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Unit 10Unit 10
Advance Planning
Chapter 34
■ Order slides of human skin for

the Alternative Lab. 

Chapter 35
■ Borrow a human skull or a

large animal skull for the first
Quick Demo.

■ Order slides of the pancreas
for the second Quick Demo.

■ Purchase whole kidneys that
still have the adrenal glands
attached for use in the third
Quick Demo.

■ Order thyroid/parathyroid
slides for MiniLab 35-2.

Chapter 36
■ Acquire models of ears, eyes,

skin, and nose for the Display.
■ Order Daphnia for the BioLab.

Chapter 37
■ Order Daphnia for the Micro-

scope Activity.
■ Order a whole kidney for the

Quick Demo.

Chapter 38
■ Purchase a microscope slide

showing a cross-section of
testis for the Quick Demo and
the Inside Story.

■ Purchase a microscope slide
showing a cross-section of
ovaries for the Inside Story.

■ Order sea urchin sperm and
eggs for MiniLab 38-1.

■ Obtain slides of sea star devel-
opment for the Quick Demo.

Chapter 39
■ Purchase bacterial culture and

antibiotic disks for the Altern-
ative Lab.

■ Purchase blood smear slides
for MiniLab 39-2.

Using the Library
Linguistic Have student groups pre-
pare a report on how an injury to

one system structure—such as torn carti-
lage or a ruptured spleen—can disrupt
the whole system. L3

P

LS

Interview
Interpersonal Have student groups
interview a nurse or physician

about a disease or disorder that affects
mainly one body system. This could be an
inherited disorder, such as sickle cell ane-
mia, or a disease that disrupts the system,
such as pneumonia. Have students pre-
sent their findings in a report. L2

P

LS

Final Report
Have student groups present their find-
ings about body systems to the other stu-
dents in the class. L2

P

LS

The Human
Body

The Human
Body

As the sprinter crosses the finish line, 
the crowd cheers. Winning a race requires
the coordination of many different 
body systems—systems that don’t work
independently, but interact in hundreds 
of complex ways.
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UNIT CONTENTSUNIT CONTENTS

UNIT PROJECTUNIT PROJECT

Use the Glencoe Science 
Web Site for more project

activities that are connected to this unit.
www.glencoe.com/sec/science

Unit 10Unit 10

Protection, Support, and
Locomotion

The Digestive and Endocrine
Systems

The Nervous System 

Respiration, Circulation, 
and Excretion

Reproduction and Development

Immunity from Diseases

The Human BodyBIODIGESTBIODIGEST
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The Human Body

Unit Overview
Unit 10 describes the organs and
systems of the human body and
how they interact with one
another. Chapter 34 describes the
skin, skeletal, and muscular sys-
tems. The digestive and endo-
crine systems are covered in
Chapter 35.

Chapter 36 looks at the ner-
vous system’s control of the body
and the effects of drugs on body
systems. Included is a Focus On
The Brain, which describes func-
tions of the brain in more detail.
Respiration, Circulation, and
Excretion follow in Chapter 37.

Chapter 38 provides a discus-
sion of human reproduction and
development. Chapter 39 out-
lines the function of the immune
system and ends with a discussion
of how AIDS affects the immune
system.

Introducing the Unit
Ask students which systems are
important for a runner to succeed
at a track meet. Then discuss the
following questions with the
class. Which systems are involved
in the excitement and tension the
runner feels before the race?
Which systems are involved
when the runner is racing?

Interactions of Body
Systems
Have students do one of the projects 
for this unit as described on the Glencoe
Science Web Site. As an alternative, 
students can do one of the projects
described on these two pages.

Display
Visual-Spatial Students can collect
pictures of buildings from maga-

zines and make a display. For each pic-
ture, encourage students to draw
analogies between parts of the building
and parts of the body that have similar
functions.
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Modeling
Kinesthetic Have student groups
design and make a model of one

body system, such as the nervous or
endocrine system. They may use any
materials they wish.
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Activities/FeaturesObjectivesSection

MATERIALS LIST

BioLab
p. 940 stopwatch or clock with second
hand, graph paper, small weights,
wooden box or step stool

MiniLabs
p. 925 ink pad, index cards, magnify-
ing glass, acetone or nail polish
remover
p. 937 metric ruler

Alternative Lab
p. 924 microscope, prepared slide of
human skin

Quick Demos
p. 927 none
p. 930 X ray of human body
p. 930 skeleton
p. 931 chicken bone, vinegar or 10%
hydrochloric acid
p. 932 fresh beef bone(2)
p. 936 fresh chicken feet, fresh
chicken wings

Need Materials? Contact Carolina Biological Supply Company at 1-800-334-5551
or at http://www.carolina.com

922A

Teacher Classroom Resources

Assessment Resources Additional Resources

Products Available From
Glencoe
To order the following products,
call Glencoe at 1-800-334-7344:
CD-ROM
NGS PictureShow: Human Body
1
Curriculum Kit
GeoKit: Human Body 2
Transparency Set
NGS PicturePack: Human Body 1
Videodisc
STV: Human Body

Products Available From
National Geographic Society
To order the following products,
call National Geographic Society
at 1-800-368-2728:
Videos
Incredible Human Machine
Muscular and Skeletal Systems
(Human Body Series)

Teacher’s 
Corner

922B

Protection, Support, 
and Locomotion

Protection, Support, 
and Locomotion

TransparenciesReproducible MastersSection

Skin: The Body’s
Protection

Bones: The
Body’s Support

Muscles for
Locomotion

Section 34.1

Section 34.2

Section 34.3

Teacher Classroom Resources

Section Focus Transparency 81
Basic Concepts Transparency 61

Section Focus Transparency 82
Basic Concepts Transparency 62
Basic Concepts Transparency 63

Section Focus Transparency 83
Basic Concepts Transparency 64
Reteaching Skills Transparency 49
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Assessment Resources Additional Resources
Spanish Resources
English/Spanish Audiocassettes
Cooperative Learning in the Science Classroom
Lesson Plans/Block Scheduling

COOP LEARN
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LS
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Chapter Assessment, pp. 199-204
MindJogger Videoquizzes
Performance Assessment in the Biology Classroom
Alternate Assessment in the Science Classroom
Computer Test Bank
BDOL Interactive CD-ROM, Chapter 34 quiz

Refer to pages 4T-5T of the Teacher Guide for an explanation of the National Science Education Standards correlations.

Skin: The Body’s
Protection
National Science Education
Standards UCP.1, UCP.2,
UCP.5; A.1, A.2; C.5; F.1,
F.5; G.1 (1 session, 1/2 block)

Bones: The Body’s
Support
National Science Education
Standards UCP.1, UCP.2,
UCP.5; B.2, B.6; C.5; D.1;
E.1; F.1, F.6 (2 sessions, 1
block)

Muscles for
Locomotion
National Science Education
Standards UCP.1-3, UCP.5;
A.1, A.2; C.5; E.1, E.2; F.1, F.6;
G.1 (2 sessions, 11/2 blocks)

1. Compare the makeup and functions of
the dermis and epidermis.

2. Recognize the role of the skin in
responding to external stimuli.

3. Outline the healing process that takes
place when the skin is injured.

4. Identify the structure and functions of
the skeleton.

5. Compare the different types of movable
joints.

6. Recognize how bone is formed.

7. Classify the three types of muscles.
8. Analyze the structure of a myofibril.
9. Interpret the sliding filament theory.

Inside Story: The Skin, p. 924
MiniLab 34-1: Examine Your Fingerprints, 
p. 925
Problem-Solving Lab 34-1, p. 926

Problem-Solving Lab 34-2, p. 933
Physics Connection: X rays—The Painless
Probe, p. 942

Problem-Solving Lab 34-3, p. 936
MiniLab 34-2: Look at Muscle Contraction,
p. 937
Inside Story: A Muscle, p. 938
Design Your Own BioLab: Does fatigue
affect the ability to perform an exercise? 
p. 940

Section 34.2

Section 34.1

Section 34.3

Reinforcement and Study Guide, p. 151
BioLab and MiniLab Worksheets, p. 151
Content Mastery, pp. 169-170, 172

Reinforcement and Study Guide, pp. 152-153
Concept Mapping, p. 34
Critical Thinking/Problem Solving, p. 34
Laboratory Manual, pp. 247-250
Tech Prep Applications, pp. 43-44
Content Mastery, pp. 169, 171-172

Reinforcement and Study Guide, p. 154
BioLab and MiniLab Worksheets, pp. 152-154
Laboratory Manual, pp. 251-254
Content Mastery, pp. 169, 171-172
Inside Story Poster
Tech Prep Applications, pp. 43-44 L2
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Key to Teaching StrategiesKey to Teaching Strategies

Level 1 activities should be appropriate
for students with learning difficulties.
Level 2 activities should be within the
ability range of all students.
Level 3 activities are designed for above-
average students.
ELL activities should be within the ability
range of English Language Learners.

Cooperative Learning activities
are designed for small group work.
These strategies represent student prod-
ucts that can be placed into a best-work
portfolio.
These strategies are useful in a block
scheduling format.

L1

P

LS

L2

P

LS

L3

P

LS

P

ELL

LS

P

COOP LEARN

LS

PP

LS

P

LS

The following multimedia resources are available from Glencoe.

Biology: The Dynamics of Life
CD-ROM

BioQuest: Body Systems
Exploration: Bones: The Body’s Support
Animation: Paired Skeletal Muscles
Animation: Sliding Filament Theory

Videodisc Program
Paired Skeletal Muscles
Sliding Filament Theory
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ELL
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http://www.carolina.com


Section

Structure and Function
of the Skin

Skin is composed of layers of the
four types of body tissues: epithelial,
connective, muscle, and nervous.
Recall that epithelial tissue is derived
from the ectodermal layer of the
embryo and functions to cover sur-
faces of the body. Connective tissue,
which consists of both tough and
flexible protein fibers, serves as a sort
of organic glue, holding your body
together. Muscle tissues interact with
hairs on the skin to respond to stimuli
such as cold and fright. Nervous tissue
helps us detect external stimuli, such
as pain or pressure. As you can see,
skin is a flexible and responsive organ. 

Skin is composed of two principal
layers—the epidermis and dermis.
Each layer performs a different func-
tion in the body.

Epidermis: The outer layer 
of skin

The layer of skin that you see cov-
ering your body is called the epider-
mis. The epidermis is the outermost
layer of the skin, and is made up of
two parts—an exterior and interior
portion. The exterior layer of the
epidermis consists of 25 to 30 layers
of dead, flattened cells that are 
continually being shed. Although
dead, these cells still serve an impor-
tant function as they contain a 
protein called keratin (KER uh tun). 

34.1 SKIN: THE BODY’S PROTECTION   923

L ike all land animals, you live 
in a harsh, dry world. One of
the many challenges you face 

is maintaining a moist environment
inside your body. In addition, you must
regulate your internal body tempera-
ture, keeping it within a certain range.
Your skin helps you accomplish both of
these tasks. Although it may
seem like just a wrapping on
the surface of your body,
you’ll see that skin is
actually a complex organ
that performs a variety
of functions.

SECTION PREVIEW

Objectives
Compare the makeup
and functions of the
dermis and epidermis.
Recognize the role of
the skin in responding
to external stimuli.
Outline the healing
process that takes place
when the skin is injured.

Vocabulary
epidermis
keratin
melanin
dermis
hair follicle

34.1 Skin: The Body’s
Protection

OriginWORDWORD

epidermis
From the Greek
words epi, meaning
“on,” and derma,
meaning “skin.”
The epidermis 
covers other layers
of skin.

The skin helps you lose or
retain heat, depending on
your environment.

923

Section 34.1

BIOLOGY: The Dynamics of Life SECTION FOCUS TRANSPARENCIES

Use with Chapter 34,
Section 34.1

Look at the title of this transparency. How does the polyethylene
container in the picture satisfy these requirements?

Do you think that polyethylene would be a satisfactory substitute
for skin? Explain.
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Transparency To Cover, Contain,
and Protect81

Prepare
Key Concepts
Students look at how the skin
functions to protect the body.  

Planning
■ Gather ink pads, fingernail

polish remover, cotton balls,
index cards, and hand lenses
for MiniLab 34-1.

1 Focus
Bellringer 
Before presenting the lesson, 
display Section Focus Trans-
parency 81 on the overhead pro-
jector and have students answer
the accompanying questions.
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Assessment PlannerAssessment Planner
Portfolio Assessment

Portfolio, TWE, pp. 926, 931, 936
BioLab, TWE, pp. 940-941

Performance Assessment
MiniLab, SE, pp. 925, 937
BioLab, SE, pp. 940-941
MiniLab, TWE, p. 925
Assessment, TWE, pp. 932, 939
Alternative Lab, TWE, pp. 924-925

Knowledge Assessment
Assessment, TWE, pp. 934, 938
Section Assessment, SE, pp. 928, 934, 939
Chapter Assessment, SE, pp. 943-945
Problem-Solving Lab, TWE, pp. 926, 933,

936
MiniLab, TWE, p. 937

Skill Assessment
Alternative Lab, TWE, pp. 924-925
Assessment, TWE, pp. 927, 928

What You’ll Learn
■ You will recognize the skin’s

role in protecting your body.
■ You will identify the many

functions of your skeleton.
■ You will classify the different

types of muscles in your body.

Why It’s Important
Your skin, skeleton, and mus-
cles work together to protect,
support, and move your body.
A knowledge of each system
helps you understand how your
body is able to accomplish such
a variety of activities.

Looking at Skin Patterns
Have students examine the skin
on their hands. What feature 
of your skin is so unique that it
distinguishes you from all other
people in the world? Lead a
class discussion of how finger-
prints can be useful to hospitals,
police investigators, and so on.

To find out
more about

skin, bones, and muscles, visit
the Glencoe Science Web Site. 
www.glencoe.com/sec/science

Protection, Support, 
and Locomotion34

GETTING STARTEDGETTING STARTED

ChapterChapter

Strong muscles and bones
allow a basketball player to
leap above a defender, or a
tennis player to serve a ball 
at breakneck speed.

922

922

Theme Development
The major themes of the chapter
are systems and interactions.
Various body structures are dis-
cussed in relation to the systems
they form. Interactions among
and within systems are also
emphasized.

Chapter 34Chapter 34

Multiple
Learning
Styles

Look for the following logos for strategies that emphasize different learning modalities.

Kinesthetic Portfolio, pp. 926,
931; Quick Demo, p. 927
Visual-Spatial Building a Model,
p. 930; Quick Demo, p. 931;

Project, p. 938
Interpersonal Meeting Indivi-
dual Needs, p. 932; Reteach, 

p. 934; Activity, p. 934

Intrapersonal Tech Prep, p. 926; 
Meeting Individual Needs, p. 927
Linguistic Biology Journal, 
p. 927; Cultural Diversity, p. 930;

Enrichment, p. 931; Portfolio, p. 936
Logical-Mathematical Reteach,
p. 928; Tech Prep, p. 933; Biology

Journal, p. 937

GETTING STARTED DEMOGETTING STARTED DEMO

Call students’ attention to the
photos of athletes on this page
and in the magazines they
bring to class. Discuss how
muscle and skeletal shapes/
sizes differ in the various types
of athletes.

P

LS

If time does not permit teach-
ing the entire chapter, use the
BioDigest at the end of the
unit as an overview.

Internet Address Book

Note
Internet

addresses that you find useful
in the space below for quick
reference.

Resource 
  Manager
Resource 
  Manager

Section Focus Transparency 81
and Master
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MiniLab 34-1MiniLab 34-1 Comparing

Examine Your Fingerprints Fingerprints play a major role
in any police investigation. Because a fingerprint is an individ-
ual characteristic, extensive FBI fingerprint files are used for
identification in criminal cases.

Procedure
! Press your thumb lightly on the surface of an ink pad.
@ Roll your thumb from left to right across the corner of an

index card, then immediately lift your thumb straight up
from the paper.

# Repeat the steps above for your other four fingers, plac-
ing the prints in order across the card.

$ Examine your fingerprints with a magnifying lens, identi-
fying the patterns in each by comparing them with the
diagrams below.

% Compare your fingerprints with those of your classmates.

Analysis
1. Are the fingerprint patterns on your five fingers all the same?
2. Do any of your fingerprints show the same patterns as

those of a classmate?
3. Why is a fingerprint a good way to identify a person?

Keratin helps protect the living cell
layers underneath and contributes to
skin’s elasticity.

The interior layer of the epidermis
contains living cells that continually
divide to replace the dead cells. Some
of these cells contain melanin, a pig-
ment that colors the skin and pro-
tects the cells from damage by solar
radiation. As the newly formed cells
are pushed toward the skin’s surface,
the nuclei degenerate and the cells
die. Once they reach the outermost
epidermal layer, the cells are shed.
This entire process takes about 28
days. Therefore, every four weeks, all
cells of the epidermis are replaced by
new cells.

Look at your fingertips. The epi-
dermis on the fingers and palms of
your hands, and on the toes and soles
of your feet, contains ridges and
grooves that are formed before birth.
These epidermal ridges are impor-
tant for gripping as they increase
friction. As shown in Figure 34.1,
footprints, as well as fingerprints, are
often used to identify individuals as
each person’s pattern is unique. Make
a set of your own fingerprints while
doing the MiniLab on this page.

Dermis: The inner layer of skin
The second principal layer of the

skin is the dermis. The dermis is the
inner, thicker portion of the skin.
The thickness of the dermis varies in
different parts of the body, depend-
ing on the function of that part. 

The dermis contains structures
such as blood vessels, nerves, nerve
endings, hair follicles, sweat glands,
and oil glands. Why do some people
have dark skin while others are pale?
Find out by reading the Inside Story.
Some areas of your skin may be
looser and more flexible than others.
This is because different amounts of
fat lie underneath the dermis in dif-

34.1 SKIN: THE BODY’S PROTECTION   925

Figure 34.1
Babies’ footprints are recorded at birth to establish
an identification record for them in the future. 

Arch Whorl Loop Combination

Purpose
Students will observe, describe,
and compare similarities and dif-
ferences among fingerprint pat-
terns to determine the
uniqueness of such patterns.

Process Skills
observe and infer

Safety Precautions  
Be sure students do not breathe
the fingernail polish remover
fumes. When this substance is in
use, the room should be well ven-
tilated. Keep chemicals away
from open flames.

Teaching Strategies
■ Students should use nail polish
remover to clean the ink off their
fingers before washing them with
soap and water.

Expected Results
Each finger has a unique finger-
print and each individual has a
unique set of fingerprints.

Analysis
1. Although each finger has a

unique fingerprint, the gen-
eral patterns may be the same
on different fingers.

2. It is possible that students
may share patterns, but not
identical fingerprints.

3. It is unique for each person.

Performance Have stu-
dents design an experiment to
determine if the print patterns of
toes are unique to each individual.
Use the Performance Task
Assessment List for Designing an
Experiment in PASC, p. 23. L3

P

LS

AssessmentAssessment

P

LS

except on the epidermis of the finger-
tips, palms, and soles of the feet,
where they create parallel ridges that
facilitate gripping.

Analysis
1. What structures form the fingerprints

seen on fingers? The outer portion of
the dermis has projections, or papillae,
that form the epidermal ridges seen in
fingerprints.

2. What is the function of the oil glands

of the skin? Oil secreted by the glands
keeps hair from drying out and keeps
the skin soft and pliable.

3. How does sunlight affect the amount
of melanin in skin? Sunlight causes an
increased production of melanin in skin
cells. 

Skill Have students draw, label,
and color human skin as seen under the
microscope. Students should place their
drawings in their journals. Use the
Performance Task Assessment List for
Scientific Drawing in PASC, p. 55.
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AssessmentAssessment
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Dermis

Subcutaneous
layer

Epidermis Sweat pore

Dead epidermis

Living epidermis

Touch receptor

Nerve

Fat tissue

Artery
Vein

Muscle

Hair follicle
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The Skin

The skin is an organ because it consists of tissues joined
together to perform specific activities. It is the largest

organ of the body; the average adult’s skin covers one to
two square meters.

Critical Thinking Why does your skin get sweaty and oily?

Melanin in skin cells.

INSIDE
SSTORTORYY

INSIDE

Oil glands Most oil glands
are connected to hair follicles.
Oil prevents hair from drying
out and keeps the skin soft and
pliable. It also inhibits the
growth of certain bacteria.

22

Elasticity The
connective tissue of
the dermis contains
many elastic fibers
that allow the skin
to return to its orig-
inal shape after
being stretched. 

44

Hair Hair’s primary function is
protection of the skin from injury
and damaging solar rays. It also
provides an insulating layer of air
just above the surface of the skin.

33

Sweat glands
Sweat glands are
located deep in the
dermis and open up
through pores onto
the surface of the
skin. On average, a
person loses about
900 mL of sweat
each day.

55

Melanin Differences
in skin color are due
to the amount of the
pigment melanin pro-
duced by the cells.
Exposure to sunlight
causes an increase in
melanin production,
and the skin becomes
darker.

11

2 Teach
Purpose
Students gain a further under-
standing of how structures of the
skin perform their functions.

Teaching Strategies
■ Ask students to identify the
primary function of hair.
■ Use the diagram to point out
to students where pimples may
form. in blocked hair follicles

Visual Learning
■ If you set up the bulletin board

display showing skin problems,
challenge students to identify
which skin structure is
involved in each problem
shown.

Critical Thinking
The skin gets sweaty in order to
control its internal temperature
as evaporated sweat lowers body
temperature. The skin secretes
oil to keep from drying out.

L2
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Alternative Lab
The Structure of Skin

Purpose
In this lab, students will observe the struc-
ture of human skin.
Preparation
You may choose to view the slides yourself

P

LS

before giving them to students to view.
Look for the structures named in the steps
below. Remind students to handle pre-
pared slides with extreme caution.
Materials
microscope slide of human skin, microscope
Procedure
Give students the following directions.

1. View the human skin slide on low
power. Focus first on the epidermis and
switch to high power.

2. Then switch back to low power and
locate the dermis of the skin. Switch to
high power.

3. Find the following structures: hair folli-
cle, hair shaft, sweat gland, blood ves-
sels, fat deposits, oil gland, and elastic
fibers.

4. Notice that the outer portion of the
dermis has numerous projections, simi-
lar to hills and valleys. These projec-
tions, or papillae, form no pattern924

IINSIDENSIDE
SSTORTORYY

INSIDE MiniLab 34-1MiniLab 34-1

Resource 
  Manager
Resource 
  Manager

BioLab and MiniLab Work-
sheets,  p. 151

Basic Concepts Transparency
61 and Master
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Scab

Blood clot

Scab New skin cells

Skin also plays a role in producing
essential vitamins. When exposed to
ultraviolet light, skin cells produce
vitamin D, a nutrient that aids the
absorption of calcium into the blood-
stream. Because an individual’s expo-
sure to sunlight varies, daily intake of
vitamin D supplements is sometimes
needed to meet requirements.

Skin also serves as a protective
layer to underlying tissues. It shields
the body from physical and chemical
damage and from invasion by
microbes. Cuts or other openings in
the skin surface allow bacteria to
enter the body and so must be
repaired quickly. Figure 34.3 shows
the stages involved in skin repair.

34.1 SKIN: THE BODY’S PROTECTION   927

Figure 34.3
Healing the dermis
after injury occurs
in a series of stages.

Blood flows
out of the
wound until
a clot forms.

AA

A scab soon develops, creating
a barrier between bacteria on
the skin and underlying tissues.

BB

New skin cells begin re-
pairing the wound from
beneath. A scar may form
if the wound is large.

CC

927

Skill Have students make
a diagram outlining the process
whereby a skin injury is healed.

Enrichment
Have students conduct research
on artificial skin. Students should
report how artificial skin is made
and how its structure compares
with that of natural skin. L3
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AssessmentAssessment

Problem-Solving Lab 34-1Problem-Solving Lab 34-1 Recognizing Cause
and Effect

ferent parts of your body. These fat
deposits help the body absorb
impact, retain heat, and store food. 

Hair grows out of narrow cavities
in the dermis called hair follicles,
as shown in Figure 34.2. As hair
follicles develop, they are supplied
with blood vessels and nerves and
become attached to muscle tissue.
Most hair follicles have an oil gland
associated with them. When oil and
dead cells block the opening of the
hair follicle, blackheads or pimples
may form.

The skin’s vital functions
One major function of skin is to

regulate your internal body temper-
ature. Think about how your body
warms up as you exercise. When
your body temperature rises, the
many small blood vessels in the der-
mis dilate, blood flow increases, and
body heat is lost by radiation. This
mechanism also works in reverse.
When you are cold, the blood ves-
sels in the skin constrict and heat 
is conserved.

Another noticeable thing that
happens to your skin as your body
heats up is that it becomes wet.
Glands in the dermis produce sweat
in response to an increase in body
temperature. As sweat evaporates,
the body cools. This is because as
water changes state from liquid 
to vapor, heat is lost. Investigate 
further the role of skin in cooling
the body by carrying out the
Problem-Solving Lab on this page.

Of course, anyone who has ever
stepped on a sharp object or been
burned by a hot pot handle knows
that skin also functions as a sense
organ. Nerve cells in the dermis
receive stimuli from the external
environment and relay information
about pressure, pain, and tempera-
ture to the brain. 
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Figure 34.2
Photomicrograph
of a cross section
of human skin
with hair follicle
and hair. 

How does your body respond to too much heat? As you
exercise vigorously, you notice two things happening. One,
you start to perspire. Two, your face becomes red. Both reac-
tions are your body’s way of cooling off. 

Analysis
At right is a diagram

of the events that take
place in your body with-
out your having to tell it 
to respond to a rise in
internal temperature.

Thinking Critically
1. What two systems (not

including the nervous
system) work together
to cool the body?

2. How is the brain
directly in control of
changing body tem-
perature?

3. If your body tempera-
ture were too low,
would perspiring
increase it? Explain
your answer.

4. Redraw and label the diagram to show the steps 
that would occur if your body temperature were 
too low. 

Brain detects 
rise in blood 
temperature

Heat stimulates
nerves in 

skin

Message sent to
skin capillaries

Message sent
to brain

Capillaries 
dilate

Message sent
to sweat glands

Excess heat lost
through skin

Perspiration 
occurs

Body 
cools

Exercise 
causes

body to 
heat up
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Purpose
Students will analyze the series of
events that occur in the body as
internal body temperature
increases.

Process Skills
think critically, recognize cause
and effect, concept map, apply
concepts, predict, sequence

Teaching Strategies
■ Make sure that students are
familiar with all the terms used in
the lab, including dilate and capil-
laries. 
■ Verify that the concept of per-
spiring as a way of lowering body
temperature is understood by
students.
■ This lab would be suitable for
small cooperative groups.

Thinking Critically

1. skin (dermis and epidermis)
and circulatory (blood capil-
laries)

2. The brain is the structure
that gives the signal to the
sweat glands (to produce
sweat) and to the capillaries
(to dilate).

3. No, perspiring is a mecha-
nism used for lowering body
temperature.

4. Cold causes body tempera-
ture to drop ⇒ brain detects
drop in blood temperature ⇒
message sent to blood capil-
laries ⇒ capillaries constrict
⇒ heat not lost from skin ⇒
body warms.

Knowledge Ask students
to explain why a person becomes
flushed when he or she has 
a fever. What evidence do 
they have that body temperature
is controlled automatically and
not consciously? Use the
Performance Task Assessment
List for Formulating a Hypothe-
sis in PASC, p. 21. L2

P

LS

AssessmentAssessment

P

LS

Problem-Solving Lab 34-1Problem-Solving Lab 34-1

PortfolioPortfolio

Modeling Skin Structure 
Kinesthetic Have students use a 
variety of materials to create three-

dimensional models of the skin. Encourage
students to use the illustrations found in
the Inside Story as a guide. Students should
include labels that identify each structure
in their models as well as its function.

P

COOP LEARN

LS

P

LS

PP

LSP

ELL

LS

L2

P

LS

Acne Treatments
Intrapersonal Ask students to
search the Internet and teen maga-

zines to find various acne treatments.
Have them record in their journals how
these treatments prevent or treat acne.P

LS
P

ELL

LS

L2

P

LS

Quick DemoQuick Demo

Kinesthetic Ask students
to examine and compare

the skin that covers various
parts of their bodies and
describe whether the skin is
the same in all places. Likely
responses will state that, in dif-
ferent parts of the body, skin
has different thicknesses, varies
in moisture, is tight or loose,
and is either covered with hair
or hairless.

P

LS
P

ELL

LS

L1

P

LS

MEETING INDIVIDUAL NEEDS MEETING INDIVIDUAL NEEDS 

Gifted 
Intrapersonal Have gifted students
research the current treatments

being used by regional burn centers for
people with life-threatening third-degree
burns. This research can be done in the
library or on the Internet.

P

LS

L3

P

LS

BIOLOGY JOURNAL BIOLOGY JOURNAL 

Writing a Story  
Linguistic Have students write a
story about skin injury and healing

from the viewpoint of the skin. Students
should include the steps outlined in Figure
34.3 in their stories.

P

LS

L2

P

LS

VIDEODISC
The Infinite Voyage:
Miracles by Design, Burn

Patients and Artificial Skin (Ch.5) 
8 min.

!7U`H"

3 Assess
Check for Understanding
On the chalkboard, list the struc-
tures of the skin and ask students
to copy the list. Have students
identify the function of each
structure. L1

P

LS



Section AssessmentSection Assessment

Understanding Main Ideas
1. Which skin structures are damaged from a third-

degree burn?
2. How does skin help control body temperature?
3. How do pimples form?
4. What happens to the dermal blood vessels when

you are cold? Hot?

Thinking Critically
5. Why do some areas of your body contain more

fat deposits than others?

6. Sequencing Outline the steps that occur when
a cut in the skin heals. For more help, refer to
Organizing Information in the Skill Handbook.

SKILL REVIEWSKILL REVIEW

Skin Injury and
Healing

If you’ve ever had a
mild scrape, you know
that it doesn’t take long
for the wound to heal.
When the epidermis sus-
tains a mild injury, such
as a scrape, the deepest
layer of epidermal cells
divide to help fill in the
gap left by the abrasion.
If, however, the injury
extends into the dermis,
where blood vessels are
found, bleeding usually
occurs. The skin then
goes through a series of
stages to heal the dam-
aged tissue. The first

reaction of the body is to restore the
continuity of the skin, that is, to close
the break. Blood flowing from the
wound soon clots. The wound is then
closed by the formation of a scab,
which prevents bacteria from enter-
ing the body. Dilated blood vessels
then allow infection-fighting white
blood cells to migrate to the wound
site. Soon after, skin cells beneath the
scab begin to multiply and fill in the
gap. Eventually, the scab falls off to
expose newly formed skin. If a wound
is large, high amounts of dense con-
nective tissue fibers used to close the
wound may leave a scar.

Have you ever suffered a painful
burn? Burns can result from exposure
to the sun or contact with chemicals
or hot objects. Burns are rated
according to their severity.

First-degree burns involve the
death of epidermal cells and are char-
acterized by redness and mild pain.
Most people have received a first-
degree burn at one time or another,
usually as the result of sunbathing.
Second-degree burns involve damage
to skin cells of the dermis and can
result in blistering and scarring. The
most severe burns are third-degree
burns, which destroy both the epi-
dermis and the dermis. With this
type of burn, skin function is lost,
and skin grafts may be required to
replace lost skin. In some cases,
healthy skin can be removed from
another area of the patient’s body and
transplanted to a burned area. 

As people get older, their skin
changes. It becomes drier as glands
decrease their production of lubricat-
ing skin oils—a mixture of fats, cho-
lesterol, proteins and inorganic salts.
As shown in Figure 34.4, wrinkles
may appear as the elasticity of the
skin decreases. Although these
changes are natural, they can be
accelerated by prolonged exposure to
ultraviolet rays from the sun.
Sunblock, used regularly, can prevent
much of the damage caused by the
sun’s rays.
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Figure 34.4
As people age, their
skin loses its elastic-
ity and begins to
wrinkle.
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Reteach
Logical-Mathematical Have
students organize the fol-

lowing information about skin
thicknesses in a table. The thick-
ness of the epidermis on the back
is 0.25 mm, on the face and scalp
0.12 mm, on the palm 0.5 mm.
The thickness of the dermis on
the back is 3.75 mm, on the face
and scalp 1.6 mm, and on the
palm 1.0 mm. Discuss why skin
thickness varies in different parts
of the body by relating this phe-
nomenon to the function of the
skin in each area.

Extension
Encourage interested stu-
dents to research what sort

of special training dermatologists
receive in medical school. What
kinds of skin problems do they
treat? skin cancer, burns, rashes,
acne, among others

Skill Ask students to write
a paragraph listing the functions
of the skin as they relate to skin
structures.

4 Close
Discussion
Discuss the relationship between
the structures of the skin and the
skin’s functions. Relate the pres-
ence of sweat glands, hair, oil
glands, nerves, and blood vessels
to the functions of skin. Ask stu-
dents what problems a burn vic-
tim faces. infection, fluid loss 

L2

P

LS

AssessmentAssessment

L3

P

LS

L2

P

LS

Section AssessmentSection AssessmentSection Assessment
1. All of the structures found in both the

epidermis and the dermis are destroyed
in a third-degree burn.

2. by producing sweat and by constriction
and dilation of skin capillaries

3. Pimples result from bacteria growing in
the hair follicle when oil and dead cells
block the follicle’s opening to the skin’s
surface.

4. The blood vessels constrict when you are
cold and dilate when you are hot.

5. Fat deposits can serve to protect organs
in particular areas of the body. These
deposits are also used to store energy.

6. (1) formation of blood clot, (2) blood ves-
sels dilate and infection-fighting blood
cells rush to the wound, (3) epidermal
cells divide to fill in the wound

Resource 
  Manager
Resource 
  Manager

Reinforcement and Study
Guide, p. 151

Content Mastery, p. 170
L1

P

LS

L2

P

LS

Section
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Skeletal System
Structure

The adult human skeleton con-
tains about 206 bones. Its two main
parts are shown in Figure 34.5 on
the next page. The axial skeleton
includes the skull and the bones 
that support it, such as the vertebral
column, the ribs, and the sternum.
The appendicular skeleton (a pen
DIHK yuh lur) includes the bones of
the arms and legs and structures
associated with them, such as the
shoulder and hip bones, wrists,
ankles, fingers, toes and so on.

Joints: Where bones meet
Next time you open a door, notice

how it is connected to the door
frame. A metal joint positioned
where the door and frame meet
allows the door to move easily back
and forth. In vertebrates, joints are
found where two or more bones
meet. Most joints facilitate the move-
ment of bones in relation to one
another. The joints of the skull, on
the other hand, are fixed, as the
bones of the skull don’t move. These
immovable joints are actually held
together by the intergrowth of bone,
or by fibrous cartilage.

Would you believe that you had
more bones when you were
born than you have now?

That’s because some of your bones have
grown together since then. Your head,
for example, had soft spots when you
were an infant. It feels solid now
because the soft membranes were grad-
ually replaced by bone. Remodeling of
the skeleton occurs throughout life. 
In fact, your skeleton
hasn’t completely
formed yet. You will
not have a solid, fused
skeleton until about
age 25.

SECTION PREVIEW

Objectives
Identify the structure
and functions of the
skeleton.
Compare the different
types of movable joints.
Recognize how bone is
formed.

Vocabulary
axial skeleton
appendicular skeleton
joint
ligament
bursa
tendon
compact bone
spongy bone
osteoblast
osteocyte
red marrow
yellow marrow

34.2 Bones: The Body’s
Support

As a baby develops in the uterus,
its bones fuse together.

Section 34.2

Prepare
Key Concepts
Students become acquainted with
the structure of bones and their
functions. 

Planning
■ Obtain X rays for the Quick

Demo.
■ Borrow a human skeleton for

the Quick Demo and Meeting
Individual Needs.

■ Save two toilet paper tubes for
Building a Model.

■ Soak a chicken bone in vinegar
or HCl for the Quick Demo.

■ Have beef bones cut by a
butcher for the Quick Demo.

1 Focus
Bellringer 
Before presenting the lesson, 
display Section Focus Trans-
parency 82 on the overhead pro-
jector and have students answer
the accompanying questions.

P

ELL

LS

L1

P

LS
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BIOLOGY: The Dynamics of Life SECTION FOCUS TRANSPARENCIES

Use with Chapter 34,
Section 34.2

Describe the range of motion that is possible in each object pictured.

Identify a part of the human skeleton that can move like each of
the objects.

11
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Transparency Flexible Support82

CD-ROM
Biology: The Dynamics of Life
BioQuest: Body Systems  

Disc 1-5
Exploration: Bones: The Body’s Support 
Disc 5

Resource ManagerResource Manager
Section Focus Transparency 82 and

Master
Laboratory Manual, pp. 247-250 L2
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Forcible twisting of a joint, called a
sprain, can result in injury to the bur-
sae, ligaments, or tendons. A sprain
most often occurs at joints with large
ranges of motion such as the wrist,
ankle, and knee.

Besides injury, joints are also sub-
ject to disease. One common joint

disease is arthritis, an inflammation
of the joints. It can be caused by
infections, aging, or injury. One kind
of arthritis results in bone spurs, or
splinters of bone, inside the joints.
Such arthritis is especially painful,
and often limits the patient’s ability
to move his or her joints.

34.2 BONES: THE BODY’S SUPPORT   931

Figure 34.6
Body movements are made possible by joints that
allow bones to move in several different directions.

Ball-and-socket joints allow rotational movement.
The joints of the hips and shoulders are ball-and-
socket joints; they allow you to swing your arms
and legs around in a circular motion. 

AA Pivot joints allow bones to twist around each
other. One of the joints in your elbow is a pivot
joint. It allows you to twist your lower arm
around.

BB

Hinge joints are found in the elbows, knees, 
fingers, and toes. They allow back-and-forth
movement like that of a door hinge.

CC Gliding joints, found in the wrists and ankles,
allow bones to slide past each other.

DD
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Enrichment
Linguistic Osteoporosis is a
condition in which the

bones become porous and thin
due to reduced bone mass.
Factors that increase the risk of
osteoporosis include being a
woman, being Caucasian, chronic
low calcium intake, lack of exer-
cise, being underweight, and
smoking. One treatment for
osteoporosis is estrogen replace-
ment therapy, which reduces fur-
ther bone loss. However, this
therapy increases the risk of
endometrial cancer, abnormal
bleeding, and other medical com-
plications. Some scientists suggest
that any activity involving the
muscles working against gravity
may increase bone strength in
postmenopausal women and
reduce bone loss. Have students
research the pros and cons of
estrogen therapy and write a brief
report of their findings. L3

P

LS

Concept Development
Have students use a medical dic-
tionary to find out what is meant
by the terms slipped disk or herni-
ated disk. Have students find out
the causes of these problems and
report their findings to the class.
L2

P

LS

Skeletal
system

206
bones

Axial
skeleton 80

Appendicular
skeleton

126

Skull and
associated

bones
29

Thoracic
cage 25

Upper
limbs 60

Pelvic
girdle 2

Lower
limbs 60

Pectoral
girdles 4

Vertebral
column 26

Skull (22)

8
14

Cranium
Face

Associated
bones (7)

6

1

Ear
bones
Hyoid

1Sternum

24Vertebrae

28

10

28Phalanges

2Femur

2Patella

2Tibia

2Fibula

28Phalanges

14Tarsal bone

1Sacrum

1Coccyx

24Ribs

Hip bone
(coxa)

Carpal
bones

Metacarpal
bones

10Metatarsal
bone

2Clavicle

2Scapula

2Humerus

2Radius

2Ulna

16

10

2

Joints are often held together and
enclosed by ligaments. A ligament is
a tough band of connective tissue that
attaches one bone to another. Joints
with large ranges of motion, such as
the knee, typically have more liga-
ments surrounding them. In movable
joints, the ends of bones are covered
with a layer of cartilage, which allows
for smooth movement between the

bones. In addition, joints such as
those of the shoulder and knee have
fluid-filled sacs called bursae located
between the bones. The bursae act 
to absorb shock and keep bones 
from rubbing against each other.
Tendons, which are thick bands of
connective tissue, attach muscles to
bones. Figure 34.6 shows the differ-
ent movable joints in the skeleton.
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Figure 34.5
The axial skeleton includes the bones
of the head, back, and chest. Bones in
the appendicular skeleton are related
to movement of the limbs.

OriginWORDWORD

arthritis
From the Greek
words arthron,
meaning “joint,”
and itis, meaning
“swelling disease.”
Arthritis is a
swelling disease of
the joints.
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Visual Learning
Have students examine Figure
34.5. Ask: To which skeletal
group do the phalanges belong?
appendicular

Building a Model
Visual-Spatial To demon-
strate the strength of hollow

bones, have students balance a
heavy book on the open ends of
two toilet paper tubes placed side
by side.

Revealing Misconceptions
Many students believe that males
have fewer ribs than females.
Explain to students that males
and females have an equal num-
ber of ribs. 

P

LS
P

ELL

LS

L1

P

LS

Tying to Previous
Knowledge
Compare the anatomy of the
front limbs of a frog, bird, cat,
whale, and bat with that of the
human arm. Compare the num-
ber, shapes, and arrangements of
bones. 

Quick DemoQuick Demo

Project X rays or hang them in
windows on the day that you
begin discussing the skeleton.
Identify the bones shown in
each X ray and the types of
information X rays can reveal
about bones.

P

LS

Quick DemoQuick Demo

Visual-Spatial
Demineralize a chicken

bone by soaking it in vinegar or
10% HCl for several days. (For
preparation instructions, see
page 40T of the Teacher Guide.)
Have students compare a regu-
lar bone to the demineralized
bone.

P
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P

ELL

LS

L1

P

LS

Quick DemoQuick Demo

Point out the differences
between a male and female
pelvis using skeletal diagrams.P

LS

2 Teach

Cultural Diversity

Human Skeletal Variation
Linguistic Variation exists in human
body form, especially within the skele-

tal system. Differences in skeletal morphol-
ogy are related to the geographical origins
of populations. For example, a leaner body
form is often observed in people who live in
arid regions where greater skin-surface area

in proportion to body weight facilitates heat
loss. A stockier build is more adaptive for
inhabitants of cold areas. Differences in body
form and skin color have been used as a 
justification for racism. Have students write
short essays about how their attitudes on
racism have been affected by an understand-
ing of human variation. L2

P

LS

PortfolioPortfolio

Joint Movement 
Kinesthetic Have students gather
examples of everyday objects that

model the movement of each type of joint.
Have them describe on index cards the
type of movement each object allows and
the type of joint that allows this move-
ment in the body. 
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Marfan’s Syndrome 
Have advanced students report on Mar-
fan’s syndrome, which affects connective
tissue, bones, muscles, and ligaments. It is
possible that Abraham Lincoln was mildly
afflicted with this syndrome. Have stu-
dents explain how this syndrome affects
normal functioning of the musculoskeletal
system.
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L3

P
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Resource 
  Manager
Resource 
  Manager

Critical Thinking/Problem
Solving, p. 34

Concept Mapping, p. 34
Basic Concepts Transparency

62 and Master
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Bone growth
Your bones grow in both length

and diameter. Growth in length
occurs at the ends of bones in carti-
lage plates. Growth in diameter
occurs on the outer surface of the
bone. The increased production of
sex hormones during your teen years
causes the osteoblasts to divide more
rapidly, resulting in a growth spurt.
By age 20, about 98 percent of your
skeleton growth will be completed.
However, these same hormones will
also cause the growth centers at the
ends of your bones to degenerate. As
these cells die, your growth will slow.
After growth stops, bone-forming
cells are involved mainly in repair
and maintenance of bone. Learn
more about how bones age by per-
forming the Problem-Solving Lab on
this page.

Skeletal System
Functions

The primary function of your
skeleton is to provide a framework
for the tissues of your body. The
skeleton also protects your internal
organs, including your heart, lungs,
and brain.

The arrangement of the human
skeleton allows for efficient body
movement. Muscles that move the
body need firm points of attachment
to pull against so they can work
effectively. The skeleton provides
these attachment points.

Bones also produce blood cells.
Red marrow—found in the humerus,
femur, sternum, ribs, vertebrae, and
pelvis—is the production site for red
blood cells, white blood cells, and
cell fragments involved in blood clot-
ting. Yellow marrow, found in many
other bones, consists of stored fat as
shown in Figure 34.8.
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Figure 34.8
Bones can store
fat for use in
times of need.

Problem-Solving Lab 34-2Problem-Solving Lab 34-2 Making and Using
Tables

How does bone density differ between the sexes? Bone
has a certain compactness or strength that can be measured
in terms of the bone’s mineral density. The higher the density
of bone, the stronger it is. The lower the density of bone, the
weaker it is.

Analysis
Examine the following 

average values for bone 
density of males and females 
at different ages. The data 
are for the upper femur 
where it fits into the hip.

Thinking Critically
1. What is the general 

trend for bone density 
as a person ages? 

2. Between the ages of 20 and 50, what percentage of 
bone density do females lose compared with males? What
percentage is lost between the ages of 50 and 80 for
either sex?

3. Which sex shows the greater change in bone density 
as it ages? Between which ages does the greatest change
occur?

4. The hormone in females that prevents bone density from
decreasing begins to diminish at the age of 50. Does this
correlate with the changes in bone density reported in 
the chart? Use specific numbers in your answer.

Age MaleFemale

20

30

40

50

60

70

80

0.979

0.936

0.894

0.851

0.809

0.766

0.724

0.895

0.886

0.850

0.797

0.733

0.667

0.607

Average Bone Mineral Density
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Purpose 
Students will compare
bone density data for

males and females at various ages.

Process Skills
make and use tables, use num-
bers, think critically, interpret
data, compare and contrast

Teaching Strategies
■ Review the procedure for cal-
culating percentages. 
■ Remind students that prior to
calculating all values called for in
the Thinking Critically section,
the amount of final bone density
for an age group must be sub-
tracted from the original bone
density to arrive at the amount of
bone density lost. Use amount of
bone density lost compared with
original bone density to calculate
percent of bone density lost.

Example: Find the percent
bone density lost for females
between the ages of 20 and 50.

Step 1: 0.895– 0.797 = 0.098
Step 2: 0.895/ 0.098 = 100/x 
0.895x = 9.8, x = 10.9%

Thinking Critically
1. Bone density decreases with

age regardless of sex. 
2. females from 20-50 = 10.9%

males from 20-50 = 13.0%; 
females from 50-80 = 23.8%
males from 50-80 = 14.9% 

3. females, from age 50-80
4. Yes, from ages 20-50 a

decrease in bone density of
only 10.9% is measured for
females, but from 50-80, the
decrease is 23.8%. 

Knowledge Have students
research the benefits of exercise
on bone density. Challenge them
to correlate their findings with
the need for exercise by the
elderly. Students should summa-
rize their research in their jour-
nals. Use the Performance Task
Assessment List for Writing in
Science in PASC, p. 87. L3

P

LS

AssessmentAssessment

P

LS

Problem-Solving Lab 34-2Problem-Solving Lab 34-2

Spongy 
bone

Cartilage

Blood
vessel

Marrow cavity

Spongy
bone

Capillary Osteon
systems

Artery Vein
Bone cell

Osteon system

Compact bone

Membrane

Compact and spongy bone

Although bones may appear uni-
form, they are actually composed of
two different types of bone tissue, as
shown in Figure 34.7. Surrounding
every bone is a layer of hard bone, or
compact bone. Running the length
of compact bone are tubular struc-
tures known as osteon systems, as
shown in Figure 34.7. Compact
bone is made up of repeating units of
osteon systems. Living bone cells, or
osteocytes, receive oxygen and nutri-
ents from small blood vessels running
within the osteon systems. Nerves in
the canals conduct impulses to and
from each bone cell. Compact bone
surrounds less dense bone known as
spongy bone, so called because it is
filled with many holes and spaces,
like those in a sponge. 

Formation of Bone
The skeleton of a vertebrate

embryo is made of cartilage. By the
ninth week of human development,
bone begins to replace cartilage.
Blood vessels penetrate the mem-
brane covering the cartilage and
stimulate its cells to become potential
bone cells called osteoblasts (AHS tee
oh blastz). These potential bone cells
secrete a protein called collagen in
which minerals in the bloodstream
begin to be deposited. The deposition
of calcium salts and other ions hard-
ens the newly formed bone cells, now
called osteocytes. The adult skeleton
is almost all bone, with cartilage
found only in places where flexibility
is needed—regions such as the nose
tip, external ears, discs between ver-
tebrae, and movable joint linings.
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Figure 34.7
A bone has several components, including compact bone,
spongy bone, and osteon systems. The osteon systems
contain blood vessels that nourish bone cells and nerve
tissues that conduct impulses to and from each cell.

OriginWORDWORD

osteoblast
From the Greek
words osteon, mean-
ing “bone,” and
blastos, meaning
“sprout.” Osteo-
blasts are cells that
help create bone 
by facilitating the
deposit of minerals.

Bone cell
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Using Science Terms
Discuss the derivation of the
word osteoporosis with students.
Ask students to find other terms
in the chapter that make use of
the prefix osteo-. Ask them to
explain how the prefix relates to
the meaning of each term.

Performance Have stu-
dents make a poster diagramming
the process of bone formation.P

LS

L2

P

LS

AssessmentAssessment
P

ELL

LS

L1

P

LS

Quick DemoQuick Demo

Have a beef bone cut in half
longitudinally and another
one cut crosswise. Point out
the compact bone, spongy
bone, and marrow. If the
bone is fresh, you can point
out the membrane that covers
the bone.

P

LS

MEETING INDIVIDUAL NEEDS MEETING INDIVIDUAL NEEDS 

Visually/Hearing Impaired 
Interpersonal Have visually impaired
and hearing impaired students work

with other students to review the names
and functions of various bones of the
body. For visually impaired students, have
an articulated human skeleton available
for this activity.

P
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L1

P
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Sports Injuries
Logical-Mathematical Have an ath-
letic trainer, or students in athletic

training in the high school, speak to the 
class about sports injuries. Students can then
prepare an analysis of possible ways to pre-
vent some of the sports injuries.
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VIDEODISC
STV: Human Body Vol. 2
Bone Tissue, 

Magnified 80x

!7S|.&"
Spongy and Compact Bone

!7SfV&"

VIDEODISC
The Infinite Voyage: 
The Champion Within

Exercise Programs: The Good, the Bad 
(Ch. 3) 3 min.

!7ALD"

Resource ManagerResource Manager
Reinforcement and Study Guide

pp. 152-153
Basic Concepts Transparency 63 and

Master 
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Section AssessmentSection Assessment

Understanding Main Ideas
1. Distinguish between the appendicular skeleton

and the axial skeleton.
2. List the four main kinds of movable joints and

provide an example of each.
3. In what way do bones change as a person ages?
4. How is compact bone structurally different from

spongy bone?

Thinking Critically
5. Why would it be impossible for bones to grow

from within? 

6. Sequencing Outline the steps involved in bone
formation—from cartilage to bone. For more
help, refer to Organizing Information in the Skill
Handbook.

SKILL REVIEWSKILL REVIEW

Figure 34.9
The X ray on the left
shows a leg bone
that has completely
fractured. The X ray
on the right shows
the bone (with a
supporting rod) after
it has healed. The
arrow indicates the
area where the break
healed.

Bones store minerals
Finally, your bones serve as store-

houses for minerals, including cal-
cium and phosphates. Calcium is
needed to form strong, healthy
bones and is therefore an important
part of your diet. Sources of calcium
include milk, yogurt, cheese, lettuce,
spinach, and other assorted leafy
vegetables.

Bone injury and disease
Bones tend to become more brittle

as their composition changes with 
age. For example, a disease called
osteoporosis (ahs tee oh puh ROH sus)

involves a loss of bone volume and
mineral content, causing the bones to
become more porous and brittle.
Osteoporosis is most common in
older women because they produce
lesser amounts of estrogen—a hor-
mone that aids in bone formation. 

When bones are broken, as shown
by the X ray images in Figure 34.9,
a doctor moves them back into posi-
tion and immobilizes them with a
cast or splint until the bone tissue
regrows. Read more about the use 
of X rays in the diagnosis of broken
bones in the Physics Connection at the
end of this chapter.
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3 Assess
Check for Understanding
Have students fill in the names of
the bones and label an example of
each of the major types of joints
on a diagram of the skeleton.

Reteach
Interpersonal Have students
make flash cards containing

the names of bones. On the
opposite side of each card, have
students describe where each
bone is located and identify its
common name. Have students
work in pairs to review the infor-
mation on the flash cards.

Extension
Have students conduct research
on the various types of arthritis
and their causes and treatments.
Have students construct a table
of their findings.

Knowledge Provide stu-
dents with an outline showing the
bones of the human skeleton.
Have students create a color key
to show which bones make up the
appendicular skeleton and which
make up the axial skeleton

4 Close
Activity

Interpersonal Play bone and
bone anatomy Password.

Divide the class into groups 
of two. Have one partner try to
get the other to say a certain
word by giving other one-word
clues. For example, if the pass-
word were “skeleton,” the clues
might include “bones,” “sup-
port,” and so on. After they guess
the word, switch players.
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AssessmentAssessment
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P
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Section AssessmentSection AssessmentSection Assessment
1. The axial skeleton includes the skull and

the bones that support it. The appendicu-
lar skeleton includes the bones associated
with the appendages.

2. ball-and-socket, shoulder or hip; pivot
joint, elbow; hinge joint, elbow, knees,
fingers and toes; gliding, wrists and
ankles

3. Bones become more brittle with age.

4. Compact bone is made up of osteon sys-
tems. Spongy bone is filled with holes.

5. The inflexible structure of compact bone
would not allow growth from the inside.

6. (1) embryo skeleton is cartilage; (2) bone
begins to replace cartilage—osteoblasts
secrete a material in which calcium salts
and other ions are deposited and harden
to form bone.

Skeletal
muscle 
fiber

Nucleus

Striation

Section

Three Types of Muscles
Nearly half of your body mass is

muscle. A muscle consists of groups
of fibers bound together. Almost all
of the muscle fibers you will ever
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Have you seen the Olympic
games on television?
Think about the differ-

ent athletes involved in the
games. You may be able to tell
what sports some of them par-
ticipate in just by looking at
their body shapes. For example,
swimmers and ice skaters have dif-
ferent shapes because ice skaters develop
strong leg muscles over many months of
training, whereas swimmers develop
larger shoulder muscles.

SECTION PREVIEW

Objectives
Classify the three types
of muscles.
Analyze the structure
of a myofibril.
Interpret the sliding 
filament theory.

Vocabulary
smooth muscle
involuntary muscle
cardiac muscle
skeletal muscle
voluntary muscle
myofibril
myosin
actin
sarcomere
sliding filament theory

34.3 Muscles for Locomotion

A swimmer has well-
developed shoulder muscles

have were present at birth. 
Figure 34.10 shows the three

main kinds of muscles in your 
body. One type of tissue, smooth
muscle, is found in the walls of your

Figure 34.10
Muscles are under
either voluntary or
involuntary control
and differ in their
structure and 
appearance.

Smooth muscle fibers are
under involuntary control and
appear spindle-shaped. 

AA Cardiac muscle fibers, which
are also under involuntary
control, appear striated or
striped when magnified. 

BB Skeletal muscle fibers, 
while also striated, are 
under voluntary control. 

CC

Magnification: 4500�

Cardiac
muscle
fiber

Striation

Nucleus

Magnification: 27 000� Magnification: 12 600�

Smooth
muscle
fiber

Nucleus
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Section 34.3

Prepare
Key Concepts
Students learn to distinguish
among the three types of mus-
cles. Emphasis is placed on the
structure and function of skeletal
muscle and the current sliding fil-
ament theory of muscle contrac-
tion.

Planning
■ Obtain chicken feet and wings

for the Quick Demo.

1 Focus
Bellringer 
Before presenting the lesson, 
display Section Focus Trans-
parency 83 on the overhead pro-
jector and have students answer
the accompanying questions.
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BIOLOGY: The Dynamics of Life SECTION FOCUS TRANSPARENCIES

Use with Chapter 34,
Section 34.3

How would the shape of this object change if the lower spring
tightened? What would happen if the upper spring tightened
instead?

Where on your body is an apparatus similar to the one shown?
What takes the place of a spring?

11
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VIDEODISC  
STV: Human Body Vol. 2
Muscular and Skeletal System 
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Skeletal Muscle,
Magnified 140x

Heart Muscle,
Magnified 100x
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Resource ManagerResource Manager
Section Focus Transparency 83 and

Master
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Look at Muscle Contraction Muscle fibers are composed 
of a number of small functional units called sarcomeres.
Sarcomeres, in turn, are composed of protein filaments called
actin and myosin. The sliding action of these filaments in 
relation to one another results in muscle contraction. 

Procedure
! Look at Diagrams A and B. Diagram A shows a sarcomere

in a relaxed muscle. Diagram B shows a sarcomere in a
flexed muscle.

@ Using a centimeter ruler, measure and record the length
of a: sarcomere, a myosin filament, and an actin filament
in diagram A. Record your data in a table.

# Repeat step 2 for Diagram B.

Analysis 
1. When a muscle contracts, do actin or myosin filaments

shorten? Use specific data from your model to support
your answer.

2. How does the sarcomere shorten when the parts that
make it up don’t shorten?

MiniLab 34-2MiniLab 34-2 Interpreting
long fused muscle cells. Each fiber 
is made up of smaller units called
myofibrils (mi oh FIBE rulz). Myo-
fibrils are themselves composed of
even smaller protein filaments that
can be either thick or thin. The
thicker filaments are made of the
protein myosin, and the thinner fila-
ments are made of the protein actin.
The arrangement of myosin and
actin gives skeletal muscle its striated,
or striped, appearance. Each myofi-
bril can be divided into sections
called sarcomeres (SAR kuh meerz),
the functional units of muscle. How
do nerves signal muscles to contract?
Find out in the Inside Story on the
next page.

The sliding filament theory cur-
rently offers the best explanation for
how muscle contraction occurs. The
sliding filament theory states that,
when signaled, the actin filaments
within the sarcomere slide toward
one another, shortening the sarcom-
ere and causing the muscle to con-
tract. The myosin filaments, on the
other hand, do not move. Learn
more about the sliding filament the-
ory in the MiniLab on this page.

Muscle Strength 
and Exercise

How can you increase the strength
of your muscles? Muscle strength
does not depend on the number of
fibers in a muscle.  It  has been
shown that this number is basically
fixed before you are born. Rather,
muscle strength depends on the
thickness of the fibers and on how
many of them contract at one time.
Regular exercise stresses muscle
fibers slightly; to compensate for
this added workload, the fibers
increase in diameter.

Recall that ATP is produced dur-
ing cellular respiration. Muscle cells

are continually supplied with ATP
from both aerobic and anaerobic
processes. However, the aerobic res-
piration process dominates when
adequate oxygen is delivered to mus-
cle cells, as when a muscle is at rest
or during moderate activity. When
an adequate supply of oxygen is
unavailable, such as during vigorous
activity, anaerobic respiration—
specifically the process of lactic acid
fermentation—becomes the primary
source of ATP production.
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BB

AA
Actin

Myosin

OriginWORDWORD

myofibril
From the Greek
words mys, meaning
“muscle,” and fib-
rilla, meaning “small
fiber.” A myofibril 
is a small part of a
muscle fiber.

How is rigor mortis used to estimate
time of death? Rigor mortis is the
stiffening of both voluntary and
involuntary muscles due to lack of
ATP after death. Stiffening devel-
ops about an hour or two after
death, and usually proceeds
from the upper body to the
lower body. Rigor mortis affects
the face area first, the neck, chest,
and arms next, and the legs last.
Stiffening gradually subsides in the
same order it develops, disappearing
completely after 24 to 36 hours.

Analysis
Coroners determine a victim’s time of death by examin-

ing body tissues under a microscope and observing the
degree of rigor mortis.

Thinking Critically
A murder victim is found with relaxed face muscles, but a

stiff upper and lower body. How long might it have been
since the crime was committed?

Problem-Solving Lab 34-3Problem-Solving Lab 34-3 Drawing a Conclusion
internal organs and blood vessels.
Smooth muscle is made up of sheets of
cells that are ideally shaped to form a
lining for organs such as the digestive
tract and the reproductive tract. The
most common function of smooth
muscle is to squeeze, exerting pressure
on the space inside the tube or organ it
surrounds in order to move material
through it. Because contractions 
of smooth muscle are not under 
conscious control, smooth muscle is
considered an involuntary muscle. 

Another type of involuntary muscle
is the cardiac muscle, which makes
up your heart. Cardiac muscle fibers
are interconnected and form a net-
work that helps the heart muscle con-
tract efficiently. Cardiac muscle is
found only in the heart and is adapted
to generate and conduct electrical
impulses necessary for its rhythmic
contraction. The third type of muscle
tissue, skeletal muscle, is the type
that is attached to and moves your
bones. The majority of the muscles
in your body are skeletal muscles,
and, as you know, you can control
their contractions. A muscle that
contracts under conscious control is
called a voluntary muscle. Find out
how coroners use muscle tissue sam-
ples to determine a victim’s time of
death in the Problem-Solving Lab on
this page.

Skeletal Muscle
Contraction

Whether you are playing tennis,
pushing a lawn mower, or writing,
your muscles are contracting as they
perform the action. Figure 34.11
shows the movement of the lower arm
as controlled by opposing muscles in
the upper arm. The majority of skele-
tal muscles work in opposing pairs.

Muscle tissue is made up of muscle
fibers, which are actually just very
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Body tissue showing
rigor mortis

a

Relaxed
biceps

Contracting
triceps

Contracting
biceps

Relaxed
triceps

b

View an animation
of muscle contraction in
the Presentation Builder of
the Interactive CD-ROM.

CD-ROMFigure 34.11
When the biceps muscle contracts,
the lower arm is moved upward (a).
When the triceps muscle on the back
of the upper arm contracts, the
lower arm moves downward (b). 

Magnification:
1500�
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Purpose
Students will conclude how rigor
mortis is used to estimate time of
death.

Process Skills
analyze, draw a conclusion

Background
When a person dies, the respira-
tory and circulatory systems that
obtain and deliver oxygen to the
muscles stop functioning. As a
result, the muscles do not receive
ATP and they stiffen. Scientists
believe that stiffening rates are
related to muscle fiber length,
shorter fibers stiffening before
longer ones. Full rigor mortis
takes about 10-12 hours to set in.

Teaching Strategies
■ Draw an outline of a human
body on the chalkboard. On the
diagram, trace the path of the
stiffening of muscles in the body
that indicates the progression of
rigor mortis.

Thinking Critically
Accept all answers in the range of
12-16 hours.

Knowledge Have students 
list the order and time frame in
which rigor mortis subsides in the
body. Use the Performance Task
Assessment List for Events Chain
in PASC, p. 91. L2

P

LS

AssessmentAssessment

P

LS

Problem-Solving Lab 34-3Problem-Solving Lab 34-3

Quick DemoQuick Demo

Obtain some chicken feet
from a butcher. Cut the upper
end so that the tendons are
free. Pull on each tendon to
demonstrate the movement of
the toes. Use a chicken wing to
demonstrate muscle pairing in
the same manner.

P

LS

2 Teach

MEETING INDIVIDUAL NEEDS MEETING INDIVIDUAL NEEDS 

Learning Disabled/English
Language Learners 

Linguistic Have students who are
having difficulty make flash cards

that show an anatomical term on one side
of the card and its meaning and location
on the other side. Have students work in
pairs to review the cards.

P
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ELL
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L1
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BIOLOGY JOURNAL BIOLOGY JOURNAL 

Evaluating Exercise Programs
Logical-Mathematical Have stu-
dents evaluate their own exercise

program in their journal. The American
Heart Association recommends a mini-
mum of 30 minutes of moderate activity
per day.

P
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L1

P

LS

PortfolioPortfolio

Sports Medicine 
Linguistic Ask students to prepare
and conduct an interview with a

person who works in the field of sports
medicine or in physical education.
Students should include questions on the
type of training the specialists have and
how their programs relate to muscle fit-
ness. 
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CD-ROM
Biology: The Dynamics of Life
Animation: Paired Skeletal Muscles 

Animation: Sliding Filament Theory 
Disc 5 

VIDEODISC
Biology: The Dynamics
of Life

Sliding Filament Theory (Ch. 30)
Disc 2, Side 1, 67 sec.

!:,Å"
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Purpose 
Students will measure the length
of a sarcomere during muscle
relaxation and contraction.

Process Skills
acquire information, apply con-
cepts, collect data, compare and
contrast, formulate models, inter-
pret data, measure in SI, predict

Teaching Strategies
■ Provide students with rulers.
■ Review vocabulary terms prior
to the start of this activity.

Expected Results
Actin filaments slide over myosin
filaments resulting in shortening
of sarcomeres during contraction. 

Analysis
1. Students will learn that actin

and myosin do not change in
length. 

2. Actin filaments slide over
myosin filaments, shortening
the sarcomere.

Knowledge Using the dia-
gram of relaxed muscle, have stu-
dents explain why skeletal muscle
has a striated appearance when
viewed under the microscope.
Provide students with a slide of
striated muscle tissue to verify
their explanations. Use the
Performance Task Assessment
List for Making Observations and
Inferences in PASC, p. 17. L2

P
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AssessmentAssessment

P
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MiniLab 34-2MiniLab 34-2

Paired Skeletal Muscles (Ch. 29)
Disc 2, Side 1, 22 sec.

!9á~"



Think about what happens when
you are running in gym class 
or around the track at school. 
Figure 34.12A illustrates how an
athlete’s need for oxygen changes 
as the intensity of his or her work-
out increases. At some point, your
muscles are not able to get oxygen
fast enough to sustain aerobic 
respiration and produce adequate
ATP. Thus, the amount of available
ATP becomes limited. For your
muscle cells to get the energy they
need, they must rely on anaerobic
respiration as well. Figure 34.12B
indicates how, at a certain intensity,
the body shifts from aerobic respi-
ration to the anaerobic process 
of lactic acid fermentation for its
energy needs.

During exercise, lactic acid builds
up in muscle cells. As the excess
lactic acid is passed into the blood-
stream, the blood becomes more
acidic, rapid breathing is stimu-
lated, and cramping can occur. As
you catch your breath following
exercise, adequate amounts of oxy-
gen are supplied to your muscles
and lactic acid is broken down.
Regular exercise can result in
improved performance of muscles.
Do the BioLab at the end of the
chapter to find out how muscle
fatigue affects the amount of exer-
cise your muscles can accomplish.
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Section AssessmentSection Assessment

Understanding Main Ideas
1. Compare the structure and functions of the three

main types of muscles.
2. Summarize the sliding filament theory of muscle

contraction.
3. How can exercise change muscle strength? How

can it change muscle function?
4. What, for the most part, determines muscle

strength?

Thinking Critically
5. Why would a disease that causes paralysis of

smooth muscles be life threatening?

6. Interpreting Scientific Illustrations Diagram
the composition of muscle fibers as shown in the
Inside Story. For more help, refer to Thinking
Critically in the Skill Handbook.

SKILL REVIEWSKILL REVIEW
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Oxygen Consumption During Exercise
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Work rate

Shift toward
anaerobic
processes

Blood Lactic Acid Levels During Exercise

Figure 34.12
Athletic trainers use information about muscle functioning during
exercise to establish appropriate levels of intensity for training. 

As an individual increases the intensity of his or her workout,
the need for oxygen goes up in predictable increments.

AA

An upswing in the presence of lactic acid in the bloodstream
can be used to indicate the point at which anaerobic respira-
tion becomes the dominant means of ATP production.

BB

3 Assess
Check for Understanding
Ask students to diagram and
explain the sliding filament the-
ory of muscle contraction.

Reteach
Review the three types of muscles
and where in the body each is
found. 

Extension
Have interested students research
diseases and disorders that affect
the muscular system. Have them
prepare a report on one of the
disorders for their portfolios. 

Performance Provide stu-
dents with a diagram of muscles
of the human body. Have students
make a key to identify each type
of muscle.

4 Close
Discussion
Discuss the function of each type
of muscle. Help students recog-
nize the relationship between the
skeleton and skeletal muscles. L1
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AssessmentAssessment
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Bone

Tendon
Skeletal muscle

Myofibril

Filaments Actin

Myosin

Sarcomere

Bundles of
muscle fibers
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A Muscle

Locomotion is made possible by the contraction and
relaxation of muscles. The sliding filament theory of

how muscles contract can be better understood by exam-
ining the detailed structure of a skeletal muscle.

Critical Thinking How does a nerve signal cause a
skeletal muscle to contract?

Magnification: 1500�

Skeletal muscle is responsible 
for moving your bones.

INSIDE
SSTORTORYY

INSIDE

Muscle structure When you
tease apart a typical skeletal
muscle and view it under a
microscope, you can see that 
it consists of bundles of fibers.
A single fiber is made up of
myofibrils which, in turn, are
made up of actin or myosin 
filaments. Each myofibril 
can be broken up into func-
tional units called sarcomeres.

11

Nerve signal When a
skeletal muscle receives a
signal from a nerve, cal-
cium is released inside
the muscle fibers, 
causing them to 
contract. 

22

Contraction The presence
of calcium causes attachments
to form between the thick
myosin and thin actin fila-
ments. The actin filaments 
are then pulled inward
toward the center of each
sarcomere, shortening the
sarco-mere and producing 
a muscle contraction. When
the muscle relaxes, the fila-
ments slide back into their
original positions.

33

Relaxed sarcomere

Section of a striated muscle fiber

Contracted sarcomere

Actin

Myosin
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IINSIDENSIDE
SSTORTORYY

INSIDE

Purpose
Students gain further under-
standing of the way muscle cells
contract.

Teaching Strategies
■ Have students describe the
structure of skeletal muscle.
■ Ask students to describe the
differences between actin and
myosin filaments.

Visual Learning
■ Ask students what makes up a

single muscle fiber. many
myofibril units Elicit what
chemical stimulates the forma-
tion of attachments between
myosin and actin filaments.
calcium

Critical Thinking
The nerve signal causes calcium
to be released in the muscle. The
calcium causes actin and myosin
filaments to bind together. The
actin filaments are then pulled
inward, resulting in a muscle
contraction.

Knowledge Have students
write a short summary of why lac-
tic acid builds up in muscle cells
during intense exercise.

AssessmentAssessment

L2
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L2

P
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P

LS

Tying to Previous Knowledge
Point out that myofibrils of the
muscles are a special type of
microfilament, as discussed previ-
ously. This is a good time to
review ATP, along with aerobic
and anaerobic metabolism.

MEETING INDIVIDUAL NEEDS MEETING INDIVIDUAL NEEDS 

Physically Challenged  
Locate a physically challenged spokesper-
son who has a musculoskeletal disease and
who is willing to speak to the class about
the disorder. The focus of the discussion
should be on the nature of the disease,
restrictions the disease places on the per-
son, and treatments for the disease.

P

LS

P R O J E C T
Modeling Body Movement

Visual-Spatial Have students work-
ing in groups construct models to

show how bones and muscles work
together to move appendages. More
advanced students may wish to work
together to prepare a model that demon-
strates the sliding filament theory.
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The BioLab at the
end of the chapter
can be used at this
point in the lesson.

YOUR OWN
DESIGN

YOUR OWN
DESIGN

Section AssessmentSection AssessmentSection Assessment
1. Smooth muscle cells are spindle shaped

and form the linings of organs. They
apply pressure and squeeze. Cardiac
muscle cells are striated and form a
contraction network in the heart.
Skeletal muscle cells are striated. They
move the body.

2. Calcium is released into the muscle
fiber, actin and myosin filaments form

attachments, and the actin filaments
are pulled inward toward the center of
each sarcomere.

3. Exercise stresses muscles and causes
fibers to increase in size and strength.
Exercise cannot change muscle function.

4. Muscle strength depends on the thick-
ness of the muscle fibers and how many
of the fibers contract at one time. 

5. Internal organs utilize smooth muscle
to perform their functions, such as
breathing and digestion.

6. The drawing should reflect that muscle
fibers are made of tiny cylinders called
myofibrils. Each myofibril is made of
myosin and actin filaments arranged in
a pattern within the sarcomere.
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Resource 
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Resource 
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Content Mastery, pp. 169,
171-172

Reteaching Skills 
Transparency 49 and
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would work after 30 minutes of
rest? Explain your answer.

PLAN THE EXPERIMENTPLAN THE EXPERIMENT

1. Design a repetitive exercise 
for a particular group of 
muscles. Make sure you can
count single repetitions of 
the exercise (for example, 
one sit-up or one jumping 
jack) over time. 

2. Work in pairs, with one 
member of the team being 
a timekeeper and the other
member performing the 
exercise.

3. Consider setting up your
experiment so that the amount
of resistance is the independent
variable. Compare your 
design with those of other
groups. 

Check the Plan
1. Be sure that the exercises are

ones that can be done rapidly
and cause a minimum of dis-
ruption to other groups in the
classroom.

2. Consider how long you will do
the activity and how often you
will record measurements.

3. Make sure your teacher has
approved your experimental
plan before you proceed 
further.

4. Make a table in which you can
record the number of exercise
repetitions per time interval.

5. Carry out the experiment.
6. On a piece of graph paper, 

plot the number of repetitions
on the vertical axis and the
time intervals on the horizon-
tal axis.
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1. Making Inferences What 
effect did repeating the exercise
over time have on the muscle
group?

2. Comparing and Contrasting
As you repeated the exercise 
over time, how did your muscles
feel?

3. Recognizing Cause and Effect
What physiological factors are
responsible for fatigue?

4. Thinking Critically How well do
you think your fatigued muscles

ANALYZE AND CONCLUDEANALYZE AND CONCLUDE

Going FurtherGoing Further

Project Design an experiment that will
enable you to measure the strength of 
muscle contractions.

To find out more about
muscles, visit the Glencoe

Science Web Site. 
www.glencoe.com/sec/science

First minute

Second minute

Third minute

Fourth minute

Fifth minute

Number of repetitionsTime interval

Sample Data Table

YOUR OWN
DESIGN

YOUR OWN
DESIGN

1. The muscle groups became
fatigued and the number of
repetitions of the activity
went down as more trials
were run.

2. The muscles felt tired and
may even have begun to hurt
toward the end. It became
harder to do the activity and
the strength of each contrac-
tion was reduced.

3. Cells are running out of oxy-
gen and accumulating toxic
products such as lactic acid
and carbon dioxide as the
muscles change to anaerobic
processes.

4. Fatigued muscles should
work as well after a rest of 30
minutes as they did before
fatigue became a factor. The
accumulated lactic acid has
been broken down as the
oxygen supply in the muscle
cells has been replenished
during the rest.

Error Analysis
Students must put real effort into
their activity in order to see the
results of fatigue.

Portfolio Have students
place their laboratory reports,
including their tables and graphs,
in their journals. Use the
Performance Task Assessment
List for Science Journal in PASC,
p. 103. L2
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Data and Observations
Student graphs should show that the num-
ber of exercise repetitions goes down over
time as the muscles become tired.

Going FurtherGoing Further

Ask students how athletes such
as marathon runners continue
to exercise at a high level for 3
or more hours. Why don’t their
muscles fatigue after a few
minutes? 

Objectives
In this BioLab, you will:
■ Hypothesize whether or not muscle

fatigue affects the amount of exer-
cise muscles can accomplish.

■ Measure the amount of exercise
done by a group of muscles.

■ Make a graph to show the amount of
exercise done by a group of muscles.

Possible Materials
stopwatch or clock with second hand
graph paper
small weights
wooden box or step stool

Skill Handbook
Use the Skill Handbook 

if you need additional 
help with this lab.

940 PROTECTION, SUPPORT, AND LOCOMOTION

Does fatigue affect the ability
to perform an exercise?

T he movement of body parts results from the contraction and relax-
ation of muscles. In this process, muscles use energy from aerobic

and anaerobic respiration. When exercise is continued for a long period of
time, the waste products of fermentation accumulate and muscle fibers
are stressed, causing fatigue. Fatigue affects the various muscles differ-
ently. It also affects individuals differently, even when they are perform-
ing the same tasks. Muscular strength, muscular endurance, and the
amount of effort required to perform a task are all variables to consider.

YOUR OWN
DESIGN

YOUR OWN
DESIGN

Problem
How does fatigue affect the num-

ber of repetitions of an exercise you
can accomplish? How do different
amounts of resistance affect rate of
fatigue?

Hypotheses
Hypothesize whether or not muscle

fatigue has any effect on the amount
of exercise muscles can accomplish.
Consider whether fatigue occurs
within minutes or hours.

PREPARATIONPREPARATION

YOUR OWN
DESIGN

YOUR OWN
DESIGN
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Time Allotment
One class period

Process Skills
observe and infer, communicate,
measure in SI, predict, form a
hypothesis, design an experiment

Alternative Materials
Stopwatches are not necessary if
a clock with a second hand is visi-
ble to all students.

Possible Hypotheses
If a muscle becomes fatigued,
then the muscle will not be able
to do as much work.

If a muscle becomes fatigued,
its capacity to do work will not be
diminished.

PREPARATIONPREPARATION

P

LS

PLAN THE EXPERIMENTPLAN THE EXPERIMENT

Teaching Strategies
■ One student should act as timekeeper.
The exerciser should count the number of
times he or she can carry out the exercise in
a given time period, such as 3 minutes.
■ Trials should be performed as closely
together as possible, so that little muscle
rest occurs between trials. 
■ Place a sample graph on the chalkboard

to help students prepare their graphs.

Possible Procedures
■ Students should choose an exercise such

as how many times they can lift a weight
in 3 minutes. They should repeat the
experiment 4 or 5 times so that the mus-
cles become fatigued.

Resource 
  Manager
Resource 
  Manager

BioLab and MiniLab Work-
sheets, pp. 153-154 L2
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SUMMARYSUMMARY

Section 34.1

Section 34.2

Section 34.3

Main Ideas
■ Skin regulates body temperature, protects the

body, and functions as a sense organ.
■ Skin cells are constantly being shed and

replaced.
■ Skin responds to injury by producing new cells

and signaling a response to fight infection.

Vocabulary
dermis (p.925)
epidermis (p.923)
hair follicle (p.926)
keratin (p.923)
melanin (p.925)

Skin: The
Body’s
Protection

Vocabulary
appendicular skeleton

(p.929)
axial skeleton (p.929)
bursa (p.930)
compact bone (p.932)
joint (p.929)
ligament (p.930)
osteoblast (p.932)
osteocyte (p.932)
red marrow (p.933)
spongy bone (p.932)
tendon (p.930)
yellow marrow (p.933)

Vocabulary
actin (p.937)
cardiac muscle (p.936)
involuntary muscle

(p.936)
myofibril (p.937)
myosin (p.937)
sarcomere (p.937)
skeletal muscle (p.936)
sliding filament theory

(p.937)
smooth muscle (p.935)
voluntary muscle (p.936)
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1. All of the following are tissues found in the
skin except:
a. connective c. muscle
b. epithelial d. cardiac

UNDERSTANDING MAIN IDEASUNDERSTANDING MAIN IDEAS 2. Which of the following is NOT a function of
the skeletal system?
a. provide a framework for body tissues
b. regulate temperature
c. produce blood cells
d. act as a storehouse for minerals

Main Ideas
■ The skeleton is made up of the axial and appen-

dicular skeletons. 
■ The skeleton supports the body, provides a

place for muscle attachment, protects vital
organs, manufactures blood cells, and serves as a
storehouse for calcium and phosphorus.

■ Joints allow movement between two or more
bones where they meet.

Main Ideas
■ There are three types of tissue: smooth, cardiac,

and skeletal.
■ Muscles contract as filaments within the

myofibrils slide toward one another.
■ Muscle strength depends on muscle fiber thick-

ness and the number of fibers contracting.

Muscles for
Locomotion

Bones: The
Body’s Support

943

Main Ideas
Summary statements can be used
by students to review the major
concepts of the chapter.

Using the Vocabulary
To reinforce chapter vocabulary, use
the Content Mastery Booklet and
the activities in the Interactive Tutor
for Biology: The Dynamics of Life on
the Glencoe Science Web Site.
www.glencoe.com/sec/science

Chapter 34 AssessmentChapter 34 Assessment

All Chapter
Assessment 

questions and answers have been
validated for accuracy and suitabil-
ity by The Princeton Review.

X rays are a form of radiation emitted by X-ray
tubes and by some astronomical objects such 
as stars. Machines that use X rays to view 

concealed objects are so common that you have
probably had contact with one recently. 

Dentists use them to examine teeth, doctors to 
inspect bones and organs, and airports to 

look inside your carry-on baggage.

Wilhelm Röntgen, a German physics pro-
fessor, accidentally discovered the X ray

in 1895. As he was studying cathode rays in a
high-voltage vacuum tube, he noticed that a
screen lying nearby was giving off fluorescent
light. He eventually determined that special 
rays given off by the tube were able to penetrate
the black box that enclosed it and strike the
screen, causing it to glow. Because he did not
know what these rays were, he called them X
rays, “X” standing for “unknown.” He made a
film of his wife’s hand (shown here), exposing 
the bones—the first permanent X ray of a
human. Two months later, he published a short
paper. Within a month of its publication, doc-
tors in Europe and the U.S. were using X rays 
in their work.

Noninvasive diagnosis In medicine, X rays
are passed through the body to photographic
film. Bones and other dense objects show up as
white areas on the film. As a result, the position
and nature of a break is clearly visible. The con-
tours of organs such as the stomach can be seen
when a patient ingests a high-contrast liquid;
other organs can be marked with special dyes.

X rays generate a two-dimensional photo-
graph with no depth. On the other hand, com-
puterized scan system, such as a CAT scanner,
can make a 3-D image by scanning an area many
times at different angles. These 3-D images are
useful for viewing tissues shadowed by overlying
organs.

Radiation treatments As X rays bombard
atoms of tissues, electrons are knocked from
their orbits, resulting in damage to the exposed
tissue cells. To protect healthy tissues, absorptive
metals are used as shields. You’ve probably had a
dental X ray where the dental assistant spread a
heavy lead apron across your chest. The destruc-
tive nature of X rays has proven useful in the
treatment of cancers, where cancerous cells are
targeted and destroyed.

942 PROTECTION, SUPPORT, AND LOCOMOTION

Connection
PhysicsPhysics

Connection X rays—
The Painless Probe

Why would an X ray be useful in diagnosing a
fractured bone but not a sprained ligament?

To find out more about X rays,
visit the Glencoe Science Web

Site.
www.glencoe.com/sec/science

CONNECTION TO BIOLOGYCONNECTION TO BIOLOGY

A CAT scan of the human
brain (above), and an 
X ray of Bertha Röntgen’s
hand (right).

942

Purpose
Students will learn about some
uses of X rays in medicine.

Teaching Strategies
■ Ask students to share experi-
ences about when they have had
X rays taken. Ask students to
explain why the X rays were
needed.
■ Hang up X rays on the win-
dows or show them on the over-
head as you discuss the Physics
Connection. Point out how soft
tissues do not show up on the X
rays.

Connection to Biology
An X ray will show the image of a
broken bone because X rays don’t
pass through dense bone. X rays
will not, however, show if a liga-
ment is sprained because the X
rays pass through soft tissue and
thus do not create an image.

P

LS

Connection
PhysicsPhysics

Connection

1. d
2. b

UNDERSTANDING MAIN IDEASUNDERSTANDING MAIN IDEAS

VIDEODISC
The Secret of Life
X Ray

!7SÇjI"

!7T_tD"
CAT Scan

Internet Address Book

Note Internet addresses
that you find useful in

the space below for quick reference.

VIDEODISC
The Infinite Voyage: 
Unseen Worlds

Technology Reconstructs
Egyptian Mummies (Ch. 1) 

6 min. 30 sec.

Digital X Rays, 3-D X Rays:
Detection Made Easy (Ch. 8)

7 min.

!7-8J"

!7s~D"

VIDEOTAPE
MindJogger Videoquizzes

Chapter 34: Protection, Support, and Loco-
motion
Have students work in groups as they play
the videoquiz game to review key chapter
concepts.

Resource ManagerResource Manager

Chapter Assessment, pp. 199-204
MindJogger Videoquizzes
Computer Test Bank
BDOL Interactive CD-ROM, Chapter 34

quiz 

http://www.glencoe.com/sec/science
http://www.glencoe.com/sec/science
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23. How could you use a person’s skeleton to
determine his or her age?

24. Outline how the skin helps the body main-
tain body temperature.

25. Interpreting Data The graph below shows
the time relationship between muscle force
and calcium levels inside a contracting mus-
cle fiber. Describe the cause-and-effect rela-
tionship shown between the development of
muscle force and calcium levels in the fiber. 

26. Concept Mapping Complete the concept
map by using the following vocabulary terms:
actin, myofibrils, skeletal muscles, myosin.

THINKING CRITICALLYTHINKING CRITICALLY

ASSESSING KNOWLEDGE & SKILLSASSESSING KNOWLEDGE & SKILLS

Bone is living tissue that includes different
kinds of cells and structures.

Interpreting Scientific Illustrations
Use the diagram above to answer the 
following questions.
1. Place the structures of the human body

shown in the diagram in order from
least to most complex.
a. 1, 2, 3, 4 c. 4, 3, 2, 1 
b. 1, 3, 2, 4 d. 4, 2, 3, 1

2. Which diagram represents one osteon
system?
a. 1 c. 3
b. 2 d. 4

3. Which of the following demonstrates
that bones are alive?
a. Bones grow in both length and diam-

eter.
b. Bones are able to repair themselves.
c. Bones contain living cells called

osteocytes.
d. All of the above.

4. Interpreting Data The center of most
long bones is hollow. What advantage
might having bones with hollow centers
confer to humans and other mammals?

contain bundles of 
fibers made up of

1.

which are made 
of thin filaments 

of the protein

2.

3. 4.

which are made 
of thick filaments 

of the protein

For additional review, use the assessment
options for this chapter found on the Biology: The
Dynamics of Life Interactive CD-ROM and on the
Glencoe Science Web Site.
www.glencoe.com/sec/science

CD-ROM

M
us

cl
e 

fo
rc

e 
an

d
ca

lc
iu

m
 le

ve
ls

Time (milliseconds)
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Calcium level

Muscle force

Calcium levels in Contracting Muscle

11 22 33

44
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23. Degree of bone fusion can be
used to identify the age of a
skeleton. The more fusion, the
older the skeleton. The amount
of cartilage present and brittle-
ness of bone also may be used
to determine age. 

24. Sweat evaporates from the
body, cooling it in the process.
Blood vessels in the skin can
also constrict to conserve heat
or dilate to increase heat loss.

25. A large increase in muscle cell
calcium precedes (and initiates)
muscle contraction.

26. 1. Skeletal muscles; 2. Myofibrils;
3. Myosin; 4. Actin

THINKING CRITICALLYTHINKING CRITICALLY
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1. b
2. c
3. d
4. Hollow bones allow

humans and other mam-
mals to have strength
with reduced weight.

Chapter 34 AssessmentChapter 34 Assessment

3. Which of the following is a skin pigment that
protects cells from solar radiation damage?
a. keratin c. melanin
b. epidermis d. dermis

4. Which of the following is NOT found in the
dermis?
a. blood vessels c. keratin
b. nerves d. oil glands

5. Which of the 
following are 
nourished by 
blood vessels in 
the central canal 
of this structure?
a. dermis
b. bone cells
c. epidermis
d. sarcomeres

6. When exposed to sunlight, skin is able to
produce which vitamin?
a. Vitamin C c. Vitamin B
b. Vitamin A d. Vitamin D

7. Which type of joint allows rotational move-
ment?

a. c.

b. d.

8. All of the following are types of muscle
except:
a. epidermal c. smooth
b. cardiac d. skeletal

9. As a muscle relaxes after contraction, actin
filaments:
a. slide in toward each other
b. slide away from each other
c. are digested into their component proteins
d. lengthen and become invisible under the

microscope
10. Skin plays a role in:

a. storing calcium
b. regulating body temperature
c. manufacturing blood cells
d. supporting the body

11. Ridges in the ________ of your skin give you
a unique fingerprint. 

12. ________ grow to become mature bone cells.
13. ________ burns are the most severe, resulting

in destroyed epidermis and ________.
14. The fetal appendicular skeleton is mostly

made of ________.
15. The ________ skeleton includes the skull,

ribs, vertebral column, and sternum.
16. ________ fills the cavities of bones and is

responsible for the production of red and
white blood cells.

17. Epidermal cells in the skin are derived from
the ________ layer of the embryo.

18. In movable joints, a fluid-filled sac called a
________ prevents bones from rubbing
against each other.

19. Muscles are attached to bones by ________.
20. Skeletal muscle is under ________ control,

while cardiac muscle is under ________
control.

21. Why do sprains usually occur in the ankles,
wrists, and knees?

22. How would the destruction of red marrow
affect other systems of the body?

APPLYING MAIN IDEASAPPLYING MAIN IDEAS
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TEST–TAKING TIPTEST–TAKING TIP

Warm Up Before the Race 
On the day of your exam, arrive at the site early
enough to relax, get settled, and go over your
notes. It will give you time to relax and prepare
your mind for the test.

944

3. c
4. c
5. b
6. d
7. a
8. a
9. b

10. b
11. epidermis
12. Osteoblasts
13. Third-degree, dermis
14. cartilage
15. axial
16. Red marrow
17. ectodermal
18. bursa
19. tendons
20. voluntary, involuntary

21. Ankles, wrists and knees are
highly movable joints that are
especially vulnerable to exces-
sive twisting. The ankles and
knees are also weight-bearing
joints, which makes them even
more vulnerable.

22. If red bone marrow were
destroyed, the production of
red blood cells, white blood
cells, and blood-clotting cell
fragments would be impaired. 

APPLYING MAIN IDEASAPPLYING MAIN IDEAS
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