
■ BLM 10.1.6: Role of Calcium Ions in Muscle
Contraction can be used in conjunction with discussions
on the importance of this ion in the contraction of skeletal
muscles.

■ BLM 10.1.8: Energy Sources for Muscle Contraction is
an overhead; BLM 10.1.9: The Role of Creatine
Phosphate in Muscle Contractions, BLM 10.1.10: ATP
From Aerobic Cellular Respiration and Fermentation,
and BLM 10.1.11: Oxygen Debt are handouts that can
be used to help students decipher how muscles are supplied
with energy under different conditions.

Answers to Questions for Comprehension
Student Textbook page 333

Q1. ■  Smooth muscle cells are non-striated, have a single
nucleus, and are usually arranged in parallel lines,
forming sheets. They are under involuntary control and
found in the walls of many internal organs.

■  Cardiac muscle is only found in the heart and forms
the wall of this organ. Its cells are striated, and each has
a single nucleus. Cardiac muscle cells are tubular and
branched, forming a tough, net-like structure. Cardiac
muscle contraction is involuntary.

■  Skeletal muscles are tubular and striated. Skeletal muscle
contraction is voluntary. These muscle cells are long,
and each has a number of nuclei (multinucleated). They
are usually referred to as fibres, rather than cells.

Q2. To lengthen, a muscle must relax so that an opposing
force can pull the muscle back to its full length. The
arrangement of opposing pairs of muscles around a joint
(in effect, a fulcrum) allows them to act together to
stretch each other out and provides the force to move a
bone (in effect, a lever) in opposite directions.

Investigation 10.A: Observing Muscle 
Tissue

Student Textbook pages 334–335

Purpose
Students observe different types of muscle cells with a
microscope and obtain and interpret experimental evidence to
account for muscle fibre contraction. 

Outcomes
■ 20–D4.2s
■ 20–D4.3s
■ 20–D4.4s

Advance Preparation

Time Required
■ 1 hour

Helpful Tips
■ Use BLM 10.1.2: Investigation 10.A: Observing Muscle

Tissue to support this activity. Modify it as necessary.
Part 1
■ Part 1 of this investigation is fairly straightforward. Group

students according to the number of microscopes and
muscle slide sets that are available. Students observe three
types of muscle and record their observations. Students
should refer to Figure 10.1: Comparing and contrasting
smooth, cardiac, and skeletal muscles, found on page 332
of the student textbook.

Materials

■ light microscope
■ dissecting microscope (optional)
■ prepared slides of smooth muscle, cardiac muscle, and skeletal

muscle (1 set of slides per group)
■ sharp scissors
■ small forceps or tweezers
■ dropper pipette
■ 2 microscope slides
■ millimetre ruler (thin plastic)
■ glycerinated muscle fibres in 50% glycerol 
■ dropper vial of 0.25% ATP in distilled water
■ dropper vial 0.05M KCl plus 0.001 MgCl2 in distilled water 
■ teasing needle (1 per group)

When to Begin What to Do

several months before ■ Check the supply of
prepared muscle cells and
order replacements from a
scientific supply company, if
necessary.

2 weeks before ■ Order a glycerinated
muscle fibre kit from a
scientific supply company
(shelf life of chemicals is 
10 days).

2 days before ■ Photocopy BLM 10.1.2:
Investigation 10.A:
Observing Muscle Tissue.

the day of the investigation ■ Prepare muscle tissue (see
Helpful Tips, below, for
instructions).
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amount of ATP and salt solution added; and the length of
time students waited for the muscle fibres to contract.
Manipulated variables are the salt and ATP solutions.

Observations should note that the myofibrils do not
contract until both ATP and salts (KCl and MgCl2) are
added to the slides. The myofibrils treated with ATP and
the salt solutions should be approximately 50% shorter
than those that have not been treated with these solutions.

Answers to Conclusions Questions
5. The following is an example of a possible answer.

Smooth muscle cells are long and tapered at each end like
a spindle. Each has a single nucleus and the cells are
usually arranged in parallel lines, forming sheets.
Although smooth muscle is slower to contract than
skeletal muscle, it can sustain prolonged contractions and
does not fatigue easily.

The cells of cardiac muscle are striated (have bands of
light and dark) and each has a single nucleus. Cardiac
muscle cells are tubular and branched, forming a net-like
structure. This structure provides the strength required to
pump blood to all cells of the body.

Skeletal muscle cells are very long, and each has many
nuclei—the length of the muscle cell and its needs for
energy and materials are too much to be coordinated by a
single nucleus. Striated muscle is often used in short,
intense bursts, whereas smooth muscle sustains longer, or
even near-permanent, contractions.

6. The factors that are required for muscle contraction are
ATP and salt solutions (ions).

7. The intent of this question is to start them thinking about
the contraction of a skeletal muscle. Students are not
expected to identify the different bands or zones or to
know anything about the sliding filament model.

Assessment Options
■ Collect and assess students’ observations and answers to the

Analysis and Conclusion questions.
■ Use Assessment Checklist 2: Laboratory Report from

Appendix A.

Biology File: Try This
Student Textbook page 336

As in other skeletal muscles, the diaphragm is composed of
functional units (motor units), each comprised of a motor
neuron and the muscle fibres innervated by the motor
neuron. The diaphragm must have an impulse delivered to it
before it contracts. That impulse can originate in the higher
brain centres, as when you voluntarily inhale and exhale, or in
the lower brain, as when low oxygen levels or high levels of
acid or carbon dioxide are present in the cerebrospinal fluid or
blood.

Answers to Questions for Comprehension
Student Textbook page 336

Q3. Skeletal muscle fibre consists of hundreds of thousands of
cylindrical sub-units called myofibrils. Each of these is
made of even finer myofilaments, which contain protein
structures responsible for muscle contraction.

Q4. An actin (thin) myofilament consists of two strands of
protein molecules that are wrapped around each other,
somewhat like two strands of beads loosely wound
together. A myosin (thick) myofilament is also composed
of two strands of protein wound around each other;
however, a myosin myofilament is about 10 times longer
than an actin myofilament, and the myosin strands have a
different shape. One end of a myosin myofilament
consists of a long rod, while the other end consists of a
double-headed globular region, often called the “head.”

Student Textbook page 338

Q5. When a muscle fibre contracts, the heads of thousands of
myosin myofilaments move first. This moves them closer
to their rod-like “backbone” and a few nanometers in the
direction of the flex. Because the heads are attached
(chemically bound) at this time to actin myofilaments,
the actin myofilaments are pulled along with the myosin
heads as they flex. As a result, the actin myofilaments slide
past the myosin myofilaments in the direction of the flex.
As one myosin head after another flexes, the myosin, in
effect, “walks” in place, step by step, along the actin. Each
step requires a molecule of ATP to provide the energy that
repositions the myosin head before each flex.

Q6. The sliding filament model of muscle contraction can be
described as follows:

■  Within each myofilament, the actin is anchored at one
end, at a position in striated muscle tissue called the 
Z line. Because it is tethered like this, the movement of
actin pulls its “anchor” (the Z line) along with it. 

■ As actin moves past myosin, it drags the Z line toward the
myosin. 

■ The mechanism of muscle contraction depends on the
structural arrangement of thousands of myosin
myofilaments in relation to thousands of pairs actin
myofilaments. With one actin molecule being pulled
inward in one direction, and the other actin molecule
being pulled inward in the opposite direction, the two
pairs of actin drag the Z lines towards each other as they
slide past the myosin. As the Z lines are pulled closer
together, the plasma membranes to which they are attached
move towards one another, and the entire muscle fibre
contracts.
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Thought Lab 10.1: Designing a Muscle 
Fibre Model

Student Textbook page 339

Purpose
Students design a functional model of a skeletal muscle fibre. 

Outcomes
■ 20–D4.2s
■ 20–D4.4s

Advance Preparation

Time Required
■ 90 minutes (30 minutes in the first class for brainstorming; 

60 minutes in the second class to build and demonstrate
models)

Helpful Tips
■ Use BLM 10.1.7: Thought Lab 10.1: Designing Muscle

Fibre Model to support this activity. Modify it as
necessary.

■ Providing students with an opportunity to do their
brainstorming at the end of an earlier class will save time.
In addition, it gives students an opportunity to gather the
materials that they will need to build their models.

■ Copy and distribute Checklist 9 Developing Models to
your students prior to starting the activity to give students
a better idea of what you are looking for in terms of the
model itself, as well as the presentation.

■ To save even more time, bring in bags of materials that the
students can use to build their models. 

Answers to Analysis Questions
1. Students’ answers will depend on the materials that they

selected and how they decided to put their models
together. Students should notice if their model is lacking
any components, based on comparison with the models of
other groups.

2. Students’ answers will depend on the materials that they
selected and how they decided to build their model. Look
for an indication that these fibres would have to be linked
in some fashion.

Assessment Options
■ Use Assessment Checklist 9 Developing Models to evaluate

the model.
■ Use Assessment Checklist 4 Performance Task Group

Assessment to assess the groups’ performance during this
activity.

Answer to Question for Comprehension
Student Textbook page 339

Q7. No, the muscle cannot contract without calcium ions.
When the calcium ion concentration in the sarcoplasm is
low, tropomyosin inhibits myosin binding, and the
muscle is relaxed. When the calcium ion concentration is
raised, Ca++ binds to troponin. This causes the troponin-
tropomyosin complex to be shifted away from the
attachment sites for the myosin heads on the actin. When
this repositioning has occurred, the myosin heads attach
to actin and, using ATP energy, move the actin
myofilament to shorten the myofibril.

Biology File: Try This
Student Textbook page 340

Rigor mortis is caused by partial contraction of the skeletal
muscles. The muscles are unable to relax, so the joints become
fixed in place. More specifically, rigor mortis sets in because
the membranes of muscle cells become more permeable to
calcium ions. Living muscle cells expend energy (ATP) to
actively transport calcium ions to the outside of the cells. The
calcium ions that flow into the muscle cells promote the
cross-bridge attachment between actin and myosin
myofilaments. The muscle fibres continue to ratchet,
becoming shorter and shorter until they are fully contracted.
Muscles need ATP in order to release from a contracted state
(it is used to actively transport the calcium ions out of the
cells so the myofilaments detach from one another). Without
the flow of blood to the muscle cells, the ATP reserves are
quickly exhausted. This means that the actin and myosin
myofilaments will remain linked until the muscles themselves
start to decompose. The joints are stiff for 1–3 days, but after

Materials

■ to be determined by the students 

When to Begin What to Do

2 or 3 days before the activity ■ Photocopy Assessment
Checklist 4 Performance
Task Group Assessment if
you plan to use this tool to
assess your students.

■ Photocopy the following
BLMs if you haven’t already
done so: BLM 10.1.3:
Structure of Skeletal
Muscle; BLM 10.1.4:
Contraction of Skeletal
Muscle; and BLM 10.1.5:
Sliding Filament Model of
Muscle Contraction plus
10.1.7 Thought Lab 10.1:
Designing a Muscle Fibre
Model



this time general tissue decay and the leaking of lysosomal
intracellular digestive enzymes will cause the muscles to relax.

Answers to Questions for Comprehension
Student Textbook page 341

Q8. Creatine phosphate is a high-energy compound that
builds up when a muscle is resting. This compound
cannot participate directly in muscle contraction;
instead, it can regenerate ATP. The chemical reaction
occurs in the midst of sliding filaments. Therefore, it is
the speediest way to make ATP available to muscles.
Creatine phosphate provides enough energy for only
about eight seconds of intense activity, and then it is
spent.

Q9. Fermentation, such as creatine phosphate breakdown,
supplies ATP without consuming oxygen. This allows
the muscle to continue activity in anaerobic conditions.

Q10. Aerobic cellular respiration, completed in mitochondria,
usually provides most of a muscle’s ATP. Glycogen and
fat are stored in muscle cells. Therefore, a muscle fibre
can use glucose from glycogen and fatty acids from fats
as fuel to produce ATP when oxygen is available.

Biology File: Try This
Student Textbook page 341

The temperature probe should indicate an increase in skin
temperature as the student exercises. The accuracy of the
results will depend on the sensitivity of the thermometers
used in this activity.

Biology File: Web Link
Student Textbook page 342

Studies of creatine supplementation show increases in muscle
phosphocreatine by 15 to 40%. Most studies indicate an
associated improvement in muscle mass, strength, and
performance, especially in high-intensity activity. Animal
studies of the long-term effects of supplementation suggest
possible damaging effects to the liver and kidneys, but
implications of these studies for human health are not
currently established.

Answer to Question for Comprehension
Student Textbook page 342

Q11. When a muscle uses fermentation to supply its energy
needs, it incurs an oxygen deficit. Oxygen deficit is
obvious when a person continues to breathe heavily after
exercising. Replenishing an oxygen deficit requires
replenishing creatine phosphate supplies and disposes of
lactate. Lactate can be changed back to pyruvate and
metabolized completely in mitochondria; it can also be
sent to the liver to synthesize glycogen.

Section 10.1: Review Answers 
Student Textbook page 342 

1.

2. Muscles shorten when they contract, so they can only
pull, not push. 

3. A sketch should show that a skeletal muscle is made of
many multinucleated muscle fibres. The muscle is attached
to bone at each end with a tendon. Striations are visible.

4. Skeletal muscles have a rich supply of blood vessels to
supply oxygen and nutrients to the mitochondria, which
will produce energy needed for contraction. Any wastes
produced, such as carbon dioxide, will be removed via
capillaries and veins. 

5. Actin is a thin myofilament. Two strands of protein
molecules wrap around each other, making it globular.
Myosin is a thick myofilament. Two strands of protein are
wound around each other. It is ten times longer than an
actin myofilament and has a definite shape, with one end
being the “head” and the other being a long rod.

Cardiac 
Muscle

Smooth
Muscle

Skeletal
Muscle

Shape Tubular,
branched

Long and
tapered

Very long
and tubular 

Number of
Nuclei/Fibre 

One One Many

Presence of
Striations

Yes No Yes

Voluntary or
Involuntary

Involuntary Involuntary Voluntary

Location in
Body  

Walls of the
heart 

Walls of the
internal organs;
iris of the eye

Usually
attached to
bones 

Function Pump blood Peristalsis;
dilation and
constriction of
blood vessels;
contraction of
uterus; iris of
the eye

Body
movement;
maintenance
of body
temperature;
support;
protection of
internal
organs;
stabilizing
joints 
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Teaching Strategies
■ If your school has a football or rugby team, invite their

athletic therapist to the class to talk to the students about
the diagnosis, treatment, and rehabilitation of athletic
injuries. You could also contact your local ambulance
service to see if one of their Emergency Medical
Technicians would be willing to do a mini first aid session
on the treatment of common athletic injuries (sprains and
strains).

■ Ask students who have experienced a muscle strain or tear
to describe their experiences, including treatment and
rehabilitation. Or, see if any of your students has had a
broken arm or leg. Have the student describe what
happened to the muscles in that appendage while the bone
was healing.

■ The Career Focus feature: Ask an Athletic Therapist on
pages 354-355 can be used as a starting point for Thought
Lab 10.2: Injuries Related to Athletics.

■ BLM 10.2.4: Common Disorders and Ailments of the
Skeletal Muscles can be photocopied and distributed to
students.

■ BLM 10.2.2: Experiments with Isolated Skeletal
Muscles and BLM 10.2.3: Types of Muscle Fibres can be
used to support information about slow- and fast-twitch
muscle fibres.

Answer to Question for Comprehension
Student Textbook page 344

Q12. Muscle atrophy can occur through lack of or the
reduction of use of skeletal muscle.

Thought Lab 10.2: Injuries Related to 
Athletics

Student Textbook page 345

Purpose
Students analyze the effects of exercise on skeletal muscle and
muscle fibre. They then evaluate assumptions and behaviour
related to athletics and physical condition. Students should
consult a wide variety of sources and assess the authority,
reliability, and validity of information gathered. 

Outcomes
■ 20–D4.1sts
■ 20–D4.3s

Advance Preparation

Time Required
■ 2 hours (1 hour for research; 1 hour to do Analysis

question 1)

Helpful Tips
■ Hand out BLM 10.2.1: Thought Lab 10.2: Injuries

Related to Athletics prior to starting this activity. This
BLM will provide students with a starting point for their
research.

■ The time required for this activity can be reduced by
having students share the results of their research
electronically. They can do this via e-mail or by posting
their information to a computer network, allowing them to
compile the research of all students into one file.

Safety Precautions
You may wish to refer students to “Safety in Your Online
Activities” on page xvi.

Answers to Analysis Questions
1. Answers will depend (a) on the injury selected and (b) the

medium used to outline the cause, treatment, and
prevention of this injury. BLM 10.2.4: Common
Disorders and Ailments of Skeletal Muscle can be used
as a guide to evaluate students’ research.

2. “No pain, no gain” is a dangerous misconception.
Moderation is important, as most athletic-related injuries
result simply from the overuse of muscles. In addition,
pain is one of the key ways that the body signals that
something is wrong.

Assessment Options
■ Collect and assess students’ research.
■ Use Assessment Checklist 7: Independent Research Skills

from Appendix A.

When to Begin What to Do

2 days before ■ Contact an athletic
therapist, EMT, or other
specialist requesting that
they come to your class to
talk about the treatment of
muscle-related injuries.

■ Photocopy BLM 10.2.1:
Thought Lab 10.2: Injuries
Related to Athletics

When to Begin What to Do

2 to 3 weeks before ■ Book library and/or the
computer lab. 



Answers to Questions for Comprehension
Student Textbook page 346

Q13. Hypertrophy is an increase in the size of individual
muscle fibres, whereas atrophy is a reduction in the size
of individual muscle fibres.

Q14. A muscle fatigues due to the depletion of energy reserves.
Fatigue is apparent when a muscle relaxes, even though
stimulation continues.

Student Textbook page 347

Q15. Eye muscle is composed of fast-twitch fibres, and soleus
muscle is composed of slow-twitch fibres. Hint: Have
students examine the graph in Figure 10.12.

Student Textbook page 348

Q16. Aerobic capacity of endurance athletes is greater due to
factors such as hypertrophy, more active enzyme activity
in the muscle fibres, more numerous mitochondria in
the muscle fibres, and a greater density of blood vessels
surrounding muscle fibres.

Q17. Muscle enlargement is produced only by frequent
periods of high-intensity exercise in which muscles work
against a high resistance, as in weight lifting. As a result
of resistance training, fast-twitch muscle fibres become
thicker, so the muscle grows by hypertrophy—an
increase in the size of the muscle fibre. 

Section 10.2: Review Answers
Student Textbook page 350

1. (a) Muscle atrophy is caused by reduction in neural
stimulation, frequently due to damage to the nervous
system such as paralysis from a spinal cord injury.
Prolonged loss of stimulation (as in permanent
injuries) causes irreversible muscle atrophy. Physical
therapy is of some use in providing stimulation to
muscles following an injury or surgery.

(b) As a muscle atrophies, it decreases in size and loses
tone and strength because the muscle fibres become
smaller. Prolonged loss of neural stimulation leads to
the death of muscle fibres, creating permanent loss of
muscle function.

2. Hypertrophy is an exercise-induced increase in muscle
mass. It occurs due to an increase in the size of
individual skeletal muscle fibres, not to an increase in
their number. 

Atrophy is a decrease in muscle mass due to reduced
stimulation of muscles. It occurs due to a decrease in the
size of individual skeletal muscle fibres, not to a decrease
in their number.

3. Any single stimulus at or above a certain threshold causes
the muscle to contract and then relax a fraction of a
second later. This is a muscle twitch. 

4. Student diagrams should resemble the figure below.

■ latent period—the time between stimulation and
initiation of muscle contraction (during this time
calcium ions are leaving the sarcoplasmic reticulum and
are penetrating the myofibrils)

■ contraction period—the time during which a muscle
shortens (Z lines are pulled closer together)

■ relaxation period—when the muscle returns to its
normal length (actin and myosin myofilaments slide
past each other to their resting position)

5. Student diagrams should resemble the figure below.

■ summation—occurs when a muscle receives a rapid
series of threshold stimuli and responds to each
stimulus before completely relaxing from the previous
one. Successive twitches blend together creating a
cumulative response called summation.

■ tetanus—a maximum sustained muscle contraction
following summation; during tetanus, the muscle
remains contracted and the graph no longer shows
individual twitches. (Tetanus allows us to sustain the
skeletal positions through sustained contractions, such
as in the action of holding a glass of water.)

■ fatigue—tetanus ends due to depletion of energy
reserves; fatigue is apparent when a muscle relaxes even
though stimulation continues as shown in the graph.

6. Some beneficial changes to muscle that result from regular
exercise are:

■  an increased blood supply, due to the growth of extra
blood vessels; 

■  enzymes becoming more effective; 

summation
tetanus

fatigue

Stimulus
Time
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