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Realistic, three-dimensional figures provide 
depth and orientation.

Line art for micrographs is  
three-dimensional to help students 
visualize more than just the flat 
microscopic sample.

A transverse section shows the interior structures of a 
skeletal muscle fiber and reveals detail of the myofibrils, 
thick and thin filaments.

18 UNIT 1 | LEVELS OF ORGANIZATION
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Figure 1.9 The cavities within the head include the cranial, oral, nasal, orbital, and middle ear cavities, as well as several sinuses. 
(Not all of the sinuses are shown.)

Frontal sinuses

Orbital cavities

Nasal cavity

Oral cavity

Cranial cavity

Sphenoidal sinus

Middle ear cavity

The�parietal�and�visceral�pleural membranes�(PLUR-
al�MEM-brayn)�are�separated�only�by�a�thin�film�of�watery�
f luid� (serous� f luid),� which� they� secrete.� Although� no�
actual� space� normally� exists� between� these� membranes,�
the�potential�space�between�them�is�called�the�pleural cav-
ity (PLUR-al�KAV-ih-tee)�(see�figs.�1.8b�and�1.10).

The�heart,�which�is�located�in�the�broadest�portion�of�
the�mediastinum,�is�surrounded�by�pericardial�membranes 
(PER-ih-KAR-dee-al�MEM-brayn).�A�visceral�pericardium 
(VISS-er-al� per-ih-KAR-dee-um)� �covers� the� heart’s� sur-
face� and� is� separated� from� a� parietal  pericardium (pah-
RYE-eh-tal� per-ih-KAR-dee-um)� by� a� small� volume� of�
f luid.� The� pericardial cavity (per-ih-KAR-dee-al� KAV-ih-
tee)�(see�figs.�1.8b�and�1.10)�is�the�potential�space�between�
these�membranes.

In� the� abdominopelvic� cavity,� the� membranes� are�
called� peritoneal� membranes (PER-ih-toh-NEE-al� MEM-
brayn).� A� parietal peritoneum (pah-RYE-eh-tal� per-ih-
toh-NEE-um)� lines� the� wall,� and� a� visceral peritoneum 
(VISS-er-al�per-ih-toh-NEE-um)�covers�each�organ�in�the�
abdominal� cavity� (fig. 1.11).� The� �peritoneal cavity (per-
ih-toh-NEE-al�KAV-ih-tee)�is�the�potential�space�between�
these�membranes.

Smaller�cavities�within�the�head�include�(fig. 1.9):

1. Oral (OR-al)�cavity,�containing�the�teeth�and�tongue.
2. Nasal (NAY-zal)�cavity,�located�within�the�nose�and

divided�into�right�and�left�portions�by�a�nasal�septum.
Several�air-filled�sinuses�connect�to�the�nasal�cavity
(see�section�7.6,�Skull).�These�include�the�frontal�and
sphenoidal�sinuses�shown�in�figure�1.9.

3. Orbital (OR-bit-al) cavities,�containing�the�eyes�and
associated�skeletal�muscles�and�nerves.

4. Tympanic�(tim-PAN-ik)�cavities,�containing�the�middle
ear�bones.

Thoracic and Abdominopelvic 
Membranes
Parietal�(pah-RYE-eh-tal)�refers�to�a�membrane�attached�to�the�
wall�of�a�cavity;�visceral�(VISS-er-al)�refers�to�a�membrane�that�
is� deeper—toward� the� interior—and� covers� an� �internal� organ,�
such�as�a�lung.�Within�the�thoracic�cavity,�the�compartments�
that�contain�the�lungs,�on�either�side�of�the�mediastinum,�are�
lined�with�a�membrane�called�the�parietal pleura (pah-RYE-eh-
tal�PLUR-ah)�(fig. 1.10).�A�similar�membrane,�called�the�vis-
ceral pleura (VISS-er-al�PLUR-ah),�covers�each�lung.�

Myosin (thick)
filaments

Actin (thin)
filaments

Myofibril

Sarcomere

Sarcoplasmic
reticulum

(a)

Skeletal muscle fiber

Z lineH zone M line

I band A band I band A band
(b)

Z line

x

DYNAMIC ART PROGRAM
Art is vibrant, three-dimensional, and instructional. The authors examined every 
piece to ensure it was engaging and accurate. The fifteenth edition’s art program 
will help students understand the key concepts of anatomy and physiology.
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Locator icons help portray the process more accurately.

Colors readily distinguish bones of the skull.

The explanation of this feedback 
loop is part of the figure, not lost in 
the legend.
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Module 4 Integumentary System

Tattoos. With their dramatic rise in popularity and being more 
socially acceptable than ever, you might even have one 

yourself. If not, you probably can’t walk very far on campus with-
out seeing tattoos on other students, and maybe even on some 
faculty. Often referred to as body art, the canvas for these illus-
trations is your skin.

The outer layer of the skin, the epidermis, is what we usu-
ally see. But the ink used for tattooing resides in the deeper 
layer called the dermis. Initially, the ink is injected into the 
region between the epidermis and dermis. The damaged 
epidermis is shed. Trapped by white blood cells as part of an 
immune response, the pigments remain in the upper part of the 
dermis. This becomes the long-term image, or art, that is visi-
ble. The fading of a tattoo over time is the result of the pigments 
migrating into deeper layers of the dermis.

Tools for tattooing recovered from some archeological 
sites are as old as 12,000 years. This long history of tattoos 
reveals ancient knowledge of anatomy and the healing arts. 
Otzi the iceman was found preserved in 1991 in the Italian Alps. 
He lived about 5,300 years ago and possesses the oldest sur-
viving tattoos, 61 in all. It is thought that most of his tattoos 
had medical relevance, where either the tattoos themselves 

served as treatment, or they indicated areas of focus for medi-
cal intervention.

Contemporary tattoos are usually decorative, and most 
often are a form of self-expression. They exhibit a wide range 
of images in various categories. Animals such as tigers, lions, 
and family pets are popular standards. Hearts, roses, and 
skulls also seem to be quite numerous. Equally prevalent is 
fantasy art including dragons and the grim reaper, as well as 
Bible verses and important personal dates. Others are known 
as “functional tattoos.” For example, people with Alzheimer 
disease may get them to recall important information such as 
their name and home address.

Tattoos have also been used to mark inmates and pris-
oners of war. The most notorious was the tattooing of people 
imprisoned in Nazi concentration camps during the Second 
World War. 

The American Academy of Dermatology warns against 
tattoos due to the possibility of infection, scarring, and the 
desire to have a tattoo removed later in one’s life. To minimize 
potential danger, it recommends employing only certified and 
licensed tattoo artists.

Administering a tattoo. Jeffrey Coolidge/Iconica/Getty Images

Integumentary System
UNIT 2 SUPPORT AND MOVEMENT6
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PLATE SIX
Human female torso with the heart, stomach, liver, and parts of the intestine and lungs removed. (a. stands for artery, m. stands for 
muscle, and v. stands for vein.)

Esophagus
Trachea

Left subclavian a.

Left subclavian v.
Left brachiocephalic v.

Arch of aorta

Descending (thoracic)
aorta

Diaphragm (cut)

Spleen

Celiac trunk

Pancreas

Left kidney

Inferior mesenteric a.

Left common iliac a.

Descending
colon (cut)

Sigmoid colon

Ovary

Uterus

Rectus
femoris m. (cut)

Urinary bladder

Pubic symphysis

Vastus lateralis m.

Vastus intermedius m.

Superior mesenteric a.

Superior vena cava

Right common carotid a.

Right internal jugular v.

Right bronchus

Esophagus

Pleural cavity

Inferior vena cava

Adrenal gland

Right kidney

Duodenum

Superior mesenteric v.

Ureter

Sartorius m. (cut)

Tensor fasciae latae m. (cut)

Rectus femoris m.

Adductor longus m.

Gracilis m.

Adductor brevis m.

Learning Outcomes follow the appropriate heading 
within the chapter. They are closely linked to Chapter 
Assessments and Integrative Assessments/Critical 
Thinking questions found at the end of each chapter.

Learn

Reference Plates offer 
vibrant detail of body 
structures.

Learning tools to help you succeed . . . 
Check out the Chapter Preview, Foundations for Success, on page 1. The Chapter Preview was specifically 
designed to help you LEARN how to study. It provides helpful study tips. 

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

Anatomy & 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, 
prefixes, suffixes, and 
pronunciations to 
help you build a solid 
anatomy and physiology 
vocabulary.

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!
8.2 | Structure of a Skeletal Muscle

LEARN
1. Identify the structures that make up a skeletal muscle.
2. Identify the major parts of a skeletal muscle fiber, and the

function of each.
3. Discuss nervous stimulation of a skeletal muscle.

The human body has more than 600 distinct skeletal mus-
cles. 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 maxi-
mus, the largest muscle, located in the buttock. Averaging 

CHAPTER 15 | Digestive System and Nutrition 429

Tongue

Sublingual gland

Submandibular
gland

Masseter 
muscle

Parotid 
gland

Parotid
duct

Mandible (cut)
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Figure 15.10 Locations of the major salivary glands. Secretions enter ducts that lead to the mouth. 

PRACTICE FIGURE 15.10
Where does the digestion of carbohydrates begin?
Answer can be found in Appendix E.

serous and mucous. Consequently, the submandibular glands 
secrete a more viscous fluid than the parotid glands.

The sublingual glands  (sub-LING-wahl GLAND), the 
smallest of the major salivary glands, are in the floor of the 
mouth inferior to the tongue. Their secretory cells are primar-
ily the mucous type, making their secretions thick and stringy.

PRACTICE 15.4
1. What is the function of saliva?

2. What stimulates salivary glands to secrete saliva?

3. Where are the major salivary glands located?

15.5 | Pharynx and Esophagus

LEARN
1. Locate the pharynx and esophagus, and describe their gen-

eral functions.
2. Describe the mechanism of swallowing.

The pharynx (FAIR-inks), commonly called the “throat,” is a 
cavity posterior to the mouth. The tubular esophagus extends 

molecules into disaccharides—the first step in the chemical 
digestion of carbohydrates. Mucous cells secrete a thick liq-
uid called mucus (MYU-kus), which binds food particles and 
acts as a lubricant during swallowing.

When a person sees, smells, tastes, or even thinks about 
appealing food, parasympathetic impulses elicit the secretion 
of a large volume of watery saliva. Conversely, food that looks, 
smells, or tastes unpleasant inhibits parasympathetic activity 
and less saliva is produced. Swallowing may become difficult.

Major Salivary Glands
Three pairs of major salivary glands—the parotid, submandib-
ular, and sublingual glands—and many minor ones are associ-
ated with the mucous membranes of the tongue, palate, and 
cheeks (fig. 15.10). The parotid glands (pah-ROT-id GLAND) 
are the largest of the major salivary glands. Each parotid gland 
lies anterior and somewhat inferior to each ear, between the 
skin of the cheek and the masseter muscle. The secretory cells 
of the parotid glands are primarily serous cells. These glands 
secrete a clear, watery fluid that is rich in salivary amylase.

The submandibular glands (sub-man-DIB-you-lar GLAND) 
are located in the floor of the mouth on the inside surface of the 
lower jaw. The secretory cells of these glands are about equally 

Figure Questions allow an 
additional assessment. They are 
found on key figures throughout 
the chapter.
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PRACTICE 1.6
1. Which organ occupies the cranial cavity? The vertebral

canal?

2. What does viscera mean?

3. Name the cavities of the head.

4. Describe the membranes associated with the thoracic
and abdominopelvic cavities.
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 10.1  Introduction
Sensory receptors sense changes in their surroundings.

 10.2  Receptors, Sensations, and Perception
1. Types of receptors

a. Each type of receptor is most sensitive to a distinct
type of stimulus.

b. The major types of receptors are chemoreceptors,
painreceptors, thermoreceptors, mechanoreceptors,
and photoreceptors.

2. Sensations
a. A sensation is the awareness of sensory stimulation.
b. A particular part of the cerebral cortex interprets

every impulse reaching it in a specific way.
c. The cerebral cortex projects a sensation back to the

region of stimulation.
3. Sensoryadaptation may involve receptors becoming

unresponsive or inhibition along the CNS pathways
leading to the sensory regions of the cerebral
cortex.

 10.3  General Senses
General senses are associated with receptors in the skin, 
 muscles, joints, and viscera.
1. Touch and pressure senses

a. Free ends of sensory nerve fibers are receptors for
the sensation of itching.

b. Tactilecorpuscles are receptors for the sensation of
light touch.

c. Lamellatedcorpuscles are receptors for the sensation
of heavy pressure.

2. Temperature senses
Temperature receptors include two sets of free nerve
endings that are warm and cold receptors.

3. Body position, movement, and stretch receptors
4. Sense of pain

a. Pain receptors are free nerve endings that tissue
damage stimulates.

b. Visceral pain
(1) Pain receptors are the only receptors in viscera

that provide sensations.
(2) Pain sensations produced from visceral receptors 

may feel as if they are coming from some other 
body part, called referredpain.

(3) Visceral pain may be referred because sensory 
impulses from the skin and viscera travel on 
common nerve pathways.

c. Pain nerve fibers
(1) The two main types of pain fibers are fast pain

fibers and slow pain fibers.
(2) Fast pain fibers conduct impulses that reach the 

brain quickly. Impulses on slow pain fibers reach 
the brain with a slight delay.

(3) Pain impulses are processed in the gray matter 
of the spinal cord and ascend to the brain.

(4) Within the brain, most pain impulses pass 
through the thalamus, reticular formation, or 
limbic system before being conducted to the 
cerebral cortex.

 10.4  Special Senses
Special senses have receptors within large, complex sensory 
organs of the head.

 10.5  Sense of Smell
1. Olfactory receptors

a. Olfactory receptors are chemoreceptors that are
stimulated by chemicals dissolved in liquid.

b. Olfactory receptors function with taste receptors and
aid in food selection.

2. Olfactory organs
a. Olfactoryorgans consist of receptors and supporting

cells in the nasal cavity.
b. Olfactoryreceptorcells are bipolar neurons with cilia.

3. Olfactory pathways
Impulses travel from the olfactory receptor cells through
the olfactory nerves, olfactorybulbs, and olfactorytracts
to interpreting centers in the temporal and frontal lobes
of the cerebrum.

4. Olfactory stimulation
a. Olfactory impulses may result when odorant

molecules bind cell surface olfactory receptors on
cilia of receptor cells. The binding pattern encodes a
specific odor, which is interpreted in the brain.

b. The sense of smell adapts rapidly.

 10.6  Sense of Taste
1. Taste receptors

a. Tastebuds consist of taste (receptor) cells and
supporting cells.

b. Tastecells have tastehairs.
c. Taste hair surfaces have receptors to which

chemicals bind, stimulating impulses.
2. Taste sensations

a. The five primary taste sensations are sweet, sour,
salty, bitter, and umami.

b. Various taste sensations result from the stimulation
of one or more types of taste receptors.

c. A single taste receptor cell detects only one of the
five tastes, but receptors corresponding to different
tastes are scattered on the tongue.

3. Taste pathways
a. Sensory impulses from taste receptors travel on fibers

of the facial, glossopharyngeal, and vagus nerves.
b. These impulses are conducted to the medulla

oblongata and then ascend to the thalamus, from
which they are conducted to the gustatory cortex in
the parietal lobes of the cerebrum.

 10.7  Sense of Hearing
1. Outer ear

The outer ear collects sound waves of vibrating objects.
2. Middle ear

Auditoryossicles of the middle ear conduct sound waves
from the eardrum to the oval window of the inner ear.

3. Auditory tube
The auditorytube connects the middle ear to the
nasopharynx and helps maintain equal air pressure on
both sides of the eardrum.

Chapter Summary

INTEGRATIVE ASSESSMENTS/CRITICAL THINKING

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 5.5, 8.2
3. What purpose is served by skeletal muscle cells being

multinucleated?

Outcomes 8.2, 8.8
4.  Organophosphates are widely used pesticides

in agriculture and gardens at home. Ingestion or 
inhalation may result in poisoning the body by 
inhibiting the enzyme acetylcholinesterase. Explain 
how this would affect the neuromuscular junction and 
overall function of skeletal muscles, particularly those 
muscles that are necessary to sustain life.

Outcomes 8.3, 8.4
5. A woman takes her daughter to a sports medicine

specialist and asks the specialist to determine the 
percentage of fast- and slow-twitch fibers in the 
child’s leg muscles. The parent wants to know  
if her daughter, who is in good health, 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?

6. Following an injury to a nerve, the muscle it innervates
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 8.3, 8.6
7. Make an argument as to why cardiac muscle is

suitable for the wall of the heart, while skeletal 
muscle is not.

Outcomes 8.4, 8.8
8. What steps might be taken to minimize atrophy of

the skeletal muscles in patients who are in bed for 
prolonged periods of time?

ASSESS

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

Assess 

CHAPTER ASSESSMENTS

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

and     .

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

aponeurosis. 
3. Describe how connective tissue associates with

skeletal muscle. 
4. List the major parts of a skeletal muscle fiber, and

describe the function of each part.
5. Describe a neuromuscular junction.
6. A neurotransmitter     .

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. 
8. Describe how ATP and creatine phosphate interact.
9. Describe how muscles obtain oxygen.

10. Describe how an oxygen debt may develop.
11. Explain how muscles may become fatigued.
12. Explain how skeletal muscle function affects the

maintenance of body temperature.
13. Describe the characteristics of a muscle primarily

composed of fast fibers to a muscle primarily
composed of slow fibers.

14. Explain the causes of skeletal muscle hypertrophy and
atrophy.

8.4 Muscular Responses
15. Define threshold stimulus.
16. Sketch a myogram of a single muscular twitch, and

identify the latent period, period of contraction, and
period of relaxation.

17. Define motor unit.
18. Which of the following describes the addition of

muscle fibers to take part in a contraction?
a. summation
b. recruitment
c. tetany
d. twitch

19. Explain how skeletal muscle stimulation produces a
sustained contraction.

20. Distinguish between tetanic contraction and muscle
tone.

21. Compare isotonic and isometric contractions.

8.5 Smooth Muscle
22. Distinguish between multiunit and visceral smooth

muscle cells.
23. Compare smooth and skeletal muscle contractions.

8.6 Cardiac Muscle
24. Make a table comparing contraction mechanisms of

cardiac and skeletal muscle.

8.7 Skeletal Muscle Actions
25. Distinguish between a muscle’s origin and its

insertion.
26. Define agonist, antagonist, and synergist.

ASSESS

Tools to help you make the connection and master Anatomy and Physiology!
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CLINICAL APPLICATION 16.2

Cystic Fibrosis

Many young children with this disease who cannot 
pronounce its name call it “65 roses.” Cystic fibrosis 
(CF) is an inherited defect in ion channels that con-
trol chloride movement out of cells in certain organs. 
In the lungs, thick, sticky mucus accumulates and 
creates an environment hospitable to certain bacte-
ria that are not common in healthy lungs. A mucus-
clogged pancreas prevents digestive secretions from 
reaching the intestines, impairing nutrient digestion 
and absorption. A child with CF has trouble breathing 
and maintaining weight (fig. 16B).

CF is inherited from two carrier parents, and 
affects about 30,000 people in the United States and 
about 70,000 worldwide. Many others may have milder 
cases, with recurrent respiratory infections. More than 
2,000 mutations have been recognized in the cystic 
fibrosis transmembrane regulator (CFTR) gene, which 
encodes the chloride channel protein. Today, fetuses 
and newborns with CF are diagnosed using genetic 
tests, but years ago the first signs were typically “fail-
ure to thrive,” salty sweat, and foul-smelling stools.

When CF was recognized in 1938, life expectancy 
was only five years, but today median survival is about 
age fifty, with many patients living longer, thanks to 
drug treatments. Inhaled antibiotics control the respi-
ratory infections, and daily “bronchial drainage” exer-
cises shake stifling mucus from the lungs. A vibrating 
vest worn for half-hour periods two to four times a 
day also loosens mucus. Digestive enzymes mixed 
into soft foods enhance nutrient absorption, although 
some patients require feeding tubes.

Discovery of the most common CFTR muta-
tion in 1989 enabled development of more-targeted 

treatments. Drugs are now in development. The new 
drugs work in various ways: correcting misfolded 
CFTR protein, restoring liquid on airway surfaces, 
breaking up mucus, improving nutrition, and fighting 
inflammation and infection.

Children with severe CF are susceptible to more sig-
nificant illnesses and symptoms. In summertime, a child 
must avoid water from hoses, which  harbor lung-loving 
Pseudomonas bacteria. Cookouts spew lung- irritating 
particulates. Too much chlorine in pools irritates lungs, 
whereas too little invites bacterial infection. New infec-
tions arise, too. In the past few years,  multidrug-resistant 
Mycobacterium abscessus, related to the pathogen that 
causes tuberculosis, has affected as many as 10% of CF 
patients in the United States and Europe.

Figure 16B Young girl with cystic fibrosis receiving a 
breathing treatment. Dalibor Despotovic/Shutterstock

OF INTEREST Contraction of the human
heart can create enough pressure to squirt blood 

almost 10 feet into the air.

“Of Interest” boxes provide 
interesting bits of anatomy and 
physiology information, adding a 
touch of wonder to chapter topics.

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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Laboratory Manual 
Laboratory Manual for Hole’s Essentials of 
Human Anatomy & Physiology, Fifteenth 
Edition, by Phillip Snider, Gadsden State 
Community College, and Terry R. Martin, 
Kishwaukee College, is designed to 
accompany the fifteenth edition of Hole’s 
Essentials of Human Anatomy & Physiology.

In this edition of Hole’s Essentials of Human Anatomy & 
Physiology, the digital author team, Leslie Day and Julie 
Pilcher, worked hand-in-hand with the print author team to 
deliver a seamless experience for instructors and students.

The digital authors make sure there is a variety of 
questions with different Bloom’s Taxonomy levels. In this 
edition, we have increased the number of questions that 
are higher-level Bloom’s to about 30 percent.

Leslie and Julie ensure that there is an appropriate 
number of questions for each learning outcome in the 
chapter. They tagged questions to textbook learning 
outcomes and to the Human Anatomy & Physiology 
Society (HAPS) learning outcomes. This makes it easy 
for instructors to find questions to assign in their course.

McGraw Hill Connect® gives the instructor access 
to additional course-wide material for A&P. 
Instructors can access questions for Anatomy & 
Physiology REVEALED®, a variety of animations, 
diagnostic exam for LearnSmart Prep®, concept 
application questions, and supplemental laboratory 
questions.

DIGITAL & LAB EXPERIENCE
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PREVIEW
Foundations for Success

Pay attention. It is a beautiful day. You can’t help but stare 
wistfully out the window, the scent of spring blooms and 

the sound of birds making it impossible to concentrate on what  
the instructor is saying. Gradually the lecture fades as you 
become aware of your own breathing, the beating of your heart, 
and the sweat that breaks out on your forehead in response to 
the radiant heat from the glorious day. Suddenly your reverie 
is cut short—a classmate has dropped a human anatomy and 
physiology textbook on the floor. You jump. Your heart ham-
mers and a flash of fear grips your chest, but you soon realize 
what has happened and recover.

The message is clear: Pay attention. So you do, tuning out 
the great outdoors and focusing on the class. In this course, 
you will learn all about the events you have just experienced, 
including your response to the sudden stimulation. This is a 
good reason to stay focused.

A photo on the opening page for each chapter generates interest. 
Comstock/Stockbyte/Getty Images

AN OPENING VIGNETTE discusses current events 
or research news relating to the subject matter in the 
chapter. These vignettes apply the concepts learned in 
the study of anatomy and physiology.

This chapter Preview not only provides great study tips 
to offer a foundation for success, but it also offers tips on 
how to utilize this particular text. Those tips will be found in 
boxes just like this.

The digital tool, as indicated below and with APR icons 
within the chapters, allows you to explore the human body 
in depth through simulated dissection of cadavers, histol-
ogy preparations, and 3D and anatomical model images. It 
also offers animations on chapter concepts.
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LEARNING OUTLINE  After studying this chapter, you should be able to complete the “Learning 
Outcomes” that follow the major headings throughout the chapter.

 P.1 Introduction
 P.2 Strategies for Your Success

Each chapter has a learning outline introducing what will be discussed in the chapter.

A I D S  T O  U N D E R S T A N D I N G  W O R D S

ana- [up] anatomy: the study of breaking up 
the body into its parts.

multi- [many] multitasking: performing 
several tasks simultaneously.

physio- [relationship to nature] physiology: 
the study of how body parts function.

(Appendix A has a complete list of Aids to Understanding Words.)

P.1 | Introduction

Identifying� underlying� structural� similarities,� from� the�
macroscopic� to� the� microscopic� levels� of� body� organiza-
tion,� taps� more� subtle� critical� thinking� skills.� This� chap-
ter�will�catalyze�success�in�this�active�process�of�learning.�
(Remember� that�although� the� skills�and� tips�discussed� in�
this� chapter� relate� to� learning� anatomy� and� physiology,�
they�can�be�applied�to�other�subjects.)

Learning� occurs� in� different� ways� or� modes.� Most�
students� use� several� modes� (multimodal),� but� are� more�
comfortable� with� and� use� more� effectively� one� or� two,�
often� referred� to� as� learning� styles.� Some� students� prefer�
to�read�the�written�word�to�remember�it�and�the�concept�it�
describes,�or�to�actually�write�the�words;�others�learn�best�
by� looking�at� visual� representations,� such�as�photographs�
and�drawings.�Still�others�learn�most�effectively�by�hearing�
the�information�or�explaining�it�to�someone�else.�For�some�
learners,� true�understanding� remains� elusive� until� a� prin-
ciple�is�revealed�in�a�laboratory�or�clinical�setting�that�pro-
vides�a�memorable�context� and�engages�all�of� the� senses.�
This� text� accommodates� the� range� of� learning� styles.�
Read-write� learners� will� �appreciate� the� lists,� definitions�
(glossary),� and� tables.�Visual� learners�will� discover�many�
diagrams,�flow�charts,�and�figures,�all�with�consistent�and�
purposeful�use�of�color.�For�example,�a�particular�bone�is�
always� the� same� color� in� figures� where� bones� are� color-
coded.�Auditory�learners�will�find�pronunciations�for�new�
scientific� terms� to� help� sound� them� out,� and� kinesthetic�
learners� can� relate� real-life� examples� and� applications� to�
their�own�activities.

Major divisions within a chapter are called “A-heads.” They 
are numbered sequentially and set in very large, blue type 
to designate major content areas.

After each A-head is a list of learning outcomes indicating 
the knowledge you should gain as you work through the 
section. (Note the blue learn arrow preceding the “LEARN” 
heading.) These outcomes are intended to help you master 
the similar outcomes set by your instructor. The outcomes 
are tied directly to assessments of knowledge gained.

LEARN
1. Explain the importance of an individualized approach 

to learning.

Studying� the�human�body�can�be�overwhelming�at� times.�
The�new�terminology,�used�to�describe�body�parts�and�how�
they�work,�can�make� it� seem�as� if� you�are� studying�a�dif-
ferent� language.�Learning�all� the�parts�of� the�body,�along�
with�the�composition�of�each�part,�and�how�each�part�fits�
with� the�other�parts� to�make� the�whole� requires�memori-
zation.�Understanding�the�way�each�body�part�works�indi-
vidually,�as�well�as�body�parts�working�together,�requires�a�
higher�level�of�knowledge,�comprehension,�and�application.�

The section Aids to Understanding Words introduces building blocks of words that your instructor may assign. Learning them 
is a good investment of your time, because they can be used over and over and apply to many of the terms you will use in your 
career. Appendix A has a comprehensive list of these prefixes, suffixes, and root words.
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 PREVIEW   3

P.2 | Strategies for Your Success

LEARN
1. Summarize what you should do before attending class. 

2. Identify student activities that enhance classroom experience. 

3. List and describe several study techniques that can facilitate 
learning new material. 

Many� strategies� for� academic� success� are� common� sense,�
but� it�might�help� to� review� them.�You�may�encounter�new�
and�helpful�methods�of�learning.

Before Class
Before� attending� class,� prepare� by� reading� and� outlining�
or�taking�notes�on�the�assigned�pages�of�the�text.�If�outlin-
ing,�leave�adequate�space�between�entries�to�allow�room�for�
note-taking�during�lectures.�Or�fold�each�page�of�notes�taken�
before�class�in�half�so�that�class�notes�can�be�written�on�the�
blank�side�of�the�paper�across�from�the�reading�notes�on�the�
same� topic.�This� strategy� introduces� the� topics�of� the�next�
class�discussion,�as�well�as�new�terms.�Some�students�team�
a�vocabulary� list�with�each�chapter’s�notes.�Take� the�notes�
from�the�reading�to�class�and�expand�them.�At�a�minimum,�
the�student�should�at�least�skim�the�text,�reading�the�A-heads�
and�B-heads�and�the�summary�outline�to�become�acquainted�
with�the�topics�and�vocabulary�before�class.�

After each major section, a question or series of questions 
tests your understanding of the material and enables you to 
practice using the new information. (Note the green prac-
tice arrow preceding the “PRACTICE” heading.) If you can-
not answer the question(s), you should reread that section, 
being on the lookout for the answer(s).

 PRACTICE P.1
1. List some difficulties a student may experience when 

studying the human body.

2. Describe the ways people learn.

The major divisions are subdivided into “B-heads,” which 
are identified by large, reddish-orange type. These will help 
you organize the concepts upon which the major divisions 
are built.

OF INTEREST The skeleton of an average 
 160-pound person contributes about 29 pounds 

total body weight.

CAREER CORNER

Massage Therapist

The woman feels something give way in her left knee 
as she lands from a jump in her dance class. She limps 
away between her classmates, in great pain. At home, 
she uses “RICE”—rest, ice, compression, elevation—
then has a friend take her to an urgent care clinic, 
where a physician diagnoses patellar tendinitis, or 
“jumper’s knee.” Frequent jumping followed by lateral 
movements caused the injury.

Three days later, at her weekly appointment with 
a massage therapist for stress relief, the patient men-
tions the injury. Over the next few weeks, the mas-
sage therapist applies light pressure to the injured 
area to stimulate circulation, and applies friction in a 
transverse pattern to break up scar tissue and relax 
the muscles. She also massages the muscles to 
improve flexibility.

A massage therapist manipulates soft tissues, 
using combinations of stroking, kneading, com-
pressing, and vibrating, to relieve pain and reduce 
stress. Training includes 300 to 1,000 hours of class 
time, hands-on practice, and continuing education. 
Specialties include pediatrics, sports medicine, and 
even animal massage.

Of Interest provides bits of anatomy and physiology infor-
mation that add wonder and awe to some of the chapter 
concepts.

Many students who use this book and take various other 
courses in the health sciences are preparing for careers 
in health care. Some students may be undecided as to 
a specific area or specialty. The Career Corner feature 
presents a description of a particular career choice with 
each chapter. If it doesn’t describe a career that you seek, 
perhaps it will give you a better sense of what some of your 
coworkers and colleagues do!
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CLINICAL APPLICATION P.1

Factors Affecting Synaptic Transmission

Many chemicals affect synaptic transmission. A drug 
called Dilantin (diphenylhydantoin) treats seizure dis-
orders by blocking gated sodium channels, thereby 
limiting the frequency of action potentials reaching the 
axon terminal. Caffeine in coffee, tea, cola, and energy 
drinks stimulates nervous system activity by lowering 

the thresholds at synapses. As a result, postsynap-
tic neurons are more easily excited. Antidepressants 
called “selective serotonin reuptake inhibitors” keep 
the neurotransmitter serotonin in synapses longer, 
compensating for a still little-understood decreased 
serotonin release that presumably causes depression.

Figure questions encourage you to think about what you 
are seeing and “PRACTICE” making connections between 
the visual representation and the words in the text.

 PRACTICE FIGURE P.2 
What is the most posterior bone on the skull?
Answer can be found in Appendix E.

Line� art� can� present� different� positions,� layers,� or�
perspectives.

Crista galli

Cribriform plate

Frontal bone

Sphenoid bone

Temporal bone

Foramen spinosum

Sella turcica

Parietal bone

Foramen magnum

Occipital bone

Ethmoid
bone

Photographs and Line Art
Photographs�provide�a�realistic�view�of�anatomy.�

Parietal bone

Squamous suture

Temporal bone

Lambdoid suture

Occipital bone

External acoustic
meatus

Mastoid process

Mandibular condyle

Coronal suture

Frontal bone

Sphenoid bone

Ethmoid bone

Nasal bone

Lacrimal bone
Zygomatic process
of temporal bone

Temporal process
of zygomatic bone

Zygomatic bone

Maxilla

Mandible

©J & J Photography

Remember when you were very young and were presented with a substantial book for the first time? You were likely intimidated 
by its length but were reassured that it contained “a lot of pictures.” This book has many “pictures” (figures) too, all designed to 
help you master the material. Some of the figure legends are followed by a question pertaining to that figure, intended to rein-
force a concept or usage of terminology.

As you read, you may feel the need for a “study break” or to “chill out.” At other times, you may just need to shift gears. Try the follow-
ing: Look for the Clinical Application boxes throughout the book that present sidelights to the main focus of the text. Some of these 
may cover topics that your instructor chooses to highlight. Read them! They are interesting, informative, and a change of pace.
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Macroscopic to Microscopic
Many�figures�show�anatomical�structures�in�a�manner�that�is�
macroscopic�to�microscopic�(or�vice�versa).

Bone

Tendon

Muscular fascia

Epimysium

Perimysium

Endomysium

Nerve

Fascicle

Blood vessels

Muscle fiber 

Myofibril

Sarcolemma

Nucleus

Sarcoplasmic
reticulum

Filaments

Trapezius

Deltoid

Pectoralis major

Linea alba
(band of connective tissue)

External oblique

Rectus sheath

Sternocleidomastoid

Pectoralis minor

Internal intercostal

Serratus anterior

Rectus abdominis

Internal oblique

Transversus abdominis

External intercostal

Scalenes

Anatomical Structures
Some�figures�illustrate�the�locations�of�anatomical�structures.

Micrographs
Some� figures� are� microscope� images� of� a� histological�
preparation.

Al Telser/McGraw Hill

Other� figures� illustrate� the� functional� relationships� of�
anatomical�structures.
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(a) (b)

Aortic
valve closed

Atria in
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lectures�and�discussion�sections�also�provides�more�detailed�
and�applied�analysis�of�the�subject�matter,�as�well�as�a�chance�
to�ask�questions.

During Class
Be� alert� and� attentive� in� class.� Take� notes� by� adding� to�
your�outline�or�the�notes�you�took�while�reading.�Auditory�
�learners�benefit�from�recording�the�lectures�and�listening�
to�them�while�doing�chores�that�do�not�require�their�cog-
nitive� attention,� with� mental� focus� being� on� the� lecture�
content.�

Participate� in� class� discussions,� asking� questions� of�
the� instructor� and� answering� questions� posed.� All� of� the�
students� are� in� the� class� to� learn,� and� many� will� be� glad�
someone� asked� a� question� others� would� not� be� comfort-
able� asking.� Such� student� response� can� alert� the� instruc-
tor� to� topics� that�are�misunderstood�or�not�understood�at�
all.�However,�respect�class�policy.�Due�to�time�constraints�
and�class� size,� asking�questions�may�be�more�appropriate�
after�class,�for�a�large�lecture�class,�or�during�tutorial�(small�
group)�sessions.

After Class
In� learning� complex�material,� expediency� is� critical.� Orga-
nize,�edit,�and�review�notes�as�soon�after�class�as�possible,�
fleshing� out� sections� where� the� lecturer� got� ahead� of� you.�
Highlighting�or�underlining�(in�color,�for�visual�learners)�the�
key� terms,� lists,� important� points,� and� major� topics� make�
them�stand�out,�which�is�helpful�for�daily�reviews�and�study-
ing�for�exams.�

Lists
Organizing� information� into� lists� or� categories� can� mini-
mize� information� overload,� breaking� it� into� manageable�
chunks.� For� example,� when� you� study� the� muscles� of� the�
thigh,�you�will�find�it�easier�to�learn�the�insertion,�origin,�
action,�and�nerve�supply�of�the�four�muscles�making�up�the�
quadriceps� femoris� if�you�study� them�as�a�group,�because�
they� all� have� the� same� insertion,� action� at� the� knee,� and�
nerve� supply—they� differ� only� in� their� origins.� Concept�
mapping�is�a�study�strategy�that�may�also�be�useful�to�visu-
ally�identify�relationships�among�concepts,�to�organize�and�
categorize�information�into�chunks,�and�to�make�meaning-
ful�connections.

Mnemonic Devices
Another� method� for� remembering� information� is� the�
�mnemonic device.�One�type�of�mnemonic�device�is�a�list�of�
words,� forming� a� phrase,� in� which� the� first� letter� of� each�
word�corresponds�to�the�first�letter�of�each�word�that�must�
be� remembered.� For� example,� Frequent parades often test 
 soldiers’ endurance� stands� for� the� skull� bones� frontal,�pari-
etal,� occipital,� temporal,� sphenoid,� and� ethmoid.� Another�
type� of� mnemonic� device� is� a� word� formed� by� the� first�

Organizational Tables
Organizational�tables�can�help�“put�it�all� together,”�but�are�
not�a�substitute�for�reading�the�text�or�having�good�notes.

TABLE 5.6
 

Muscle Tissues

Type Function Location

Skeletal muscle 
tissue (striated)

Voluntary movements 
of skeletal parts

Muscles usually 
attached to bones

Smooth muscle 
tissue (lacks 
striations)

Involuntary 
movements of 
internal organs

Walls of hollow 
internal organs

Cardiac muscle 
tissue (striated)

Heart movements Heart muscle

It� is� critical� that� you� attend� class� regularly,� and�be�on�
time—even�if�the�instructor’s�notes�are�posted�online�and�the�
information� is� in� the� textbook.�For�many� learners,�hearing�
and�writing�new�information�is�a�better�way�to�retain�facts�
than� just� scanning�notes�on�a� computer� screen.�Attending�

Flow Charts
Flow�charts�depict�sequences�of�related�events,�steps�of�path-
ways,�and�complex�concepts,�easing�comprehension.�Other�
figures�may�show�physiological�processes.

+

+

Bloodstream

Hypothalamus

Anterior
pituitary 
gland

TRH

TSH Thyroid 
hormones 
inhibit TRH 
and TSH

Target 
cells

Thyroid 
hormones 
stimulate 
target cells

Thyroid 
hormones

Thyroid 
gland

TSH 
stimulates 
the secretion 
of certain 
thyroid 
hormones

Release into
bloodstream

Stimulation

Inhibition
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the�place�of�time�spent�to�prepare�for�the�next�class.�If�you�
follow� these� suggestions� for� learning� now,� you� can� maxi-
mize�your�study�time�throughout�the�semester�and�will�give�
yourself�your�best�prospects�for�academic�success.�A�work-
ing�knowledge�of�the�structure�and�function�of�the�human�
body�provides�the�foundation�for�all�careers� in�the�health�
sciences.�

 PRACTICE P.2
1. Why is it important to prepare before attending class?

2. Name two ways to participate in class discussions.

3. List several aids for remembering information.

A textbook is inherently linear. This text begins with 
Chapter 1 and ends with Chapter 20. Understanding 
physiology and the significance of anatomy, however, 
requires you to be able to recall previous concepts. 
Critical thinking is all about linking previous concepts 
with current concepts under novel circumstances, in 
new ways. Toward this end, we have included in the 
Integrative Assessments/Critical Thinking exercises 
referencing sections from earlier chapters. Making 
connections is what it is all about! 

ASSESS

Outcomes P.1, P.2
 1. Which study methods are most successful for you?

INTEGRATIVE ASSESSMENTS/CRITICAL THINKING

ASSESS
CHAPTER ASSESSMENTS

 P.1 Introduction
 1. Explain why the study of the human body can be 

overwhelming. 

 P.2 Strategies for Your Success
 2. Methods to prepare for class include  .
  a. reading the chapter
  b. outlining the chapter
  c. making a vocabulary list
  d. all of the above
 3. Describe how you can participate in class discussions. 

Chapter assessments that are tied directly to the 
learning outcomes allow you to assess your mastery of 
the  material. (Note the purple assess arrow.)

Outcome P.2
 2. Design a personalized study schedule.

letters�of� the� items� to�be� remembered.�For�example,� ipmat�
represents�the�stages�in�the�cell�cycle:�interphase,�prophase,�
metaphase,�anaphase,�and�telophase.�Be�inventive!�Develop�
mnemonic�devices�that�you�find�helpful!

Study Groups
Forming�small�study�groups�helps�some�students.�Together�
the� students� review� course� material� and� compare� notes.�
Working�as�a� team�and�alternating� leaders�allows�students�
to�verbalize�the� information.�Individual�students�can�study�
and� master� one� part� of� the� assigned� material,� and� then�
explain� it� to� the� others� in� the� group,� which� incorporates�
the� information� into� the� memory� of� the� speaker.� Hearing�
the� material� spoken� aloud� also� helps� the� auditory� learner.�
Be� sure� to� use� anatomical� and� physiological� terms,� in�
�explanations�and�everyday�conversation,�until� they�become�
part� of� your� working� vocabulary,� rather� than� intimidating�
jargon.�Most�important�of�all—the�group�must�stay�on�task,�
and�not�become�a�vehicle�for�social�interaction.�Your�instruc-
tor�may�have�suggestions�or�guidelines�for�setting�up�study�
groups.

Flash Cards
Flash� cards� may� seem� archaic� in� this� computer� age,� but�
they�are�still�a�great�way�to�organize�and�master�complex�
and�abundant� information.�The�act�of�writing�or�drawing�
on�a�note�card�helps�the�tactile�learner.�Master�a�few�new�
cards�each�day�and�review�cards�from�previous�days,�then�
use� them� all� again� at� the� end� of� the� semester� to� prepare�
for�the�comprehensive�final�exam.�They�may�even�come�in�
handy� later,� such� as� in� studying� for� exams� for� admission�
to�medical�school�or�graduate�school.�Divide�your�deck�in�
half� and� flip� half� of� the� cards� so� that� the� answer� rather�
than� the�question� is� showing.�Mix�and� shuffle� them.�Get�
used� to� identifying�a�structure�or�process� from�a�descrip-
tion,� as� well� as� giving� a� description� when� provided� with�
the�name�of�a�process�or�structure.�This�is�more�like�what�
will�be�expected�of�you�in�the�real�world�of�the�health-care�
professional.

Manage Your Time
For� each� hour� in� the� classroom,� most� students� will� spend�
at� least� three�hours�outside�of�class�studying.�Many�of�you�
have� important� obligations� outside� of� class,� such� as� jobs�
and� family� responsibilities.�As� important�as� these�are,�you�
still�need�to�master�this�material�on�your�path�to�becoming�
a� health-care� professional.� Good� time-management� skills�
are�therefore�essential�in�your�study�of�human�anatomy�and�
physiology.�In�addition�to�class,� lab,�and�study�time,�multi-
task.�When�you�are�waiting�for�a�ride�or�sitting�in�a�doctor’s�
waiting�room,�use�your�time�by�reviewing�notes�or�reading�
the�text.�

Daily� repetition� is� helpful,� so� you� should� schedule�
several�short�study�periods�each�day�instead�of�an�end-of-
semester�crunch�to�cram�for�an�exam.�This�does�not�take�
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Digital Connect Resources Reinforce your knowledge 
and practice your understanding. 

SmartBook continually adapts to the individual learner’s 
needs, creating a more productive learning experience. 

Anatomy & Physiology Revealed Go more in depth using  virtual dissection of a cadaver, histological preparations, 
3D and anatomical model images, and animations.

Chapter Summary

A summary of the chapter provides an outline to review 
major ideas and is a tool for organizing thoughts.

 P.1 Introduction 
Try a variety of methods to study the human body.

 P.2 Strategies for Your Success 
Although strategies for academic success seem to be common 
sense, you might benefit from reminders of study methods.

1.� Before�class
� � Read�the�assigned�text�material�prior�to�the�

corresponding�class�meeting.�
a.� Photographs�give�a�realistic�view,�and�line�art�shows�

different�perspectives.

b.� Figures�depicting�macroscopic�to�microscopic�show�
an�increase�in�detail.

c.� Flow�charts�depict�sequences�and�steps.
d.� Figures�of�anatomical�structures�show�locations.
e.� Organizational�charts/tables�summarize�text.

2.� During�class
� � Take�notes�and�participate�in�class�discussions.

3.� After�class
a.� Organize,�edit,�and�review�class�notes.

� b.� Creating�lists,�categorizing,�and�concept�mapping�
are�effective�study�strategies.

� c.� Mnemonic�devices�aid�learning.
(1)� The�first�letters�of�the�words�you�want�to�remember�

begin�words�of�an�easily�recalled�phrase.
(2)� The�first�letters�of�the�items�to�be�remembered�

form�a�word.
� d.� Small�study�groups�reviewing�and�vocalizing�

material�can�divide�and�conquer�the�learning�task.
� e.� Making�flash�cards�helps�the�tactile�learner.
� f.� Time�management�skills�encourage�scheduled�

studying,�including�daily�repetition�instead�of�
cramming�for�exams.

Check out McGraw Hill online resources that can help 
you practice and assess your learning.
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Noticing the metal peeking from her uncle’s pant leg, the 
inquisitive child’s eyes widened in awe. She didn’t hesitate 

with her questions, asking “Why do you have it?” and “How 
does it work?” as he took off the prosthetic limb to show her 
and explain.

The design of a prosthetic is intended to replace the anatomi-
cal structure and function of the original body part. Artificial toes 
composed of wood and leather were the earliest prosthetics, and 
have been discovered in Egypt as part of the mummified remains 
of an ancient Egyptian noblewoman. The artificial toes allowed for 
the distribution of body weight and forward propulsion, and looked 
anatomically similar to real toes. Enormous casualties in World War 
I resulted in a demand for artificial limbs for veterans, so they could 
return to work after the war. Over the years, prosthetic limbs have 
evolved from the more rudimentary prosthetics to those that can 
be controlled by using the mind.

Materials used in the modern-day construction of prosthetic  
body parts include strong and lightweight materials such as 

carbon fiber. Harnessing these new materials and the use of 
3D printing has improved function and aesthetics. Cutting-edge 
technology, called targeted muscle reinnervation, which surgi-
cally reassigns nerves that once controlled the arm or hand, has 
recently been developed by engineers at the Applied Physics 
Laboratory at Johns Hopkins University. Imagine the excite-
ment of receiving a robotic arm that allows individual and simul-
taneous finger control, two degrees of movement at the wrist, 
and multiple grips, enabling a person to control the prosthetic 
device by just thinking of the action. To avoid the need for a har-
ness that can be uncomfortable, modern devices use osteoin-
tegration, a surgical procedure that fixes a titanium implant into 
the marrow space of bone, and which eventually becomes part 
of the bone. A few weeks after surgery, a titanium extension is 
brought out through the skin so the prosthetic can be attached. 
These technologies can improve the lives of people who were 
born without their limbs, or who have lost them due to infection, 
cancer, trauma, or combat.

Similarities of a robotic hand and human hand. maxuser/Shutterstock

1UNIT 1 LEVELS OF ORGANIZATION

Introduction to Human 
Anatomy and Physiology
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