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ONLINE Labs
■■ QuickLab  Muscles and Bones of the Skull
■■ Muscle Fatigue
■■ Muscles in Action
■■ S.T.E.M. Lab Modeling Joint Movement
■■ Bone and Muscle Cells
■■ Chicken Wing Dissection

■■ Analyzing Identifying Features: Fingerprints
■■ Video Lab  Analysis of Muscle Fatigue

BIg IdEa Bones and muscles give the body structure 

and support for movement, and skin protects the body and 

helps maintain a stable internal environment.
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r E a d I N g   T o o L B o x  This reading tool can help you learn the material in the following pages.

USINg LaNgUagE
analogies  Analogies compare words that have similar 
relationships. You can write analogies with words or with 
colons. For example, the analogy “up is related to down 
the same way that top is related to bottom” can be 
written “up : down :: top : bottom”. To answer an analogy 
problem, you must figure out how the words are related. 
Up is above down, and top is above bottom.

yOUr TUrN
Use information found in the chapter to complete the 
following analogy.
 bone : ligament :: muscle : _____
(Hint: Finding out how bones and ligaments are related will 
help you figure out which word to use to fill in the blank.)

Could you jump this hurdle 
if you didn’t have bones?

This dramatic image of the skeletal system is a composite  
of many x-ray images. As you can see, your bones form a 
system of levers to which your muscles attach. Without this 
system of bones, you would not be able to move around the 
way that you normally do.

Q
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Skeletal System

VOCABULARY

skeletal system
appendicular skeleton
axial skeleton
vertebrae
cartilage
joint
ligament
calcification

KeY COnCept the skeletal system includes bones and tissues that 
are important for supporting, protecting, and moving your body.

MAIn IDeAS
 Your skeletal system is made up of the appendicular and axial skeletons.
 Bones connect to form joints.
 Bones are living tissue.

Connect to Your World 
Your bones and muscles must be strong enough to support more than your body’s 
weight. Each time you move, whether walking or running, your bones and muscles 
must absorb the force of the ground pushing upward on your foot. How much force 
do your bones need to absorb? When you jog, your body absorbs a force of more 
than twice your body weight with each step. When you jump and land, this force is 
about 12 times your body weight.

 MAIn IDeA 10C

Your skeletal system is made up of the 
appendicular and axial skeletons.

Imagine a tree. The wood fibers support the tree and protect the tree’s internal 
tissues. As wood fibers support a tree, your skeletal system protects your 
organs and supports your body, allowing your body to keep its shape. Unlike 
the wood in a tree, however, your skeletal system allows you to move.
 The skeletal system, shown in figure 1.1, is an organ system that includes 
the bones and the connective tissues that hold the bones together. The human 
skeleton has 206 bones, which can be categorized as part of either the 
appendicular or axial skeleton.

Appendicular Skeleton
Unlike the branches of a tree, which cannot move much, parts of your skeleton 
allow for wide ranges of movement. The appendicular skeleton is the part of 
your skeleton that is adapted to allow the body to move. It includes the bones 
in the limbs that extend from the trunk of your body—your legs, arms, feet, 
and hands. 
 The appendicular skeleton also includes two sets of bones, called girdles, 
that connect your limbs to your body. The girdles attach the bones of the arms 
and legs to the body loosely enough that these limbs have a wide range of 
motion. Your arm, for example, can rotate from the floor to the ceiling, as 
when a swimmer does the backstroke or a baseball pitcher “winds up” during 
a pitch. Your leg is connected loosely enough that your knee can be raised 
high in front of your body, as when you are running, or it can move away from 
your body, as when a basketball player shuffles sideways down a court.

figure 1.1 The skeletal system 
is composed of an appendicular 
skeleton (white) and an axial  
skeleton (red).

10C

 10C analyze the levels of 
organization in biological systems 
and relate the levels to each other 
and to the whole system
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Axial Skeleton
The axial skeleton is made up of the bones found in 
the trunk and head of the body. The bones of the 
axial skeleton support the weight of the body and 
protect the internal tissues. The axial skeleton in-
cludes the 27 bones in the skull, the 33 bones that 
form the spine, the 12 pairs of ribs, and the breast-
bone, the flat bone in the front of the chest that 
connects the ribs. 
 The bones of the axial skeleton cover most of the 
body’s vital organs. Vertebrae are the bones that 
surround the spinal cord. The bones of the skull 
protect the brain, and the ribs and breastbone protect 
the heart and lungs, as shown in figure 1.2.

 Although the main functions of the axial skeleton 
are protection and support, it also provides some 
limited movement. The ribs are connected with 
flexible tissue that allows the chest to expand while 
breathing. Flexible tissue in the spine allows people to 
bend or to turn and look behind them.

Cartilage
Bones are very hard organs. If two bones in your finger 
fused into one, your muscles would not be able to 
move your finger. But if the two bones were in contact 
with each other, they would rub together every time 
you moved, and eventually, the ends of the bones would wear down.  
Fortunately, the ends of your bones are protected from wear by cartilage.
 Cartilage is flexible connective tissue that is found between your bones. It 
cushions your bones and allows for smooth movements. Sometimes cartilage 
physically connects two bones. The cartilage found in your chest, for example, 
holds neighboring ribs together into one strong rib cage. Because the ribs are 
held together with cartilage and not bone, the rib cage is flexible too. Cartilage 
is also found between neighboring bones that move relative to one another.

Analyze Why is it important that the ribs are connected by cartilage?

 MAIn IDeA 10C

Bones connect to form joints.
A joint is the place where two bones meet. Joints allow for different amounts 
of movement. Some joints are made of very strong fibers that do not allow 
movement. These joints, called fibrous joints, are made of the same dense 
 material that bone is made of, and they act like a tough glue that connects the 
bones and holds them in place. Fibrous joints in your jawbone hold your 
teeth in your mouth. Fibrous joints also connect the plates of your skull into 
one large structure that surrounds your brain.

figure 1.2 The skull, rib 
cage, and spinal column 
form the axial skeleton 
that protects soft organs 
and tissues.

breastbone

rib

skull

Fibrous joints occur in places 
such as the skull, where 
bones are fused together so 
they cannot move.

Joints are places  
where two bones meet.

R e A D I n G  T O O L B Ox

tAKInG nOteS
Use a main idea diagram  
to organize your notes  
about joints. 

vertebra
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 Cartilaginous (kahr-tuhl-AJ-uh-nuhs) joints allow partial movement. In 
these joints, cartilage physically holds bones together. Discs of cartilage 
between the vertebrae keep the bones stacked on top of one another and give 
the spine some flexibility. A person can bend slightly to one side at the waist. 
However, a person cannot fold in half by bending to the right or left.
 Cartilaginous joints are also found where the breastbone and ribs meet. 
Because of cartilage’s flexibility, these joints allow the chest to expand and 
contract while you breathe. But there is a limit to how far your chest can 
expand. Taking in a deep breath will cause the circumference of your chest to 
expand by only about 7 cm (2.76 in.).
 Other joints, called synovial joints, 
are cushioned with cartilage and held 
together by ligaments. A ligament is a 
long, flexible band of connective 
tissue that connects two bones across 
a joint. Ligaments keep bones physi-
cally connected while remaining loose 
enough that the bones can move. 
There are several types of synovial 
joints, which are listed below and 
shown in figure 1.3. 

1  Gliding joints allow the flat surfaces of bones to slide over each other. 
These joints give flexibility to the ankle and wrist. Gliding joints give you 
the ability to walk on uneven surfaces and move your hand to the right 
and left.

2  pivot joints are found where two bones turn on each other and allow 
rotation. The top two vertebrae that support the skull form a pivot joint 
that allows the head to turn to the right and left.

3  Ball-and-socket joints are found in the hip and shoulder. In these joints, 
the knoblike end of an arm bone or a thighbone fits into a bony cup 
in the shoulder blade or hipbone, respectively. Ball-and-socket joints 
allow the arm or leg to move in almost any direction.

4  Saddle joints allow a bone to move front to back and left to right. Your 
thumbs are connected to your hands by saddle joints. The saddle joint in 
your thumb is what gives your thumb the ability to reach across the palm 
of your hand and touch your other fingers.

5  Hinge joints allow bones to move in one direction, like a swinging door. 
These joints are found in the knees, fingers, and toes.

 Some bones in the body are connected by more than one type of synovial 
joint. These are called compound joints. In your elbow, for example, a hinge 
joint connects your forearm to your upper arm and allows you to extend and 
retract your forearm. Your elbow also has a pivot joint that allows the arm to 
rotate so that your hand can face up or down.

Infer Why do you think that ligaments are found in the appendicular skeleton but 
not the axial skeleton?

VISUAL VOCAB

A ligament is a long band of 
connective tissue that connects 
two bones across a joint.

ligament

COnneCt tO

LeVeRS
Recall from your physical science 
courses that a lever is like a door 
that moves by pivoting at the 
hinges. Joints are similar to levers 
in that the bone is the rigid 
object, and the ligaments and 
joints allow the bone to pivot.

Biology
HMDScience.com

GO ONLINE

What Kind of Joint Is It?
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How does the range of motion of a saddle joint in the 
thumb differ from the hinge joint in the finger?

1  GLIDInG jOInt
Gives flexibility to 
the wrist and ankle

figure 1.3 joints

Some joints allow for movement.

2   pIVOt jOInt
Allows the bones in the neck  
to move a short distance to  
the left or right

3   BALL-AnD-SOCKet jOInt 
Holds the upper arm and leg to 
the trunk of the body and allows 
these bones to move in almost 
any direction

5  HInGe jOInt
Lets many different bones 
in the body move toward 
or away from one another

4   SADDLe jOInt
Gives bones in the fingers the 
ability to move in all directions 
but in a much more limited way 
than a ball-and-socket joint
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 MAIn IDeA 10C

Bones are living tissue.
In addition to their role in providing support, allowing movement, and 
protecting internal organs, bones are living tissue that produce blood cells and 
act as a storage bank for minerals. Bones are covered by a layer of connective 
tissue called periosteum (pehr-ee-AHS-tee-uhm), which holds and protects 
blood vessels that run alongside the bone tissue. Just like any other tissue in 
the body, bones rely on blood vessels to bring nutrients and remove wastes.

Bone Structure
There are two types of bone tissue: compact and spongy. Compact bone is the 
hard, dense layer that protects against jolts and bumps. It is found inside the 
periosteum but outside the spongy bone. Compact bone is made up of several 
calcium-rich rings. These rings are maintained by bone cells called osteocytes, 
which are scattered in small spaces throughout the rings. At the center of the 
rings are channels called Haversian canals, each of which contains a small 
blood vessel. 
 Spongy bone is the less dense bone that is surrounded by compact bone. 
Spongy bone is a porous tissue that holds and protects red or yellow bone 
marrow, as shown in figure 1.4. When a person is young, most of the spongy 
bone is filled with red bone marrow. Red marrow is a part of the circulatory 
system. It produces blood cells. As people mature and grow, some of  
the red bone marrow in their bones is replaced with yellow bone marrow.  

yellow bone marrow

Periosteum
A layer of connective 
tissue that covers bone

Bones have many layers for protection and transport.

figure 1.4 Bone Structure

Analyze How do both 
compact bone and spongy 
bone protect parts of the 
circulatory system?

(colored SEM;  
magnification  

2503)

Haversian canals
Holes in the compact 
bone through which 
blood vessels travel

blood vesselosteocytes

Compact bone 
Protects the inner layers and  
supports the body’s weight

Red bone marrow
Produces new blood cells

Spongy bone 
Cradles and protects bone marrow

(colored SEM;  
magnification 603)
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Self-check Online
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ReVIeWInG  MAIn IDeAS

1. What are the differences between 
the axial skeleton and the 
appendicular skeleton? 10C

2. How are ligaments and cartilage 
functionally similar in joints? 

10C

3. How is calcification important for 
growth and protection? 

CRItICAL tHInKInG

4. Analyze Some scientists say that a 
person’s bones will never contain 
more calcium than they had when 
the person was 18 years old. How 
might they explain this hypothesis?

5. Compare and Contrast How are the 
joints of the axial skeleton similar to 
and different from the joints of the 
appendicular skeleton? 10C

Formative Assessment
COnneCt tO

neRVOUS SYSteM
6. Vertebrae protect the spinal 

cord, the organ that sends 
messages to and gets 
messages from the brain. 
Why do you think it is 
beneficial for vertebrae to 
have cartilaginous joints that 
limit movement?

Yellow marrow is mostly fat, but it can change back into red marrow and 
produce blood cells if the body suddenly loses blood.

Bone Growth
Human embryos do not have bones at first. Instead, when they are 
developing, their skeletal system is made mostly of cartilage. Over time, 
the flexible cartilage becomes hardened bone.
 Bones form when cells called osteoblasts secrete chemicals that cause 
cartilage to harden. Osteoblasts release a mixture of collagen, a strong 
fibrous connective tissue, and calcium phosphate, a mineral that hardens 
the collagen. The process of creating hard bone by combining collagen 
and calcium phosphate is called calcification. Once bone calcifies, the 
trapped osteoblast is called an osteocyte, shown in figure 1.5.

 Bones grow from their ends, where the cartilage is located. After birth, two 
bands of cartilage remain at either end of the bone. Until puberty, children’s 
bones grow longer, wider, and thicker. In adolescence, sex hormones stimulate 
bones to become denser. Bones are strongest when a person is between  
18 and 30 years old. After that, bones lose density because calcium is taken 
from the bones and used elsewhere in the body.
 Depositing and removing calcium from bones is a continual process that 
reshapes bones and helps maintain chemical homeostasis in the body. New 
bone can be created by osteoblasts to heal fractures even after a person ma-
tures and the bones stop growing. Bones also serve as storage areas for calcium 
that the body uses in many metabolic activities such as muscle movement, 
which you will read about in Section 2. The movement of calcium in and out 
of bone is regulated by calcitonin, a hormone produced by the thyroid gland, 
and by parathyroid hormone (PTH), which is produced by the parathyroid 
gland. Calcitonin stimulates osteoblasts to remove calcium from blood and 
deposit it in bone. PTH stimulates bone cells called osteoclasts to remove 
calcium from bone and make it available for use in the body.

Infer How are Haversian canals important to the function of spongy bone?

compact bone

osteocyte

figure 1.5 Osteocytes are 
specialized bone cells that have 
produced compact bone.  
(colored SEM; magnification 45003)
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Muscular System

VOCABULARY

muscular system
muscle fiber
skeletal muscle
tendon
smooth muscle
cardiac muscle
myofibril
sarcomere
actin
myosin

KeY COnCept Muscles are tissues that can contract, enabling 
movement. 

MAIn IDeAS
 Humans have three types of muscle.
 Muscles contract when the nervous system causes muscle filaments to move. 

Connect to Your World 
Make a muscle with your arm. The biceps you see is one type of muscle. Your 
beating heart is another. You also have muscles that line other organs. Some of these 
muscles push food through your digestive organs. Others change the size of the 
blood vessels to allow more oxygenated blood to reach the other muscles of the 
body that are doing hard work.

 MAIn IDeA 10a, 10c

Humans have three types of muscle.
The muscular system is the body system that moves bones at joints and pushes 
substances such as blood, food, and fluids throughout the body. Muscle fibers 
perform a lot of hard work, and so they contain many mitochondria to power 
their contractions. Your muscle contractions also help regulate your body 
temperature. While you’re at rest, as much as 25 percent of your body heat 
comes from the energy used as your various muscles contract. When your 
body temperature falls below a set point, you shiver. Involuntary muscle 
movements that cause shivering generate even more heat that helps raise your 
body temperature. The part of your muscular system that moves your bones 
and allows you to shiver is shown in Figure 2.1.

 All muscles are longer than they are wide, and they are divided into fibers. 
Muscle fibers are muscle cells that contract, or shorten, when they are stimu-
lated by the nervous system. Because muscle fibers can only shorten and not 
elongate, muscles work only in a pulling action. There are three types of 
muscle tissue: skeletal muscle, smooth muscle, and cardiac muscle.

Skeletal Muscle
The muscles you are most familiar with are skeletal muscles. Skeletal muscle 
is a type of muscle that attaches to the skeleton by tendons. A tendon is a 
connective tissue that begins within the muscle and continues into the bone or 
other muscle tissue. It physically connects the two, allowing for movement.
 Skeletal muscle cells are rectangular and have many nuclei. Under a micro-
scope, skeletal muscle appears striped, or striated, as you can see in Figure 2.2. 
The stripes result from a regular pattern of the protein filaments that cause 
skeletal muscle contraction, as you will read later in this section.Figure 2.1 Muscle tissue moves 

matter in the body.

10a, 10c, 11a

 10a describe the 
interactions that occur among 
systems that perform the functions 
of regulation, nutrient absorption, 
reproduction, and defense from 
injury or illness in animals; 10c 
analyze the levels of organization in 
biological systems and relate the 
levels to each other and to the 
whole system; 11a describe the role 
of internal feedback mechanisms in 
the maintenance of homeostasis
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 Skeletal muscles are mostly under voluntary control, which means that you 
can tell yourself to move your arm or wiggle an eyebrow, and it will happen. 
Some skeletal muscles, such as those in the spinal column, are involuntary. 
Muscles in your spine help maintain your posture, and muscles in your legs 
and feet allow you to remain balanced without your needing to think about it.
 Skeletal muscles are made of two different types of muscle fibers: fast- 
twitch fibers and slow-twitch fibers. Fast-twitch fibers respond quickly to 
nerve impulses, and they make quick, sudden movements. Slow-twitch fibers 
respond slowly and are responsible for sustained movements. Your eye, for 
example, contains the quickest fast-twitch fiber. It can make you blink in less 
than one one-hundredth of a second. On the other hand, some muscles in 
your leg can take several seconds to contract when you walk slowly. 
 A person with a high percentage of fast-twitch fibers would be a good 
sprinter, while a person with more slow-twitch fibers would do better as a 
distance runner. Individuals are born with certain amounts of fast-twitch and 
slow-twitch fibers. These amounts cannot be changed. With exercise, however, 
both fiber types can develop more mitochondria and become more efficient.

Smooth Muscle
Smooth muscle is found in many body systems and, unlike striated muscle, 
is not striped. Smooth muscle moves food through the digestive system, 
empties the bladder, and helps push out a baby during birth. It also 
plays an important homeostatic role by controlling blood flow by 
regulating the width of blood vessels, as shown in Figure 2.3. When 
the smooth muscle cells surrounding a blood vessel contract, the 
blood vessel becomes narrow. When the muscle cells relax, the 
blood vessel becomes wider, and more blood can pass through. 
Smooth muscle cells are spindle-shaped, meaning they are wide in 
the middle and taper at the ends. Also, smooth muscle cells have 
only one nucleus. 
 No smooth muscle is under voluntary control. Hormones or the 
nervous system stimulates smooth muscle. The contractions of 
smooth muscle are slower than those of skeletal muscle, but they 
can be sustained for longer periods of time.

Figure 2.3 Smooth muscle 
around this artery allows the 
artery to regulate blood flow  
by shrinking and expanding.  
(colored SEM; magnification 14303)

Figure 2.2 tYpeS Of MUSCLe

Skeletal MuScle
Muscle that moves bones has 
dark bands across it and is 
rectangular in shape.

cardiac MuScle
Muscle in the heart has dark 
bands and oval-shaped cells.

SMooth MuScle
Muscle in the arteries and 
intestines has spindle-shaped 
cells and no bands.

colored TM; magnification 1503 colored TM; magnification 3003 colored TM; magnification 4003
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VIDEO CLIP

Cardiac Muscle
Your heart is a muscle that pumps blood throughout your body, and it uses a 
specific kind of muscle cell. Cardiac muscle is muscle that is found only in the 
heart, and it looks like a combination of the two other muscle types. It is 
striated, like skeletal muscle, but its cells are oval-shaped and have multiple 
nuclei. Cardiac muscle cells use a huge amount of ATP and have more mito-
chondria than do skeletal muscles.
 Cardiac muscle cells are under involuntary control. The impulse to con-
tract comes from a pacemaker within the heart, and signals from the brain-
stem can only modify the rate at which the pacemaker causes contractions.

Compare and Contrast How are the three types of muscle both similar and 
different in their functions?

 MAIn IDeA 11a

Muscles contract when the nervous system 
causes muscle filaments to move.

When you play tug-of-war, your team must hold onto a rope and pull the 
other team toward you. Each player on your team reaches down to the rope, 
grabs onto it, and pulls. The filaments in muscles work in a similar way during 
contractions. Some filaments act like the players in a game of tug-of-war and 
pull at other filaments, which are like the ropes that connect the teams. To 
understand how these filaments work, let’s take a look at the smallest func-
tional unit of a muscle, which is called a myofibril. 

Muscle Structure
Myofibrils are long strands of protein found within a muscle fiber, as shown in 
Figure 2.4. Each myofibril contains a complex set of filaments that are arranged 
in a regular pattern. The protein filaments within these myofibrils cause 
muscle contraction.
 Myofibrils can be further divided into sarcomeres. A sarcomere is a section 
of a myofibril that contains all of the filaments necessary to make that section 
of the muscle contract. You can see sarcomeres if you look at muscle tissue 
under a microscope; they are bounded by a dark stripe on each side.
 The dark stripes occur where the filaments are located in the muscle cell. 
These filaments are called actin filaments. Actin filaments are thin protein 
fibers that are pulled to cause muscle contraction. The ends of the actin 
filaments are anchored to the sarcomere by a plate of structural protein called 
a Z line. Because actin filaments are attached to the sarcomere, when they are 
pulled, they drag the ends of the sarcomere along with them.
 In the center of the sarcomere are thick filaments, called myosin filaments. 
Myosin filaments are protein fibers that pull actin. The myosin is anchored to 
the middle of the sarcomere at the M line. By being anchored to the center of 
the sarcomere, myosin can pull the actin without moving itself.

COnneCt tO

pACeMAKeR
The pacemaker is the part  
of the heart that stimulates 
contractions. To learn more 
about how the heart works, 
review Section 3 of respiratory 
and circulatory Systems.

HMDScience.com

Biology

GO ONLINE

Muscle Function
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Figure 2.4 Muscle Structure and function

filaments in muscle cells cause the muscle to contract.

How do filaments work to cause the sarcomere to shorten?
CRItICAL 
VIeWInG

muscle

muscle fiber

myofibril

sarcomere

When a muscle is 
not moving, the actin  
filaments are far 
away from the center 
of the sarcomere.

During contraction, 
myosin filaments pull 
the actin filaments 
toward the center 
and shorten the  
sarcomere.

Biology
HMDScience.com

GO ONLINE

Muscle Contraction

ReLAxAtIOn

COntRACtIOn

actin Z linemyosinM line
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Muscle Contraction
When a muscle is relaxed, actin and myosin are not connected to each other. 
The nervous system stimulates myosin filaments to grab the actin by sending 
an impulse down a motor neuron into a muscle. The place where the motor 
neuron attaches to the muscle, called the neuromuscular junction, is shown in 
Figure 2.5.

 At the neuromuscular junction, the neuron releases neurotransmitters that 
bind to receptors on the muscle fiber. The neurotransmitters stimulate calcium 
ion (Ca2+) channels to open, and the 
Ca2+ ions stimulate myosin filaments. 
Figure 2.6 shows this process. Notice that 
actin and myosin are not smooth, as 
you might think. Myosin filaments have 
armlike extensions that act like little 
hands. These hands grab onto and pull 
the actin filaments. Actin filaments also 
have bumps on their surface. These 
bumps act like knots in a rope and give 
myosin a place to get a strong grip. 
When the nervous system stimulates a 
muscle, calcium ion (Ca2+) channels in 
the sarcomere open. Then Ca2+ ions 
diffuse in and bind to regulatory 
proteins.
 At rest, regulatory proteins tightly 
hug actin. But when Ca2+ ions bind to 
the regulatory proteins, the proteins 
loosen their grip and expose binding 
sites on the actin filament. With the 
binding sites exposed, myosin reaches 
for the actin filaments. The myosin 
binds to and pulls the actin. When the myosin has moved as far as it can, it 
uses ATP to break its bond with actin. As long as Ca2+ ions are bound and 
binding sites are exposed, the myosin will grab and pull the actin filament.
 Remember that the other end of the 
actin filament is anchored in the sarcomere 
at the Z line. However, the actin filament 
does not slip when one myosin bulb lets go, 
because although one myosin bulb has 
released, others are still bound to the actin 
filament. Some myosin bulbs hold the actin 
steady, while other myosin arms reach farther down the actin filament.
 Myosin filaments continue to pull at the actin in this hand-over-hand  
type of motion until the actin filaments have moved as far into the center as 
possible. At this point, the sarcomere is shortened because the actin filaments 
have dragged the end of the sarcomere with them as they were being pulled. 
Once the sarcomere is shortened, the muscle is contracted.

neuron

MUSCLe

neuromuscular 
junction

Figure 2.5 Neurons send 
electrical impulses that  
stimulate muscle contractions.  
(colored LM; magnification 1503)

myosin and actin bind

calcium flows into cell

Ca2+

myosin

actin

regulatory protein

The nervous system causes Ca2+ ions 
to diffuse toward and bind to actin.

Ca2+ ions loosen regulatory proteins. 
Now myosin can grab and pull actin. 

myosin

actin

Z line

R e A D I n G  T O O L B Ox

tAKInG nOteS
Use a cause-and-effect diagram 
to explain how muscles 
contract.

Figure 2.6 fILAMent ACtIOn
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ReVIeWInG  MAIn IDeAS

1. How do skeletal muscle, cardiac
muscle, and smooth muscle differ in 
their structure and function? 

10c

2. How do actin and myosin filaments 
work together to cause muscle 
contractions? 10c

CRItICAL tHInKInG

3. Synthesize How does muscle help 
keep the body warm? 10a, 10c

4. Synthesize How does the number 
of mitochondria in a muscle cell 
relate to the amount of work the  
cell can do? 10c

formative Assessment
COnneCt tO

neRVOUS SYSteM
5. Sensory neurons gather 

information. Interneurons 
process information. Motor 
neurons produce responses. 
Which type of neuron 
stimulates each of the three 
types of muscle tissue? 
Explain. 10c, 11a

 The contraction stops when the nervous system stops stimulating the 
muscle tissue. When this happens, the Ca2+ ions unbind and are actively 
transported away from the actin. The myosin binding sites on the actin 
filament become covered and myosin can no longer grab the actin. So the 
actin filaments slide outward to where they began before the contraction.
 The contraction of a muscle fiber is an all-or-nothing event. This means 
that an entire muscle will move only when many individual muscle fibers 
contract. Muscle contractions require the shortening of millions of sarco-
meres. The coordination of these multiple sarcomeres is controlled by the 
nervous system.

Apply explain why getting enough calcium in your diet is important for 
muscle function.

Q U I C K L A B

Muscles and Bones of the Skull
In this lab, you will learn about the muscles that attach to the skull.

pROBLeM What is the arrangement of muscles and bones in the skull?
pROCeDURe
 1. Place your fingers on the side of your jaw. Clench and unclench your jaw 

several times. You can feel your masseter muscle moving beneath your 
finger.

 2. Place your fingers on either side of your mouth. Open and close your mouth and smile 
several times. You can feel your orbicularis oris moving beneath your fingers. 

 3. Place your fingers under your eye. Wink several times. You can feel your orbicularis oculi 
moving beneath your fingers.

 4. Look at the model skull and the muscle drawings. Identify the muscles you felt, and to 
which bones they were attached.

AnALYze AnD COnCLUDe
1. Analyze What type of muscles (skeletal or smooth) are the three muscles you identified in 

this lab? How do you know?
2. Infer What do you think the word orbicular means?
3. evaluate What are some of the limitations to using models and illustrations in this lab?

I nte r pr etI n g g r Aph ICs

MAteRIALS
• model skull
• muscle and bone 

drawings

HMDScience.com

GO ONLINE

Muscular Dystrophy
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VIDEO CLIP

G    Online!

online biology
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Skin Function It’s important 
to be comfortable in your 
own skin! In this clip, learn 
about the many important 
functions of the skin.

Running Speed
 Some runners can run a mile in less 
than 4 minutes, while others might 
take 13 minutes to run the same dis-
tance. Use data to determine whether 
fast runners move their legs more 
quickly than slow runners.

What Kind of Joint Is 
It? Explore different joints 
in the body and learn how 
they move. Then categorize 
each joint based on its 
movement and structure.

BIOLOGY

biology

Building a
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Integumentary System

VOCABULARY

integumentary system
keratin
epidermis
dermis
hair follicle

KeY COnCept the integumentary system has many tissues that 
protect the body.

MAIn IDeAS
 The integumentary system helps maintain homeostasis.
 The integumentary system consists of many different types of tissues. 

Connect to Your World 
Have you ever noticed that when you are warm, your face becomes reddish? This is 
not an optical illusion. This happens when your skin is helping you to maintain a 
constant body temperature. When you are warm, nerves in your skin signal blood 
vessels to expand and rise to the surface of the skin. At the surface, blood vessels 
release heat into the environment. When your body temperature drops, the blood 
vessels sink into your skin, keeping the heat in your body.

 MAIn IDeA 10a

the integumentary system helps maintain 
homeostasis.

Skin is a part of your integumentary system. The integumentary system is the 
body system that surrounds all of your other organ systems, and it includes 
the skin, hair, nails, oil glands, and sweat glands. Together, these tissues 
protect your body and help your body maintain homeostasis.
 Your integumentary system consists of many tissues that protect your  
body. Oil glands in the skin release acidic oils that stop fungi and bacteria 
from growing on the skin, thereby preventing infection. Your fingernails and 
hair also have protective qualities. Fingernails and hair are made up of keratin. 
Keratin is a tough, waterproof protein that gives your hair and nails the ability 
to grow away from the body but still maintain their shape and sturdiness. In 
nails, keratin allows your nails to absorb some of the impact if you accidentally 

stub your toe. The microscopic view of a fingernail in figure 3.1 shows 
that these structures are actually many layers of thin, dead cells that are 
stacked on top of one another. In hair, keratin proteins are long and 
twisted around one another. Hair on top of the head shades your skin 
and keeps you cool.
 Nerves in your skin can help maintain temperature homeostasis, but 
your integumentary system maintains homeostasis in other ways as well. 
It removes water, salts, and urea from the bloodstream. Sweat glands help 
maintain homeostasis by cooling the body as the sweat evaporates from 
the skin. The average person has 2,600,000 sweat glands. During an 
intense hourlong workout, these glands allow your body to sweat more 
than a liter of water.

Connect When have your fingernails helped to protect you from injury?

figure 3.1 Fingernails are dense 
layers of dead cells that protect 
the fingers from injury.  
(colored SEM; magnification 6503)

2G, 10a, 10c

 2G analyze, evaluate, make 
inferences, and predict trends from 
data; 10a describe the interactions 
that occur among systems that 
perform the functions of regulation, 
nutrient absorption, reproduction, 
and defense from injury or illness in 
animals; 10c analyze the levels of 
organization in biological systems 
and relate the levels to each other 
and to the whole system
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 MAIn IDeA 10c

the integumentary system consists of many 
different types of tissues.

All the tissues of your integumentary system are housed in the skin. Your skin 
is your body’s largest organ. It covers from 1 to 2 square meters (10 to 15 ft2) 
and makes up about 15 percent of your body mass. The skin has three layers: 
the epidermis, the dermis, and the subcutaneous fat. The skin layers and the 
structures contained in them are shown in figure 3.2.

 The epidermis is the outermost layer of the skin, and it provides the first 
layer of protection for the tissues that are in deeper skin layers. The epidermis 
also contains pores through which sweat, salts, and oils can leave the body. 
The surface of the epidermis consists mostly of dead cells that continually 
flake off. Below the surface are new, living cells that are constantly dividing. 
The new cells pile on top of one another and push up to the surface over a 
period of two to four weeks to replace old, dead cells.
 Cells in the epidermis also produce protective proteins, such as keratin and 
melanin. Almost every type of cell in the epidermis produces keratin. Keratin 
causes the skin to feel thick or hard, and it builds thicker layers in areas of the 
skin that come into frequent contact with the outer environment. The soles of 
your feet, for example, have a thick layer of keratin, and so the skin on your 
feet is tougher than the skin on your face. Although keratin is produced by 
almost every epidermal cell, only specialized cells, called melanocytes, pro-
duce melanin. Melanin is a dark pigment that absorbs harmful ultraviolet 
sunlight that would otherwise reach and damage internal organs. When a 
person’s skin is exposed to more and more sunlight, melanocytes produce 
more melanin to block the additional rays. In other words, the skin tans.

D A T A  A N A LY S I S

AnALYzIng tRenDS In DAtA
Analyzing trends in data is a critical component of a scientific  
investigation. The graph below shows data about the incidence  
of basal cell skin cancer in men and women ages 26–30.

 1. evaluate What is the data trend 
for the incidence of this type of 
cancer in men within this age 
group? What is the trend for 
women of this age group?

 2. Compare and Contrast How 
are these trends similar and 
different?

 3. Infer Give a possible 
explanation for the trends.

COnneCt tO

IMMUne SYSteM
You read in Immune System and 
Disease that the skin and its 
various tissues are also part of 
the immune system; they help 
keep germs out of the body.
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Source: Christenson, L. J., et al. Journal of the American Medical Association

gRAph 1. InCIDenCe Of BASAL CeLL SKIn CAnCeR

968 Unit 9: Human Biology

DO NOT EDIT--Changes must be made through “File info” 
CorrectionKey=A
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ReVIeWIng  MAIn IDeAS

1. How does the integumentary
system help your body maintain 
homeostasis? 10a

2. What are three types of tissue that 
can be found in the dermis?

CRItICAL thInKIng

3. Infer Why might it be beneficial to 
have dead skin cells on the outermost 
layer of the epidermis?

4. Infer What kind of sensory 
receptors are associated with 
hair follicles?

formative Assessment
COnneCt tO

pLAntS
5. Although the epidermis  

of plants and humans have 
different structures, some  
of these structures have the 
same function. How are 
pores in human skin func-
tionally similar to stomata  
on plants?

 The next layer of skin, the dermis, 
contains glands and the cells that 
maintain the skin’s structure by produc-
ing elastin and collagen. Elastin is a 
protein that gives the skin flexibility, 
allowing it to stretch without tearing. 
Collagen is a dense protein that gives 
skin its shape. As a person ages, colla-
gen molecules become weak and clump. 
Clumping collagen is one factor that 
contributes to wrinkles.
 The dermis also contains sweat 
glands, oil glands, and hair follicles. A 
hair follicle is an elongated pit under 
the skin’s surface that contains cells that 
produce the keratin that forms hair. 
Each hair follicle has a pain receptor 
associated with it, which is why it hurts 
when you pull out a hair.
 Sweat and oil glands in the dermis also protect your body. Each person has 
2 to 5 million glands—that’s more than 10 glands for every square millimeter 
of skin. Sweat glands are called eccrine glands. Eccrine glands are found all 
over the body and help control body temperature. They also produce sweat 
that prevents damage that might occur when a person moves. When a person 
sweats from the armpits, for example, this sweat is protecting the skin by 
preventing the skin under the arm from rubbing too hard on the skin around 
the rib cage. Other glands, called sebaceous glands, produce oils that lubricate 
the skin and keep it waterproof.
 Beneath the epidermis and dermis is a layer of subcutaneous fat. This layer 
of fat cells protects and cushions larger blood vessels and neurons. It also 
insulates the muscles and internal organs from temperature changes in the 
body’s surrounding environment. These cells are connected to the muscles 
and bones by a layer of connective tissue.

Summarize What structures are found in each of the three layers of skin?

epidermis

dermis

fat layer

hair follicle

sweat gland

oil gland

pressure  
receptors

figure 3.2 Skin has many 
structures that protect internal 
organs and sense the world 
around you.

HMDScience.com

Biology

GO ONLINE

Skin Structure
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Key ConCepts

summary

Concept Map  Organize your notes on the skeletal system 
using a concept map like the one below.

Three‑Column Chart  Study the integumentary system 
using a three-column chart like the one below.

R E A D I N G  T o o l b o x 	 SyNThESIzE youR NoTES

Parts of the Integumentary System

Parts Structures Functions

skin dermis
epidermis

nails

hair

Skeletal	system

skull

includes	bones	in

includes includes

arms

includes	bones	in

BIG IDEA bones	and	muscles	give	the	body	structure	
and	support	for	movement,	and	skin	protects	the	body	and	helps	
maintain	a	stable	internal	environment.

970  Unit 9: Human Biology

33
 33.1 Skeletal System

The	skeletal	system	includes	bones	and	tissues	that	
are	important	for	supporting,	protecting,	and	moving	
your	body.	The skeletal system has two parts: the 
appendicular skeleton and the axial skeleton. The 
appendicular skeleton is responsible for most of the 
body’s movements and includes the arms and legs. 
The axial skeleton includes bones 
such as the skull, rib cage, and 
spinal column, and supports the 
body and protects internal 
organs. Individual bones are  
connected to one another by 
joints. Each individual bone is 
living tissue that contains 
specialized cells and blood 
vessels.

 33.2 Muscular System
Muscles	are	tissues	that	can	contract,	enabling	
movement.	Humans have three types of muscles: 
skeletal, smooth, and cardiac. Skeletal muscle  
attaches to bones. Smooth muscle surrounds blood 
vessels and the organs of the digestive system.  
Cardiac muscle is found only in the heart. The vari-
ous types of muscles contract when the nervous 
system stimulates muscle filaments to move. The 
nervous system causes Ca2+ to enter the sarcomere, 
allowing myosin filaments to bind to actin filaments. 
The muscle contracts when the myosin filaments 
pull the actin toward the sarcomere’s center.

 33.3 Integumentary System
The	integumentary	system	has	many	tissues	that	
protect	the	body.	The integumentary system is the 
body system that acts as a barrier between the 
body’s internal and external environments. It helps 
to maintain homeostasis by regulating the body’s 
temperature and blocking out pathogens. The skin 
has three layers: the dermis, the 
epidermis, and the layer of 
subcutaneous fat. The skin 
also contains proteins, 
such as keratin and  
melanin, that protect  
the skin’s cells and  
maintain its structure.
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Chapter voCabulary

reviewing vocabulary
Write your own Questions
Write a question about the first term that uses the 
second term as the answer. For the pair skeletal 
system, appendicular skeleton, the question could be, 
“What part of the skeletal system is responsible for 
most of your movements?”

 1. hair follicle, keratin
 2. joint, ligament
 3. tendon, skeletal muscle
 4. myosin, actin 

Category Clues

For each clue, list the appropriate vocabulary term 
from the chapter.

Category: types of Muscle

 5. found only in the heart
 6. regulates width of blood vessels

Category: parts of the skin

 7. consists mostly of dead cells
 8. contains glands

Keep It short
For each vocabulary term below, write a short, precise 
phrase that defines it. For example, a short phrase to 
describe vertebrae could be “protect spinal cord.”

 9. axial skeleton
 10. sarcomere
 11. calcification

reviewing MaIN IDeas
 12. Which organs do each of the three collections of bones 

in the axial skeleton protect?

 13. How does cartilage protect bones from wearing out 
while allowing muscles to move bones?

 14. Which type of joint is found in the hips and shoulders? 
How does this type of joint allow these body parts to 
move the way that they do? 

 15. How do compact and spongy bone interact with the 
circulatory system? 10A

 16. Bone is formed when flexible cartilage is transformed 
into hard bone. How do specialized cells create compact 
bone from cartilage? 10C

 17. Ligaments and tendons are connective tissues that help 
the body move. What are some differences between 
ligaments and tendons?

 18. Humans have three types of muscle: skeletal, smooth, 
and cardiac. How are the three types of muscle cells 
different from one another?

 19. Both the Z line and the M line have important roles in 
muscle contraction. What are the differences in the 
function and placement of the Z line and the M line in 
the sarcomere?

 20. How do actin and myosin work together to produce 
muscle contractions?

 21. How does the integumentary system help to maintain 
homeostasis?

 22. What are the three layers of skin, and how do they work 
to protect the body?

 23. What roles do elastin and collagen play in the connec-
tive tissue of the dermis?

R E A D I N G  T O O L B O X

Chapter 33: Protection, Support, and Movement 971

33
33.1 skeletal system

appendicular skeleton
axial skeleton
vertebrae
cartilage
joint
ligament
calcification

33.2 muscular system
muscle fiber
skeletal muscle
tendon
smooth muscle
cardiac muscle
myofibril
sarcomere

actin
myosin

33.3 integumentary system
keratin
epidermis
dermis
hair follicle
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Critical thinking
 24. Connect Neurons are specialized cells of the nervous 

system. Sensory neurons sense the internal and external 
environments. Motor neurons cause the body to 
respond to a stimulus. Which neurons do you think  
are found in the integumentary system? The muscular 
system? How do you know? 

 25. Infer A hair on your arm emerges through a pore and 
onto the surface of your skin. Within your skin, the hair 
follicle has an oil-secreting gland associated with it. Why 
might hair follicles be good targets for infections? How 
do glands prevent hair follicles from becoming infected?

 26. Infer Calcium is an important nutrient in the body. It 
allows for the nervous, muscular, and skeletal systems to 
work. How do Haversian canals work with bone cells to 
maintain calcium homeostasis?

 27. Connect What is the relationship between ATP and the 
number of mitochondria in muscle cells?

 28. summarize Several things must happen to make a 
sarcomere shorten and a muscle contract. Describe the 
steps involved in contracting and relaxing a muscle. In 
your answer, discuss the following: sarcomeres, actin 
filaments, myosin filaments, M lines, and Z lines.

 29. predict Your body stores extra calcium in your bones. 
What might happen to your bones if there weren’t 
enough calcium in your muscle fibers to stimulate 
muscle contractions?

Interpreting visuals
Use the diagram to answer the next three questions.

 30. analyze What is happening in the diagram?

 31. apply What will result from the action shown in the 
diagram?

 32. Infer Assume that the actin filament is moving to the 
left. On which side of the picture would the Z line be? 
The M line? How do you know?

analyzing Data Analyze a Trend in Data
For a research project, a student asked 200 students at 
her school to record some of their physical activities. 
Each student recorded if he or she walked, rode a bicycle, 
or went swimming at least three times a week. The 
recording sheets were handed out in March and 
 collected shortly after the students returned to school in 
the fall. Use the data to answer the next three questions.

 33. evaluate What are the trends for physical activities 
from spring through early fall?

 34. Contrast How do the trends differ between activities?

 35. hypothesize What might be possible explanations for 
these trends and differences?

Making Connections
 36. Write a help Wanted ad figuRe 1.3 shows the differ-

ent types of joints and describes how they work. Write 
Help Wanted ads for two of the joints. Each ad should 
include the type of joint that is needed, what it must be 
able to do (job description), and the kinds of tasks it 
should expect to perform. 

 37. Compare Look at the picture on the chapter opener 
and then think about an insect’s skeleton, which is on 
the outside of its body. How do an insect’s skeletal and 
muscular systems compare with those of humans? (Hint: 
Consider the physical structures of the skeletons, their 
types of movement, and their relationships to the 
animal’s muscles.)

stuDeNts’ aCtIvItIes eaCh MoNth

myosin

actin
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Biology End-of-Course Exam Practice

Record your answers on a separate piece of paper.

MULTIPLE CHOICE

3E
 1 

  

Three-dimensional models of human skeletons 
are useful learning tools. However, they do not 
help to show how the — 
A axial and appendicular skeletons join
B vertebrae form the spinal column
C bones meet to form joints
D bones adjust to support the body’s weight

10A, 10C, 11A
 2 When you run a race, the muscles in your legs 

need extra oxygen. To get oxygen to your 
muscles, your lungs breathe harder. Your heart 
pumps more blood. The muscles that line your 
blood vessels change the size of the blood vessels 
to direct more blood to the active muscles and 
less blood to the inactive muscles. This situation 
is an example of —
A positive feedback
B operant conditioning
C multiple body systems working together
D anaerobic respiration

11A, 11B
 3 Which of these is the best example of the skin 

maintaining the body’s stable environment, or 
homeostasis?
A becoming sunburned after a day in the sun
B releasing acidic oils that prevent infection
C breaking out in acne after eating certain foods
D freckles appearing after sun exposure

10A, 10C, 11B
 4 When touching a hot pan, sensory neurons in the 

hand generate impulses that are passed along as 
shown in the diagram below.

  Which of the following best describes the role of 
the motor neurons in this example?
A The motor neurons stimulate the brain to feel a 

burning sensation.
B The motor neurons stimulate the sensory 

neuron to jerk the hand off of the hot pan.
C The motor neurons store and process the 

signal in the brain.
D The motor neurons stimulate a muscle to jerk 

the hand off of the hot pan.

10A, 11A
 5 Calcium is an important nutrient that is involved 

in stimulating muscle contraction and sending 
nerve impulses. Depositing and removing 
calcium from bones is a continual process that 
reshapes bones and sends calcium to other parts 
of the body where it is needed. Which of the 
following events would most likely result in 
calcium moving into bones?
A bone injury
B intense exercise
C digestion
D thinking

THINK THROUGH THE QUESTION

Read the first part of the question carefully. Then 
consider which one of the answer choices would not 
require calcium to be sent to another part of the 
body.

skin interneuron ?sensory
neuron

motor
neuron
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