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INTRODUCTION
When a basketball player leaves the court dur-
ing the third quarter of a close game, he looks
totally exhausted. But after a few minutes on
the bench, he’s ready for action again. You’ve
probably noticed the same thing yourself if
you play soccer, tennis, or any active sport.
What causes muscle fatigue? Can you do

anything to prevent it? These are important
questions, especially if you like sports. And even
if you don’t, it’s good to know how to keep your
muscles in shape. In this lesson, you’ll learn
something about your own muscle endurance.

21
Exploring Muscle Fatigue

LESSON

OBJECTIVES FOR THIS LESSON

Measure the rate at which muscles tire

during exercise.

Plot data about muscle fatigue on a

graph and analyze patterns.
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When the U.S. women’s team won the World Soccer

Cup after a game that went into double overtime,

their muscles were probably very fatigued. But for a

few moments, they were still able to jump for joy!
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MATERIALS FOR
LESSON 21

For you
1 copy of Student

Sheet 21.1:
Plotting Muscle
Fatigue Data

For your group
1 plastic box
2 test tube clamps
2 student timers
1 set of colored

pencils

Getting Started

1. While a student volunteer reads aloud the
Introduction of this lesson, hold your arms
out straight in front of you. Keep them
there as long as you can.

2. In your science notebook, describe how
your arms felt as time passed.

3. Discuss your observations with the class.

Inquiry 21.1
Working Against Fatigue

PROCEDURE

1. Pick up your materials. During this inquiry,
you will work with your partner to deter-
mine how the muscles of your fingers, hand,
and forearm tire with repeated exercise.

2. With your teacher, read the directions for
performing the inquiry as described in
Steps 3A through 3E of the Procedure.
Before you begin the inquiry, design a data
collection table in your science notebook.
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6. Graph the data for you and your partner
on Student Sheet 21.1. Connect the dots
using two different types of lines (for
example, red lines for you and blue ones
for your partner, or dashes for you and
an unbroken line for your partner).

7. Answer the following questions in your
science notebook:

A. What happened, in general, to the
number of squeezes made per 30-second
trial as the seconds passed?

B. How did your muscles feel at the
beginning of the exercise? How did they
feel when you continued to use them,
even when they were tired?

C. On the basis of what you have learned
about how your body releases and uses
energy, explain why you think muscles tire.

3. Decide who will be the timekeeper and
who will exercise for the first round of the
inquiry. Then do the following:

A. Hold the
clamp in
your domi-
nant hand in
the position
shown here.

B. Squeeze the test tube clamp between your
thumb and first two fingers of your hand
until they meet; then, relax your grip until
the clamp is back in its resting position.
This is considered as one squeeze.

C. Using the student timer, your partner will
record the number of squeezes you can
do every 30 seconds for a total of 150
continuous seconds (five trials). Count
the number of squeezes out loud.

D. At the end of each of the first four 30-
second intervals, your partner will say
“Time.” Without pausing, continue to
squeeze and begin counting again from 1
while your partner records the number of
squeezes you made onto your table in
your science notebook.

E. At the end of the fifth trial, your partner
will say “Stop!” He or she will record the
number of squeezes you made in the final
30 seconds. When this is done, switch
roles and repeat Steps A through E.

4. When both you and your partner have
completed five trials, share and record
your data.

5. Return your materials to the designated
area.

Working in pairs to measure muscle fatigue
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REFLECTING ON WHAT YOU’VE DONE

1. Discuss the results of your inquiry and
reading.

2. What do you think you could do to
increase your muscle endurance? Discuss
your ideas with the class.
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They say that prac-
tice makes perfect,
but sometimes doing
the same thing over
and over can cause
problems.
One of these prob-

lems is repetitive
stress injury. This
kind of injury some-
times is associated
with sports, and it has
names like “tennis
elbow” or “runner’s
knee.” A repetitive
stress injury that is
becoming more com-
mon is caused by
work and play. It’s
called carpal tunnel
syndrome (CTS).
Carpal tunnels are

narrow passageways
inside the wrists. The
carpal tunnels are
crowded with nerves,
blood vessels, and
tendons that connect
the muscles of your
forearms with your
hands and fingers.
When you flex your
forearm muscles to
move your fingers, the
tendons slide back

and forth through the
carpal tunnels.
Many people work

at jobs—such as typ-
ing, cutting meat, or
checking out gro-
ceries—that involve
making the same
movements with their
hands hour after hour.
This can cause pain
and difficulty when
they move their wrists
and hands. The con-
stant movement can
cause the tendons in
their wrists to swell.

This creates pressure
on the nerves that run
through the carpal
tunnels. The result is
a tingling or pain in
the hand or arm.
Sometimes the pain
can extend to the
neck and shoulders.
For some people, the

discomfort becomes so
bad that they can’t
work. Repetitive stress
injuries, especially
CTS, seem to be
becoming more
common. In 1985,

50,000 workers
missed time from
their jobs because
of repetitive stress
injuries; by 1995, the
number had jumped
to 300,000.
CTS doesn’t cause

problems only for
adults. Young people
can suffer from it,
too. If you have a
computer, you know
it’s a great way to do
homework and a
great place to play.
Sometimes students

Cutaway view of a human palm and wrist

Repetitive Stress Injury:
Too Much of the Same Old Thing

Carpal tunnel

Median
nerve
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spend so much time
typing reports, vapor-
izing aliens, and writ-
ing e-mail that they
can develop CTS.
They might have to
wear a wrist brace or
stay away from the
keyboard, mouse, or
joystick until their
wrist heals.
What can you do to

one that supports
your back.
If you’re careful,

you can spend plenty
of time at the com-
puter and not have to
worry about anything
more serious than
getting the right
answers for your
homework! �

wrists aren’t resting
on anything. Some
keyboards help you to
keep your hands in
the right position—
they are bent in the
middle so you don’t
have to hold your
wrists in an unnatural
position. It’s impor-
tant to have the right
kind of chair, too. Get

prevent CTS? Take a
break. Stand up and
stretch your hands,
arms, and neck.
When you move your
mouse, use your
whole arm, not just
your wrist and hand.
When you type, keep
your hand and fore-
arm in a straight line
and make sure your
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Some computer keyboards are especially designed to prevent CTS. Proper posture is important, too.
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thousands of fila-
ments. Normally,
the filaments are
slightly inter-
locked—like two
combs with their
teeth overlapping
a little bit. When
a nerve impulse
reaches the mus-
cle cells, the
fibrils slide in
between each
other; this
movement is
called a ‘muscle
contraction.’ The
muscles go into
action within a
few thousandths
of a second after
getting their
instructions.”
“You said most

muscles work this
way. What about
the others?”
“The muscles

I’ve been describ-
ing are the skeletal
muscles. They work
when the nervous

Peppi and Bollo move
upward from Joanne’s
shoulder toward her
head.
“We’re about to

arrive in the brain.
Time to stop and
observe some impor-
tant activities,” says
Peppi. “As far as the
muscles are con-
cerned, the brain is
command central.
Most muscles act only
when the brain gives
an order. When the
brain says ‘Sit,’ cer-
tain muscles contract
and pull. The bones
and joints cooperate,
and a human sits.
More obedient than
a trained dog!”
“How does that

order reach the mus-
cles?” asks Bollo.
“Think of the

nerves as the messen-
gers. They carry sig-
nals deep into the
muscle cells. Inside
the muscle cells are

COMMAND
CENTRAL

Nerve impulses

travel to the muscles

rapidly. Too fast for Bollo

to clock!



thing I don’t under-
stand,” says Bollo.
“Heart muscles work
24 hours a day. But
when humans work or
play hard, their skele-
tal muscles get really
tired. Sometimes, they
even cramp. What’s
the difference?”
“Different muscle

types have different

designs. Heart muscles
are designed especial-
ly for endurance,”
says Peppi. “Skeletal
muscles, on the other
hand, can tire. Some
of them tire more eas-
ily than others.”
“But why do they

get tired?” asks Bollo.
“They run out of

gas,” says Peppi.

system tells them to.
But a few muscles are
‘on automatic.’ These
include the muscles
in the digestive sys-
tem. As we saw dur-
ing our trip through
the digestive system,
movement there is
fairly constant.”
“I bet the heart falls

into that category,

too,” says Bollo.
“You’re right. The

heart beats on its
own . . .”
“. . . because it gets

a reminder from the
heart’s natural pace-
maker, I know,” says
Bollo.
“Good for you!”

says Peppi.
“There’s still one
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Bollo learns about muscle types.
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resistant to fatigue,”
says Peppi. “Of course,
they need to eat prop-
erly so that the mus-
cles have the fuel they
need to do their work.
They also need to
relax once in a while
to give those muscles a
break. Cardiac muscle,
on the other hand,
never takes a break.”

“Gas! There’s no
gasoline in muscles,”
says Bollo.
“You’re right about

that. But just like a car
needs gasoline to keep
it running, muscles
need fuel, too. The fuel
is the nutrients and
oxygen that combine
during cellular respira-
tion. If the fuel supply

“B-r-e-a-k! You said
the magic word,” says
Bollo. “My muscles
are ready for a rest.”
“And so is Joanne,”

says Peppi. “Let’s let
her sleep in peace.
It’s time for us to
pack up and head
back home.” �

gets low, the muscles
begin to slow down.”
“Can humans do

anything to increase
muscle endurance?”
asks Bollo.
“Yes. Use them!

When humans get
plenty of exercise and
use the same muscles
again and again, their
muscles become more

Peppi and Bollo say good-bye.


