Human Biology: Concepts and Current Issues, 6e (Johnson)

Chapter 6   The Muscular System

6.1   Multiple Choice Questions

1) During a contraction, muscles 

A) increase in length.

B) generate heat due to an aerobic respiration.

C) all require involuntary control of muscle cells.

D) are first excited before the contraction can occur.

E) must first be stimulated by hormones in the blood.

Answer:  D

Topic:  Sec. 6.1

Skill:  Understanding

2) Which of the following is true regarding the structure of a muscle?

A) Its outer surface is enclosed by many layers of epidermis.

B) All muscle cells in a muscle have the same origin and insertion.

C) Fascicles of a muscle are surrounded by a thin sheath of hyaline cartilage.

D) Connective tissues associated with the muscle converge to form a ligament at each end of the muscle.

E) Each fascicle consists of two muscle cells.

Answer:  B

Topic:  Sec. 6.1

Skill:  Understanding

3) Cardiac muscle differs from skeletal muscle in that

A) all cardiac muscle is under involuntary control.

B) it is capable of relaxation.

C) it contracts in response to an electrical or chemical signal.

D) it is excitable and can shorten.

E) it gets longer rather than shorter when excited.

Answer:  A

Topic:  Sec. 6.1

Skill:  Understanding

4) Skeletal muscle groups that work together to create the same movement are referred to as 

A) involuntary.

B) antagonistic.

C) synergistic.

D) sarcomeres.

E) myofibrils.

Answer:  C

Topic:  Sec. 6.2

Skill:  Knowledge

5) Stimulation of acetylcholine release cause skeletal muscles to  

A) stimulate smooth muscles to relax.

B) lose the ability to contract.

C) release calcium ions.

D) become excited.

E) be unchanged and remain in a relaxed state.

Answer:  D

Topic:  Sec. 6.2

Skill:  Understanding

6) The following events are associated with muscle contraction. Which of the following best describes the order in which these events occur, following the initiation of a contraction by a nerve impulse?


1. Tubules transmit electrical impulses throughout muscle cell.


2. Myosin contacts actin and pulls it towards the center of the sarcomere.


3. Acetylcholine binds to receptors on the muscle.


4. Troponin-tropomyosin complex shifts to expose myosin binding sites.


5. Calcium is released from the sarcoplasmic reticulum.

A) 3, 1, 5, 4, 2

B) 1, 3, 5, 2, 4

C) 3, 5, 1, 2, 4

D) 4, 2, 1, 3, 5

E) 3, 5, 1, 4, 2

Answer:  A

Topic:  Sec. 6.2

Skill:  Understanding

7) In order for a muscle contraction to occur, cross-bridges must form between structures within a muscle cell.  These cross-bridges form between

A) the plasma membrane and the sarcoplasmic reticulum.

B) troponin and tropomyosin.

C) calcium and tropomyosin.

D) acetylcholine and muscle cell receptors.

E) actin and myosin.

Answer:  E

Topic:  Sec. 6.2

Skill:  Understanding

8) For a skeletal muscle to contract, which of the following must occur?

A) calcium levels must increase in close proximity to contractile proteins.

B) a nerve impulse is required to initiate contraction.

C) tropomyson-tropon complex must shift out of the way.

D) once the stimulation by a nerve ceases, skeletal muscle can no longer contract.

E) all of the above are correct.

Answer:  E

Topic:  Sec. 6.2

Skill:  Understanding

9) When an electrical impulse traveling along a motor neuron arrives at a neuromuscular junction,

A) there is an increase in the secretion of acetylcholine at the neuromuscular junction.

B) calcium is transported back to the sarcoplasmic reticulum.

C) sliding of actin and myosin filaments is inhibited.

D) myosin-actin cross-bridges are destroyed.

E) a new electrical impulse is generated that returns the message to the original nerve.

Answer:  A

Topic:  Sec. 6.2

Skill:  Understanding

10) An individual with the condition of myasthenia gravis is faced with an autoimmune disorder in which the body defenses attack acteylcholine receptors on muscle cells.  What would be the expected effect on calcium levels near contractile proteins, following the arrival of an electrical impulse at those neuromuscular junctions?

A) A rapid decrease in concentration due to uptake by sarcoplasmic reticulum.

B) A rapid increase in concentration due to release by sarcoplasmic reticulum. 

C) Small or no increases in concentration due to weak responses by acetylcholine receptors.

D) A large decrease in concentration that occurs slowly.

E) A large increase in concentration that occurs slowly.

Answer:  C

Topic:  Sec. 6.2

Skill:  Application

11) The primary energy source used by muscle cells to generate ATP is

A) steroids.

B) ATP.

C) glucose.

D) starch.

E) fatty acids.

Answer:  C

Topic:  Sec. 6.2

Skill:  Understanding

12) Isotonic muscle contractions

A) occur when a muscle shortens while maintaining a constant force.

B) result in no movement of some part of the skeleton.

C) do not result in movement of a limb.

D) only function to stretch tendons.

E) occur when muscles legthen as a constant force is applied.

Answer:  A

Topic:  Sec. 6.2

Skill:  Knowledge

13) During a marathon, runners will use up ATP and glucose early in the race. Which energy source is generally used next for producing more ATP?

A) glycogen

B) starch

C) cellulose

D) steroids

E) phospholipids

Answer:  A

Topic:  Sec. 6.2

Skill:  Understanding

14) At the end of the contractile period, energy from the breakdown of ATP is used to

A) transport calcium back into the sarcoplasmic reticulum.

B) repair any muscle damaged during contraction.

C) digest energy sources to generate new ATP for the next round of contractions.

D) produce lactic acid.

E) all of the above are correct.

Answer:  A

Topic:  Sec. 6.2

Skill:  Understanding

15) T, or transverse, tubes in skeletal muscle function to

A) transport calcium ions throughout the muscle cells.

B) allow actin and myosin filaments to slide over each other.

C) promote electrical impulse to travel deep into the cell and move quickly.

D) help to decrease the amount of ATPs produced.

E) convert glucose to lactic acid, which helps muscles relax.

Answer:  C

Topic:  Sec. 6.2

Skill:  Understanding

16) Which of the following is characteristic of an isotonic muscle contraction but not an isometric muscle contraction?

A) generates a force

B) moves an object or part of the skeleton

C) helps an individual maintain an upright position

D) requires energy

E) used to maintain posture

Answer:  B

Topic:  Sec. 6.3

Skill:  Understanding

17) Which of the following is an example of an isotonic contraction?

A) person lifting books from the floor

B) tightening of abdominal muscles while sitting

C) maintaining an upright position

D) attempting to move heavy furniture that won't budge

E) all of the above are correct

Answer:  A

Topic:  Sec. 6.3

Skill:  Understanding

18) Following intense exercise, your body attempts to overcome oxygen debt by

A) sweating.

B) elevating heart rate.

C) producing ATP.

D) taking deep breaths.

E) inhibiting contractions of smooth muscle.

Answer:  D

Topic:  Sec. 6.2

Skill:  Understanding

19) Following electrical stimulation of a muscle cell, calcium functions to

A) stimulate the enzymes that produce ATP.

B) bind to the protein troponin.

C) leak out of the muscle cell to re-establish the membrane potential.

D) breaks down acetylcholine.

E) maintain the relaxed state of the muscle.

Answer:  B

Topic:  Sec. 6.3

Skill:  Understanding

20) Which of the following is true regarding muscle tone?

A) Muscle tone is a strong force that results from the alternating contraction and relaxation of the various motor units in a muscle.

B) Muscle tone results from the contraction of all the motor units in a muscle followed by the relaxation of all the motor units in a muscle.

C) The maintenance of muscle tone requires stimulation from the nervous system.

D) Muscle tone increases when less motor units of a muscle are activated.

E) "Recruitment" results in a decrease in muscle tone.

Answer:  C

Topic:  Sec. 6.3

Skill:  Understanding

21) A myogram is a recording of

A) the electrical activity of muscle cells.

B) the electrical activity of nerves at neuromuscular junctions.

C) the activity of muscle cells.

D) blood pressure changes resulting from muscle contraction.

E) the movement of myosin filaments.

Answer:  C

Topic:  Sec. 6.3

Skill:  Knowledge

22) In which of the following muscles would one expect to find motor units made up of only a few muscle cells?

A) arm muscles

B) eye muscles

C) chest muscles

D) thigh muscles

E) lower leg muscles

Answer:  B

Topic:  Sec. 6.3

Skill:  Understanding

23) Which of the following does NOT occur during the latent period of muscle contraction?

A) Myofibrils shorten.

B) Calcium is released from the sarcoplasmic reticulum.

C) Muscle cell membrane initiates an electrical impulse which travels into the muscle cell.

D) Myosin heads bind to actin filaments.

E) all of the above

Answer:  A

Topic:  Sec. 6.3

Skill:  Understanding

24) Our ability to move is dependent on how forcefully our muscles contract, which in turn is referred to as muscle tension.  Muscle tension is determined by

A) how many muscle units make up each motor cell.

B) how much ATP build up in each muscle cell.

C) the number of motor units active at one time.

D) the frequency of stimulation of individual motor units.

E) the length of relaxation for each motor unit.

Answer:  D

Topic:  Sec. 6.3

Skill:  Understanding

25) Fast-twitch fibers tend to rely on ________ for quick bursts of energy. 

A) fatty acids

B) calcium uptake

C) troponin breakdown

D) anaerobic breakdown of creatine phosphate

E) aerobic breakdown of glycogen

Answer:  D

Topic:  Sec. 6.3

Skill:  Understanding

26) Which of the following results from aerobic training?

A) decrease in the number of mitochondria in muscle cells

B) increase in the amount of oxygen taken in by the body

C) increase in fat accumulation

D) decrease in the number of blood vessels supplying muscles

E) decrease in myoglobin levels in muscle cells

Answer:  B

Topic:  Sec. 6.3

Skill:  Understanding

27) In comparing smooth and cardiac muscle, which best describes the differences between the two muscle types?

A) smooth muscle is voluntary, while cardiac is involuntary

B) both lack muscle filaments, but only cardiac has sarcomeres

C) cardiac muscle requires periods of relaxation, while smooth muscle is always in a state of partial contraction

D) cardiac muscle filaments are arranged in bundles, while smooth muscles lacks filament bundles

E) cardiac muscle contracts slowly compared to smooth muscle

Answer:  C

Topic:  Sec. 6.3

Skill:  Understanding

28) According to guidelines for proper aerobic training, during aerobic exercise the target heart rate should be maintained for at least ________ minutes in order to train the body to provide an adequate supply of oxygen to the muscles.

A) 5

B) 10

C) 20

D) 30

E) 60

Answer:  C

Topic:  Sec. 6.3

Skill:  Understanding

29) Which of the following is characteristic of cardiac and smooth muscle, but not skeletal muscle?

A) voluntary contraction

B) striated appearance

C) presence of gap junctions

D) presence of actin and myosin in muscle cells

E) located in the wall of the heart

Answer:  C

Topic:  Sec. 6.4

Skill:  Understanding

30) In comparing all three major muscle types, which of the following best describes the differences between them?

A) Cardiac muscle can only be stimulated by nerves, whereas smooth and skeletal muscle contracts spontaneously.

B) Smooth and skeletal muscle appear striated, due to the arrangement of muscle filaments, while cardiac muscles lack these filaments.

C) Only cardiac muscle is under voluntary control.

D) Smooth muscle does not fatigue, while cardiac and skeletal can fatigue.

E) Gap junctions are present in skeletal muscles, but not other types of muscle.

Answer:  D

Topic:  Sec. 6.4

Skill:  Understanding

31) Muscle soreness that occurs after jogging down a hill results from

A) ATP depletion in muscle cells.

B) oxygen debt.

C) an increase in the number of myofibrils in skeletal muscles.

D) permanent damage to sarcomeres in skeletal muscles.

E) release of chemicals like prostaglandins during the repair process of damaged muscle cells.

Answer:  E

Topic:  Health & Wellness

Skill:  Understanding

32) Intercalated discs

A) are characteristic of smooth muscle cells.

B) contain gap junctions that allow the signal to contract to spread quickly through cardiac muscle cells.

C) support fast twitch fibers of skeletal muscle.

D) stimulate pacemaker cells in cardiac muscle.

E) stimulate the contraction of skeletal muscle.

Answer:  B

Topic:  Sec. 6.4

Skill:  Knowledge

33) Which of the following is true regarding anabolic steroids?

A) Anabolic steroids were first developed by pharmaceutical companies in the late 1800s for the treatment of diseases associated with muscle wasting.

B) Anabolic steroids are developed from estrogen, the female sex hormone.

C) Because the use of anabolic steroids is illegal without a prescription, the purchase of these compounds has decreased over the past twenty years.

D) Anabolic steroids have been found to cause few side effects and do not pose a serious health risk.  

E) Anabolic steroids increase muscle mass and are thought to help improve athletic performance.

Answer:  E

Topic:  Current Issue

Skill:  Understanding

34) Which of the following is characteristic of anabolic steroid use?

A) increased risk of heart attack and stroke

B) gynecomastia in males

C) aggressive behavior

D) loss of scalp hair, but increase in body hair in females

E) all of the above

Answer:  E

Topic:  Current Issue

Skill:  Understanding

6.2   True/False Questions

1) Muscle cells are located in every organ in the body except the stomach and are essential in any activity that requires movement.

Answer:  FALSE

Topic:  Sec. 6.0

Skill:  Understanding

2) Muscles constitute nearly half of our body mass.

Answer:  TRUE

Topic:  Sec. 6.1

Skill:  Understanding

3) Muscle contraction generates heat that must be dissipated quickly to maintain normal body temperature.

Answer:  FALSE

Topic:  Sec. 6.1

Skill:  Understanding

4) In skeletal muscle, potassium ions are stored in the sarcoplasmic reticulum.

Answer:  FALSE

Topic:  Sec. 6.1

Skill:  Understanding

5) The heads of myosin molecules contact the actin filaments when a muscle is relaxed.

Answer:  FALSE

Topic:  Sec. 6.2

Skill:  Understanding

6) According to the sliding filament mechanism, during a muscle contraction, myosin pulls actin filaments towards the center of a sarcomere, causing the entire sarcomere to shorten.

Answer:  TRUE

Topic:  Sec. 6.2

Skill:  Understanding

7) Fast-twitch fibers generate energy for quick bursts of activity through anaerobic metabolism.

Answer:  TRUE

Topic:  Sec. 6.3

Skill:  Understanding

8) Slow-twitch fibers rely on creatine phosphate predominantly as an energy source for producing ATP.

Answer:  FALSE

Topic:  Sec. 6.3

Skill:  Understanding

9) Isometric contractions usually result in no movement of the skeleton or objects.

Answer:  TRUE

Topic:  Sec. 6.3

Skill:  Understanding

10) When a motor neuron of a motor unit stimulates contraction of that unit, it causes approximately half of the muscle cells in that motor unit to contract at any one point in time. That way, the next time the motor unit is stimulated, other muscle cells of the unit are ready to contract.

Answer:  FALSE

Topic:  Sec. 6.3

Skill:  Understanding

11) Tetanus results from a state of maximum muscle relaxation and is necessary to allow the muscle to rest before the next contraction.

Answer:  FALSE

Topic:  Sec. 6.3

Skill:  Understanding

12) Following running for a long distance, the muscle soreness that occurs the next day is due to chemicals released to repair damaged muscles.

Answer:  TRUE

Topic:  Health & Wellness

Skill:  Understanding

13) Muscles of the hand contain a high percentage of fast twitch fibers which allows for actions that are strong and quick.

Answer:  TRUE

Topic:  Sec. 6.3

Skill:  Understanding

14) Unlike skeletal muscle, cardiac and smooth muscles do not respond at all to the nervous system, but contract on their own.  Differences in rate of contraction of smooth and cardiac muscle is due to the action of pacemakers in these muscles.

Answer:  FALSE

Topic:  Sec. 6.4

Skill:  Understanding

15) Muscle soreness several days after exercise is an indication that some of the sarcomeres were permanently damaged.

Answer:  TRUE

Topic:  Health & Wellness

Skill:  Understanding

6.3   Matching Questions

Match each disorder or disease of the muscular system with its description.

A) muscular dystrophy

B) myasthenia gravis

C) muscle cramps
D) tetanus
E) fasciitis

1) inflammation of the connective tissue layers surrounding a muscle; common in the sole of the foot

Topic:  Sec. 6.5

Skill:  Knowledge


2) a group of muscular diseases that are hereditary; results in muscle wasting; no cure

Topic:  Sec. 6.5

Skill:  Knowledge

3) disorder caused by an individual's immune system; acetylcholine receptors on muscle cells are destroyed; primarily affects muscles of eyes, neck, and face

Topic:  Sec. 6.2

Skill:  Knowledge

4) disease caused by a bacterial infection; bacterial toxin affects primarily the muscles of the jaw and neck; also known as "lockjaw"

Topic:  Sec. 6.5

Skill:  Knowledge

5) uncontrolled contraction of muscle, usually after heavy exercise

Topic:  Sec. 6.5

Skill:  Knowledge

Answers: 1) E 2) A 3) B 4) D 5) C

Match the following:

A) contraction

B) relaxation

C) latent period

6) sarcomere lengthens as calcium is returned to sarcoplasmic reticulum and the troponin-tropomyosin complex attaches to myosin binding sites on actin

Topic:  Sec. 6.3

Skill:  Understanding

7) time between the stimulation of a muscle and the beginning of a muscle contraction

Topic:  Sec. 6.3

Skill:  Knowledge

8) actin filaments slide over myosin filaments, and the sarcomere shortens

Topic:  Sec. 6.3

Skill:  Knowledge

Answers: 6) B 7) C 8) A

Match the following:

A) fatigue

B) fast-twitch fibers

C) slow-twitch fibers
D) recruitment

E) intercalated discs

F) twitch
9) aerobically breakdown fatty acids and glucose

Topic:  Sec. 6.3

Skill:  Understanding


10) contain gap junctions that permit rapid electrical stimulation of muscle cells

Topic:  Sec. 6.3

Skill:  Knowledge


11) anaerobically breaks down creatine phosphate

Topic:  Sec. 6.3

Skill:  Understanding

12) decline in muscle activity as ATP levels decrease

Topic:  Sec. 6.3

Skill:  Understanding

13) complete cycle of contraction and relaxation

Topic:  Sec. 6.3

Skill:  Knowledge

14) increasing muscle force by activating more motor units

Topic:  Sec. 6.3

Skill:  Knowledge

Answers: 9) C 10) E 11) B 12) A 13) F 14) D

Figure 6.1

[image: image1.jpg]



Using the figure above, identify the parts of the sarcomere.

A) myosin filament

B) actin filament

C) Z-line
D) sarcomere
15) Label A represents a(n) ________.

Topic:  Sec. 6.2

Skill:  Understanding


16) Label B represents a(n) ________.


Topic:  Sec. 6.2

Skill:  Understanding

17) Label C represents a(n) ________.

Topic:  Sec. 6.2

Skill:  Understanding

18) Label D represents a(n) ________.

Topic:  Sec. 6.2

Skill:  Understanding

Answers: 15) C 16) A 17) D 18) B

Match the following muscles to their function:

A) biceps brachii
B) deltoid
C) quadriceps

D) external oblique

E) triceps brachii
F) tibialis anterior

G) gastrocnemius

H) trapezius

19) bends forearm at elbow


Topic: Sec. 6.1
Skill:  Knowledge

20) causes lateral rotation of the trunk and abdominal compression

Topic: Sec. 6.1


Skill:  Knowledge

21) flexes thigh at the hip; extends leg at knee

Topic:  Sec. 6.1

Skill:  Knowledge


22) flexes foot toward knee

Topic:  Sec. 6.1

Skill:  Knowledge

23) raises arm

Topic:  Sec. 6.1

Skill:  Knowledge

24) lifts and braces shoulders; draws head back

Topic:  Sec. 6.1

Skill:  Knowledge

25) extends forearm at elbow

Topic:  Sec. 6.1

Skill:  Knowledge

26) bends lower leg at knee and foot away from ankle

Topic:  Sec. 6.1

Skill:  Knowledge

Answers: 19) A 20) D 21) C 22) F 23) B 24) H 25) E 26) G

6.4   Short Answer Questions

1) Maintenance of muscle tone in the walls of the blood vessels is an example of ________ muscle contractions.

Answer:  involuntary

Topic:  Sec. 6.1

Skill:  Understanding

2) Since contraction of the hamstrings causes the knee to bend and contraction of the quadricep causes the knee to extend, these muscles are said to be ________.

Answer:  antagonistic

Topic:  Sec. 6.1

Skill:  Understanding

3) A muscle is arranged in bundles called ________.

Answer:  fascicles

Topic:  Sec. 6.3

Skill:  Knowledge

4) The contractile proteins that are located in myofibrils are called ________ and ________.

Answer:  actin, myosin

Topic:  Sec. 6.1

Skill:  Knowledge

5) The portion of a myofibril from one Z-line to the next is a ________.

Answer:  sarcomere

Topic:  Sec. 6.1

Skill:  Knowledge

6) The region where a skeletal muscle cell and a motor neuron come into close proximity to one another is the ________.

Answer:  neuromuscular junction

Topic:  Sec. 6.2

Skill:  Knowledge

7) Contraction of skeletal muscle is caused by the release of neurotransmitters from

________ neurons.

Answer:  motor

Topic:  Sec. 6.2

Skill:  Understanding

8) The neurotransmitter, ________, has an excitatory effect on skeletal muscle, causing it to contract.

Answer:  acetylcholine

Topic:  Sec. 6.2

Skill:  Understanding

9) The electrical impulse generated by a muscle cell membrane is transmitted to the sarcoplasmic reticulum by ________.

Answer:  T (transverse) tubules

Topic:  Sec. 6.2

Skill:  Knowledge

10) In the absence of calcium, myosin cannot contact actin because of the presence of the ________ covering the myosin binding site of actin.

Answer:  troponin-tropomyosin complex

Topic:  Sec. 6.2

Skill:  Understanding

11) To minimize muscle stiffness and soreness, undertake a new exercise activity in ________ for the first few days.

Answer:  moderation

Topic:  Health & Wellness

Skill:  Understanding

12) In order for fast-twitch muscle fibers to produce ATP, a phosphate from the high-energy molecule ________ is transferred to ADP.

Answer:  creatine phosphate

Topic:  Sec. 6.2

Skill:  Understanding

13) A student, who was late for class, bounded up four flights of steps, ran down the hall, and then arrived in his classroom, huffing and puffing. This student was breathing hard in order to reverse his body's ________.

Answer:  oxygen debt

Topic:  Sec. 6.2

Skill:  Application

14) The most common reason that muscle fatigues is the lack of enough ________ to meet the metabolic demands placed on the muscle.

Answer:  ATP

Topic:  Sec. 6.2

Skill:  Understanding

15) The ability to maintain an upright position is due to ________ muscle contractions.

Answer:  isometric

Topic:  Sec. 6.3

Skill:  Knowledge

16) As the rate of stimulation of motor units of a muscle increases, muscle force increases. This process is known as ________.

Answer:  summation 

Topic:  Sec. 6.3

Skill:  Knowledge

17) The mechanical force that is generated when a muscle contracts is known as ________.

Answer:  muscle tension

Topic:  Sec. 6.3

Skill:  Knowledge

18) According to the ________ principle, a muscle cell will contract completely when stimulated by a motor neuron.

Answer:  all-or-none

Topic:  Sec. 6.3

Skill:  Knowledge

19) Activities associated with aerobic training result in an increase in the amount of ________ in the body.

Answer:  oxygen

Topic:  Sec. 6.3

Skill:  Understanding

20) A complete cycle of contraction and relaxation of muscle cells due to stimulation by a motor neuron is called a muscle ________.

Answer:  twitch

Topic:  Sec. 6.3

Skill:  Knowledge

21) The swinging of a tennis racket is a brief, high-intensity activity that requires the contraction of ________ fibers.

Answer:  fast-twitch

Topic:  Sec. 6.3

Skill:  Understanding

22) Cells in cardiac muscle that determine the rate of contraction are ________ cells.

Answer:  pacemaker

Topic:  Sec. 6.4

Skill:  Knowledge

6.5   Essay Questions

1) What is the role of calcium ions during contraction of a skeletal muscle?

Answer:  At rest, calcium ions are stored in the sarcoplasmic reticulum.  Once the muscle cells have been stimulated or excited, calcium ions are released into the area of the contractile proteins.  The ions bind to troponin, which results in a shift in position of the troponin-tropomyosin complex. This is necessary to permit the actin and myosin to slide, causing the cell to shorten or contract.

Topic:  Sec. 6.2

Skill:  Understanding

2) If your goal was to become an endurance athlete, what type of training should you select, and why, to increase performance?

Answer:  An endurance athlete depends on muscle efficiency to achieve increased performance and to complete a long duration activity. The muscle fibers most useful to endurance events are short-twitch.  Aerobic training is needed; that is, activities that promote increased intake of oxygen to meet the muscles increased oxygen demands.

Topic:  Sec. 6.3

Skill:  Application

3) Lance Armstrong is a 7-time winner of the Tour de France, a 2000 mile bike race that requires maximum muscle performance to complete the 20 stages.  Based on your understanding of how muscles operate, what attributes would you expect to be displayed by Lance Armstrong that could account for why he has been dominant in this long distance bike race.

Answer:  Lance's skeletal muscles would be expected to contain a high content of slow twitch muscles that rely on glucose and fatty acids as energy sources and that operate aerobically to generate ATP.  One might expect his muscles to be highly efficient at using oxygen to generate ATP, and avoid fatigue quicker than his competitors.

Topic:  Sec. 6.3

Skill:  Analysis
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