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Regular resistance training (weight training) can strengthen muscles.

LEARNING OUTCOMES After studying this chapter, you should be able to do the following:

Double the muscle. The newborn had an astonishing appear-
ance—his prominent arm and thigh muscles looked as if he’d 

been weightlifting in the womb. When the child reached five years 
of age, his muscles were twice normal size, and he could lift weights 
heavier than many adults could lift. He also had half the normal 
amount of body fat.

The boy’s muscle cells cannot produce a protein called myo-
statin, which normally stops stem cells from developing into muscle 
cells. In this boy a mutation turned off this genetic brake, and as a 
result his muscles bulge, their cells both larger and more numerous 
than those in the muscles of an unaffected child. The boy is healthy 
so far, but because myostatin is also normally made in cardiac mus-
cle, he may develop heart problems.

Other species with myostatin mutations are well known. 
Naturally “double-muscled” cattle and sheep are valued for their 
high weights early in life. Chicken breeders lower myostatin produc-
tion to yield meatier birds, and “mighty mice” with silenced myo-
statin genes are used in basic research to study muscle overgrowth. 
In clinical applications, researchers are investigating ways to block 
myostatin activity to stimulate muscle growth to reverse muscle-
wasting from AIDS, cancer, and muscular dystrophy. Myostatin could 
also be abused to enhance athletic performance.

Apart from double-muscle mutations, resistance (weight) 
training can increase the ratio of muscle to fat in our bodies, which 
offers several benefits. Because muscle cells burn calories at three 
times the rate of fat cells, a lean body is more energetically efficient. 
Weight training increases muscle strength and bone density; lowers 
blood pressure; decreases the risks of developing arthritis, osteopo-
rosis, and diabetes mellitus; and is even associated with improved 
self-esteem and fewer sick days.

8.1 Introduction

 1. List various outcomes of muscle actions. (p. 189)

8.2 Structure of a Skeletal Muscle

 2. Identify the structures that make up a skeletal muscle. (p. 189)

 3. Identify the major parts of a skeletal muscle fiber, and the function of 
each. (p. 190)

 4. Discuss nervous stimulation of a skeletal muscle. (p. 192)

8.3 Skeletal Muscle Contraction

 5. Identify the major events of skeletal muscle fiber contraction.  
(pp. 193–195)

 6. List the energy sources for muscle fiber contraction. (p. 195)

 7. Describe how oxygen debt develops. (p. 196)
 8. Describe how a muscle may become fatigued. (p. 197)

8.4 Muscular Responses

 9. Distinguish among a twitch, recruitment, and a sustained 
contraction. (pp. 198–200)

 10. Explain how muscular contractions move body parts and help 
maintain posture. (pp. 198–200)

8.5 Smooth Muscle

 11. Distinguish between the structures and functions of multiunit 
smooth muscle and visceral smooth muscle. (p. 201)

 12. Compare the contraction mechanisms of skeletal and smooth 
muscle fibers. (p. 201)

8
Muscular System

Regular resistance training (weight training) can strengthen muscles.

LEARN        PRACTICE        ASSESS          
Module 6:  
Muscular System
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36 UNIT 1 | LEVELS OF ORGANIZATION

Thyroid cartilage

Trachea 

Left subclavian a.

Arch of aorta

Pulmonary a.

Pulmonary trunk

Pulmonary v.

Left atrium

Lung

Left ventricle

Diaphragm (cut)

Spleen

Stomach

Transverse colon

Jejunum (cut)

Descending colon

Ureter

Sigmoid colon

Rectum

Uterus

Tensor fasciae latae m.

Round ligament of uterus

Urinary bladder

Great saphenous v.

Rectus femoris m.

Vastus lateralis m.

Sartorius m.

Common carotid a.

Right subclavian a.

Larynx

Brachiocephalic a.

Superior vena cava

Right atrium

Right ventricle

Lobes of liver
(lifted upward) 

Gallbladder

Cystic duct

Duodenum

Ascending colon

Mesentery (cut)

lleum (cut)

Cecum

Appendix

Common iliac a.

Ovary

Uterine tube

Femoral a.

Femoral v.

Adductor longus m.

Gracilis m.

Vastus medialis m.

PLATE FIVE Human female torso with the lungs, heart, and small intestine sectioned and the liver reflected (lifted back). 

(a. stands for artery, m. stands for muscle, and v. stands for vein.)
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Learning Outcomes open chapters, and are 
closely linked to Chapter Assessments and Integrative 
Assessments/Critical Thinking questions found at the end 
of each chapter.
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Learning tools to help you succeed. . . 
Check out the Chapter Preview, Foundations for Success, on page 1. The Chapter Preview was specifi cally designed to 
help you LEARN how to study. It provides helpful study tips. 

Vignettes lead into chapter content. They connect you to 
many areas of health care including technology, physiology, 
medical conditions, historical perspectives, and careers.

Anatomy and Physiology Revealed (APR) icon at the 
beginning of each chapter tells you which system in APR 
applies to this chapter. 

Aids to Understanding 
Words examines root 
words, stems, prefi xes, 
suffi  xes, and pronunciations 
to help you build a solid 
anatomy and physiology 
vocabulary.

Reference Plates off er 
vibrant detail of body 
structures.

Practice
Practice with a question or series of questions after 
major sections. They will test your understanding of 
the material.
Interesting applications help you practice and 
apply knowledge. . .

Learn, Practice, Assess!

xiv

PracticePractice
Practice with a question or series of questions after 
major sections. They will test your understanding of 
the material.
Interesting applications help you practice and 
apply knowledge. . .
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(thin) filament. The proteins troponin and tropomyo-
sin are also part of the actin filament (fig. 8.6).

The sarcomere is considered the functional unit of skel-
etal muscles because we can describe the contraction of 
an entire skeletal muscle in terms of the shortening of the 
sarcomeres within its muscle fibers. The force that short-
ens the sarcomeres comes from the myosin heads pull-
ing on the thin filaments. A myosin head can attach to an 
actin binding site, forming a cross-bridge, and bend slightly, 
pulling on the actin filament. Then the myosin head can 
release, straighten, combine with another binding site fur-
ther down the actin filament, and pull again (fig. 8.7).

The sliding filament model of muscle contraction 
includes all of these actin-myosin interactions and is 
named for how the sarcomeres shorten. Thick and thin 
filaments do not change length. Rather, they slide past 
one another, with the thin filaments moving toward the 
center of the sarcomere from both ends (fig. 8.8).

The myosin heads contain an enzyme, ATPase, 
which catalyzes the breakdown of ATP to ADP and phos-
phate (see chapter 4, p. 91). This reaction provides energy 
that puts the myosin head in a “cocked” position. When a 
cocked myosin head binds to the actin, forming a cross-
bridge, it pulls on the thin filament. After the cross-bridge 
pulls, another ATP binding to the myosin breaks the 
cross-bridge, releasing the myosin head from the actin 
even before the ATP splits. The ATPase then catalyzes 
the breakdown of ATP to ADP and phosphate, putting 
the myosin head in a “cocked” position again. This cycle 
repeats as long as ATP is available as an energy source 
and as long as the muscle fiber is stimulated to contract.

Stimulus for Contraction 
A skeletal muscle fiber normally does not contract until a 
neurotransmitter stimulates it. The neurotransmitter in skel-
etal muscle contraction is acetylcholine (as′′ ĕ-til-ko′lēn). 

PRACTICE 
 5. Which two structures approach each other at a neuromuscular 

junction?

 6. Describe a motor end plate.

 7. What is the function of a neurotransmitter?

8.3 | Skeletal Muscle Contraction
A muscle fiber contraction involves an interaction of 
organelles and molecules in which myosin binds to actin 
and exerts a pulling force. The result is a movement 
within the myofibrils in which the filaments of actin 
and myosin slide past one another, increasing the area 
of overlap. This action shortens the muscle fiber, which 
then pulls on its attachments.

Role of Myosin and Actin
A myosin molecule is composed of two twisted pro-
tein strands with globular parts called heads projecting 
outward along their lengths. Many of these molecules 
together compose a myosin (thick) filament (fig. 8.6). An 
actin molecule is a globular structure with a binding site 
to which the myosin heads can attach. Many actin mol-
ecules twist into a double strand (helix), forming an actin 

Motor
neuron axon

Folded 
sarcolemma

Motor
end plate

Synaptic
cleft

Synaptic
vesicles

Mitochondria

Muscle fiber
nucleus

Myofibril of 
muscle fiber

Acetylcholine

Q

FIGURE 8.5  A neuromuscular junction includes the 
end of a motor neuron and the motor end plate of a muscle fiber.

How does neurotransmitter released into the synaptic cleft 
reach the muscle fiber membrane?
Answer can be found in Appendix F on page 582.

Myosin
molecule

Myosin heads

Actin moleculeTroponin Tropomyosin

Actin filament

Myosin
filament

FIGURE 8.6 Thick filaments are composed of the protein myosin, 
and thin filaments are composed primarily of the protein actin. 
Myosin molecules have globular heads that extend toward nearby 
actin filaments.
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Figure Questions allow an additional assessment. Found 
on key fi gures throughout the chapter.

PRACTICE
 14. What are the functions of anabolism? Of catabolism?

 15. What is the product of anabolism of monosaccharides? 
Of glycerol and fatty acids? Of amino acids?

16. Distinguish between dehydration synthesis and hydrolysis.
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Table 8.4 lists the origins, insertions, and actions of the 
muscles of facial expression. Chapter 10 (pp. 289–291) 
describes the muscles that move the eyes.

FACTS OF LIFE The human body has more 
than 600 distinct skeletal muscles. The face alone 

includes 60 muscles, more than 40 of which are used to frown, 
and 20 to smile. Thinner than a thread and barely visible, the 
stapedius in the middle ear is the body’s smallest muscle. In 
contrast is the gluteus maximus, the largest muscle, located in 
the buttock. The sartorius, which pulls on the leg just below the 
knee, is the longest muscle in the body.

responsible for such expressions as surprise, sadness, 
anger, fear, disgust, and pain. As a group, the muscles 
of facial expression join the bones of the skull to con-
nective tissue in various regions of the overlying skin. 
They include:

epicranius (ep′′ ı̆-kra′ne-us) Composed of two parts,  
the frontalis (frun-ta′lis) and the occipitalis  
(ok-sip′′ ı̆-ta′lis)

orbicularis oculi (or-bik′u-la-rus ok′u-li)
orbicularis oris (or-bik′u-la-rus o′ris)
buccinator (buk′sı̆-na′′tor)
zygomaticus (zi′′go-mat′ik-us)
platysma (plah-tiz′mah)

Brachioradialis

Orbicularis oris

Sternocleido-
mastoid

Masseter
Zygomaticus
Orbicularis oculi

Frontalis

Deltoid

Pectoralis
major

Brachialis

Biceps brachii

Gracilis

Vastus medialis

Gastrocnemius

Soleus

Trapezius

Serratus
anterior

Tibialis anterior

External
oblique

Rectus
abdominis

Tensor 
fasciae
latae

Sartorius

Rectus femoris

Adductor longus

Vastus lateralis

Fibularis longus

Extensor
digitorum longus

FIGURE 8.15 Anterior view of superficial skeletal muscles.

Gracilis

Rhomboid

Latissimus
dorsi

Infraspinatus

External
oblique

Gluteus medius

Adductor
magnus

Vastus lateralis
Sartorius

Soleus

Fibularis longus

Temporalis

Occipitalis

Semimembranosus

Sternocleidomastoid

Trapezius

Teres minor
Teres major

Triceps
brachii

Biceps femoris

Semitendinosus

Gastrocnemius

Calcaneal tendon

Gluteus
maximus

Deltoid

FIGURE 8.16 Posterior view of superficial skeletal muscles.

includes 60 muscles, more than 40 of which are used to frown, 
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Facts of Life provides interesting bits of anatomy and 
physiology information, adding a touch of wonder to 
chapter topics.

Boxed information expands on the concepts 
discussed in the text.

Genetics Connections explore the 
molecular underpinnings of familiar as well 
as not so familiar illnesses. Read about such 
topics as ion channel disorders, muscular 
dystrophy, and cystic fi brosis.

Clinical Applications present disorders, 
physiological responses to environmental 
factors, and other topics of general interest 
and applies them to clinical situations.

Assess

222 UNIT 2 | SUPPORT AND MOVEMENT

 4. Following an injury to a nerve, the muscle it supplies with motor 
nerve fibers may become paralyzed. How would you explain to a 
patient the importance of moving the disabled muscles passively 
or contracting them using electrical stimulation?

OUTCOMES 8.4, 8.8
 5. What steps might be taken to minimize atrophy of the skeletal 

muscles in patients confined to bed for prolonged times?

OUTCOMES 4.4, 8.3
 1. As lactate and other substances accumulate in an active muscle, 

they stimulate pain receptors and the muscle may feel sore. How 
might the application of heat or substances that dilate blood 
vessels relieve such soreness?

OUTCOMES 5.3, 8.2
 2. Discuss how connective tissue is part of the muscular system.

OUTCOMES 8.3, 8.4
 3. A woman takes her daughter to a sports medicine specialist and 

requests that the specialist determine the percentage of fast- and 
slow-twitch fibers in the girl’s leg muscles. The parent wants to 
know if the healthy girl should try out for soccer or cross-country 
running. Do you think this is a valid reason to test muscle tissue? 
Why or why not?

INTEGRATIVE ASSESSMENTS/CRITICAL THINKING 

ONLINE STUDY TOOLS  www.mhhe.com/shieress12

LearnSmart Discover which chapter concepts you have mastered 
and which require more attention. This adaptive learning tool is 
personalized, proven, and preferred.

Anatomy & Physiology Revealed Go more in depth into the 
human body by exploring dissections of assigned skeletal muscles 
and viewing animations of their actions.

Connect  Interactive Questions Reinforce your knowledge using 
assigned interactive questions covering muscle structure, the process 
of muscle contraction, and identification of skeletal muscles.

Connect Integrated Activity Can you predict the effects on muscle 
function of different drugs, toxins, and neuromuscular diseases?

anatomy & physiology

®

LEARN        PRACTICE        ASSESS
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 5. Oxygen debt
a. During rest or moderate exercise, muscles receive enough 

oxygen to respire aerobically.
b. During strenuous exercise, oxygen deficiency may cause lactic 

acid to be produced. Lactic acid dissociates to form lactate.
c. Oxygen debt is the amount of oxygen required to convert 

lactate to glucose and to restore supplies of ATP and creatine 
phosphate.

 6. Muscle fatigue
a. A fatigued muscle loses its ability to contract.
b. Muscle fatigue may be due in part to increased production of 

lactic acid.
 7. Heat production

a. More than half of the energy released in cellular respiration is 
lost as heat.

b. Muscle action is an important source of body heat.

8.4 Muscular Responses (p. 198)
 1. Threshold stimulus is the minimal stimulus required to elicit a 

muscular contraction.
 2. Recording a muscle contraction

a. A twitch is a single, short contraction reflecting stimulation of 
a muscle fiber.

b. A myogram is a recording of an electrically stimulated  
isolated muscle.

c. The latent period, the time between stimulus and responding 
muscle contraction, is followed by a period of contraction and 
a period of relaxation.

 3. Summation
a. A rapid series of stimuli may produce summation of twitches.
b. Very rapid stimulation can lead to partial or complete tetanic 

contraction. 
 4. Recruitment of motor units

a. One motor neuron and the muscle fibers associated with it 
constitute a motor unit.

b. All the muscle fibers of a motor unit contract together.
c. Recruitment increases the number of motor units being 

activated in a whole muscle.
d. The many motor units in a whole muscle are controlled by 

different motor neurons which respond to different thresholds 
of stimulation.

e. At a low intensity of stimulation, small numbers of motor  
units contract.

f. At increasing intensities of stimulation, other motor units are 
recruited until the muscle contracts with maximal force.

 5. Sustained contractions
a. Summation and recruitment together can produce a 

sustained contraction of increasing strength.
b. Even when a muscle is at rest, its fibers usually remain  

partially contracted.

8.5 Smooth Muscle (p. 201)
The contractile mechanism of smooth muscle is similar to that of  
skeletal muscle.
 1. Smooth muscle fibers

a. Smooth muscle cells contain filaments of actin and myosin, 
less organized than those in skeletal muscle.

b. Types include multiunit smooth muscle and visceral  
smooth muscle.

c. Visceral smooth muscle displays rhythmicity and is self-exciting.

8.1 Introduction (p. 189)
The three types of muscle tissue are skeletal, smooth, and cardiac.

8.2 Structure of a Skeletal Muscle (p. 189)
Individual muscles are the organs of the muscular system. They include 
skeletal muscle tissue, nervous tissue, blood, and connective tissues.
 1. Connective tissue coverings

a. Fascia covers skeletal muscles.
b. Other connective tissues attach muscles to bones or to  

other muscles.
c. A network of connective tissue extends throughout the 

muscular system.
 2. Skeletal muscle fibers

a. Each skeletal muscle fiber is a single muscle cell.
b. The cytoplasm contains mitochondria, sarcoplasmic reticulum, 

and myofibrils of actin and myosin.
c. The organization of actin and myosin filaments produces 

striations.
d. Transverse tubules extend inward from the cell membrane 

and associate with the sarcoplasmic reticulum.
 3. Neuromuscular junction

a. Motor neurons stimulate muscle fibers to contract.
b. In response to an impulse, the end of a motor neuron axon 

secretes a neurotransmitter, which stimulates the muscle fiber 
to contract.

8.3 Skeletal Muscle Contraction (p. 193)
Muscle fiber contraction results from a sliding movement of actin and 
myosin filaments.
 1. Role of myosin and actin

a. Heads of myosin filaments form cross-bridge linkages with  
actin filaments.

b. The reaction between actin and myosin filaments generates 
the force of contraction.

 2. Stimulus for contraction
a. Acetylcholine released from the distal end of a motor neuron 

axon stimulates a skeletal muscle fiber.
b. Acetylcholine causes the muscle fiber to conduct an impulse 

over the surface of the fiber that reaches deep within the fiber 
through the transverse tubules.

c. The impulse signals the sarcoplasmic reticulum to release 
calcium ions.

d. Cross-bridge linkages form between actin and myosin, and 
the cross-bridges pull on actin filaments, shortening the fiber.

e. The muscle fiber relaxes when myosin heads release from 
actin, breaking the cross-bridges (ATP is needed, but is not 
broken down) and when calcium ions are actively transported 
(requiring ATP breakdown) back into the sarcoplasmic 
reticulum.

f. Acetylcholinesterase breaks down acetylcholine.
 3. Energy sources for contraction

a. ATP supplies the energy for muscle fiber contraction.
b. Creatine phosphate stores energy that can be used to 

synthesize ATP.
c. ATP is needed for muscle relaxation.

 4. Oxygen supply and cellular respiration
a. Aerobic respiration requires oxygen.
b. Red blood cells carry oxygen to body cells.
c. Myoglobin in muscle cells helps maintain oxygen availability.

Summary Outline
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Tools to help you make the connection and master anatomy & physiology!

Chapter Assessments check your understanding 

of the chapter’s learning outcomes.

Integrative Assessments/Critical Thinking 
questions allow you to connect and apply 
information from previous chapters as well as 
information within the current chapter.

Chapter Summary Outlines help you review 
the chapter’s main ideas.
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Occasionally a muscle becomes fatigued and 
cramps at the same time. A cramp is a painful condition 
in which a muscle undergoes a sustained involuntary 
contraction. Cramps are thought to occur when changes 
in the extracellular fluid surrounding the muscle fibers 
and their motor neurons somehow trigger uncontrolled 
stimulation of the muscle.

Several hours after death, skeletal muscles partially contract 
and become rigid, fixing the joints in place. This condition, 
rigor mortis, may continue for 72 hours or more. It results from 
an increase in membrane permeability to calcium ions and a 
decrease in ATP in muscle fibers, which prevents relaxation. 
The actin and myosin filaments of the muscle fibers remain 
linked until the muscles begin to decompose.

Heat Production
Less than half of the energy released in cellular respira-
tion is transferred to ATP, and the rest becomes heat. 
Although all active cells generate heat, muscle tissue is 

which depends more on glycolysis for ATP, a muscle 
synthesizes more glycolytic enzymes, and its capacity for 
glycolysis increases. With aerobic exercise, more capillar-
ies and mitochondria form, and the muscle’s capacity for 
aerobic respiration is greater. Table 8.2 summarizes mus-
cle metabolism, and Clinical Application 8.1 discusses 
abuse of steroid drugs to enhance muscle performance.

Muscle Fatigue
A muscle exercised strenuously for a prolonged period 
may lose its ability to contract, a condition called fatigue. 
The underlying causes of fatigue are not completely 
understood, but a number of factors may be involved, 
including electrolyte imbalances and decreased ATP 
levels in the muscle cells. For many years fatigue has 
been attributed to the increased lactic acid production 
associated with anaerobic respiration. If pH drops suffi-
ciently, muscle fibers may no longer respond to stimula-
tion. However, recent studies have raised some doubts 
about the role of lactic acid in fatigue, and research in 
this area is ongoing.

Lactic acid

Synthesis of 34CO2  +  H2O  +  Energy

Pyruvic acid

In the absence of
sufficient oxygen,
aerobic respiration
cannot continue,
and glycolysis
leads to lactic acid
formation.

Oxygen carried from
lungs by hemoglobin
in red blood cells is
temporarily stored in
muscle cells by 
myoglobin, increasing
the amount of oxygen
available to support
aerobic respiration.

1 2

ATP2

Glucose

Electron
transport

chain

ATP

Citric acid
cycle

Energy

FIGURE 8.10 The oxygen required to support 
aerobic respiration is carried in the blood and stored 
in myoglobin. In the absence of sufficient oxygen, 
pyruvic acid reacts to produce lactic acid by anaerobic 
respiration. The maximum number of ATPs generated 
per glucose molecule varies with cell type; in skeletal 
muscle, it is 36 (2 + 34).

Type of Exercise
Low to moderate intensity: Blood flow provides sufficient 
oxygen for cellular requirements

High intensity: Oxygen supply is not sufficient for cellular 
requirements

Pathway Used
Glycolysis, leading to pyruvic acid formation and aerobic 
respiration

Glycolysis, leading to lactic acid formation

ATP Production 36 ATP per glucose for skeletal muscle 2 ATP per glucose

Waste Product Carbon dioxide is exhaled Lactic acid accumulates

TABLE 8.2 Muscle Metabolism
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Clinical Applications
physiological responses to environmental 
factors, and other topics of general interest 
and applies them to clinical situations.

510 UNIT 5 | ABSORPTION AND EXCRETION

 5. Breakdown (hydrolysis) of phosphoproteins 
and nucleic acids Phosphoproteins and nucleic 
acids contain phosphorus. Their oxidation produces 
phosphoric acid (H3PO4), which ionizes to release 
hydrogen ions.

The acids resulting from metabolism vary in 
strength. Therefore, their effects on the hydrogen ion 
concentration of body fluids vary.

PRACTICE  

 18. Distinguish between an acid and a base.

 19. What are the major sources of hydrogen ions in the body?

Strengths of Acids and Bases
Acids that ionize more completely are strong acids, and 
those that ionize less completely are weak acids. For 
example, the hydrochloric acid (HCl) of gastric juice is 
a strong acid, but the carbonic acid (H2CO3) produced 
when carbon dioxide reacts with water is weak.

Bases release ions, such as hydroxide ions (OH–), 
which can combine with hydrogen ions, thereby low-
ering their concentration. Sodium hydroxide (NaOH), 
which releases hydroxide ions, and sodium bicarbon-
ate (NaHCO3), which releases bicarbonate ions (HCO3

–), 
are bases. Strong bases dissociate to release more OH– 
or its equivalent than do weak bases. Often the negative 
ions themselves are called bases. For example, HCO3

– 
acting as a base combines with H+ from the strong acid 
HCl to form the weak acid carbonic acid (H2CO3).

Regulation of Hydrogen Ion 
Concentration
Chemical buffer systems, the respiratory center in the 
brainstem, and the nephrons in the kidneys regulate 
hydrogen ion concentration in body fluids. The pH 
scale is used to measure hydrogen ion concentration.

Chemical Buffer Systems
Chemical buffer systems, in all body fluids, consist of 
chemicals that combine with excess acids or bases. More 
specifically, the chemical components of a buffer system 
can combine with strong acids to convert them into weak 

C L I N I C A L  A PPL I C AT I O N  18 . 2

Sodium and Potassium Imbalances

Extracellular fluids usually have high sodium ion concentra-
tions, and intracellular fluid usually has a high potassium ion 
concentration. Renal regulation of sodium is closely related 
to that of potassium, because active reabsorption of sodium 
(under the influence of aldosterone) is accompanied by 
tubular secretion (and excretion) of potassium. Therefore, 
conditions resulting from sodium ion imbalance often also 
involve potassium ion imbalance.

Such disorders include:

 1. Low blood sodium concentration (hyponatremia) Pos-
sible causes of sodium deficiencies include prolonged 
sweating, vomiting, or diarrhea; renal disease in which 
sodium is inadequately reabsorbed; adrenal cortex 
disorders in which aldosterone secretion is insufficient 
to promote sodium reabsorption (Addison disease); 
and drinking too much water. One possible effect of 
hyponatremia is the development of hypotonic extra-
cellular fluid that promotes water movement into cells 
by osmosis, producing symptoms of water intoxication.

 2. High blood sodium concentration (hypernatremia) Pos-
sible causes of elevated sodium concentration include 
excessive water loss by evaporation (despite decreased 
sweating, as may occur during high fever), or increased 
water loss accompanying diabetes insipidus. In one 

form of diabetes insipidus, the secretion of antidiuretic 
hormone (ADH) is insufficient for the renal tubules and 
collecting ducts to conserve water. Hypernatremia may 
disturb the central nervous system, causing confusion, 
stupor, and coma.

 3. Low blood potassium concentration (hypokalemia) Pos-
sible causes of potassium deficiency include the release 
of excess aldosterone by the adrenal cortex (Cushing 
syndrome), which increases renal excretion of potassium; 
use of diuretic drugs that promote potassium excretion; 
kidney disease; and prolonged vomiting or diarrhea. Pos-
sible effects of hypokalemia include muscular weakness 
or paralysis, respiratory difficulty, and severe cardiac dis-
turbances, such as atrial or ventricular arrhythmias.

 4. High blood potassium concentration (hyperkalemia)  
Possible causes of elevated potassium concentration 
include renal disease, which decreases potassium excre-
tion; use of drugs that promote renal conservation of 
potassium; the release of insufficient aldosterone by the 
adrenal cortex (Addison disease); or a shift of potassium 
from the intracellular to the extracellular fluid, a change 
that accompanies an increase in plasma hydrogen ion 
concentration (acidosis). Possible effects of hyperkale-
mia include paralysis of the skeletal muscles and severe 
cardiac disturbances, such as cardiac arrest.
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sional departure from strict anatomical terminology may 
ease understanding and learning.

Interaction of Skeletal Muscles
Skeletal muscles almost always function in groups. Con-
sequently, a particular body movement requires more 
than contracting a single muscle; instead, after learning 
to make a particular movement, the person initiates the 

flexion of the elbow results from the action of the 
biceps brachii on the radius of the forearm.

Because students (and patients) often find it helpful 
to think of movements in terms of the specific actions of 
the muscles involved, we may also describe flexion and 
extension in these terms. Thus, the action of the biceps 
brachii may be described as “flexion of the forearm at 
the elbow,” and the action of the quadriceps group as 
“extension of the leg at the knee.” We believe this occa-

G E N E T I C S  CO N N E C T I O N  8 .1 

Inherited Diseases of Muscle

Several inherited conditions affect muscle tissue. These dis-
orders differ in the nature of the genetic defect, the type of 
protein that is abnormal in form or function, and the mus-
cles that are impaired.

The Muscular Dystrophies—Missing Proteins
A muscle cell is packed with filaments of actin and myo-
sin. Much less abundant, but no less important, is a protein 
called dystrophin. It holds skeletal muscle cells together by 
linking actin in the cell to glycoproteins in the cell mem-
brane, which helps attach the cell to the extracellular matrix. 

Missing or abnormal dystrophin or the glycoproteins cause 
muscular dystrophies. These illnesses vary in severity and 
age of onset, but in all cases, muscles weaken and degener-
ate. Eventually, fat and connective tissue replace muscle.

Duchenne muscular dystrophy (DMD) is the most 
severe type of the illness (fig. 8B). Symptoms begin by age 
five and affect only boys. By age thirteen, the person can-
not walk, and by early adulthood he usually dies from failure 
of the respiratory muscles. In DMD, dystrophin is absent or 
shortened. In Becker muscular dystrophy, symptoms begin 
in early adulthood, are less severe, and result from underpro-
duction of dystrophin. An experimental genetic therapy pro-
duces nearly full-length dystrophin by skipping over the part 
of the gene that includes the mutation.

Charcot-Marie-Tooth Disease— 
A Duplicate Gene
Charcot-Marie-Tooth disease causes a slowly progress-
ing weakness in the muscles of the hands and feet and a 
decrease in tendon reflexes in these parts. In this illness, an 
extra gene impairs the insulating sheath around affected 
nerve cells, so that nerve cells cannot adequately stimulate 
muscles. Physicians perform two tests—electromyography 
and nerve conduction velocity—to diagnose Charcot-Marie-
Tooth disease. It is also possible to test for gene mutations to 
confirm a diagnosis based on symptoms.

Hereditary Idiopathic Dilated 
Cardiomyopathy—A Tiny Glitch
This very rare inherited form of heart failure usually begins 
in a person’s forties and is lethal in 50% of cases within five 
years of diagnosis, unless a heart transplant can be per-
formed. The condition is caused by a mutation in a gene 
that encodes a form of actin found only in cardiac muscle. 
The mutation disturbs actin’s ability to anchor to the Z lines 
in heart muscle cells, preventing actin from effectively trans-
mitting the force of contraction. As a result, the heart cham-
bers enlarge and eventually fail.

FIGURE 8B This young man has Duchenne muscular 
dystrophy. The condition has not yet severely limited his 
activities, but he shows the hypertrophied (overdeveloped) 
calf muscles that result from his inability to rise from a sitting 
position the usual way—an early sign of the illness.
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(1) buccinator
(2) epicranius
(3) orbicularis oris
(4) platysma
(5) rhomboid major
(6) splenius capitis
(7) temporalis
(8) zygomaticus
(9) biceps brachii
(10) brachialis
(11) deltoid
(12) latissimus dorsi
(13) pectoralis major
(14) pronator teres
(15) teres minor
(16) triceps brachii
(17) biceps femoris
(18) external oblique
(19) gastrocnemius
(20) gluteus maximus
(21) gluteus medius
(22) gracilis
(23) rectus femoris
(24) tibialis anterior

8.6 Cardiac Muscle
 21. Make a table comparing contraction mechanisms of cardiac and 

skeletal muscle fibers. (p. 202)

8.7 Skeletal Muscle Actions
 22. Distinguish between a muscle’s origin and its insertion. (p. 202)
 23. Define agonist, antagonist, and synergist. (p. 204)

8.8 Major Skeletal Muscles
 24. Match the muscles to their descriptions and functions.  

(pp. 204–217)

8.1 Introduction
 1. The three types of muscle tissue are                          ,                          , 

and                          . (p. 189)

8.2 Structure of a Skeletal Muscle
 2. Describe the difference between a tendon and an aponeurosis. 

(p. 189)
 3. Describe how connective tissue associates with skeletal muscle. 

(p. 190)
 4. List the major parts of a skeletal muscle fiber, and describe the 

function of each part. (p. 190)
 5. Describe a neuromuscular junction. (p. 192)
 6. A neurotransmitter                             . (p. 192)

a. binds actin filaments, causing them to slide
b. diffuses across a synapse from a neuron to a muscle cell
c. carries ATP across a synapse
d. travels across a synapse from a muscle cell to a neuron

8.3 Skeletal Muscle Contraction
 7. List the major events of muscle fiber contraction and relaxation. 

(p. 193)
 8. Describe how ATP and creatine phosphate interact. (p. 195)
 9. Describe how muscles obtain oxygen. (p. 196)
 10. Describe how an oxygen debt may develop. (p. 196)
 11. Explain how muscles may become fatigued. (p. 197)
 12. Explain how skeletal muscle function affects the maintenance of 

body temperature. (p. 197)

8.4 Muscular Responses
 13. Define threshold stimulus. (p. 198)
 14. Sketch a myogram of a single muscular twitch, and identify the 

latent period, period of contraction, and period of relaxation.  
(p. 198)

 15. Define motor unit. (p. 199)
 16. Which of the following describes the addition of muscle fibers to 

take part in a contraction? (p. 199)
a. summation
b. recruitment
c. tetany
d. twitch

 17. Explain how skeletal muscle stimulation produces a sustained 
contraction. (p. 200)

 18. Distinguish between tetanic contraction and muscle tone. 
(pp. 199–200)

8.5 Smooth Muscle
 19. Distinguish between multiunit and visceral smooth muscle 

fibers. (p. 201)
 20. Compare smooth and skeletal muscle contractions. (p. 201)

CHAPTER ASSESSMENTS 

A. inserted on coronoid process of mandible
B. elevates corner of mouth
C. elevates scapula
D. brings head into an upright position
E. elevates eyebrow
F. compresses cheeks
G. fascia in upper chest is origin
H. closes lips
I. extends forearm at elbow
J. extends arm at shoulder
K. abducts arm
L. inserted on radial tuberosity
M. flexes arm at shoulder
N. pronates forearm
O. inserted on coronoid process of ulna
P. rotates arm laterally
Q. inverts foot
R. member of quadriceps femoris group
S. plantar flexor of foot
T. compresses contents of abdominal cavity
U. extends thigh at hip
V. hamstring muscle
W. adducts thigh
X. abducts thigh

 25. Which muscles can you identify in the bodies of these models?  
(pp. 204–217)
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anatomy & physiology

®

We also ensure that there is an appropriate number of questions 
for each learning outcome in the chapter. We tagged the 
questions not only to learning outcomes in the text but also 
to the Human Anatomy & Physiology Society (HAPS) Learning 
Outcomes. This makes it easy for the instructor to fi nd just the 
question they want. We also make sure that there is a variety 
of questions with diff erent Bloom’s Taxonomy levels!

Hi! I'm Leslie Day. We know that it's frustrating when your online 
homework questions contradict your textbook. In this edition of Hole's 
Essentials of Human Anatomy & Physiology, Julie and I joined the author 
team to ensure that our online resources correlate directly with the 
information and learning tools you will fi nd in the textbook. 

xvi

I'm Julie Pilcher. You can call us the Digital Authors!  We work on 
building the Question Bank in Connect. We make sure that there 
are many diff erent question types, like labeling, multiple choice, 
composition, and sequencing. For the twelfth edition we have 
included new Integrated questions. These questions help the student 
grasp the big picture by connecting concepts throughout the course.

Connect also gives the instructor access to a lot 
of additional material. They can access questions 
for Anatomy & Physiology Revealed, a variety of 
animations, and also every other anatomy and 
physiology title from McGraw-Hill Education.
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xvii

Here are some of the question types 
we have created for the twelfth edition!

Integrated activities use a series of interactive questions to al-
low students to apply their new knowledge and/or see how diff er-
ent processes are related. Some integrated questions also include 
animations to help the visual learner.

Labeling activities allow students to identify structures us-
ing fi gures from the text. Also available are questions in which 

functions or descriptions are used as drag-and-drop labels.

Classifi cation questions ask students to place terms into 
appropriate categories, to recognize the diff erences and 
similarities in structures.

Sequence questions have been designed around ordering physi-
ological processes or some anatomical topics, such as listing struc-
tures’ locations from proximal to distal.

Integrated activities
low students to apply their new knowledge and/or see how diff er-
ent processes are related. Some integrated questions also include 
animations to help the visual learner.

Composition questions allow for completion of a series of 
sentences describing structures, processes, or functions. Some 

composition questions then require arranging the completed 
sentences in a logical order.

Sequence questions
ological processes or some anatomical topics, such as listing struc-
tures’ locations from proximal to distal.
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