size 

of your fist.

Your heart expands (gets bigger) and contracts (gets smaller). 

When your heart expands, it fills with blood. When it con-

tracts, it squeezes out the blood into your blood vessels.

Blood from
Left Lung

Blood from
Right Lung

Blood to
Left Lung

Blood to
Right Lung

Blood to
Upper body

Blood From
Lower Body

Blood From
Upper Body

Blood to
Lower Body

A look inside the heart. The arrows show how blood enters and leaves the heart with 
each beat.

Sometimes you can actually feel your heart beating through 

your chest. This might happen if you’ve been exercising very 

hard or you’re scared or nervous. You can also feel your heart 

working by finding your pulse, as you did in class. When your 
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heart contracts, the blood inside it empties into blood vessels. 

As the blood vessels fill, they expand. The pulse you feel is the 

blood vessels that are close to your skin expanding and filling 

with blood.

To find your pulse, place two fingers inside your wrist just below the thumb, or on 
the side of your throat. (Don’t use your thumb—it has its own pulse.)

The number of times your heart beats in one minute is called 

your heart rate. Your heart beats around 70 to 100 times a 

minute when you are not very active. When you exercise your 

heart rate goes up so that more oxygen and nutrients can get 

to your muscle cells. When your heart rate goes up, the extra 

waste your working muscles create can be removed more 

quickly, too.

A Look at Other Animals

Animals’ heart rates can be quite different from each other.  

An elephant’s heart rate is much slower than a human’s—only 

20–30 beats per minute. A hummingbird’s heart rate is much 

faster than ours—beating more than 1,000 times per minute 

when it’s flying!
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Blood

Your blood delivers the nutrients, minerals, and other sub-

stances that your body’s cells need to function properly. If you 

looked at blood up close under a microscope, you would see a 

nutrient-rich liquid with blood cells floating in it—like a soup 

full of the healthy things your body’s cells need. 

Plasma

The liquid part of blood, called plasma, makes up about half 

of your blood. Its job is to carry blood cells, nutrients, and 

other substances throughout your body.

Blood Cells

Two types of blood cells—red blood cells and white blood 

cells—are carried in the plasma, along with tiny pieces of cells 

called platelets. All three are formed in the bone marrow, 

though each performs a different job.

Red blood cells

White blood cell

Platelets

A photograph of blood with red blood cells, a white blood cell, and some platelets.  
The platelets have been colored blue to make them easier to see.
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There are more red blood cells than any other type of cell in 

your blood. Their job is to pick up oxygen from your lungs and 

carry it to your body’s cells. Red blood cells give blood its red 

color.

White blood cells help protect your body from disease. There 

are many types of white blood cells. They all work together to 

keep germs and infections out of your body.

Platelets (PLAYT-luhts) are pieces of a special type of white 

blood cell. They form when these blood cells break apart. 

Platelets help scabs form on cuts.

Human Body Facts
• Blood is thicker than water. In fact, with all the cells and other things in it, it’s 

three times thicker than water!

• There are millions of red blood cells in one tiny drop of blood.

• Your blood has other things in it besides blood cells, including minerals and 

vitamins your cells need, and hormones. Hormones are chemicals which, among 

other things, control how you grow.

How Do Platelets Stop Cuts 
from Bleeding?

Platelets repair your body if you get cut. When you cut yourself 

and blood pours out, platelets stick to the cut and to each other. 

For a very small cut, this may be enough to stop the bleeding.

For larger cuts, platelets release a chemical at the wound site that 

causes long strings or fibers to form. These fibers create a web. 

The web forms a clot, or plug, to stop the bleeding. After a while 

all the liquid is squeezed out and a hard scab forms.
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Blood Vessels

Just as the pipes for a large apartment building carry water to 

every kitchen and bathroom on every floor, a huge network of 

blood vessels carries blood to every part of your body.

Human Body Facts
• There are 60,000 miles of blood vessels in an adult’s body.

• Blood cells travel around your body—from your heart and back to it—in less than 

one minute.

• In one day, your blood travels about 19,000 km (12,000 mi). That’s four times the 

distance across the United States from coast to coast.

The diagram of the circulatory system on the next page shows 

the body’s three major types of blood vessels:

• Arteries (AHR-tuh-rees) carry blood from your heart to 

your cells. The arteries that connect to your heart are 

quite large. They branch out into smaller and smaller 

arteries to reach every part of your body that needs 

blood.

• Capillaries (KAP-uh-ler-ees) are the smallest, thinnest, 

and most numerous blood vessels. They branch off from 

the smallest arteries. Nutrients and oxygen in your blood 

pass from your capillaries directly to your cells. Waste 

moves from your cells into the capillaries. Capillaries 

then carry the blood into veins.

• Veins (VAYNs) are the blood vessels that carry blood from 

the capillaries back to your heart.
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The Circulatory System
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What Is a Heart Attack?

A heart attack happens when a part of the heart doesn’t get 

enough oxygen-rich blood. If one or more of the arteries sup-

plying the heart (the coronary arteries) gets clogged, a person 

can have a heart attack. Exercise and a good diet can lower the 

chances someone will have a heart attack. Smoking increases the 

risk of a heart attack. A heart attack happens suddenly. But it can 

be the result of years of bad habits. Eating healthy food, exercis-

ing, and not smoking throughout your life can help protect you 

from heart attacks when you’re older!

Coronary arteries
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How Your Circulatory System Works 
When You Exercise

Why Does Your Heart Beat Faster When You Exercise?

Your body’s cells—especially your muscle cells—need more 

energy when you exercise. To make more energy, they need 

more oxygen and nutrients. But just how do your cells get the 

extra oxygen and nutrients they need?

The answer is that your heart pumps faster so it can deliver 

more blood to your muscle cells.

Oxygen-Rich Blood 

Oxygen-Poor Blood

At the wrist, the pulse
rate increases, as arteries
close to the skin throb
faster “in beat” with 
a faster pumping heart.

The hard working leg 
muscle cells are using 
up lots of oxygen and 
nutrients and creating 
lots of waste.

The heart pumps faster to 
deliver more oxygen and 
nutrient-rich blood to 
active muscle cells and 
carry away their waste. 
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With more blood flowing to them, your muscles get more 

oxygen and nutrients—so they can keep working (contract-

ing). When your blood circulates faster, waste doesn’t get the 

chance to build up in your muscles, either.

How Do Your Heart Muscles “Know” to Work Faster?

When waste builds up in your blood (because your muscles 

are working hard), your brain sends messages to your heart 

muscles. These messages “tell” them to work harder and faster. 

(The messages are sent by your nervous system.)

Why Does Your Face Get So Red When You Exercise?

As muscle cells make the energy they need, they also produce 

a lot of heat. This heats up your blood. The heated blood is 

carried to all the parts of your body, which warms you up.

T Think About It! 
Your body also has  

built-in ways of keeping 

itself warm—since getting 

too cold can also dam-

age cells. Can you think 

of things your body does 

to keep you warm when 

you’re outdoors and  

it’s cold?

Warmth is good, but too much heat could damage your body’s 

cells. So your body has some ways to keep itself from getting 

too hot. Your face gets red when you exercise as your body 

works to cool itself down. Here’s what happens:

• First, the blood vessels that supply your skin expand (get 

bigger) so more blood can flow through them.

• When the warmed blood moves into your skin, it makes 

your face, and other parts of your body, look red.

• The extra heat from the blood passes from your skin into 

the air around you, which is usually cooler. You cool 

down when the heat leaves your body.

Your red face shows that your body is getting rid of all that 

extra heat and keeping you—and your cells—healthy!
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Heart-Healthy Habits

You can help keep your circulatory system healthy by doing the 

following things:

• Exercise at least three times a week. Your heart, like any 

muscle, gets stronger with regular exercise.

• Eat healthy food and limit the amount of “bad” fats you eat.

• Don’t smoke. Smoking is not just bad for your lungs. Smok-

ing can also damage your heart and blood vessels, and make 

it harder for your heart to do its job.

Inventions—The Pacemaker

Some people have hearts that beat irregularly. Their hearts may 

beat too slowly or too fast, or may not beat at a steady rate. When 

this happens, their cells may not get enough oxygen, making 

them feel dizzy, tired, or out of breath. 

Thanks to an amazing invention called the pacemaker, these 

 people can do their everyday activities and even play sports. In 

fact, if someone in your class or on your soccer team had this 

problem, you probably would never even know about it.

A pacemaker is a small battery-powered machine that sets the 

pace for someone’s heart and keeps it beating at a steady rate.
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Pacemakers are actually put inside people’s bodies. A small wire 

leads from the pacemaker to the person’s heart. Once a pace-

maker is in place, it keeps the person’s heart beating as regularly 

and tirelessly as anybody else’s.

A pacemaker in a person’s chest area. Notice the wires leading to the heart.
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From Breath to Movement—
Your Respiratory System

You take in oxygen as you breathe air. But how does the 

 oxygen get to your blood, so it can be delivered to the cells 

that need it? And how does the blood get rid of the waste 

(carbon dioxide) it carries away from the cells? Your lungs, 

and the rest of your respiratory system, handle this job.

Word Connection
The word respiratory 

is a form of the word 

respire. Respire means 

“to breathe again.”

How We Breathe

The lungs are the main organs of the respiratory system. They 

are so large they take up most of the space inside your rib 

cage. (Your rib cage protects your lungs and your heart.)

Your lungs inflate (puff up) like a balloon when you inhale 

(breathe in). They deflate (shrink down) when you exhale 

(breathe out). Since lungs have no muscles themselves, 

�
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 muscles around and below your lungs do the work of inflating 

and deflating them.

Inhalation

When you inhale, your diaphragm (DY-uh-fram)—
a large muscle just below your lungs—shortens
(contracts) and moves down…

…and the muscles between your
ribs contract and move your rib
cage up and out.

 

 

These movements make more space in your lungs. When 

there’s more space, air moves in to fill the space.

Exhalation

…and the muscles between your ribs
relax and drop the rib cage back down.

When you exhale, your diaphragm
relaxes and moves back up…

 

 

When there is less space in your lungs the air moves out.

   

    
   

   

    
     

    
   

    
    

   
  

    
   

    
      
    

   
    

   

 

 

 

 

  
                

  

              

                

             

 
   

    

    

 



��From Breath to Movement—Your Respiratory System

            

  

     
      

   

    
     
   

 

 

         

         

     
       

    
    

 

 

           

Where the Air Goes

Air comes in your 
nose and passes 
through your nasal 
passages.

From there it goes 
to the back of your 
throat and down the 
windpipe, or trachea 
(TRAY-kee-ah).

Your trachea splits into 
two tubes, the bronchi 
(BRONG-kee), which lead 
into your lungs.

In your lungs, each 
bronchus branches into 
smaller and smaller tubes, 
just like a tree trunk splits 
into smaller and smaller 
branches. The smallest 
branches of the bronchi 
are called bronchioles 
(BRONG-kee-ohls).

� 

� 

� 

� 

Human Body Facts
Without your voice box, or larynx (LAIR-inks), which is located at the top of the trachea, 

you couldn’t speak.

Inside your larynx are two elastic-like bands called vocal cords. When air passes over 

the larynx, the vocal cords vibrate. This is what makes the sound of your voice. You 

can feel these vibrations when you put your hand on your throat and talk.

Word Connection
Bronchus is the singu-

lar form (when you’re 

talking about just one) 

of bronchi.
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Your Air Cleaning System

Human Body Fact
Sneezing helps you 

clear your nose of 

irritating particles. A 

good strong sneeze 

can reach a speed  

of between 60 and 

160 km (37 and  

100 mi) per hour!

The lungs can’t deliver oxygen and remove waste if they are 

dirty. Fortunately, the respiratory system has built-in mecha-

nisms to keep the lungs clean:

• Small hairs inside your nose filter the dust, dirt, and 

other tiny particles out of the air you breathe. 

• Goblet cells, present in your nose and airways, release 

a sticky mucus that also helps trap these particles and 

keeps the air moist. 

Cilia

Ciliated epithelial cell

Mucus trapped in
goblet cells

Goblet cells and ciliated epithelial cells in the trachea. 
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• Tiny hair-like structures, called cilia, cover the inside  

of your airways. They sweep the “dirty” mucus up 

towards your throat so you can cough it out. The cilia  

are part of a type of a cell, called ciliated epithelial cells.

Cilia (shown in purple) moving mucus (shown in blue) up and out of the trachea.
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From Your Lungs to Your Blood 
and Back Again

Moving Oxygen into the Blood

Human Body Fact
Each lung has hun-

dreds of millions of 

alveoli.

At the ends of your bronchioles are tiny sacs (little pouches or 

sacks) containing air called alveoli (al-VEE-oh-ly). The alveoli 

are surrounded by a network of capillaries. They are so close 

to these capillaries and have such thin walls that oxygen can 

move through them and into your blood.

diaphragm

lung

trachea

larynx

bronchi

bronchioles

nose

nasal cavity

mouth

alveoli

alveolus

capillary

red
blood
cells

capillaries
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Once in your blood, the oxygen you breathed into your body 

can finally be picked up by your red blood cells and carried to 

your heart. Your heart pumps this blood, filled with oxygen, to 

the rest of your body. When the blood reaches the capillaries 

that supply your body’s tissues, the red blood cells release their 

oxygen, so your cells can use it.

Removing Waste from Your Blood

Human Body Fact
A yawn is really just a 

deep breath. It’s your 

body’s way of quickly 

getting rid of carbon 

dioxide.

Carbon dioxide, a waste product made by your cells, also 

passes through the thin walls of capillaries. However, car-

bon dioxide moves in the opposite direction—from your cells 

to your blood. When you take in oxygen, it moves from the 

air you breathe into your blood and then the cells that need 

it. When you get rid of carbon dioxide waste, it moves from 

your cells to your blood and then to the air you breathe out.

T Think About It!
Do you think the walls of 

the capillaries are thick or 

thin? What needs to pass 

through them?

Here’s how it works: Carbon dioxide moves from your cells into 

the capillaries that surround them. From there it is carried in the 

blood through your veins and on to the heart. The heart pumps 

this blood into the lungs. Eventually the blood enters the capil-

laries surrounding the alveoli. Once there, the carbon dioxide 

moves from the capillaries into the air inside the alveoli. When 

you exhale, you breathe out this carbon dioxide.

How Your Respiratory System Works 
When You Exercise

Why Do You Breathe Harder When You Exercise?

You probably have noticed that when you exercise you 

breathe faster and deeper. You may even “get out of breath.” 

Your body is working hard to bring in enough oxygen for your 

muscle cells and get rid of the extra carbon dioxide they are 

producing. By breathing faster and deeper, your body is able to 

bring in more oxygen, so your muscles can continue working.
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How Do the Muscles That Control Breathing “Know” 
to Work Faster?

When the level of oxygen in the blood becomes too low (or the 

level of carbon dioxide becomes too high), a special part of the 

brain is triggered. It sends out a message to the muscles that 

control breathing. It “tells” them to work harder and faster so 

your body’s cells get enough oxygen (and get rid of their car-

bon dioxide waste).

Diseases and Conditions of the 
Respiratory System

When you breathed through straws in class, you found out 

how difficult it can be to walk or run when your breathing is 

restricted. Some people have health problems that make it 

hard for them to take in enough air when they breathe. For 

some, every breath they take may feel like breathing through 

a small straw and never getting enough air.

Asthma

More kids in the United States and Canada have asthma  

(AZ-muh) than any other respiratory problem. In fact, there’s 

a good chance you or someone you know has asthma.

Health Tip
Here’s how you can 

help if you’re ever with 

someone when they 

have an asthma attack:

• Stay calm.

• Sit the person 

down. (Lying down 

can make it even 

harder to breathe.)

• Get the person’s 

medicine.

• Get help from an 

adult.

When you have asthma, the lining of your bronchi get swol-

len and the muscles around them tighten, making it hard 

to breathe. Cigarette smoke, pollution, pollen from certain 

plants, animal fur, dust, and even stress can trigger an asthma 

“attack.” A person with asthma may cough or make a wheez-

ing sound. (This sound is caused by air trying to pass through 

the narrowed airways.) They may feel like they can’t breathe 

at all.
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There are medicines people with asthma can take to con-

trol it. Exercise, if it doesn’t make it harder for someone to 

breathe, can also help. And kids sometimes “grow out” of 

their asthma—they stop having asthma attacks when they 

get older. Most kids with asthma can play sports and do 

 everything else other kids do.

Cystic Fibrosis

Cystic fibrosis (SIS-tick fi-BRO-ses) is a disease which is passed 

on (inherited) from your parents. People with cystic fibrosis 

have frequent coughs, shortness of breath, and may wheeze 

when they breathe. Their lungs and airways make mucus 

that is much thicker than normal. This mucus is too thick for 

the cilia to sweep out. Eventually, the thick mucus blocks the 

airways. This makes it difficult to breathe. It also makes it 

much easier to catch infections like colds that could damage 

the lungs. Cystic fibrosis patients must take medicines and 

have their chests pounded on frequently to break up the thick 

mucus since it can lead to further infections.

Bronchitis

People with bronchitis (BRONG-kiy-tes) often have bad coughs, 

difficulty breathing, and raspy throats. They may cough up 

lots of mucus. When you have bronchitis, the bronchi leading 

to the lungs become swollen and covered with thick mucus. 

Kids and adults sometimes get bronchitis after a very bad cold. 

This type of bronchitis doesn’t last long. Sometimes, though, 

people get bronchitis because they’ve been around cigarette 

smoke, air pollution, and other harmful substances that irri-

tate the bronchi for a long period of time. This type of bron-

chitis does not clear up quickly. People with bronchitis also 

get respiratory infections much more easily than people with 

healthier airways.
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Emphysema

People with emphysema (em-fi-SEE-muh) are out of breath 

even when they are resting. They may also have a slight 

cough. Like bronchitis, emphysema happens when the air-

ways have been irritated for a long period of time. This is 

usually a result of smoking cigarettes. Most people with 

emphysema are smokers or ex-smokers. Cigarette smoke 

damages the alveoli, so less oxygen is delivered to the blood. 

With less oxygen available, muscle cells cannot make the 

energy they need to move your body. Imagine becoming out 

of breath just walking across a room!

T Think About It!
Which of these condi-

tions can you take steps to 

avoid? What can you do 

to avoid them?

Your Body in Motion—An Owner’s Guide

Smoking—Say “No” for Your Lungs
Health 

 Connection
Cigarettes have 

substances in them 

that are carcinogenic, 

meaning they can 

cause cancer. Carci-

nogenic substances 

change normal cells 

into cancer cells. When 

these cells grow and 

multiply, they kill the 

normal cells your body 

needs to live. This pro-

cess is called cancer.

The warning shown below—or a similar message—must be 

printed on every package of cigarettes sold in the United States. 

Why? Because more people in the United States die from smoking 

cigarettes than from anything else.
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The best thing you can do to keep your respiratory system healthy 

is to stay away from cigarette smoke! Smoking makes it harder to 

breathe. It damages the cilia so they can’t sweep out the mucus 

that traps dust, bacteria, and other particles. As the mucus builds 

up, it blocks the airways, making it harder to breathe.

Once people start smoking, it’s very hard to quit. This is because 

one of the substances in cigarettes—nicotine—is very addictive. 

“Addictive” means your body gets used to getting nicotine regu-

larly and wants it badly. Smokers can actually feel sick when they 

don’t get nicotine.

Most people who smoke want to quit. They may try to stop smok-

ing many times before they are successful. If you know someone 

who has quit smoking, let them know you’re proud of them.

What Happens When People Quit Smoking— 
Some Good News!

• Within 8 hours of quitting smoking, a person’s blood will get 

the normal amount of oxygen again.

• Within 10 years of quitting, a person’s risk of lung cancer will 

be half as much as a smoker’s (but still much higher than 

someone who has never smoked).

• Within 15 years, their risk of heart disease will be almost the 

same as someone who has never smoked.

Keeping Your Respiratory System Healthy

You can keep your lungs healthy and make them stronger by exer-

cising regularly. When you exercise, you have to breathe deeper 

and more often so that your muscle cells get enough oxygen. If 
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you exercise regularly, your body actually gets better at exchang-

ing oxygen and carbon dioxide. So ride your bike, go for a jog, 

swim some laps, or do some other physical activity that you like to 

do. You’ll have fun and make your lungs stronger too!
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Getting Energy from Food—
Your Digestive System

The Digestive System

Word Connection
The word digest 

means “to break 

down.”

You know how your body gets the oxygen it needs. But how do 

your body’s cells get the nutrients they need?

Nutrients come from the food you eat. But a bite of sandwich 

can’t travel through your blood and get to your cells in its orig-

inal form. The organs of the digestive system get the nutrients 

in food into a form your cells can use.

T Think About It!
How do you think nutri-

ents from food get to 

your muscle cells? What 

needs to happen to these 

nutrients for them to get 

to your cells?

The Parts of Your Digestive System

You can think of your digestive system as a long, twisting tube 

inside your body. Several different organs make up the tube 

and each organ has its own job. At one end (your mouth) 

food enters and at the other end (your anus) waste goes out. 

In between, your teeth grind your food, muscles knead it, and 

chemicals turn it into forms your cells can use.

�
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This picture of the digestive system shows the organs that con-

nect to each other to form the digestive “tube”. These organs 

include the mouth, esophagus (i-SAHF-uh-guhs), stomach, 

small intestine, large intestine, rectum, and anus. Looking at 

the picture, start at the mouth and pass your finger over each 

of these organs. This is the path that food takes as it moves 

through the digestive system.

Human Body Fact
Your small intestine is 

so long—20–25 feet—

that when you pat 

your “stomach” you 

are probably patting 

your small intestine.

Some other important organs are attached to this “tube”. The 

salivary glands, liver, and pancreas (pan-KREE-us) produce 

important substances, called digestive juices. The gall bladder 

stores the digestive juices the liver produces.

Mouth Salivary Glands

Esophagus

Small Intestine

Large Intestine

Rectum

Liver

Gall Bladder
Pancreas

Stomach
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The Teamwork of Cells

Your body has special cells that help with digestion. Chief cells, 

in your stomach, produce an enzyme that breaks down proteins. 

This enzyme only works when an acid is present.

Parietal cells are found next to chief cells in your stomach. They 

produce an acid that “turns on” the enzymes from the chief cells.

Parietal cells

A group of 
chief cells

How Is Food Broken Down?

Human Body Fact
A normal meal stays in 

the stomach for about 

2–3 hours. A really big 

meal may stay in your 

stomach for 5 hours  

or more.

Food is broken down in the digestive system in two ways:

• Chemical digestion—Special chemicals, called 

enzymes, change the food into forms that are simple 

enough to pass into your blood. There are enzymes in 

saliva, in fluids in your stomach (called gastric juices), 

and in your small intestine.
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• Physical digestion—Muscles in the digestive system 

break down food into smaller pieces. This also mixes in 

the enzymes. In your mouth, your teeth and jaw muscles 

begin this process when you chew your food. Further 

down, the muscles of your stomach and small intestine 

squeeze the food in a back-and-forth motion similar to 

kneading dough.

T Think About It!
When you chew food, you 

end up with many small 

pieces instead of one large 

piece. Why do you think 

this helps the enzymes do 

their work? (Hint: Enzymes 

work on the exposed parts 

of the food pieces. Does 

one large piece of food 

or many small pieces of 

food have more surfaces 

exposed?)

These two processes work together. Physical digestion breaks food 

into smaller pieces and mixes in the enzymes. Chemical diges-

tion breaks the food into forms that can pass into the blood.

A Sandwich’s Journey

How does eating a sandwich at lunch help you run a race 

hours later? How do the nutrients in it get to the muscles in 

your legs? How do these nutrients help your muscles work 

hard to carry you across the finish line?

What’s in a Turkey Sandwich?

Carbohydrates
(mostly in bread)

Fats (in spreads,
meat, and bread)

Protein
(mostly in meat)

Vitamins and minerals
(in vegetables, meat, and bread)
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What Happens When You Eat a Turkey Sandwich?

Liver

Gall Bladder 
Pancreas

2. Salivary Glands: Saliva 
flows from these glands into 
your mouth. Enzymes in the 
saliva start breaking down 
carbohydrates. 

3. Esophagus: The swallowed 
“ball” of food is squeezed from 
behind to push it towards the 
stomach.

5. Small Intestine: More enzymes 
and digestive juices are added to 
the mush (some of these come 
from the liver, gall bladder, and 
pancreas). Fats and the remain-
ing proteins and carbohydrates 
are digested into simpler forms. 
The food is now in a form small 
and simple enough to pass into 
the blood.

6. Large Intestine: Undigested 
food (such as fiber) becomes a 
stool as water is absorbed from 
it and passed to the blood. 

7. Rectum: The stool is 
stored here until it’s time 
to “go to the bathroom.”

1. Mouth: Teeth grind food 
up into small pieces.

4. Stomach: Stomach enzymes, 
“turned on” by acids, began 
breaking down proteins. 
Strong muscles “knead” the 
food, mixing in the enzymes 
and turning the food to mush.

What Happens to the Food Our Bodies Can’t Use?

Human Body Facts
• An adult’s large 

intestine is around 

25 feet long!

• It takes 18 hours to 

2 days for food to 

travel through the 

large intestine.

Your large intestine helps you get rid of the parts of food your 

body can’t use. How does it do this? Any food that hasn’t been 

broken down passes into your large intestine.

As the undigested food moves through the large intestine, water 

and minerals are pulled from it and passed to the blood.

By the time the remains reach the end of the large intestine, 

enough water has been removed that a firm stool has formed. 

This stool is stored in your rectum until it is ready to be passed 

out through the anus.



Chapter ���

Eat Those Fruits and Vegetables!

Most of the food that passes into your large intestine is fiber. 

Fiber comes from plant foods (fruits, vegetables, and grains). Your 

body needs fiber. It helps you have regular bowel movements—so 

you can get rid of the parts of food your body can’t use.

Digestion and Exercise

Why Do You Feel Hungry After You’ve Been Active?

Fitness Fact
You can keep muscle 

fatigue from happen-

ing by building up 

endurance. The hearts 

and lungs of people 

who exercise regularly 

work better. And they 

get more oxygen and 

nutrient-rich blood 

to their muscles than 

people who don’t 

exercise as often.

Have you ever noticed how hungry you get when you play 

sports, ski, or hike? Your muscle cells need a steady supply of 

oxygen and nutrients to create the energy they need for these 

activities. While you’re playing, your cells use nutrients they 

have stored up. Afterwards, your body needs to fill up on 

these stored nutrients. The feeling of hunger you have is your 

body’s way of letting you know that it’s time to get nutrients 

again.

Why Do You Feel Thirsty During and After Exercise?

You may have also noticed how your throat feels dry during 

a long run, or how welcome a tall glass of ice water is after a 

game of basketball. Active muscles use up your body’s supply 

of water, as well as nutrients and oxygen. When water is in 

short supply your body sends you a message to “drink up” to 

replace the water your muscles have used.
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Why Do Your Muscles Feel Tired?

Muscle fatigue is another sign that your muscle 

cells have used up your body’s supplies of nutri-

ents, oxygen, and water. Your muscles are giving 

you a signal that they don’t have enough oxy-

gen and nutrients to create the energy they need 

to keep contracting. Resting gives your muscles 

a chance to “stock up” again on the oxygen and 

nutrients they need to keep you moving.

When the Body Can’t Digest Food

Some conditions prevent people from digesting certain foods 

properly.

Lactose Intolerance

You may know someone who can’t 

eat milk or other dairy products. Milk 

has a sugar in it called lactose. Some 

people’s bodies don’t make enough of 

the enzyme (called lactase) that breaks 

down this sugar. When it isn’t digested, 

lactose goes into the large intestine and 

gives people cramps and other prob-

lems. People with this problem can get 

lactose-free milk and dairy products. 

Next time you are at the grocery store 

see how many “Lactose-Free” food 

labels you notice.
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Celiac Disease

This disease damages the small intestine so it can’t pass some 

nutrients on to the blood. People with celiac disease often 

become malnourished (don’t get the nutrition they need) and 

weak because the nutrients in the food they eat don’t reach  

their cells. This happens because their bodies react to a protein 

(called gluten) that is found in wheat, rye, and barley. People 

with celiac disease need to avoid these foods to prevent more 

damage to their small intestines. They do this by shopping for 

foods labeled “Gluten Free.”
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Poetry in Motion

Do you have a favorite athlete? It’s amazing to watch these 

people move. A basketball player’s graceful dunk or a grand 

slam swing by a baseball player can take your breath away. 

The image of a dancer soaring like a swan through the air 

or a skater spinning to a stop can stay with us long after the 

moment ends. These people’s accomplishments show us what 

the human body is capable of and set a standard for us to 

strive for.

Athletes train for many years to achieve their skill. They prac-

tice the same moves over and over again to build up strong 

muscles and bones and strengthen the communication “path-

way” between their muscles and brain. They eat healthy foods 

so their muscles and bones have the nutrients they need to 

stay strong and the energy they need to move the body. By 

exercising hard, athletes develop efficient lungs so their muscle 

cells will have the oxygen they need. This also makes their 

hearts strong so the oxygen and nutrients reach their cells 

when they need them.

�0
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Every time you see an athlete move, you are witnessing  

the beauty of many parts of the body working together.  

When movement is so beautiful that it inspires us, the term 

“poetry in motion” is often used. Look at the images of human 

bodies in motion on the following pages. Think about all the 

things that were going on inside of these bodies when the  

photographs were taken. See if you agree that movement is a 

truly amazing thing!
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Glossary

alveoli
(al-VEE-oh-ly) Tiny air sacs (little 

pouches or sacks) at the ends of the 

bronchioles in the lungs. Oxygen moves 

from the alveoli to the blood in capil-

laries that are close to them. Carbon 

dioxide waste moves in the opposite 

direction—from the blood in capillaries 

to the alveoli.

antagonistic muscles
The name for the pairs of muscles that 

take turns contracting (shortening) and 

relaxing so we can move our limbs.

arteries
The blood vessels that carry blood  

away from our heart and throughout 

the body.

ball-and-socket joint
Joints where bones can move in a com-

plete circle. Ball-and-socket joints oper-

ate like certain types of shower heads. 

Our hips and shoulders are examples 

of ball-and-socket joints—we can move 

them backward, forward, sideways and 

in a complete circle.

bone marrow
The soft jelly-like material that fills the 

spaces in spongy bone and the large 

space in the middle part of long bones. 

Blood cells are formed in the bone 

 marrow.

brain
The command center of the nervous 

system. Our brains receive information 

through our body’s nerves, make deci-

sions based on this information, and 

then send out signals to certain body 

parts to follow instructions.

breathing rate
The number of times you breathe in and 

out in one minute.

bronchi
(BRONG-kee) The tubes, or airways, 

that lead from your trachea to your 

lungs. (The singular form of this word is 

 bronchus.)

bronchioles
The smaller tubes, or airways, that 

branch off the bronchi.
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calcium
A mineral we need for developing strong 

bones and teeth, forming scabs, and 

making our muscles, heart, and nerves 

healthy so they can function properly.

capillaries
The smallest, thinnest blood vessels. 

There are more capillaries than any 

other type of blood vessel. Blood travels 

from arteries to capillaries, and from 

the capillaries to veins. Nutrients and 

oxygen travel through the capillaries to 

the body’s cells and waste from the cells 

moves into the capillaries. 

carbohydrates
(car-bo-hi-drayts) Nutrients that give 

your body’s cells quick energy. Breads 

and cereals have lots of carbohydrates. 

carbon dioxide
A waste product made by cells that 

passes from the blood to the air in the 

lungs and is removed when we exhale.

cells
The “building blocks” that make up all 

living things.

chief cells
Cells in the stomach that produce an 

enzyme that breaks down proteins.  

This enzyme is “turned on” by an  

acid made by parietal cells.

cilia
Tiny hair-like structures that line the 

airways of the respiratory system. Cilia 

sweep mucus—containing dust, dirt and 

other trapped particles—away from the 

lungs and up towards the throat.

ciliated epithelial cells
Cells that line the airways of the respi-

ratory system. These cells have cilia to 

sweep away “dirty” mucus.

circulatory system
The system that includes our heart, 

blood, and blood vessels. This system 

delivers important materials to all the 

cells in our body, and then carries the 

harmful waste away. Also known as the 

cardiovascular system.

compact bone
The hard, dense part of bone. (Dense 

means the cells are packed tight, with 

very little space between them.)

contract
To shorten. Muscles become shorter 

when they contract.

diaphragm
A large muscle just below the lungs. Air 

empties or fills our lungs when our dia-

phragms move.
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digestion
The process of breaking down food into 

simpler forms. 

digestive system
The body system that breaks down the 

food we eat so our bodies can use it for 

energy and other needs.

enzyme
Chemicals that break down large, com-

plex food particles into smaller, simpler 

nutrients.

esophagus
The tube between the throat and the 

stomach that food passes through.

fats
Nutrients your body often stores for 

energy. Oils, dairy products, and nuts 

have lots of fat.

fiber
A substance present in food that comes 

from plants (fruits, vegetables, and 

grains) that helps people have regular 

bowel movements. Since humans can’t 

digest fiber, it passes through the body. 

Fiber is a carbohydrate.

gall bladder
The organ in the digestive system that 

stores a digestive juice (called bile) that 

is produced in the liver.

gastric juice
Fluids in the stomach that contain 

enzymes and acids. These enzymes 

break down proteins into simpler  

forms.

goblet cells
Cells in the airways of the respiratory 

system that make and release mucus. 

This mucus traps dirt and other harmful 

particles in the air.

heart
A muscular organ that pumps blood 

throughout the circulatory system.

heart rate
The number of times our heart beats  

in one minute. To find someone’s  

heart rate, locate their pulse and  

determine the number of throbs in  

one minute.

hinge joint
Joints that let bones swing back and 

forth like a door. Our knees, elbows, 

fingers, and toes are examples of hinge 

joints—because of their hinge joints, 

they can bend and straighten.

iris
The colored part of the eye.
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joint
A point on the skeleton where two or 

more bones come together. Most joints, 

like our elbows, ankles, and knees, 

move a lot. Some, like those in our pel-

vis, move a little, and a few, like those 

in an adult’s skull, don’t move at all.

large intestine
The organ in the digestive system that 

receives any food that is not digested. 

The large intestine “processes” this food. 

It absorbs water and some minerals. The 

remaining waste is passed through as a 

bowel movement.

ligaments
The tough, rope-like bands that hold 

most bones in place at a joint.

liver
An organ in the digestive system that 

produces a digestive juice (called bile). 

Bile helps your body digest fats.

lungs
The main organ of the respiratory sys-

tem. Our lungs deliver oxygen to the 

blood and remove carbon dioxide from 

the blood.

mineral
A type of nutrient our bodies need to 

function properly. Some foods contain 

minerals.

multicellular
Made of more than one cell.

muscle
The stretchy, elastic structures in the 

body that have the special ability to 

contract (shorten). The contraction of 

muscles makes it possible for us to move 

our body parts.

muscle fatigue
The tiredness you feel in your muscles. 

This happens when muscle cells use up 

energy supplies faster than they can 

be delivered by the blood and build up 

waste faster than can be carried away.

nerves
Long, thin body parts that send mes-

sages from your brain to other parts of 

your body, and from your body parts  

to your brain.

nervous system
The organ system that includes the 

brain, spinal cord, sensory organs, and 

nerves.

nutrient
A nutritious substance found in food. 

The main nutrients the human body 

needs are carbohydrates, fats, proteins, 

vitamins, minerals, and water.
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organ
Two or more different types of tissues 

working together as a single structure. 

Our heart, stomach, and skin are exam-

ples of organs.

organ system
Two or more different organs working 

together to make our bodies function 

properly. Our digestive, respiratory, 

circulatory, and muscular systems are 

examples of organ systems.

osteoblasts
“Bone builder” cells that build new 

 layers of bone.

osteoclasts
“Bone digester” cells that break down 

worn-out or damaged bone so it can be 

replaced with new layers of bone.

osteocytes
“Bone director” cells that direct the 

actions of “bone builder” cells and 

“bone digester” cells so just the right 

amount of bone gets replaced.

pancreas
An organ that produces some of the 

enzymes needed to break down the  

food we eat.

parietal cells
Cells in the stomach that produce an 

acid needed to “turn on” an enzyme 

that breaks down proteins. The enzyme 

is produced by chief cells. 

pivot joint
Joints where bones can turn from side to 

side—like an office swivel chair. We have 

pivot joints at our elbows, ankles, wrists, 

and backbone. Our head also rests on a 

pivot joint—we can shake our head back 

and forth “No” because of this.

plasma
The fluid part of blood. Plasma is straw-

colored. It contains blood cells and other 

important substances needed to keep 

your cells healthy.

platelet
(PLAYT-luhts) Tiny pieces of a particular 

type of white blood cell found in blood. 

Platelets help stop cuts from bleeding.

proteins
Nutrients your cells need to grow and 

repair themselves. Muscles (and other 

organs) are mostly made up of pro-

tein. Meat, fish, eggs, cheese, yogurt, 

legumes, and nuts all have lots of 

 protein.
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pulse
The throbbing in our arteries that occurs 

every time the heart contracts. You can 

feel someone’s pulse in the arteries that 

are close to the skin.

pupil
The dark circle in the center of the  

eye. The pupil is an opening that lets 

light enter the eye.

reaction
A response to a change in the 

 environment.

rectum
The final part of the large intestine. 

Stools are stored in the rectum until it is 

time for a bowel movement.

red blood cells
Blood cells that pick up oxygen from 

the lungs and deliver it to all the cells 

in the body. Red blood cells give blood 

its red color.

red marrow
One of the two types of marrow found 

in bones. Red marrow is where blood 

cells are made.

reflex
A quick, unplanned response.

relaxed
At rest. Muscles are relaxed when they 

are not actively contracting.

respiratory system
The body system that brings oxygen 

into our bodies and removes carbon 

dioxide from our bodies.

saliva
A digestive fluid found in the mouth. 

Saliva contains enzymes that begin 

breaking down the food you eat.

sensory organ
A body part associated with the senses 

(such as the eyes, ears, tongue, skin, 

and nose) that sends information about 

the external environment to the brain.

skeletal muscles
Muscles that are attached to the skel-

eton. Skeletal muscles pull on bones to 

move the body. Most of the muscles in 

the human body are skeletal muscles. 

Skeletal muscles are the only muscles 

people control.

small intestine
The organ in the digestive system that 

the stomach empties into. Digestion is 

completed in the small intestine. Usable 

nutrients are passed into the blood. The 

remaining waste, as well as water and 

some vitamins and minerals, is passed 

into the large intestine.
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spinal column
The part of the skeleton that protects the 

spinal cord. Also called the vertebral col-

umn. The spinal column is made up of 

24 movable bones, called vertebrae, as 

well as several bones that don’t move.

spinal cord
A bundle of nerves that extends from 

the brain down along the center of the 

back. The spinal cord carries informa-

tion from our brains to all parts of our 

body and from our body parts back to 

our brains.

spongy bone
The lighter part of bone that contains 

many small holes or spaces.

stomach
The organ in the digestive system 

between the esophagus and the small 

intestine. Gastric juices in the stomach 

begin breaking down proteins.

tendons
The tough, inelastic (not stretchy) bands 

that attach muscles to bones.

tissue
A collection of cells that work together 

Usually tissues are made of similar types 

of cells.

trachea
(TRAY-kee-ah) The tube, or airway,  

in the respiratory system that leads into 

the lungs. Also called the windpipe.

veins
The blood vessels that carry blood from 

the capillaries back to the heart.

vertebral column
The part of the skeleton that protects 

the spinal cord. Also called the spi-

nal column. The vertebral column is 

made up of 24 smaller bones, called 

vertebrae, as well as several bones that 

don’t move.

white blood cells
Blood cells that protect the body from 

the viruses and bacteria that could 

cause infections. There are several differ-

ent types of white blood cells. They all 

work to keep the body healthy.

yellow marrow
One of the two types of marrow found 

in bones. Yellow marrow stores fat, 

which our bodies use to produce  

energy.
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adults

bone marrow in, 40

bones of, 2
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healing broken bones in, 43
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air

cleaning system for, 72–73

how we breathe, 69–70

passing into lungs, 71
ALS (Lou Gehrig’s Disease), 25, 26
alveoli

cigarette smoke damaging, 77

defined, 99

moving oxygen into blood through, 
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animals

heart rates of, 59

sense of smell in, 19
antagonist, defined, 10
antagonistic muscles, 10, 99
arteries

about, 62

defined, 99

heart attack from clogged, 64

artificial joints, 8
asthma, 76–77
athletes

advantages of exercise. See exercise

eating for success, 54

training of, 54, 89–98

B
babies

bone marrow in, 40

bones of, 2

cerebral palsy in, 26

healing broken bones in, 43

number of cells in, 28

reflexes of, 24
backpacks, tips for wearing, 7
bacteria

as one-cell organism, 28

white blood cells destroying, 29
ball-and-socket joints, 5, 99
biceps

about, 10

working in pairs, 12–13
blood cells

about, 60–61

red marrow making, 40
blood supply

to brain, 18

delivering calcium to body, 43
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blood vessels

about, 62–63

carrying blood through body, 57

and exercise, 66

feeling pulse through, 58–59
body, major systems of, 33
bone, spongy. See spongy bone
bone marrow

about, 40

defined, 99

in long bones, 42
bones, 37–48

blood cells made by, 40

calcium and, 43

cells of, 38–39

healthy, 44–46

joints connecting, 3–5

ligaments holding, 3

muscles moving. See muscles

reaction time using, 23

skeleton made up of, 1–2

tissue in, 39

types of, 41–43

X-rays of, 47
bones, broken

in babies and old people, 43

calcium deficiency causing, 45

repairing, 40
bowel movements, fiber and, 86
brain

about, 18

cerebral palsy affecting, 26

defined, 99

nervous system working with, 20–21

Parkinson’s Disease affecting, 25–26

reaction time using, 22–23

skull protecting, 2

spinal cord pathway to and from, 20
breathing rate, 99
bronchi

about, 71

in asthma, 76

in bronchitis, 77

defined, 99
bronchioles, 71, 99
bronchitis, 77
bronchus, 71

C
caffeine, 45
calcium

defined, 100

foods rich in, 7, 44–45

as key to strong bones, 43

value in some foods, 46
cancer

cigarettes and, 78

treating with X-rays, 47
capillaries

about, 62

defined, 100

removing carbon dioxide from blood 
through, 75

carbohydrates

defined, 100

eating for success in sports, 54

nutrition value of some foods, 46
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carbon dioxide, 75, 100
carcinogenic substances, 78
cardiac muscles

energy needed by, 52–53

as muscle you don’t control, 51
cartilage, in long bones, 42
celiac disease, 88
cells, 27–36

about, 28

bone, 38–39

defined, 100

forming tissues with, 31, 34

having healthy, 35–36

macrophage (white blood), 29

microscopes for viewing, 36

muscle, 49–50

neuron (nerve), 30

organ system, 32

red blood, 104

Robert Hooke naming, 31

tissues forming organs, 32
cerebral palsy, 26
chemical digestion, 83–84
chemicals, nerve cells and, 30
chewing, 84
chief cells, 83, 100
cigarettes, 78. See also smoking
cilia

air cleaning system and, 73

in cystic fibrosis, 77

damaged by smoking, 79

defined, 100
ciliated epithelial cells, 73, 100
circulatory system, 57–68

blood as part of, 60–61

blood vessels as part of, 62

defined, 33, 100

diagram of, 63

and exercise, 65–66

heart as part of, 58–59

heart attacks, 64

heart-healthy habits, 67

how it works, 57

invention of pacemakers, 67–68
“communicator”, computer, 26
compact bone

about, 38

defined, 100

in different types of bones, 42–43
compression, for muscle injuries, 15
connective tissue, 31
contracted, muscles

about, 10

defined, 100

using teamwork for, 49–50
cuts, bleeding, 61
cystic fibrosis, 77

D
da Vinci, Leonardo, 11
dairy products, 44
diaphragm, 70, 100
diet. See food
digest, defined, 81
digestion, defined, 101
digestive system, 81–88

celiac disease and, 88

defined, 33, 101

and exercise, 86–87
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food our bodies can’t use, 85

how food is broken down, 83–84

lactose intolerance and, 87

parts of, 81–82

special cells helping with, 83
diseases

of digestive system, 87–88

of nervous system, 25–26

of respiratory system, 76–78

white blood cells protecting body 
from, 61

DMD (Duchenne’s muscular dystrophy), 
25

dopamine, 25–26
double-jointed, 3
Duchenne’s muscular dystrophy (DMD), 

25
dystrophin, 25

E
Edison, Thomas, 47
Einstein, Albert, 26
electron microscopes, 36
elephant, heart rate of, 59
elevation, for muscle injuries, 15
emphysema, 78
endocrine system, 33
energy, 53
enzymes

defined, 101

digestive, 83–84

lactase, 87
epithelial (skin tissue), 31
Erasistratus, 13
esophagus, 85, 101

excretory system, 33
exercise

building bones with, 46

and circulatory system, 65–66, 67

and digestion, 86–87

and heart attacks, 64

and muscle fatigue, 54

respiratory system during, 75–76, 
79–80

exhalation, 69–70
eyes, reflex in, 26

F
fat

defined, 101

eating for sports success, 55

in some foods, 46

yellow marrow containing, 40
fiber, 86, 101
fixed joints, 3
flat bones, 41
food

chewing, 84

for healthy cells, 35

for healthy circulatory system, 67

for healthy muscle cells, 14, 53

heart attacks and, 64

nutrition value in some, 46

passing through digestive system. See 
digestive system

for sports success, 54–55

strong bones with calcium-rich, 7, 
44–46

fruits, 86
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G
Galen, 2
gall bladder, 82, 101
gastric juices, 83, 101
germs, 29
gluten, 88
goblet cells, 72, 101

H
Hawking, Stephen, 26
hearing, sense of, 18–19
heart

about, 58–59

attacks, 64

blood pumped by, 57

cardiac muscles of, 51

defined, 101

and exercise, 65–66

healthy habits for, 67

as organ, 32

pacemakers helping, 67–68
heart rate, 59, 101
hinge joints, 4, 101
Hooke, Robert, 31
hormones, 61
hummingbird, heart rate of, 59

I
ice, for muscle injuries, 15
immune system, 33
inhalation, 69–70
injuries

to muscles, 14–15

to nerves in spinal cord, 20–21

quick reaction time preventing, 23

integumentary system, 33
iris, 101
irregular bones, 41

J
joints, 3–7

artificial, 8

being good to, 6–7

defined, 3, 102

fixed, 3

synovial fluid oiling, 5

types of moveable, 4–5

K
knuckles, cracking, 5

L
lactose intolerance, 87
large intestine, 85, 102
larynx, 71
ligaments

comparing tendons to, 10

defined, 3, 102

double-joints and, 3
ligamentum, 3
liver, 102
long bones, 41, 42
Lou Gehrig’s Disease (ALS), 25, 26
lungs

defined, 102

how we breathe, 69–70

moving oxygen into the blood, 74–75

oxygen picked up by red blood cells 
in, 61

protecting by not smoking, 7, 77–78
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lymphatic system, 33

M
macrophage, 29
marrow. See bone marrow
matrix, of bones, 38
microscopes, 36
minerals, 55, 102
mouth, digestive process, 85
moveable joints, 4–5
movement. See also exercise; muscles

bones supporting body parts for, 1–2

joints allowing, 3–5

keeping healthy bones for, 6–7
mucus

air cleaning system, 72–73

in bronchitis, 77

in cystic fibrosis, 77

in smoking, 79
multicellular, 102
muscle fatigue

about, 53

defined, 102

preventing through training, 54

resting muscles after, 87
muscles, 9–15

antagonistic, 10

circulatory system delivering oxygen 
and nutrients to, 57, 65–66

contracted, 10

controlled, 51

defined, 102

diseases affecting, 25–26

healthy foods for, 54–55

injuries to, 14–15

muscular system, 33, 49–52

needs of muscle cells, 52

nervous system directing. See nervous 
system

not under our control, 51–52

number of in human body, 9

reaction time and, 22–23

reflexes and, 24

respiratory system during exercise 
and, 75–76

shivering and, 10

skeletal, 104

taking care of, 14, 54–55

tissues, 31, 50–51

working in pairs, 12–13

working together, 13, 21
muscular dystrophy, 25
muscular system, 33, 49–52

N
names, of bones, 2
nerve cells (neurons), 30
nerve tissue, 31
nerves

about, 19

defined, 102

diseases affecting, 25–26

of spinal cord, 20
nervous system, 17–26. See also nerves

about, 17

brain as command central, 18

defined, 33, 102

diseases and other problems of, 25–26
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parts working together in, 20–21

providing information through 
senses, 18–19

reaction time and, 22–23

reflexes and, 24

spinal cord as part of, 20
nicotine, 79
nose, 71, 72
nutrients

circulatory system delivering, 57, 
65–66

defined, 102

digestive system and. See digestive 
system

heart rate during exercise and, 59

muscle cells and, 53, 54

O
organ systems

defined, 103

how your body is organized, 34–35

organs combining to form, 32

twelve major, 33
organs

combining to form organ systems, 32

defined, 103

of digestive system, 82

how your body is organized, 34–35

tissues combining to form, 32
osteoblasts, 38, 103
osteoclasts, 38–39, 103
osteocytes, 38, 103
oxygen

circulatory system delivering, 57, 
65–66

in emphysema, 77

healthy cells needing, 35

heart rate during exercise and, 59

moving into blood, 74–75

muscle cells requiring, 53

preventing muscle fatigue, 54

red blood cells picking up, 61

respiratory system during exercise 
and, 75–76

P
pacemakers, 67–68
pain, sense of touch and, 19
pancreas, 103
paralyzed muscles, 25
parietal cells, 83, 103
Parkinson’s Disease, 25–26
phosphorus, 46
physical digestion, 84
pivot joints, 5, 103
plasma, 60, 103
platelets

about, 60–61

defined, 103

stopping cuts from bleeding, 61
posture, good, 6
proteins

defined, 103

eating for sports success, 54

for good muscles, 14

nutrition value of some foods, 46
pulse, 58–59, 104
pupil, 24, 104
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R
reaction, defined, 104
reaction time, 22–23
rectum, 85, 104
red blood cells, 60–61, 104
red marrow, 40, 104
reflexes, 24, 104
relaxed, muscles, 104
reproductive system, 33
respiratory system, 69–80

air cleaning system of, 72–73

defined, 33, 104

diseases and conditions of, 76–78

and exercise, 75–76

how we breathe, 69–70

moving oxygen into the blood 
through, 74–75

removing waste from blood through, 
75

smoking and, 79

tips for healthy, 79–80

where air goes, 71
respire, defined, 69
rest, for muscle injuries, 15
RICE (Rest, Ice, Compression, Elevation), 

15
Roentgen, Wilhelm Conrad, 47

S
saliva

defined, 104

enzymes in, 83, 85
scabs, 43, 61
senses

about, 18–19

reaction time and, 22–23

reflexes and, 24
sensory organ, 104
shivering, 10
shoes, wearing right, 6, 14
short bones, 41
sight, sense of, 18–19
skeletal muscles

about, 51

defined, 104

energy needed by, 52–53
skeletal system, 33, 43
skeleton, 1–8

artificial joints, 8

diagram of human, 2

giving your body shape, 1

moving with joints, 3–5

protecting your body, 2, 20

ways to be good to joints, 6–7
skin tissue (epithelial), 31
skull, 2
small intestine

celiac disease of, 88

defined, 104

in digestive process, 85

enzymes in, 83

length of, 82
smell, sense of, 18–19
smoking

dangers of, 67

emphysema from, 77

protecting lungs by not, 7

risk of heart attack from, 64

saying no to, 78–79
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smooth muscles, 51, 52–53
sodas, 45
speech, voice box and, 71
spinal column, 105
spinal cord

about, 20

defined, 105

injuries to, 20–21

reflexes and, 24

working with parts of nervous system, 
20–21

spongy bone

about, 38

broken bones and, 40

defined, 105

in types of bones, 42–43
sports

digestion and, 86–87

eating for success in, 54–55

protecting bones when playing, 6

reaction times when playing, 23

what human body is capable of, 
89–98

sprains, 14, 15
stomach, 85, 105
strains, 15
stress, 6
stretches, 6, 14
synovial fluid, 5
system, defined, 32

T
taste, sense of, 18–19
teeth, X-rays of, 47

tendons

about, 10

defined, 105

tendonitis, 15
thirst, 86
tissues

bone, 38–40

cells forming, 31

combining to form organs, 32

defined, 105

how your body is organized, 34–35

muscle, 50–51
touch, sense of, 18–19
trachea, 71, 105
training

of athletes, 89–98

preventing muscle fatigue  
through, 54

triceps, 12–13
twisted ankle, 14

V
vegetables, 86
veins, 62, 105
vertebral column, 20, 105
Vesalius, Andreas, 11
Vitamin C, 46
vitamins, 55
vocal cords, 71
voice box, 71
voluntary muscles, 25

W
water

bones made up of one-third, 37
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comparing thickness of blood to, 61

healthy cells needing, 35

thirst after exercise, 86
weight, keeping healthy, 6
weight, of brain, 18

white blood cells

defined, 105

destroying germs, 29, 60–61

Y
yellow marrow, 40, 105
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