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Contentsto Teacher
 Teacher
In the case of Anatomy & Physiology, a good picture is indeed worth a thousand
words, and in the case of high school students, there is nothing more useful than
a textbook that is well-written. Elaine Marieb’s Essentials of Human Anatomy and
Physiology takes the difficult task of teaching A&P to high school students, and
makes it easier than ever. Her writing style features simple, yet meaningful analogies,
straight-forward language, and an effective use of bold-faced and italicized words to
emphasize important terms and concepts. The illustrations are phenomenal—they are
clearly-labeled, colorful, and focused on key structures and concepts. Homeostatic
Imbalance features appear throughout, showing students what happens when body
function is impaired, and keeps them interested in the material. Plus, the Chapter
Summaries (at the end of each chapter) are like pre-made study guides, and I strongly
encourage all of my students to use them when preparing for exams.
In addition to helping students learn, the text comes with ancillary materials to
help you successfully present the material. I regularly use the resources provided on
the Instructor Resources DVD (also available in MasteringA&P). My favorite resources
are the well-written PowerPoint® lecture outlines, which follow the text and enable me
to point-out important structures in figures and tables, in class. The TestGen® electronic
test generator is another tool I use frequently, and confidently—knowing that my tests
are challenging, fair, and aligned with material the students are studying.
The Eleventh Edition features a MasteringA&P course with 3-D movie-quality
A&PFlix animations, Get Ready for A&P video tutors, and case-study coaching activities
that help students apply the concepts they’re learning to real-life scenarios—keeping
them interested in the topic and how it relates to their future careers. Many of our
students are interested in allied health fields, including sports training, physical therapy,
and chiropractic studies, and several graduates come back to tell me that their A&P
course, taught with Elaine Marieb’s book, has been a great help to them in their college
studies. (Any teacher will tell you—that is the best possible endorsement!). The 11th
edition also features brand new clinical photos and a new Concept Link feature that
helps students relate previously learned material to the concept at-hand, to make sure
students have a solid grasp on the most difficult topics in A&P.
Elaine Marieb’s Essentials of Human Anatomy & Physiology is truly an invaluable
teaching tool that is thorough, accurate, and easy to learn from. I highly recommend it
to any teacher who is teaching a high school level anatomy class.
Eugene Malaterra
Saint Joseph Regional High School
Montvale, New Jersey
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New to the Eleventh Edition
This edition has been thoroughly updated. Specific chapter-by-chapter changes include:
Chapter 1: The Human Body: An Orientation
• New photos of the anatomical position, planes of the body, and
MRI scans (Figure 1.6).
• New photo showing the nine abdominopelvic regions (Figure 1.9).
• New Critical Thinking and Clinical Application Question on carpal
tunnel syndrome.

• New photo of individuals with disorders of pituitary growth
hormones (Figure 9.6).
• New clinical photo of the lips of a patient with the hyperpigmentation
of Addison’s disease, in Homeostatic Imbalance 9.6.

Chapter 10: Blood

• New coverage of glycolipids (Table 2.5).
• New photo showing water’s high surface tension (Figure 2.9).
• New descriptions of amino acid structures (Figure 2.17).

• New Concept Link discussing the structure of globular proteins.
• New Concept Link relating the concept of negative feedback to
low blood oxygen levels.
• New clinical photo of a thrombus occluding a small pulmonary
blood vessel in a human lung, in Homeostatic Imbalance 10.3.

Chapter 3: Cells and Tissues

Chapter 11: The Cardiovascular System

Chapter 2: Basic Chemistry

• New, illustrated Table 3.1: Parts of the Cell: Structure and Function.
• New Concept Link discussing phospholipids as polar molecules.
• New Concept Link discussing the molecular structure of DNA.
• New Concept Link discussing the joining of amino acids by
enzymes into peptide bonds, in relation to translation.
• New clinical photo showing post-burn contracture scars, in
Homeostatic Imbalance 3.3.

Chapter 4: Skin and Body Membranes
• New clinical photo showing cradle cap in a newborn baby, in
Homeostatic Imbalance 4.4.
• New clinical photos of burns (Figure 4.11); cold sores, impetigo,
and psoriasis (Figure 4.12); and skin cancer (Figure 4.13).
• New Concept Link discussing the relationship between mitosis, cell
division, and cancer.

Chapter 5: The Skeletal System
• New Concept Link discussing the levels of structural organization,
in relation to the gross anatomy of a long bone.
• New clinical photo of a child with rickets, in Homeostatic
Imbalance 5.1.
• New Concept Link discussing the relationship between regional
body terms and bone names, in relation to the axial skeleton.
• New Concept Link discussing the properties of tissues that form
the joints.

Chapter 6: The Muscular System
• New Concept Link comparing ATP to a tightly coiled spring.
• New illustrations showing muscle action (Figure 6.14).
• New clinical photo of a patient with myasthenia gravis, in
Homeostatic Imbalance 6.4.

Chapter 7: The Nervous System
• New Concept Link relating the concept of a feedback loop to the
nervous system.
• New illustrated Table 7.1: Functions of Major Brain Regions.
• New clinical photo of a patient with cerebral palsy, in Homeostatic
Imbalance 7.11.

Chapter 8: Special Senses
• New Concept Link relating the basic functions of the nervous
system to each of the special senses.
• New clinical photo of an infant with strabismus, in Homeostatic
Imbalance 8.11.

Chapter 9: The Endocrine System
• New Concept Link comparing a hormone’s relationship to its target
cells with that of an enzyme to its substrate.

• New clinical photo of a prosthetic aortic heart valve, in
Homeostatic Imbalance 11.2.
• New Concept Link relating one-way generation of an action
potential to heart rhythm.
• New Concept Link relating the portal circulation that links the
hypothalamus of the brain and the anterior pituitary gland to
hepatic portal circulation.
• New Concept Link relating the passive process of filtration to
blood flow.
• New Concept Link discussing epinephrine.

Chapter 12: The Lymphatic System and Body Defenses
• New Concept Link discussing hydrostatic and osmotic pressures.
• New Concept Link discussing the functions of lymphatic vessels.
• New Concept Link discussing the function of the thymus to
produce hormones, in relation to lymphoid organs.
• New clinical photo of an abscess, in Homeostatic Imbalance 12.2.
• New Concept Link relating blood antigens to self-antigens.

Chapter 13: The Respiratory System
• New Concept Link discussing mucous membranes.
• New Concept Link relating pressure changes that drive filtration
and blood flow to the mechanics of breathing.
• New clinical photo of a colored chest X-ray film showing a
collapsed lung, in Homeostatic Imbalance 13.7.
• New Concept Link discussing blood pH, in relation to gas transport.

Chapter 14: The Digestive System and Body Metabolism
• New Concept Link discussing the function of papillae.
• New Concept Link discussing the basic function of valves.
• New Concept Link discussing hydrolysis reactions.
• New clinical photo of a baby with a cleft lip and palate, in
Homeostatic Imbalance 14.15.

Chapter 15: The Urinary System
• New Concept Link discussing filtration as a passive process.
• New Concept Link discussing pH as a measure of hydrogen ion
concentration, in relation to tubular secretion.
• New clinical photo of a urogram showing the presence of a kidney
stone, in Homeostatic Imbalance 15.3.
• New Concept Link discussing the concept of interrelationships among
organ systems, in relation to regulation of water intake and output.

Chapter 16: The Reproductive System
• New clinical photo of abnormal sperm, in Homeostatic
Imbalance 16.2.
• New Concept Link discussing the tropic hormone, FSH.
• New Concept Link discussing the concept of the feedback loop.

iv
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Introducing Essentials of Human
Anatomy and Physiology, 11th edition
Chapter 13: The Respiratory System
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New! Teachers: Use MasteringA&P to Personalize Your Course
New! Students: Use
MasteringA&P to Study
Anytime, Anywhere

Bring A&P Concepts to Life
A Closer look A Wrinkle
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Out of Time
When it comes to preventing
wrinkles, it helps to have good
genes, to not smoke, to use a good
sunscreen, and to think pleasant
thoughts. Good genes speak for
themselves—it’s partly the luck
of the draw whether you look your
age or not. Smoking ages the skin
by increasing production of an
enzyme that destroys collagen.
Collagen supports the skin and
provides it with elasticity, so
with less of it, wrinkles appear.
UV radiation damage from too much
unprotected exposure to the sun
causes elastic fibers to clump, which
results in leathery skin. For those
wrinkled by years of smoking and
sun damage, a surgical face-lift that
removes the excess and sagging
skin followed by laser resurfacing or
microdermabrasion seems to be the
only way to banish the wrinkles.
However, for those who sport
frown lines, furrowed brows, or
crow’s feet due to frequent and
repetitive facial expressions,
cosmetic injections of Botox
may be the answer to regaining
younger-looking skin.
Botulinum toxin type A,
more familiarly called
Botox Cosmetic, is a
toxin produced by the
bacterium that causes
botulism, a dreaded
form of food poisoning.
Used in injectable doses
(considerably less than
the amount that would
induce botulism), the
purified toxin helps
regulate acetylcholine
(ACh) release by nerve
cells. (ACh plays a key role
in relaying messages from

118

M04_MARI9007_CH04_pp109-133.indd 118

A01_MARI1662_FM_NASTA_pp00i-xxiv.indd 5

nerves to muscles.) By inhibiting
the underlying muscles’ ability to
contract, existing lines are smoothed
out and nearly invisible in a week.
Botox was approved in 1989 to
treat two eye muscle disorders—
blepharospasm (uncontrollable
blinking) and strabismus (misaligned
eyes). The discovery that Botox
could be used cosmetically was
pure luck—physicians using the
toxin to counter abnormal eye
contractions noticed that the vertical
frown lines between the eyes (which
make people look tired, angry, or
displeased) had softened.
The recent rise in popularity of
Botox “shots” has led to changes
in the way it is marketed. Some
physicians buy the toxin in bulk
and arrange “Botox parties”
or “Botox happy hours,” gettogethers for 10 to 15 people,

Bring the Real World
into the Classroom
Woman receiving Botox injection.

Focus on careers

which make the treatment both
more relaxed and more affordable.
One by one, as their names are
called, each “guest” slips away
for about 15 minutes to a private
To recognize how medications
examining room to be injected
affect patients, pharmacy
with Botox Cosmetic. Anesthesia
technicians need thorough
is rarely needed, but sedatives
understanding of anatomy and
and numbing agents are usually
physiology.
available. The U.S. Food and Drug
When mostthat
people get a new
Administration is concerned
medication,
such gatherings may
trivialize they open up the
package
and toss out the little
a medical treatment
and have
pamphlet
that goes into detail
the potential for being
abused
about
howto
the medication works.
as unqualified people
begin
Chris Green.
dispense the toxin Not
in salons,
gyms, “I love reading the
package inserts,” says Green, the
and other retail establishments.
lead
technician at a CVS
The process
haspharmacy
some risks.
drugstore
in Birmingham,
Alabama.
If too much toxin
is injected,
a
Green’s
enthusiasm
person can end
up with
droopy for those details
a lifesaver
for his customers.
eyelid musclesis or
temporary
Pharmacy
technicians are a vital link
muscle weakness
for weeks
the chain
between doctor and
(the effects of in
Botox
Cosmetic
patient.
last 3 to 6 months).
Still,
battling the signs Although
of age in apharmacy technicians
areislegally
prohibited
from talking
noninvasive way
appealing
to
withthe
patients
about their symptoms,
many people, and
fact that
can translate
there is little orthey
no recovery
time medical jargon,
and
discuss
a medication’s side
allows treatment
during
a lunch
effects
and other
hour. The attraction
of Botox
to precautions the
patient
may need to take. For
physicians is both
professional
example,
doctors
(a new tool to fight
wrinkles)
and may recommend
that patients
who are on certain
monetary (truly dedicated
patients
medications
are back for injections
every 3for
to a6 long time have
regular tests such as eye exams,
months). Vanity pays!
bloodwork, or tests for liver function.
A pharmacy technician can convey
that information to the patient—and
check on subsequent visits to make
sure he or she is following up.
A busy retail pharmacy has
various stations: data entry, where
11:53with
AM
the patient’s record is 02/09/13
updated
a new prescription; production,
where the prescription is filled; and
verification, where the pharmacist
reviews the prescription and makes
sure it is filled and labeled correctly.
Green’s job is to make sure the
process flows smoothly from station

Pharmacy Technician
Green started working as a
cashier at a drugstore when he was
in high school and gradually became
interested in the pharmacy itself.
“I was interested in how drugs
work, how they can help people and
improve their health,” he says.
Having earned a bachelor’s degree
in biology, Green emphasizes that
pharmacy technicians must have a
good grasp of the sciences, especially
basic chemistry and anatomy and

Pharmacy technicians
must have a good
grasp of anatomy
and physiology to
understand each
drug’s chemical
properties.
physiology, to help them understand
each drug’s chemical makeup and
properties.
“When all the data is entered, we
see what potential side effects there
are,” he says. “It’s important to know
how the medications work, how
they interact with each other, how
they interact with the body. I might
see something and bring it to the
pharmacist’s attention.” In addition,
communication skills and the ability
to work with people are important.
Good communication can be the
difference between life and death for
a patient, particularly when a doctor
prescribes a medication that could

the patient is already taking. Drug
interactions happen commonly
when you have multiple doctors.
“Sometimes, we’ll get two ACE
inhibitors in the same category from
two different doctors [prescribed for
the same patient], and that could be
lethal,” Green says.
Pharmacy technicians work in
retail and mail-order pharmacies,
hospitals, nursing homes, assisted
living facilities, and anywhere
else patients have high needs for
medication. As the Baby Boom
generation ages and the number
of senior citizens grows, so does
the demand for pharmacists and
pharmacy technicians.
Requirements to be a pharmacy
technician vary from state to state,
and many aspiring technicians
simply receive on-the-job training.
However, some pharmacies seek
out technicians with specific training
requiring classroom and laboratory
work in a hospital, community
college, or vocational program or
sometimes through the military.
Some of these programs also
include internships in pharmacies.
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Teachers:

 se
U
to
Personalize Your Blood
Course

Easily Assess Your Students Using
Images from PALTM 3.0

New! Assign Learning Objectives
and Homeostatic Imbalance Content

MasteringA&P allows you to assign multiple choice and
open-ended questions using the images from PAL 3.0.

The Learning Objectives and Homeostatic Imbalance
sections in the book are now numbered, with
corresponding assessments in MasteringA&P, making
it easy for you to assign them for homework.

Blood is the “river of life” that surges

Composition and Functions
of Blood

within us. Blood transports everything that must
be carried from one place to another within the
body—nutrients, hormones, wastes (headed for
10-1 Describe the composition and volume of whole
elimination from the body), and body heat—
blood.
through blood vessels. Long before modern medi10-2 Describe the composition of plasma, and discuss
cine, blood was viewed as magical because when
its importance in the body.
it drained from the body, life departed as well.
Blood is unique: It is the only fluid tissue in the
In this chapter, we consider the composition
76functionEssentials
of Human Anatomy
and
body. Although blood appears to be a thick, hoand
of this life-sustaining
fluid. In
thePhysiology
carmogeneous liquid, the microscope reveals that it
diovascular system chapter, we discuss the means
has both solid and liquid components.
by which blood is propelled throughout the body
it while excluding others. Thus, it allows nutrients
(Chapter 11).
to enter the cell but keeps many undesirable substances out. At the same time, valuable cell proteins and other substances are kept within the cell,
and wastes are allowed to pass out of it.

Homeostatic Imbalance 3.2

M10_MARI9007_CH10_pp337-355.indd 337

Identify Struggling Students
Figure 3.9 Diffusion. Particles in solution move
Before
It’s Too
continuously
andLate
collide constantly with other
particles. As
a result, particles
tend
to move away
The color-coded
gradebook
helps you
identify
fromstudents
areas where
are most
highly concentrated
vulnerable
at a they
glance.
Assignments
are
and to become evenly distributed, as illustrated by
automatically
graded,
and molecules
grades can
easily of water.
the diffusion
of dye
in be
a beaker
exported to course management systems or
spreadsheets.
The fluid environment on both sides of the
plasma membrane is an example of a solution. It
is important that you really understand solutions
before we dive into an explanation of membrane
transport. In the most basic sense, a solution is
a homogeneous mixture of two or more components. Examples include the air we breathe (a
mixture of gases), seawater (a mixture of water
and salts), and rubbing alcohol (a mixture of water
and alcohol). The substance present in the largest amount in a solution is called the solvent (or
dissolving medium). Water is the body’s chief solvent. Components or substances present in smaller
amounts are called solutes. The solutes in a solution are so tiny that they cannot be seen with the
vi
naked eye and do not settle out.
Intracellular fluid (collectively, the nucleoplasm and the cytosol) is a solution containing
small amounts of gases (oxygen and carbon dioxide), nutrients, and salts, dissolved in water. So too
A01_MARI1662_FM_NASTA_pp00i-xxiv.indd 6
is interstitial fluid, the fluid that continuously

The property of selective permeability is typical
only of healthy, unharmed cells. When a cell dies
or is badly damaged, its plasma membrane
can3:32 PM
16/09/13
no longer be selective and becomes permeable
to nearly everything. We see this problem when
someone has been severely burned. Precious fluids, proteins, and ions “weep” (leak out) from the
dead and damaged cells. ...................................... ✚
Substances move through the plasma membrane
in basically two ways—passively or actively. In passive processes, substances are transported across the
Other
Text Features
MasteringA&P:
membrane
withoutAssignable
any energy in
input
from the cell.
In active
processes,
the cell
provides
the3-D
metabolic
• A&P
Flix Coaching
Activities
offer
stunning
visuals of
energy
(ATP)
that
drives
the
transport
process.
core concepts with in-depth assessments to test student
understanding.

Passive Processes: Diffusion and Filtration
• Art-Based Questions gauge students' understanding of
Diffusionillustrated
(dı̆-fu′zhun)
an important
of pasconcepts
in theis book's
figures.means
Wrong-answer
sive
membrane
transport
for
every
cell
of
the
body.
feedback provides further guidance.
The other passive transport process, filtration, gener• Reading
Questions
keep students
trackLet
andusare
preally occurs
only across
capillaryon
walls.
exambuilt
for
easy
assignment
and
grading.
ine how these two types of passive transport differ.
• Test Bank questions are fully revised for the 11th
Diffusion
Diffusion
theto
process
which
moledition,
providing
an easyisway
assess by
your
students.
ecules (and ions) move away from a region where
they are more concentrated (more numerous) to
a region where they are less concentrated (fewer
of them). All molecules possess kinetic energy,
or energy of motion (as described in Chapter 2),
and as the molecules move about randomly at
high speeds, they collide and change direction
with each collision. The overall effect of this erratic movement is that molecules move down their

09/11/13 12:08 PM

Students:

 se
U
to Study
Anytime, Anywhere

New! Study on the Go with the Dynamic Study Modules App
Dynamic Study Modules help you learn more
information faster, whenever you have a few
extra minutes to study.

New! Walk Through Key A&P
Concepts with New Coaching
Activities
Using animations and art from the book, coaching
activities are accompanied by questions with specific
hints and feedback.

Assess Your Knowledge of
Terms and Structures with
Art-Labeling Activities
Featuring art from the book, art labeling
activities challenge students to identify
key terms and structures. Corresponding
figures in the book now refer students
to these online activities for timely,
interactive learning.

vii
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muscle cells, others the transparent le
But that is not the only job of the tiny tRNAs. They
eye, still others skin cells, and so on. Thu
also have to recognize the mRNA codons “calling
a division of labor in the body, with certa
1
for” the amino acid they are toting. They can do
of highly specialized cells performing
this because they have a special three-base
se2
that benefit the organism as a whole.
quence called an anticodon on their “head” that
Cell specialization carries with it ce
can bind to the complementary codons ( 3 ).
ards. When a small group of cells is indis
Once the first tRNA has maneuvered itself into
4
its loss can disable or even destroy the
the correct position at the beginning of
1 the mRNA
example, the action of the heart depe
(a) Cold sores
(b) Impetigo
(c) Psoriasis
message, the ribosome moves the mRNA
5 strand
very specialized cell group in the hea
2
along, bringing the next codon into position
to be
Figure 4.12 Cutaneous lesions.
that controls its contractions. If those
6
read by another tRNA. As amino acids 3are brought
cells are damaged or stop functioning,
to their proper positions along the length of mRNA,
will no longer work efficiently, and t
they are joined
by caused
enzymes
• Cold sores (fever blisters). Small fluid-filled
(A wart
by( a4 ).
virus is one such
example.)
blis- together
body
will suffer or die from lack of oxyg
However, some skin5 neoplasms are malignant,
ters that itch and sting, caused by a herpes simGroupsor
of cells that are similar in stru
Recall that the
joining ofand
amino
acids
byto invade other body
cancerous,
they
tend
plex infection.
The virus localizes in a cutaneous
New! Concept
Links
function are called tissues. The four prim
enzymes
into peptide
of
6
areas.bonds is the result
nerve, where
it remains
dormant until
activated
appear throughout
the book
and help
types—epithelium, connective tissue, nerv
dehydration
synthesis
reactions
(Chapter
2,
by
emotional
upset,
fever,
or
UV
radiation.
Cold
students recall previously learned
and muscle—interweave to form the fab
p. 42). To make room for
the new
soreswhat
usually
occur
around
Recall
that peptide
mitosis bond,
gone wild is the
basis
material, apply
they’ve
learned
to the lips and in the
body.
If we had to assign a single term
1 hydrogen atom
A
water
. (H2O) must be
oral mucosa of the mouth (Figure 4.12a)
forremoved.
cancer (Chapter
3, p. 85). In malignant
primary tissue type that would best de
new material, and make connections
is removed
aminothe
acid,
and aofhydroxyl
cancers,
stages
mitosis occur so
quickly
2
•
andfrom one
overall
role, the terms would most likely
across bodyContact
systems. dermatitis. Itching, redness,
group
(OH)
is
removed
from
the
other.
that
errors
are
made.
As
a
result,
these
cells
swelling of the skin, progressing to blistering.
ing
(epithelium),
support (connective), m
lackFunction
normal 3control
of such processes
as
It is caused by exposure of the skin to chemiPreview
(muscle),
and control (nervous). Howe
an amino acid
bonds
to cell
the
chain, itsCells
tRNAexperiencing
mitosis
and
division.
4
cals (such as those in poison ivy) thatAs
provoke
terms reflect only a tiny fraction of the
is
released
and
moves
away
from
the
ribosome
to
◗ The
body is composed
rapid,
uncontrolled
growthof become
cancerous.
allergic responses in sensitive individuals.
that each of these tissues performs.
When
the last
pick up another amino acid
( 5 ).that
chemicals
underlie
Tissues are organized into organs su
• Impetigo (im-peh-ti′go; impet = an attack).
and
provide
for
bodily
codon (the termination,
or
“stop,”
is read,
Skin
cancer
iscodon)
theallsingle
most common
type
of and lungs (see Chapter
6
heart,
kidneys,
Pink,
water-filled,
raised
lesions
(commonly
114
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the protein is released.
cancer functions.
in humans. One in five Americans
now
deorgans contain several tissue types, an
around the mouth and nose) that develop a yelvelops skin cancer at some point in his
or her life.
rangement
of the tissues determines eac
low crust and eventually rupture (Figure 4.12b).
Did You Get It?
The most important risk factor is overexposure
to what it is able to do. Thus,
structure and
Caused by a highly contagious staphylococcus
New!
References
to
ultraviolet
in sunlight.
Frequent
irritation
How do the terms
template radiation
strand and
tissues
should be helpful in your later stu
infection, impetigo is common in23.
elementary
Hair shaft
of
the
skin
by
infections,
chemicals,
or
physical
complementary relate to DNA synthesis?
MasteringA&P
appear
body’s
organs and how they work.
school–aged children.
trauma
to berelevant
a predisposing
factor.
Dermal
papillae also seems with
figures
and
show
• Psoriasis (so-ri′ah-sis). A chronic condition,
Epidermis
students
to go online
for
Basalwhere
cell carcinoma
(kar″sı̆characterized by overproduction of skin cells Pore Basal Cell Carcinoma
Papillary
layer that results in reddened epidermal lesions covpractice.
no′mah) is the leastextra
malignant
and most common
Appendages of skin
skinsweat
cancer.
ered with dry, silvery scales that itch, burn, crack, • Eccrine
gland Cells of the stratum basale, altered so
muscle
thatpilithey
cannot form keratin, no longer honor the
and sometimes bleed (Figure 4.12c). When se- •• Arrector
Dermis
Sebaceous (oil) gland
Reticular
M03_MARI9007_CH03_pp062-108.indd 87
•
Hair
follicle
boundary between epidermis and dermis. They
layer vere, psoriasis may be disfiguring. It is believed
• Hair root
proliferate, invading the dermis and subcutaneto be an autoimmune disorder in which the
ous tissue. The cancer lesions occur most often on
immune system attacks a person’s own tissues.
sun-exposed areas of the face and appear as shiny,
Attacks are often triggered by trauma, infection,
Hypodermis
(subcutaneous hormonal changes, or stress.
dome-shaped nodules that later develop a central
tissue)
ulcer with a “pearly” beaded edge (Figure 4.13a).
Cutaneous vascular plexus
Skin structures
Cancer
Basal cell carcinoma is relatively slow-growing,
Nervous
• Sensory nerve fiber
and metastasis seldom occurs before it is noticed.
Numerous
Adipose arise
tissue in
• Lamellar
corpuscletypes of neoplasms (tumors)
• Hair follicle receptor
Full cure is the rule in 99 percent of cases in
the
skin.
Most
skin
neoplasms
are
benign
and
(root hair plexus)
which the lesion is removed surgically.
do not spread (metastasize) to other body areas.
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Basic Chemistry

Figure 4.3 Skin structure. Microscopic view of the skin and underlying
subcutaneous tissue.

Practice art labeling
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temperature changes occurring outside the body.
It is also responsible for the curves that are more
a part of a woman’s anatomy than a man’s. We describe the main skin areas and structures next. (As
you read, locate them on Figure 4.3 and Figure 4.4).

protein that makes the epidermis a tough protective layer. The deepest cell layer of the epidermis, the stratum basale (stra′tum bă-sah′le),
lies closest to the dermis and is connected to it
Many
short courses in anatomy and physiolalong a wavy borderline that resembles
corrugated
cardboard. This basal layer contains
the
mostthe
ad- time to consider chemistry as a topic.
ogy
lack
M04_MARI9007_CH04_pp109-133.indd 126
Epidermis
equately nourished of the epidermal cells because
So
why
include
it here? The answer is simple. The
diffusing
from the dermis reach them
The epidermis is composed of up to presents
five layers, thenutrients
material
without
food you
first. These cells are constantly dividing,
and eat
mil- and the medicines you take when you
or strata (strah′tah; “bed sheets”). From the inside
technical
jargon,
draws
on the
author’s
lions
of new years
cells are producedare
daily;illhence
out these are
the stratum
basale, and
spinosum,
granare itscomposed of chemicals. Indeed, your
stratum germinativum (jer″minulosum, lucidum,
and corneum
illustrated inand alternate
of experience
as a(allprofessor
former name,
nursing
entire
body
ah-tiv′um; “germinating layer”). The
daughter
cellsis made up of chemicals—thousands of
Figure 4.4, except stratum lucidum, which is found
student,
that relate
are pushed
upward, away from the
source of nuonly in thick
skin). using meaningful analogies
them—continuously
interacting with one another
trition, to become part of the epidermal layers
Like allA&P
otherto
epithelial
tissues,
the epidermis
familiar,
everyday
concepts.
at
an
incredible
pace.
closer to the skin surface. As they move away from
is avascular; that is, it has no blood supply of its
It issuperfipossible to study anatomy without referthe dermis and become part of the more
own. This explains why a man can shave daily and
cial layers, the stratum spinosum
then theto chemistry, but chemical reactions
not bleed even though he cuts off many cell layers
ringandmuch
stratum granulosum, they become flatter and
each time he shaves.
underlie
all body processes—movement, digesincreasingly full of keratin (keratinized).
As they
Most cells of the epidermis are keratinocytes
leave the stratum granulosum, they
die,the
forming
tion,
pumping of your heart, and even your
(keratin cells), which produce keratin, the fibrous

Elaine Marieb's Conversational
Writing Style
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thoughts. In this chapter we present the basics of
chemistry and biochemistry (the chemistry of living material), providing the background you will
need to understand body functions.

Concepts of
and Energy
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2-1 Differentiate matter

2-2 List four major energ
example of how eac
body.

Matter

Matter is the “stuff” o
exceptions, it can be s
precisely, matter is an
and has mass (weight
ture of matter—how
together and how they
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aerobic training
) A marathon runner.

ce, types of exercise,
aerobics class, jogging,
esult in stronger, more
er resistance to fatigue.
at least partly, because
scles increases, and the
m more mitochondria
wever, aerobic exercise
he skeletal muscles. It
lism more efficient, imnation), enhances neund makes the skeleton
(hypertrophies) so that
with each beat, fat deblood vessel walls, and
icient in gas exchange.
rmanent or temporary,
and how vigorously a

Q:

Essentials of Human Anatomy and Physiology

What bone articulates with every other facial bone?

Coronal suture

Figure Questions help students
develop a more meaningful understanding
of the illustrated concepts and processes
and accompany many figures. Answers are
found at the bottom of each page.

Frontal bone

Parietal bone

Nasal bone

Superior orbital fissure

Sphenoid bone
Optic canal

Ethmoid bone

Temporal bone

Lacrimal bone
Zygomatic bone

Middle nasal concha
of ethmoid bone
Maxilla

Inferior nasal concha
Vomer

Mandible
Alveolar processes
Practice art labeling
>Study Area>Chapter 5

Figure 5.12 Human skull, anterior view.

and you
can strongly contract buttock
muscles
Homeostatic Imbalance 5.3
Zygomatic Bones The zygomatic bones are
commonly
referred tostore.
as the cheekbones. They
The paranasal
also cause many
people aat the
even
whilesinuses
standing
in line
grocery
also form a good-sized portion of the lateral walls
great deal of misery. Because the mucosa lining
The
forcingwiththe
contract
of the
orbits, or eyewith
sockets. as
thesekey
sinusesis
is continuous
that muscles
in the nose to
and throat, infections in these areas tend to migrate
Lacrimalmuscle
Bones The lacrimal
much
as possible.
The onincreased
size (lak′rı̆-mal) bones
into the force
sinuses, causing
sinusitis. Depending
are fingernail-sized bones forming part of the mewhich sinuses are infected, a headache or upper
and
strength
that
result
are
due
mainly
dial walls ofto
eachenlargeorbit. Each lacrimal bone has
jaw pain is the usual result. .....................................✚
a groove that serves as a passageway for tears
ment
of Bones
individual
(they= make
more
(lacrima
tear).
Palatine
The paired muscle
palatine bonescells
lie
posterior to the palatine processes of the maxillae.
contractile
filaments)
rather
than
to
an
increase
Nasal
Bones
The small rectangular bones formThey form the posterior part of the hard palate
ing the bridge of the nose are the nasal bones.
Figure number.
5.11). Failure ofThe
these or
the palatine of connective tissue
in(see
their
amount
(The lower part of the skeleton of the nose is
processes to fuse medially results in cleft palate.
made up of cartilage.)
that reinforces the muscle also increases.
Vomer Bone The single bone in the median
line of the nasalexercises
cavity is the vomer. (Vomer means
A:Because endurance and resistance
produce different patterns of muscle response,
it is important to know what your exercise goals
are. Lifting weights will not improve your endurance for a marathon. By the same token, jogging
will do little to improve your muscle definition
for competing in the Mr. or Ms. Muscle contest,
nor will
make It?
you Questions
stronger for moving
furniDid
Youit Get
challenge
ture.
Obviously,
the
best
exercise
program
students to stop, think, and answer concept checkfor
most people is one that includes both types of
questions before moving forward.
exercise.

Systems in Sync Figures
summarize, illustrate, and explain the
interrelationships of all body systems.

The maxilla.

n Anatomy and Physiology
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Did You Get It?

SyStemS In Sync
Homeostatic Relationships between the
Muscular System and Other Body Systems
11/09/13 12:51 PM

Nervous System
Endocrine System
• Growth hormone and androgens
influence skeletal muscle strength
and mass

Respiratory System
Lymphatic System/Immunity
• Physical exercise may enhance
or depress immunity depending
on its intensity
• Lymphatic vessels drain leaked
tissue fluids; immune system
protects muscles from disease

Digestive System

12. Gary is trying with all his might to pull a tree stump
out of the ground. It does not budge. Which type
of contraction are his muscles undergoing?
13. What is meant by the term oxygen deficit?
14. To develop big, beautiful skeletal muscles, you
should focus on which type of exercise: aerobic or
resistance exercise?
(For answers, see Appendix D.)

• Physical activity increases
gastrointestinal mobility
when at rest
• Digestive system
provides nutrients
needed for muscle
health; liver metabolizes
lactic acid

Urinary System
• Physical activity promotes normal
voiding behavior; skeletal muscle
forms the voluntary sphincter of
the urethra
• Urinary system disposes of
nitrogen-containing wastes

Muscular System

6-12 Demonstrate or identify the different types of
body movements.

There are five very basic understandings about
gross muscle activity. I call these the Five Golden
ot cause the muscles to
Rules of skeletal muscle activity because they
hough the exercise may
make it easier to understand muscle movements
ng muscles of a bodyand appreciate
ght lifter result
mainly
A01_MARI1662_FM_NASTA_pp00i-xxiv.indd
9 muscle interactions (Table 6.2).

• Muscular exercise increases
respiratory capacity
• Respiratory system provides
oxygen and disposes of carbon
dioxide

Cardiovascular System
• Skeletal muscle activity increases
efficiency of cardiovascular
functioning; helps prevent
atherosclerosis and causes
cardiac hypertrophy
• Cardiovascular system delivers
oxygen and nutrients to muscles;
carries away wastes

Reproductive System
• Skeletal muscle helps support
pelvic organs (e.g., uterus in
females); assists erection of
penis and clitoris
• Testicular androgen promotes
increased skeletal muscle size

Integumentary System
• Muscular exercise enhances
circulation to skin and improves
skin health; exercise also
increases body heat, which the
skin helps dissipate
• Skin protects the muscles by
external enclosure

Skeletal System

Muscle Movements, Types,
and Names
6-11 Define origin, insertion, prime mover, antagonist,
synergist, and fixator as they relate to muscles.

• Facial muscle activity allows
emotions to be expressed
• Nervous system stimulates and
regulates muscle activity

• Skeletal muscle activity maintains
bone health and strength
• Bones provide levers for
muscle activity
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Bring A&P Concepts to Life
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Chromatin

3-D Anatomy Illustrations are

Nuclear envelope

Nucleolus

dramatically dynamic and realistic, featuring
vibrant, saturated colors to help students
visualize key anatomical structures.

Nucleus
Plasma
membrane

Smooth endoplasmic
reticulum
Cytosol
Lysosome
Mitochondrion

Rough
endoplasmic
reticulum

Centrioles

Ribosomes

Golgi apparatus

A Closer Look boxes discuss new
advances in science and topics you may hear
about in the news, and describe how they
relate to the study of A&P.

Secretion being released
from cell by exocytosis

Microtubule
Peroxisome
Intermediate
filaments

is generally found close to the nucleus and is the
Although the smooth ER communicates with
A Closer look
principal “traffic director” for cellular proteins. Its
the rough variety, it plays no role in protein synmajor function is to modify and package proteins
thesis. Instead it functions in lipid metabolism
(sent to it by the rough ER via transport vesicles)
(cholesterol and fat synthesis and breakdown),
The technology for fashioning
joints in medieval suits of armor
in specific ways, depending on their final destinaand detoxification of drugs and pesticides. Hence
developed over centuries. The
tion (Figure 3.6).
it is not surprising that the liver cells are chock-full
technology for creating the
As look
proteins “tagged” for export accumulate in
of smooth ER. So too are body cells that produce
prostheses (artificial joints) used
A
Closer
in medicine today developed,
the Golgi apparatus, the sacs swell. Then their
steroid-based hormones—for instance, cells of the
in relative terms, in a flash—less
swollen ends, filled with protein, pinch off and
male testes that manufacture testosterone.
than 60 years. The history of joint
form secretory vesicles (ves′ı̆-kuls), which travel
prostheses dates to the 1940s and
Golgi Apparatus The Golgi (gol′je) appara1950s, when World War II and the
to the plasma membrane.
When
the
vesicles
reach
The tiny photoreceptor cells of the retina have names that
Korean War left large numbers of
tus appears as a stack of flattened membranous
the plasma membrane,
they
fuse
with
it, the
memreflect their
general
shapes.
As shown
to the
left, rods are slender,
wounded and
who Physiology
needed artificial
84
Essentials of Human Anatomy
sacs, associated with swarms of tiny vesicles. It
elongated
whereasof
the the
fatter cones
tips.
limbs. Today, well over a third of a
brane ruptures, and
theneurons,
contents
sac taper
are to pointed look
A
Closer

Joint Ventures

Light

Light

Lig

ht

Visual Pigments—
The Actual Photoreceptors

Process of
bipolar cell
Rod
cell
body

Outer
fiber

Rod cell
body

Cone
cell
body

Nuclei
Mitochondria

Pigmented layer

Inner segment
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Synaptic
endings
Inner
fibers

Discs
containing
visual pigments

Outer
segment

IV Therapy
and Cellular “Tonics”

In each type of photoreceptor, there is a region called an outermillion Americans receive total joint
segment, attached to the cell body. The outer segment corresponds
replacements each year, mostly
(a) A hip prosthesis.
(b) X-ray image of right
to a light-trapping dendrite, in which the discs containing the visual
because of the destructive effects of
knee showing total knee
pigments are stacked like a row of pennies.
osteoarthritis or rheumatoid arthritis.
replacement prosthesis.
The behavior of the visual pigments is dramatic. When light strikes
To produce durable, mobile
of
the
feet
and
hands
due
to
fluid
them, they lose their color, orWhy
are “bleached”;
afterward,
they
is it essentialshortly
that medical
Isotonic
(i″so-ton′ik;
“same
joints requires a substance that
Such His
solutions
regenerate their pigment. Absorption
lightonly
andthe
pigment
personnelofgive
properbleaching
tonicity”)
solutions
(such as
therapyretention).
of arthritic hips.
devicedraw strong and relatively problem free.
is strong,
nontoxic,
and resistant
water
of ball
the tissue
spaces intoHip prostheses were followed by
cause electrical changes in the
photoreceptor
cells
that ultimately
intravenous
(IV), or
into-the-vein,
5 percent
glucose
and 0.9 percentconsisted
of a out
metal
on a stem
to the corrosive
effects
of organic
the bloodstream
so that the kidneys
cause nerve impulses to be transmitted
the brainLet’s
for visual
solutions totopatients?
try to acids in saline)
the Sir
same
solute and and a cup-shaped
knee prostheses (see photos a and b),
polyethylene
blood. have
In 1963,
John
can eliminate
excess
interpretation. Pigment regeneration
ensures
that you are
not Charnley,
answer this
very important
question.
water
concentrations
as cells do. plastic socket
and replacements are now available
anchored
to thefluid.
pelvis
an English
orthopedic
16/08/13
3:22 PM
When a solution
contains
blinded and unable to see in bright
The sunlight.
tendency of a solution
to surgeon,
Isotonic
solutions
cause
cement.
This fewerfor many other joints, including
performed
the first
totalno visibleby methyl methacrylate
more water)fingers, elbows, and shoulders.
A good deal is known about
the water
structure
and function
of it iship replacement,
hold
or “pull”
water into
changes in
cells, and when
proved (and
to betherefore
exceptionally
revolutionizing
thesuch cement solutes
than
the
cell
does,
it
is
said
to
be
called
osmotic
Osmotic
rhodopsin, the purple pigment
found
in rodspressure.
(see figure
below). It is solutions are infused into the
hypotonic (hi″po-ton′ik) to the cell.
pressure
is directly
tovitamin
the
formed from the union of a protein
bloodstream, red blood cells (RBCs)
(opsin)
and a related
modified
A
Cells placed in hypotonic solutions
concentration
of solutes
thea kinked
retain their normal size and disclike
product (retinal). When combined
in rhodopsin,
retinalinhas
plump up rapidly as water rushes
higher
solute
shape that allows it to bind to solution.
opsin. ButThe
when
lightthe
strikes
rhodopsin, shape (photo a). As you might
into them (photo c). Distilled water
concentration,
the Once
greater
the
guess, interstitial fluid and most
retinal straightens out and releases
the protein.
straightened
represents the most extreme
osmotic pressure
greater
out, the retinal continues its conversion
until it is and
oncethe
again
vitamin A. intravenous solutions are isotonic
meet. They
Get It?
example of a hypotonic
fluid.have two functions: They hold the
the tendency
of water tochanges
move toDid You
solutions.
As these changes occur, the purple
color of rhodopsin
bonesnotogether
Because it contains
solutes at securely but also give the rigid
the solution.
Many
molecules,
If redbones
bloodform
cellsthe
areskeleton
exposedof the leg?
the yellow of retinal and finallyinto
becomes
colorless
as the
change to
28. What two
skeleton
all, water will enter
cells mobility.
until they
particularly
proteins
and someaccurately to a hypertonic (hi″per-ton′ik)
vitamin A occurs. Thus the term
“bleaching
of the pigment”
29. Bo’s longitudinal and medial arches have suffered a
The
graceful movements of a ballet dancer
finally burst, or lyse.
Hypotonic
ions,
are when
prevented
fromthe
diffusing
solution—a solution that contains
describes the color changes that
occur
light hits
pigment.
collapse. What is the name of Bo’s condition?
and the rough-and-tumble
grapplings of a footsolutions are sometimes
infused
throughA the
plasma
membrane.
Rhodopsin is regenerated as vitamin
is again
converted
to the kinked more solutes, or dissolved
30.
Which bone of the lower limb has an intertrochanteric
ball player
illustrate
the great variety of motion
intravenously (slowly
and with
care)
Consequently,
anyATP-requiring
change in their
form of retinal and recombined
with opsin in an
process. substances, than there are inside
line and crest and an intercondylar fossa?
that
joints
allow. With fewer joints, we would
to rehydrate the
tissues
of extremely
on onediffer
sideinofthe
thespecific the cells—the cells will begin to
The cone pigments, although concentration
similar to rhodopsin,
(Forwater
answers,
D.)
move like
robots.
Nevertheless, the bone-binding
dehydrated
patients.
In less
extreme
shrink. This is because
is insee Appendix
kinds of proteins they contain.membrane forces water to move
offluids
joints is just as important as their role
cases, drinkingfunction
hypotonic
from one side of the membrane to
higher concentration inside the
in trick.
mobility.
usually does the
(Many The
fluids immovable joints of the skull,
the other, causing cells to lose or
cell than outside, so it follows its
Retinal
fordrink
instance,
form
that we tend to
regularly,
sucha snug enclosure for our vital
gain water.
The ability of a solution
concentration gradient and leaves
(visual yellow)
brain.
5-18 Name
the(photo
three major
categories of joints, and
as tea, colas, and
sport drinks, are
to change the size and shape of cells
the cell
b). Hypertonic
compare
of movement
by
Joints are classified in two ways—functionally
by altering the amount of water they
solutionsthe
areamount
sometimes
given to allowed hypotonic.)
each.
and structurally. The functional classification foLight absorption
contain is called tonicity (ton-is′i-te;
patients who have edema (swelling
Releases
cuses on the amount of movement the joint allows.
causes
ton = strength).
With one exception (the hyoid bone of the neck),

Joints

Pigment cell
nucleus
Melanin
granules

Rhodopsin
(visual purple)

every bone in the body forms a joint with at
least one other bone. Joints, also called articulations, are the sites where two or more bones

Opsin

On this basis, there are synarthroses (sin″arthro′sēz), or immovable joints; amphiarthroses
(am″fe-ar-thro′sēz), or slightly movable joints; and

166
Bleaching of
the pigment
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(a) RBC in isotonic solution
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(b) RBC in hypertonic solution

(c) RBC in hypotonic solution

28/08/13 12:47 PM

M03_MARI9007_CH03_pp062-108.indd 84

16/08/13 3:22 PM

x

A01_MARI1662_FM_NASTA_pp00i-xxiv.indd 10

09/11/13 12:08 PM

Bring the Real World into the Classroom
Focus on Careers boxes feature interviews

Available in

with working professionals to show the relevance of
anatomy and physiology across a wide range of allied
health careers. Additional Focus on Careers content
is available in the MasteringA&P Study Area.

Focus on cAREERs
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Medical Transcriptionist
“If you have a basic
understanding of anatomy
and medical terminology, you
will be much more accurate at
interpreting and transcribing
what you hear.”

and transcribing what you hear. A
hospital transcriptionist deals with
terms from a wide variety of medical
specialties—one dictation might
be from a gynecologist, the next
from an orthopedic surgeon, and
the next from a pediatrician.” This
Every time you consult a doctor or
is why anatomy and physiology,
are hospitalized, your medical record
medical terminology, and the study
gets longer. Medical transcriptionists
of disease processes make up
play a key role in creating and
most of the curriculum in medical
maintaining these vital documents.
transcription training programs.
A medical transcriptionist is
All health professionals who
a medical language specialist
treat a patient rely on these typed
who interprets and transcribes
documents, so accurate transcription
notes dictated by physicians and
is vital: “I see the transcriptionist
other healthcare professionals.
as a partner with physicians. We
These reports, which cover all
work
them to create excellent
Patients trying
to with
regain
family, like loose electric cords that
aspects of a patient’s assessment,
medical
records,
so patients
will
the
patient could trip on. Finally, she
mobility rely on
physical
therapy
diagnosis, treatment, and outcome,
theinstructions with the patient
leaves
assistants. always be assured of receiving
become part of the person’s
best and most appropriateto
care
exercise on his or her own.
confidential medical record.
AsMedical
the population ages, a growing
possible.”
Anatomy is an important part of
transcriptionists work in hospitals,
number of people find themselves
Shull enjoys the variety of
physical therapy work, Burgess says.
clinics, doctors’ offices, transcription
needing in-home medical care as
medical transcription work.“Working
“It’s
with various deviations of
services, insurance companies,
they and
recover from injuries or surgical
fascinating because you get
to
movement,
you need to know what
home healthcare agencies.procedures. Many of these patients
follow each patient’s story, bones
from and muscles are involved
What does it take to be rely
a on physical therapy assistants
the initial problem to diagnosis
so
that
you
know which bones
transcriptionist? “Certainly,like
youLeslie Burgess.
and treatment,” she says. “You
feel
and muscles
to strengthen and
need a good English background,”
Burgess works for Amedisys
like you know these people.
It’s patients how to regain their
show
says Pamela Shull, an experienced
Home Health Care, and 90 to
like watching a gripping television
mobility.”
transcriptionist in San Jose,95 percent of her patients are senior
drama—only this is real life!” In some cases, part of her job
California. “Strong grammar,
citizens. Once a doctor prescribes
Classes for medical transcription
is to help her patients and their
spelling, and punctuation skills
are therapy, a licensed physical
physical
are offered through community
families recognize that they will not
crucial. Physicians often dictate
therapist visits the patient and
colleges, proprietary schools,
and
be exactly
the way they were before,
these records on the go, and
a good
writes
a treatment plan. Based on
home-study programs and particularly
vary in
if they
have information,
suffered contact the AHDI:
For more
transcriptionist must be able
edit of the problem, this
thetonature
length from several monthsa to
two or other severe injury.
stroke
the dictated material for grammar
regimen may incorporate strength,
4230 Kiernan Avenue, Suite 130
years. Accreditation procedures
varythat patients may also be
The
fact
and clarity.”
Modesto, CA 95356
movement, and/or balance training,
from state to state. The Association
coping with hearing
or982-2182
vision loss
(800)
or (209) 527-9620
Knowledge of anatomy with
and the goal of improving mobility,
Radiologic technologists
supply
constantly
moving from
here to their therapy.
for Healthcare
Documentation
complicates
http://ahdionline.org/
physiology, however, is even
more pain, and/or helping the
reducing
there,
from
surgery medical
to the
critical information
that allows
Integrity
(AHDI)
evaluates
“Asneonatal
we start to age, we begin to
important. Notes Shull, “If patient
you
function with a disability.
intensive
care unit
and
so
on.”
doctors to make accurate
transcription
programs
and
posts
a
lose our independence,”
sheinformation
says.
For additional
on this
understand anatomy and medical
The therapist also sets goals: for
As you might guess,
radiologic
diagnoses.
list of recommended
programs
on can we
career
and
others,our
click the Focus on
“So
what
do to
change
terminology, you will be much
example, the patient will be able to
technologists, especially
in hospitals,
its website.
.
lifestyle
so thatCareers
we canlink
stillat
be as
“You never
know what’s
more accurate
at interpreting
walk going
300 feet with a cane after
must be prepared toindependent
spend a lot as possible?”
to walk in the door, 6really,”
weeks.says
of time on their feet and
to think
Physical
therapy assistants work
Maggie Regalado, a radiologic
Burgess’s job is to help the
quickly. Regalado described
onenursing homes, and
in hospitals,
exam, in addition to completing
technologist at Dellpatients
Children’s
carry out these treatment
case when a two-carclinics—anywhere
accident sent
physical therapists
continuing education.
Hospital in Austin, Texas.
an the patient two or
plans, “In
visiting
five children to the trauma
unit.They
The usually work directly
are found.
emergency room, you
seetimes
kids a week, for 6 to
three
For129
more information, contact:
radiologic technologists
had to work
with patients,
putting them through
who swallowed something,
8 weeks car
or more, depending on the
quickly to help the doctors
see
whatthe supervision of
American Physical Therapy
exercises
under
accident victims, allpatient’s
kinds of progress.
things.” In some cases,
injuries the children asuffered—and
Association
physical therapist. In these cases,
Regalado and her coworkers
she will use electrical stimulation
equally important, to
make
sure notare geriatric—some
1111 N. Fairfax St.
not
all patients
operate X-ray equipment
and must
or ultrasound
to stimulate nerves
to mix up anyone’s X-ray
exams. from serious injuries
Alexandria, VA 22314-1488
are recovering
be ready to do everything
from If the patient has a
or muscles.
M04_MARI9007_CH04_pp109-133.indd 129
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“You don’t want to
make
errors,
(800) 999-APTA
or have conditions such as cerebral
preparing patients for
chest
X-ray
new
piece
of equipment, such as a
because one thing you
do wrong
http://www.apta.org
palsy.
exams to MRIs.
cane or a walker, she helps him or
could cost this patient Many
his or states
her require that physical
Fortunately for Regalado,
her learn to use it. She reviews any
life.” she says. “Even
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Chapter 3: Cells and Tissues

responses, and the healing process begins almost
immediately. Inflammation is a generalized (nonFoCus on CAreers
specific) body response that attempts to prevent
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fully regenerated surface epithelium that covers an underlying area of fibrosis (the scar).
The scar is either invisible or visible as a thin
white line, depending on the severity of the
wound.
New!
Clinical Photos now accompany
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widely.sections,
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visualize
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they
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beautifully.
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most of
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future
These
the
connective tissues and bone. Skeletal muscle rethat loss of homeostasis leads to pathology
generates poorly, and cardiac muscle and neror disease.
vous tissue within the brain and spinal cord are
replaced largely by scar tissue.

3

Homeostatic Imbalance 3.3
Scar tissue is strong, but it lacks the flexibility of
most normal tissues. Perhaps even more important
is its inability to perform the normal functions of
the tissue it replaces. Thus, if scar tissue forms in
the wall of the bladder, heart, or another muscular
organ, it may severely hamper the functioning of
that organ.

12:47 PM

Photo showing post-burn contracture scars on the neck. A
contracture is a permanent tightening of the skin affecting
the underlying tendons or muscles. Contractures develop
during the healing process as inelastic fibrous tissue
replaces the normal elastic connective tissues. Because
fibrous tissue resists stretching, movement of the affected
area may be limited.

................................................................................ ✚

Did You Get It?
32. Which muscle type(s) is injured when you pull a
muscle while exercising?

33. How does the extended length of a neuron’s

xi

processes aid its function in the body?

(For answers, see Appendix D.)
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Resources for Students and Teachers
Essentials of Interactive Physiology CD-ROM
MasteringA&P with Pearson eText for Essentials of Human
Anatomy & Physiology is an online learning and assessment
system proven to help students learn. It helps teachers
maximize class time with customizable, easy-to-assign,
automatically graded assessments that motivate students
to learn outside of class and arrive prepared. The powerful
gradebook provides unique insight into student and class
performance, even before the first exam. As a result,
teachers can spend valuable class time where students
need it most. The Mastering system empowers students
to take charge of their learning through activities aimed
at different learning styles and engages them through
practice and step-by-step guidance–at their convenience,
24/7. Upon textbook purchase, students and teachers
are granted access to MasteringA&P with Pearson eText.
Teachers can obtain preview or adoption access for
MasteringA&P in one of the following ways:

Preview Access
• T
 eachers can request preview access online by visiting
PearsonSchool.com/Access_Request (choose Initial
Access then Option 2). Preview Access information will
be sent to the teacher via email.

Adoption Access
• A
 Pearson Adoption Access Card, with codes and
complete instructions, will be delivered with your
textbook purchase (ISBN: 0-13-034391-9).
• Ask your sales representative for an Adoption Access
Code Card (ISBN: 0-13-034391-9).
OR
• Visit PearsonSchool.com/Access_Request (choose Initial
Access then option 3). Adoption access information
will be sent to the teacher via email. Students, ask your
teacher for access.

Student Supplements
Anatomy and Physiology Coloring Workbook:
A Complete Study Guide, 11th edition
Learn the structures and functions of the human body from
a microscopic to macroscopic level using a wide variety of
visual and written exercises and activities.

Essentials of Human Anatomy and Physiology
Laboratory Manual, 6th edition
This brief hands-on lab manual includes 27 exercises
featuring a wide range of activities and a four-color
Histology Atlas with 55 photomicrographs. Each exercise
includes a Pre-Lab Quiz, a materials list, background
information, integrated objectives for focused learning,
summaries of key concepts, a variety of hands-on activities,
and challenging review sheets.

This brief version of the award-winning Interactive
Physiology®10-System Suite is specifically adapted for
the one-semester course, covering A&P concepts at just
the right level and depth. Students benefit from animated
tutorials that give insight into the following body systems:
muscular, nervous, cardiovascular, respiratory, urinary,
endocrine, digestive, and immune, plus coverage of fluids
and electrolytes.

TEACHER Supplements
Also available in

Some of the teacher supplements and resources for this
text are available electronically to qualified adopters on
the Instructor Resource Center (IRC). Upon adoption or to
preview, please go to www.PearsonSchool.com/Access_
Request and select Instructor Resource Center. You will be
required to complete a brief one-time registration subject
to verification of educator status. Upon verification, access
information and instructions will be sent to you via email.
Once logged into the IRC, enter ISBN 978-0-13-348166-2 in
the “Search our Catalog” box to locate resources. Electronic
teacher supplements are also available within the Instructor’s
tab of MasteringA&P.

Instructor’s Resource DVD
The Instructor’s Resource DVD (IR-DVD) organizes all instructor
media resources into one convenient location. The IR-DVD
includes all of the figures and tables from the text in JPEG and
PowerPoint® format; label-edit art with editable labels and
leader lines; step-edit art that walks students progressively
through multistep figures; Clicker Questions and Quiz Show
Game questions to encourage student interaction; A&P Flix™
animations; PowerPoint® lecture outlines, the Instructor’s
Guide/Test Bank in Microsoft® Word and PDF format; the
TestGen® electronic test bank; and answers to Worksheets for
Essentials of Interactive Physiology.

Instructor’s Guide/Test Bank
This fully updated all-in-one volume provides a wealth of
resources for instructors. The Instructor’s Guide includes
chapter summaries, suggested lecture outlines, teaching and
media tips, chapter learning objectives, resources for teaching
online, lecture hints, classroom demonstrations and student
activities, relevant multimedia and software resources, and a
new list of chapter objectives. The Test Bank includes multiple
choice, true/false, matching, and essay questions. Test Bank
questions are also assignable in MasteringA&P, where they are
correlated to book learning objectives and sections, Global
Science outcomes, and Bloom’s taxonomy.
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1
Function Preview
◗

Anatomy and physiology are
complementary sciences that
allow one to study, classify,
and understand body
structures and functions.

The Human Body:
An Orientation
An Overview of Anatomy
and Physiology
1-1 Define anatomy and physiology.
1-2 Explain how anatomy and physiology are
related.

Most of us are naturally curious about our bodies;
we want to know what makes us tick. Infants can
keep themselves happy for a long time staring at
their own hands or pulling their mother’s nose.
Older children wonder where food goes when
they swallow it, and some believe that they will
grow a watermelon in their belly if they swallow

M01_MARI1662_CH01_pp001-023.indd 1

the seeds. They scream loudly when approached
by medical personnel (fearing shots that sting),
but they like to play doctor. Adults become upset
when their hearts pound, when they have uncontrollable hot flashes, or when they cannot keep
their weight down.
Anatomy and physiology, subdivisions of biology, explore many of these topics as they describe
how our bodies are put together and how they
work.

Anatomy
Anatomy (ah-nat′o-me) is the study of the structure and shape of the body and its parts and their
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relationships to one another. Whenever we look
at our own body or study large body structures
such as the heart or bones, we are observing gross
anatomy; that is, we are studying large, easily
observable structures. Indeed, the term anatomy,
derived from the Greek words meaning to cut
(tomy) apart (ana), is related most closely to
gross anatomical studies because in such studies
preserved animals or their organs are dissected
(cut up) to be examined. Microscopic anatomy, in
contrast, is the study of body structures that are
too small to be seen with the naked eye. The cells
and tissues of the body can only be seen through
a microscope.

Levels of Structural
Organization
1-3 Name the six levels of structural organization that

Physiology
Physiology (fiz″e-ol′o-je) is the study of how the
body and its parts work or function (physio =
nature; ology = the study of). Like anatomy,
physiology has many subdivisions. For example,
neurophysiology explains the workings of the
nervous system, and cardiac physiology studies
the function of the heart, which acts as a muscular pump to keep blood flowing throughout the
body.

Relationship between
Anatomy and Physiology
Anatomy and physiology are always related. The
parts of your body form a well-organized unit,
and each of those parts has a job to do to
make the body operate as a whole. Structure
determines what functions can take place. For
example, the lungs are not muscular chambers
like the heart and cannot pump blood through
the body, but because the walls of their air sacs
are very thin, they can exchange gases and
provide oxygen to the body. We stress the intimate relationship between anatomy and physiology throughout this text to make your learning
meaningful.

Did You Get It?
1. Why would you have a hard time learning and
understanding physiology if you did not also
understand anatomy?

2. Kidney function, bone growth, and beating of the
heart are all topics of anatomy. True or false?

(For answers, see Appendix D.)
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Throughout this text, Concept Links will
highlight links between concepts and/or organ
systems. Keep in mind that although discussions
of the systems are separated into chapters for
detailed study, the overall goal of this text is for
you not only to gain an understanding of each
individual system, but also to learn how the
body systems interact to sustain life.

make up the human body, and explain how they
are related.

1-4 Name the organ systems of the body, and briefly
state the major functions of each system.

1-5 Identify and classify by organ system all organs
discussed.

From Atoms to Organisms
The human body exhibits many levels of structural
complexity (Figure 1.1). The simplest level of the
structural ladder is the chemical level (covered
in Chapter 2). At this level, atoms, tiny building
blocks of matter, combine to form molecules such
as water, sugar, and proteins. Molecules, in turn,
associate in specific ways to form microscopic
cells, the smallest units of all living things. (We
will examine the cellular level in Chapter 3). All
cells have some common functions, but individual
cells vary widely in size and shape, reflecting their
particular functions in the body.
The simplest living creatures are composed of
single cells, but in complex organisms such as trees
or human beings, the structural ladder continues
on to the tissue level. Tissues consist of groups of
similar cells that have a common function. Each of
the four basic tissue types (epithelial, connective,
muscular, and neural) plays a definite but different
role in the body. (We discuss tissues in Chapter 3.)
An organ is a structure composed of two or
more tissue types that performs a specific function
for the body. At the organ level of organization,
extremely complex functions become possible.
For example, the small intestine, which digests
and absorbs food, is composed of all four tissue
types. An organ system is a group of organs that
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Smooth muscle cell
Atoms
1 Chemical level
Atoms combine to
form molecules.

Molecules
2 Cellular level
Cells are made
up of molecules.

Smooth
muscle
tissue

3 Tissue level
Tissues consist of
similar types of cells.

Blood
vessels
Heart

Epithelial
tissue
Smooth
muscle
tissue
Cardio–
vascular
system

6 Organismal level
Human organisms are
made up of many organ
systems.

Blood
vessel
(organ)

Connective
tissue

5 Organ system level
Organ systems consist of
different organs that work
together closely.

4 Organ level
Organs are made up of
different types of tissues.

Figure 1.1 Levels of structural organization. In this diagram, components
of the cardiovascular system are used to illustrate the levels of structural
organization in a human being.

work together to accomplish a common purpose.
For example, the heart and blood vessels of the
cardiovascular system circulate blood continuously
to carry nutrients and oxygen to all body cells.
In all, 11 organ systems make up the living human being, or the organism, which represents the
highest level of structural organization, the organismal
level. The organismal level is the sum total of all structural levels working together to keep us alive. (The
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major organs of each system are shown in Figure 1.2
on pp. 5–6). Refer to the figure as you read through
the following descriptions of the organ systems.

Organ System Overview
Integumentary System
The integumentary (in-teg″u-men′tar-e) system
is the external covering of the body, or the skin. It
waterproofs the body and cushions and protects
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the deeper tissues from injury. It also excretes salts
and urea in perspiration and helps regulate body
temperature. Temperature, pressure, and pain receptors located in the skin alert us to what is happening at the body surface.
Skeletal System
The skeletal system consists of bones, cartilages,
ligaments, and joints. It supports the body and
provides a framework that the skeletal muscles use
to cause movement. It also has a protective function (for example, the skull encloses and protects
the brain). Hematopoiesis (hem″ah-to-poi-e′sis), or
formation of blood cells, takes place within the
cavities of the skeleton. The hard substance of
bones acts as a storehouse for minerals.
Muscular System
The muscles of the body have only one function—
to contract, or shorten. When this happens, movement occurs. Hence, muscles can be viewed as the
“machines” of the body. The mobility of the body
as a whole reflects the activity of skeletal muscles,
the large, fleshy muscles attached to bones. When
these contract, you are able to stand erect, walk,
leap, grasp, throw a ball, or smile. The skeletal
muscles form the muscular system. These muscles are distinct from the muscles of the heart and
of other hollow organs, which move fluids (blood,
urine) or other substances (such as food) along
definite pathways within the body.
Nervous System
The nervous system is the body’s fast-acting control system. It consists of the brain, spinal cord,
nerves, and sensory receptors. The body must be
able to respond to irritants or stimuli coming from
outside the body (such as light, sound, or changes
in temperature) and from inside the body (such
as decreases in oxygen or stretching of tissue).
The sensory receptors detect these changes and
send messages (via electrical signals called nerve
impulses) to the central nervous system (brain and
spinal cord) so that it is constantly informed about
what is going on. The central nervous system then
assesses this information and responds by activating
the appropriate body effectors (muscles or glands).
Endocrine System
Like the nervous system, the endocrine (en′do-krin)
system controls body activities, but it acts much more
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slowly. The endocrine glands produce chemical molecules called hormones and release them into the
blood to travel to relatively distant target organs.
The endocrine glands include the pituitary,
thyroid, parathyroids, adrenals, thymus, pancreas,
pineal, ovaries (in the female), and testes (in the
male). The endocrine glands are not connected anatomically in the same way that parts of the other
organ systems are. What they have in common is
that they all secrete hormones, which regulate other
structures. The body functions controlled by hormones are many and varied, involving every cell in
the body. Growth, reproduction, and food use by
cells are all controlled (at least in part) by hormones.
Cardiovascular System
The primary organs of the cardiovascular system
are the heart and blood vessels. Using blood as
the transporting fluid, the cardiovascular system
carries oxygen, nutrients, hormones, and other substances to and from the tissue cells where exchanges
are made. White blood cells and chemicals in the
blood help to protect the body from such foreign
invaders as bacteria, toxins, and tumor cells. The
heart acts as the blood pump, propelling blood
out of its chambers into the blood vessels to be
transported to all body tissues.
Lymphatic System
The role of the lymphatic system complements
that of the cardiovascular system. Its organs include
lymphatic vessels, lymph nodes, and other lymphoid
organs such as the spleen and tonsils. The lymphatic
vessels return fluid leaked from the blood back to
the blood vessels so that blood can be kept continuously circulating through the body. The lymph
nodes and other lymphoid organs help to cleanse
the blood and house cells involved in immunity.
Respiratory System
The job of the respiratory system is to keep
the body constantly supplied with oxygen and to
remove carbon dioxide. The respiratory system
consists of the nasal passages, pharynx, larynx,
trachea, bronchi, and lungs. Within the lungs are
tiny air sacs. Gases are transported to and from the
blood through the thin walls of these air sacs.
Digestive System
The digestive system is basically a tube running
through the body from mouth to anus. The organs of
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Cartilages
Skin
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Joint
Bones

(a) Integumentary System
Forms the external body covering;
protects deeper tissue from injury;
synthesizes vitamin D; location of
cutaneous receptors (pain, pressure,
etc.) and sweat and oil glands.

(b) Skeletal System

(c) Muscular System

Protects and supports body organs;
provides a framework the muscles
use to cause movement; blood cells
are formed within bones; stores
minerals.

Allows manipulation of the
environment, locomotion, and facial
expression; maintains posture;
produces heat.

Pineal gland
Brain

Pituitary gland

Sensory
receptor

Thyroid gland
(parathyroid glands
on posterior aspect)

Spinal
cord

Thymus gland
Adrenal glands

Nerves

Pancreas
Testis (male)
Ovary (female)

(d) Nervous System
Fast-acting control system of the
body; responds to internal and
external changes by activating
appropriate muscles and glands.

Heart

(e) Endocrine System
Glands secrete hormones that
regulate processes such as growth,
reproduction, and nutrient use by
body cells.

Figure 1.2 The body’s organ systems.		

Blood
vessels

(f) Cardiovascular System
Blood vessels transport blood, which
carries oxygen, carbon dioxide,
nutrients, wastes, etc.; the heart
pumps blood.

(Figure continues on page 6.)
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Nasal
cavity

Oral cavity

Pharynx
Larynx

Thoracic
duct

Esophagus

Trachea

Stomach

Bronchus

Small
intestine

Left lung

Lymph
nodes

Large
intestine
Rectum
Anus
Lymphatic
vessels

(g) Lymphatic System
Picks up fluid leaked from blood
vessels and returns it to blood;
disposes of debris in the lymphatic
stream; houses white blood cells
involved in immunity.

(h) Respiratory System
Keeps blood constantly supplied
with oxygen and removes carbon
dioxide; the gaseous exchanges
occur through the walls of the air
sacs of the lungs.

Kidney
Ureter

(i) Digestive System

Seminal
vesicles

Breaks food down into absorbable units
that enter the blood for distribution to
body cells; indigestible foodstuffs are
eliminated as feces.

Prostate
gland

Urinary
bladder

Urethra

Mammary
glands
(in breasts)
Uterine
tube
Ovary
Uterus

Penis

Vas
deferens
Testis

Vagina

Scrotum

(j) Urinary System
Eliminates nitrogen-containing
wastes from the body; regulates
water, electrolyte, and acid-base
balance of the blood.

(k) Male Reproductive System

(l) Female Reproductive System

Overall function of the reproductive system is production of offspring. Testes
produce sperm and male sex hormone; ducts and glands aid in delivery of viable
sperm to the female reproductive tract. Ovaries produce eggs and female sex
hormones; remaining structures serve as sites for fertilization and development of
the fetus. Mammary glands of female breast produce milk to nourish the newborn.

Figure 1.2 (continued) The body’s organ systems.
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the digestive system include the oral cavity (mouth),
esophagus, stomach, small and large intestines, and
rectum plus a number of accessory organs (liver,
salivary glands, pancreas, and others). Their role
is to break down food and deliver the products to
the blood for dispersal to the body cells. The undigested food that remains in the tract leaves the body
through the anus as feces. The breakdown activities
that begin in the mouth are completed in the small
intestine. From that point on, the major function of
the digestive system is to reclaim water. The liver
is considered a digestive organ because the bile it
produces helps to break down fats. The pancreas,
which delivers digestive enzymes to the small intestine, also is functionally a digestive organ.
Urinary System
The body produces wastes as by-products of its
normal functions, and these wastes must be disposed of. One type of waste contains nitrogen
(examples are urea and uric acid), which results
when the body cells break down proteins and
nucleic acids. The urinary system removes the
nitrogen-containing wastes from the blood and
flushes them from the body in urine. This system,
often called the excretory system, is composed of
the kidneys, ureters, bladder, and urethra. Other
important functions of this system include maintaining the body’s water and salt (electrolyte) balance and regulating the acid-base balance of the
blood.
Reproductive System
The reproductive system exists primarily to produce offspring. The testes of the male produce
sperm. Other male reproductive system structures
are the scrotum, penis, accessory glands, and the
duct system, which carries sperm to the outside
of the body. The ovaries of the female produce
eggs, or ova; the female duct system consists of
the uterine tubes, uterus, and vagina. The uterus
provides the site for the development of the fetus
(immature infant) once fertilization has occurred.

Did You Get It?
3. At which level of structural organization is the

stomach? At which level is a glucose molecule?

4. Which organ system includes the trachea, lungs,
nasal cavity, and bronchi?

(For answers, see Appendix D.)
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Maintaining Life
1-6 List eight functions that humans must perform to
maintain life.

1-7 List the five survival needs of the human body.

1

Necessary Life Functions
Now that we have introduced the structural levels
composing the human body, a question naturally
follows: What does this highly organized human
body do? Like all complex animals, human beings
maintain their boundaries, move, respond to environmental changes, take in and digest nutrients,
carry out metabolism, dispose of wastes, reproduce themselves, and grow. We will discuss each
of these necessary life functions briefly here and
in more detail in later chapters.
Organ systems do not work in isolation; instead, they work together to promote the well-being of the entire body (Figure 1.3, p. 8). Because
this theme is emphasized throughout this text, it is
worthwhile to identify the most important organ
systems contributing to each of the necessary life
functions. Also, as you study this figure, you may
want to refer back to the more detailed descriptions of the organ systems just provided (pp. 3–7
and in Figure 1.2).
Maintaining Boundaries
Every living organism must be able to maintain
its boundaries so that its “inside” remains distinct
from its “outside.” Every cell of the human body
is surrounded by an external membrane that contains its contents and allows needed substances
in while generally preventing entry of potentially
damaging or unnecessary substances. The body
as a whole is also enclosed by the integumentary system, or skin. The integumentary system
protects internal organs from drying out (which
would be fatal), from bacteria, and from the damaging effects of heat, sunlight, and an unbelievable
number of chemical substances in the external
environment.
Movement
Movement includes all the activities promoted by
the muscular system, such as propelling ourselves
from one place to another (by walking, swimming,
and so forth) and manipulating the external environment with our fingers. The skeletal system provides the bones that the muscles pull on as they
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Digestive system
Takes in nutrients, breaks them
down, and eliminates unabsorbed
matter (feces)

Respiratory system
Takes in oxygen and eliminates
carbon dioxide

Food

O2

CO2

Cardiovascular system
Via the blood, distributes oxygen and
nutrients to all body cells and delivers
wastes and carbon dioxide to
disposal organs

Blood

CO2
O2

Urinary system
Eliminates
nitrogen-containing
wastes and excess
ions

Heart
Nutrients

Interstitial fluid

Nutrients and wastes pass
between blood and cells
via the interstitial fluid

Feces

Integumentary system
Protects the body as a whole
from the external environment

Urine

Figure 1.3 Examples of selected interrelationships among body organ systems.

work. Movement also occurs when substances
such as blood, foodstuffs, and urine are propelled
through the internal organs of the cardiovascular,
digestive, and urinary systems, respectively.
Responsiveness
Responsiveness, or irritability, is the ability to
sense changes (stimuli) in the environment and
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then to react to them. For example, if you cut your
hand on broken glass, you involuntarily pull your
hand away from the painful stimulus (the broken
glass). You do not need to think about it—it just
happens! Likewise, when the amount of carbon
dioxide in your blood rises to dangerously high
levels, your breathing rate speeds up to blow off
the excess carbon dioxide.
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