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SEE WHERE YOU          

The variation in skin tone shown here is primarily due to 
varying concentrations of the pigment melanin.<

134

Would you be enticed by an ad for a coat that is waterproof, 
stretchable, washable, and air-conditioned, that automati-
cally repairs small cuts, rips, and burns? How about one that’s 

guaranteed to last a lifetime? Sounds too good to be true, but you 
already have such a coat—your skin.

The skin and its derivatives (sweat and oil glands, hairs, and nails) 
make up a complex set of organs that serves several functions, mostly 
protective. Together, these organs form the integumentary system 
(in-teg″u-men′tar-e).

5.1  The skin consists of two layers: the 
epidermis and dermis

  Learning Objective
 List the two layers of skin and briefly describe subcutaneous 

tissue.

The skin receives little respect from its inhabitants, but architectur-
ally it is a marvel. It covers the entire body, has a surface area of 1.2 
to 2.2 square meters, weighs 4 to 5 kilograms (4–5 kg = 9–11 lb),  
and accounts for about 7% of total body weight in the average adult. Also 
called the integument (“covering”), the skin multitasks. Its functions go 
well beyond serving as a bag for body contents. Pliable yet tough, it takes 
constant punishment from external agents. Without our skin, we would 
quickly fall prey to bacteria and perish from water and heat loss.

Varying in thickness from 1.5 to 4.0 millimeters (mm) or more in 
different parts of the body, the skin is composed of two distinct layers 
(Figure 5.1):
●	 The epidermis (ep″ĭ-der′mis), composed of epithelial cells, is the outer-

most protective shield of the body (epi = upon).
●	 The underlying dermis, making up the bulk of the skin, is a tough, 

leathery layer composed mostly of dense connective tissue.

Only the dermis is vascularized. Nutrients reach the epidermis by 
diffusing through the tissue fluid from blood vessels in the dermis.
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Check Your Understanding questions end each section and allow you to assess  
your understanding of the concept before moving on.
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and accounts for about 7% of total body weight in the average 
adult. Also called the integument (“covering”), the skin multitasks. 
Its functions go well beyond serving as a bag for body contents. 
Pliable yet tough, it takes constant punishment from external 
agents. Without our skin, we would quickly fall prey to bacteria 
and perish from water and heat loss.

Varying in thickness from 1.5 to 4.0 millimeters (mm) or 
more in di�erent parts of the body, the skin is composed of two 
distinct layers (Figure 5.1):
● �e epidermis (ep″ĭ-der′mis), composed of epithelial cells, is the 

outermost protective shield of the body (epi = upon).
● �e underlying dermis, making up the bulk of the skin, is a 

tough, leathery layer composed mostly of dense connective 
tissue.

Only the dermis is vascularized. Nutrients reach the epider-
mis by di�using through the tissue �uid from blood vessels in 
the dermis.

�e subcutaneous tissue just deep to the skin is known as 
the hypodermis (Figure 5.1). Strictly speaking, the hypodermis 
is not part of the skin, but it shares some of the skin’s protec-
tive functions. �e hypodermis, also called super�cial fascia 
because it is super�cial to the tough connective tissue wrapping 
(fascia) of the skeletal muscles, consists mostly of adipose tissue.

Besides storing fat, the hypodermis anchors the skin to the 
underlying structures (mostly to muscles), but loosely enough 
that the skin can slide relatively freely over those structures. 
Sliding skin protects us by ensuring that many blows just glance 
o� our bodies. Because of its fatty composition, the hypodermis 
also acts as a shock absorber and an insulator that reduces heat 
loss.

 Check Your Understanding
1. Which layer of the skin—dermis or epidermis—is better 

nourished?

  For answers, see Answers Appendix.

Epidermis

Hair shaft

Dermis
Reticular
layer

Papillary
layer

Hypodermis
(subcutaneous
tissue; not part
of skin)

Dermal papillae

Sweat pore

Subpapillary
plexus

Appendages of skin
• Eccrine sweat gland
• Arrector pili muscle
• Sebaceous (oil) gland
• Hair follicle
• Hair root

Nervous structures
• Sensory nerve fiber
   with free nerve endings
• Lamellar corpuscle
• Hair follicle receptor
   (root hair plexus)

Cutaneous plexus

Adipose tissue

Figure 5.1 Skin structure. Three-dimensional view of the skin and underlying subcutaneous  
tissue. The epidermal and dermal layers have been pulled apart at the upper right corner to reveal 
the dermal papillae.
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464 UNIT 3 Regulation and Integration of the Body
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breakdown re�ects some change in the capillary endothelial 
cells or their tight junctions.

Check Your Understanding
19. What is CSF? Where is it produced? What are its functions?
20. A brain surgeon is about to make an incision. Name all the

tissue layers that she cuts through from the skin to the brain.

  For answers, see Answers Appendix.

12.9  Brain injuries and 
disorders have devastating 
consequences

  Learning Objectives
Describe the cause (if known) and major signs and
symptoms of cerebrovascular accidents, Alzheimer’s 
disease, Parkinson’s disease, and Huntington’s disease.
List and explain several techniques used to diagnose 
brain disorders.

Brain dysfunctions are unbelievably varied and extensive. We 
have mentioned some of them already, but here we will focus on 
traumatic brain injuries, cerebrovascular accidents, and degen-
erative brain disorders.

Traumatic Brain Injuries
Head injuries are a leading cause of accidental death in North 
America. Consider, for example, what happens if you forget to 
fasten your seat belt and then rear-end another car. Your head 
is moving and then stops suddenly as it hits the windshield. 
Brain damage is caused not only by localized injury at the site of 
the blow, but also by the ricocheting e�ect as the brain hits the 
opposite end of the skull.

A concussion is an alteration in brain function, usually tem-
porary, following a blow to the head. �e victim may be dizzy 
or lose consciousness. Although typically mild and short-lived, 
even a seemingly mild concussion can be damaging, and multi-
ple concussions over time produce cumulative damage.

-
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beneath the mucosa of the oral cavity floor and opens at the 
base of the lingual frenulum (see Figure 22.8b). The small, 
almond-shaped sublingual gland lies anterior to the subman-
dibular gland under the tongue and opens via 10–20 ducts into 
the floor of the mouth (Figure 22.10a).

The salivary glands are composed of two types of secretory 
cells: serous and mucous (Figure 22.10b). Serous cells produce 
a watery secretion containing enzymes, ions, and a tiny bit of 
mucin, whereas mucous cells produce mucus, a stringy, vis-
cous solution. The parotid and submandibular glands contain 
mostly serous cells. Buccal glands have approximately equal 
numbers of serous and mucous cells. The sublingual glands 
contain mostly mucous cells.

Composition of Saliva

Saliva is largely water—97 to 99.5%—and therefore is hypo-
osmotic. Its osmolarity depends on the specific glands that are 
active and the stimulus for salivation. As a rule, saliva is slightly 
acidic (pH 6.75 to 7.00), but its pH may vary. Its solutes include:
●	 Electrolytes (Na+, K+, Cl−, PO4

3−, and HCO3
−)

●	 The digestive enzymes salivary amylase and lingual lipase 
(lingual lipase makes only a minor contribution to overall fat 
digestion)

●	 The proteins mucin, lysozyme, and IgA
●	 Metabolic wastes (urea and uric acid)

When dissolved in water, the glycoprotein mucin forms thick 
mucus that lubricates the oral cavity and hydrates foodstuffs.

others) scattered throughout the oral cavity mucosa augment 
the output slightly.

The major salivary glands are paired compound tubulo-
alveolar glands that develop from the oral mucosa and remain 
connected to it by ducts (Figure 22.10a). The large, roughly 
triangular parotid gland (pah-rot′id; par = near, oto = the ear) 
lies anterior to the ear between the masseter muscle and the 
skin. Its prominent duct parallels the zygomatic arch, pierces 
the buccinator muscle, and opens into the vestibule next to the 
second upper molar.

Branches of the facial nerve run through the parotid gland 
on their way to the muscles of facial expression. For this reason, 
surgery on this gland can result in facial paralysis.

Homeostatic  
  imbalance 22.3

Mumps, a common children’s disease, is an inflammation of the 
parotid glands caused by the mumps virus (myxovirus), which 
spreads from person to person in saliva. If you check the loca-
tion of the parotid glands in Figure 22.10a, you can understand 
why people with mumps complain that it hurts to open their 
mouth or chew. Other signs and symptoms include moderate 
fever and pain when swallowing acidic foods (pickles, grape-
fruit juice, etc.). Mumps in adult males carries a 25% risk of 
infecting the testes too, leading to sterility. ✚

About the size of a walnut, the submandibular gland lies 
along the medial aspect of the mandibular body. Its duct runs 

CliniCAl 

View histology slides 

>Study Area>
Figure 22.10 The salivary glands. (a) The parotid, submandibular, and sublingual glands 
and their ducts. (b) Photomicrograph of the sublingual gland (150×), a mixed salivary gland 
containing mostly mucous cells (light blue) with a few serous cells (purple).
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Attachments
Recall from Chapter 8 that most skeletal muscles span joints 
and attach to bones (or other structures) in at least two places. 
When a muscle contracts, the movable bone, the muscle’s inser-
tion, moves toward the immovable or less movable bone, the 
muscle’s origin. In the muscles of the limbs, the origin typically 
lies proximal to the insertion.

Muscle attachments, whether origin or insertion, may be 
direct or indirect.
● In direct, or �eshy, attachments, the epimysium of the mus-

cle is fused to the periosteum of a bone or perichondrium of 
a cartilage.

● In indirect attachments, the muscle’s connective tissue 
wrappings extend beyond the muscle either as a ropelike 
tendon (Figure 9.1a) or as a sheetlike aponeurosis (ap″o-
nu-ro′sis). �e tendon or aponeurosis anchors the muscle to 
the connective tissue covering of a skeletal element (bone or 
cartilage) or to the fascia of other muscles.

Indirect attachments are much more common because of 
their durability and small size. Tendons are mostly tough col-
lagen �bers which can withstand the abrasion of rough bony 
projections that would tear apart the more delicate muscle tis-
sues. Because of their relatively small size, more tendons than 

Let’s consider these connective tissue sheaths from exter-
nal to internal (see Figure 9.1 and the top three rows of 
Table 9.1).
● Epimysium. �e epimysium (ep″ ĭ-mis′e-um; “outside the 

muscle”) is an “overcoat” of dense irregular connective tissue 
that surrounds the whole muscle. Sometimes it blends with 
the deep fascia that lies between neighboring muscles or the 
super�cial fascia deep to the skin.

● Perimysium and fascicles. Within each skeletal muscle, the 
muscle �bers are grouped into fascicles (fas′ĭ-klz; “bundles”) 
that resemble bundles of sticks. Surrounding each fascicle is 
a layer of dense irregular connective tissue called perimy-
sium (per″ ĭ-mis′e-um; “around the muscle”).

● Endomysium. �e endomysium (en″do-mis′e-um; “within 
the muscle”) is a wispy sheath of connective tissue that sur-
rounds each individual muscle �ber. It consists of �ne areo-
lar connective tissue.

As shown in Figure 9.1, all of these connective tissue sheaths 
are continuous with one another as well as with the tendons that 
join muscles to bones. When muscle �bers contract, they pull 
on these sheaths, which transmit the pulling force to the bone to 
be moved. �e sheaths contribute somewhat to the natural elas-
ticity of muscle tissue, and also provide routes for the entry and 
exit of the blood vessels and nerve �bers that serve the muscle.

Figure 9.1 Connective tissue sheaths of skeletal muscle: epimysium, perimysium, 
and endomysium. (b) Photomicrograph of a cross section of part of a skeletal muscle (30×). 
(For a related image, see A Brief Atlas of the Human Body, Plate 29.)
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ovement of the Body

Excretion
�e body eliminates limited amounts of nitrogen-containing 
wastes (ammonia, urea, and uric acid) in sweat, although most 
such wastes are excreted in urine. Profuse sweating is an impor-
tant avenue for water and salt (sodium chloride) loss.

 Check Your Understanding
21. What chemicals produced in the skin help provide barriers to 

bacteria? List at least three and explain how the chemicals are 
protective.

22. Which epidermal cells play a role in body immunity?
23. How is sunlight important to bone health?
24. MAKING connections  When blood vessels in the dermis constrict 

or dilate to help maintain body temperature, which type of 
muscle tissue that you learned about (in Chapter 4) acts as the 
effector that causes blood vessel dilation or constriction?

  For answers, see Answers Appendix.

5.9  Skin cancer and  
burns are major challenges to the body

CLINICAL 

 passive heat loss from 
 24 discusses body tem-

ous sensory receptors, 
 system. �e cutaneous 
rs (ek″ster-o-sep′torz) 

g outside the body. For 
 (in the dermal papil-

me aware of a caress or 
, whereas lamellar (also 
per dermis or hypoder-
ving deep pressure. Hair 
g through our hair and 

e endings that meander 
uli (irritating chemicals, 
efer detailed discussion 

.
us receptors mentioned 
h are found only in skin 

re 5.2b.

           ON YOUR JOURNEY



NEW! Concept Maps are 
fun and challenging activities 
that help you solidify your 
understanding of a key 
course concept. These fully 
mobile activities allow 
you to combine key terms 
with linking phrases into 
a free-form map for topics 
such as protein synthesis, 
events in an action potential, 
and excitation-contraction 
coupling.

NEW! Interactive Physiology® 1.0 and 2.0 help you understand the hardest part 
of A&P: physiology. Fun, interactive tutorials, games, and quizzes give you additional 
explanations to help you grasp difficult concepts. IP 2.0 includes topics that have been 
updated for today’s technology, such as Resting Membrane Potential, Cardiac Output, 
Electrical Activity of the Heart, Factors Affecting Blood Pressure, and Cardiac Cycle. 

<

<

PRACTICE MAKES PERFECT             



A&P Flix™ are 3-D movie-quality 
animations with self-paced 
tutorials and gradable quizzes 
that help you master the 
toughest topics in A&P.

Practice Anatomy Lab™ (PAL™) 3.0 
is a virtual anatomy study and practice 
tool that gives you 24/7 access to 
the most widely used lab specimens, 
including the human cadaver, 
anatomical models, histology, cat, and 
fetal pig. PAL 3.0 is easy to use and 
includes built-in audio pronunciations, 
rotatable bones, and simulated 
fill-in-the-blank lab practical exams. 

<
<

             WITH MasteringA&P



NEW! Dynamic Study Modules offer a 
mobile-friendly, personalized reading experience 
of the chapter content. As you answer questions 
to master the chapter content, you receive 
detailed feedback with text and art from the 
book itself. The Dynamic Study Modules help 
you acquire, retain, and recall information faster 
and more efficiently than ever before.

The PAL 3.0 App lets you access PAL 3.0 on your 
iPad or Android tablet. Enlarge images, watch 
animations, and study for your lab practicals with 
multiple-choice and fill-in-the-blank quizzes—all 
while on the go!

Learning Catalytics is a “bring your own device” 
(laptop, smartphone, or tablet) engagement, 
assessment, and classroom intelligence system. Use your 
device to respond to open-ended questions, and then 
discuss your answers in groups based on responses.

STUDY ON THE GO WITH THESE MOBILE TOOLS



Anatomy  
& Physiology
Sixth Edition

Elaine N. Marieb, R.N., Ph.D.
Holyoke Community College

Katja Hoehn, M.D., Ph.D.
Mount Royal University



Editor-in-Chief: Serina Beauparlant
Sr. Acquisitions Editor: Brooke Suchomel
Production and Design Manager: Michele Mangelli
Program Manager: Tiffany Mok
Development Editor: Tanya Martin
Art Development Manager: Laura Southworth
Art Development Editors: Laura Southworth, Elisheva Marcus
Editorial Assistant: Nicky Montalvo
Director of Development: Barbara Yien
Program Management Team Lead: Michael Early
Project Management Team Lead: Nancy Tabor
Copyeditor: Anita Hueftle
Compositor: Cenveo® Publisher Services

Production Coordinator: David Novak
Art Coordinator: Jean Lake
Proofreader: Martha Ghent
Art Proofreader: Betsy Dietrich
Indexer: Sallie Steele
Cover and Interior Designer: Tandem Creative, Inc.
Illustrators: Imagineering STA Media Services Inc.
Text and Photo Permissions Management: Maya Gomez
Photo Researcher: Kristin Piljay
Sr. Procurement Specialist: Stacey Weinberger
Exec. Marketing Manager: Allison Rona
Sr. Anatomy & Physiology Specialist: Derek Perrigo

Cover Illustration: The plasma membrane, Imagineering STA Media Services/Precision Graphics

Copyright © 2017, 2014, 2011 Pearson Education, Inc. All Rights Reserved. Printed in the United 
States of America. This publication is protected by copyright, and permission should be obtained from 
the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any 
form or by any means, electronic, mechanical, photocopying, recording, or otherwise. For information 
regarding permissions, request forms and the appropriate contacts within the Pearson Education 
Global Rights & Permissions department, please visit www.pearsoned.com/permissions/.

Acknowledgments of third party content appear on pages C-1 and C-2 , which constitutes an extension 
of this copyright page. 

PEARSON, ALWAYS LEARNING, MasteringA&P®, A&PFlixTM, and PALTM are exclusive trademarks 
in the U.S. and/or other countries owned by Pearson Education, Inc. or its affiliates.

Unless otherwise indicated herein, any third-party trademarks that may appear in this work are the 
property of their respective owners and any references to third-party trademarks, logos or other trade 
dress are for demonstrative or descriptive purposes only. Such references are not intended to imply any 
sponsorship, endorsement, authorization, or promotion of Pearson’s products by the owners of such 
marks, or any relationship between the owner and Pearson Education, Inc. or its affiliates, authors, 
licensees or distributors.

Library of Congress Cataloging-in-Publication Data

Marieb, Elaine Nicpon / Hoehn, Katja.
 Anatomy & physiology / Elaine N. Marieb, R.N., Ph.D. Holyoke Community
College, Katja Hoehn, M.D., Ph.D., Mount Royal University.
Anatomy and physiology
 Sixth edition. / San Francisco : Pearson Education, Inc., [2017]
 Includes index.
LCCN 2015035194 / ISBN 9780134156415
LCSH: Human physiology. / Human anatomy.
LCC QP34.5 .M454 2017 / DDC 
612—dc23
LC record available at http://lccn.loc.gov/ 2015035194

ISBN 10: 0-13-415641-2; ISBN 13: 978-0-13-415641-5 (Student Edition)
ISBN 10: 0-13-421336-X; ISBN 13: 978-0-13-421336-1 (Instructor’s Review Copy)

1 2 3 4 5 6 7 8 9 10—V357-19 18 17 16 15www.pearsonhighered.com



Elaine N. Marieb
For Elaine N. Marieb, taking the student’s perspective into ac-
count has always been an integral part of her teaching style. 
Dr. Marieb began her teaching career at Springfield College, 
where she taught anatomy and physiology to physical education 
majors. She then joined the faculty of the Biological Science 
Division of Holyoke Community College in 1969 after receiv-
ing her Ph.D. in zoology from the University of Massachusetts 
at Amherst. While teaching at Holyoke Community College, 
where many of her students were pursuing nursing degrees, 
she developed a desire to better understand the relationship be-
tween the scientific study of the human body and the clinical 
aspects of the nursing practice. To that end, while continuing 
to teach full time, Dr. Marieb pursued her nursing education, 
which culminated in a Master of Science degree with a clinical 
specialization in gerontology from the University of Massachu-
setts. It is this experience that has informed the development of 
the unique perspective and accessibility for which her publica-
tions are known.

Dr. Marieb has partnered with Benjamin Cummings for 
over 30 years. Her first work was Human Anatomy & Physiol-
ogy Laboratory Manual (Cat Version), which came out in 1981. 
In the years since, several other lab manual versions and study 
guides, as well as the softcover Essentials of Human Anatomy 
& Physiology textbook, have hit the campus bookstores. This 
textbook, now in its 10th edition, made its appearance in 1989 
and is the latest expression of her commitment to the needs of 
students studying human anatomy and physiology.

Dr. Marieb has given generously to colleges both near and 
far to provide opportunities for students to further their edu-
cation. She contributes to the New Directions, New Careers 
Program at Holyoke Community College by funding a staffed 
drop-in center and by providing several full-tuition scholar-
ships each year for women who are returning to college after 

a hiatus or attending college for the first time and who would 
be unable to continue their studies without financial support. 
She funds the E. N. Marieb Science Research Awards at Mount 
Holyoke College, which promotes research by undergraduate 
science majors, and has underwritten renovation and updating 
of one of the biology labs in Clapp Laboratory at that college. 
Dr. Marieb also contributes to the University of Massachusetts 
at Amherst where she generously provided funding for recon-
struction and instrumentation of a cutting-edge cytology re-
search laboratory. Recognizing the severe national shortage of 
nursing faculty, she underwrites the Nursing Scholars of the 
Future Grant Program at the university.

In 1994, Dr. Marieb received the Benefactor Award from 
the National Council for Resource Development, American 
Association of Community Colleges, which recognizes her 
ongoing sponsorship of student scholarships, faculty teaching 
awards, and other academic contributions to Holyoke Com-
munity College. In May 2000, the science building at Holyoke 
Community College was named in her honor.

Dr. Marieb is an active member of the Human Anatomy 
and Physiology Society (HAPS) and the American Association 
for the Advancement of Science (AAAS). Additionally, while 
actively engaged as an author, Dr. Marieb serves as a consultant 
for the Benjamin Cummings Interactive Physiology® CD-ROM 
series.

When not involved in academic pursuits, Dr. Marieb is 
a world traveler and has vowed to visit every country on this 
planet. Shorter term, she serves on the scholarship committee 
of the Women’s Resources Center and on the board of directors 
of several charitable institutions in Sarasota County. She is an 
enthusiastic supporter of the local arts and enjoys a competitive 
match of doubles tennis.
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As educators we continually make judgments about the 
enormous amount of information that besets us daily, so 
we can choose which morsels to pass on to our students. 

Yet even this refined information avalanche challenges the 
learning student’s mind. What can we do to help students apply 

the concepts they are faced with in our classrooms? We believe 
that this new edition of our textbook addresses that question by 
building on the strengths of previous editions while using new, 
innovative ways to help students visualize connections between 
various concepts.

Unifying Themes
Three unifying themes that have helped to organize and set the 
tone of this textbook continue to be valid and are retained in 
this edition. These themes are:

Interrelationships of body organ systems. This theme empha-
sizes the fact that nearly all regulatory mechanisms have inter-
actions with several organ systems. The respiratory system, for 
example, cannot carry out its role of gas exchange in the body if 
there are problems with the cardiovascular system that prevent 
the normal delivery of blood throughout the body. 

Homeostasis. Homeostasis is the normal and most desirable 
condition of the body. Its loss is always associated with past or 
present pathology. This theme is not included to emphasize 
pathological conditions but rather to illustrate what happens in 
the body when homeostasis is lost.

Whenever students see a red balance beam symbol accompa-
nied by an associated clinical topic, their understanding of how 
the body works to stay in balance is reinforced.

Complementarity of structure and function. This theme en-
courages students to understand the structure of some bodily 
part (cell, bone, lung, etc.) in order to understand the function 
of that structure. For example, muscle cells can produce move-
ment because they are contractile cells.

Changes Past and Present
Many of the changes made to the 5th edition have been retained 
and are reinforced in this 6th edition.

• There are more step-by-step blue texts accompanying certain 
pieces of art (blue text refers to the instructor’s voice).

• The many clinical features of the book have been clearly 
identified to help students understand why this material is 
important.

• The “Check Your Understanding” questions at the end of 
each module reinforce understanding throughout the  
chapter.

• We have improved a number of our Focus Figures. (Focus 
Figures are illustrations that use a “big picture” layout and 
dramatic art to walk the student through difficult processes 
in a step-by-step way.)

• MasteringA&P continues to provide text-integrated media 
of many types to aid learning. These include Interactive Phys-
iology (IP) tutorials that help students to grasp difficult con-
cepts, A&PFlix animations that help students visualize tough 
A&P topics, and the PAL (Practice Anatomy Lab) collection 
of virtual anatomy study and practice tools focusing on the 
most widely used lab specimens. These are by no means all 
of the helpful tools to which students have access. It’s just a 
smattering.
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New to the Sixth Edition
So, besides these tools, what is really new to this textbook this 
time around? Each chapter’s first page has a “Why This Matters” 
icon and QR code that links to a video of a health-care profes-
sional telling us why the chapter’s content is important for his or 
her work.

Other new features include (1) declarative headers at the be-
ginning of each chapter module so that the student can quickly 
grasp the “big idea” for that module, (2) more modularization 
(chunking) of the text so that students can tackle manageable 
pieces of information as they read through the material, (3) in-
creased readability of the text as a result of more bulleted lists 
and shorter paragraphs, (4) more summary tables to help stu-
dents connect information, (5) improvements to many of the 
figures so that they teach even more effectively, and (6) “Mak-
ing Connections” questions in each chapter that ask students to 
incorporate related information from earlier chapters or earlier 
modules in the same chapter, helping students to see the forest, 
not just the trees, as they study.

Chapter-by-Chapter Changes

Chapter 1 The Human Body: An Orientation
•	 Updated Figure 1.8 for better teaching effectiveness.
Chapter 2 Chemistry Comes Alive
•	 Updated Figure 2.18 for better teaching effectiveness.
Chapter 3 Cells: The Living Units
•	 Updated statistics on Tay-Sachs disease.
•	 Updated information about riboswitches and added infor-

mation about small interfering RNAs (siRNAs).
•	 Added summary text to Figure 3.3 for better pedagogy.
•	 Updated Focus Figure 3.4.
Chapter 4 Tissue: The Living Fabric
•	 New photos of simple columnar epithelium, pseudostrati-

fied ciliated columnar epithelium, cardiac muscle tissue, and 
smooth muscle tissue (Figures 4.3c, d and 4.9b, c).

Chapter 5 The Integumentary System
•	 Added information about the role of tight junctions in skin.
•	 New photo of stretch marks (Figure 5.5).
•	 New photo of cradle cap (seborrhea) in a newborn  

(Figure 5.9).
•	 New photo of malignant melanoma (Figure 5.10).
Chapter 6 Bones and Skeletal Tissues
•	 Revised Figure 6.9 for improved teaching effectiveness.
•	 New X rays showing Paget’s disease and normal bone  

(Figure 6.16).
Chapter 7 The Skeleton
•	 Illustrated the skull bone table to facilitate student learning 

(Table 7.1).
•	 Added three new Check Your Understanding figure ques-

tions asking students to make anatomical identifications.
•	 New photos of humerus, radius, and ulna (Figures 7.28 and 

7.29).

Chapter 8 Joints
•	 Updated statistics for osteoarthritis.
•	 Updated figure showing movements allowed by synovial 

joints (Figure 8.5).
•	 New photos of special body movements (Figure 8.6).
Chapter 9 Muscles and Muscle Tissue
•	 Updated Table 9.2 information on sizes of skeletal muscle 

fiber types in humans.
Chapter 10 The Muscular System
•	 New photos showing surface anatomy of muscles used in 

seven facial expressions (Figure 10.7).
Chapter 11 Fundamentals of the Nervous System and Nervous 
Tissue
•	 Added overview figure of nervous system (Figure 11.2).
•	 Improved Focus Figure 11.2 (Action Potential) for better stu-

dent understanding.
•	 New image of a motor neuron based on a computerized 3-D 

reconstruction of serial sections.
•	 Converted Figure 11.17 to tabular head style to teach better.
Chapter 12 The Central Nervous System
•	 Updated mechanisms of Alzheimer’s disease to include 

propagation of misfolded proteins.
•	 Updated information about gender differences in the brain.
•	 Streamlined discussion of sleep, memory, and stroke.
•	 New figure to show distribution of gray and white matter 

(Figure 12.3).
•	 Functional neuroimaging of the cerebral cortex (Figure 12.6).
•	 Improved reticular formation figure with “author’s voice” 

blue text (Figure 12.18).
•	 New figure showing decreased brain activity in Alzheimer’s 

(Figure 12.26).
Chapter 13 The Peripheral Nervous System and Reflex Activity
•	 Updated description of cytostructure of human cochlear hair 

cells (they have no kinocilia).
•	 New data on the number of different odors that humans can 

detect.
•	 Reorganized discussion of sound transmission to the inner 

ear. New numbered text improves text-art correlation.
•	 New figure teaches the function of the basilar membrane 

(Figure 13.26).
•	 New figure on how the hairs on the cochlear hair cells trans-

duce sound (Figure 13.27).
•	 New figure shows the structure and function of the macula 

(Figure 13.28).
•	 Updated and expanded description of axon regeneration (in 

Figure 13.31).
Chapter 14 The Autonomic Nervous System
•	 Improved teaching effectiveness of Figure 14.3 (differences 

in the parasympathetic and sympathetic nervous systems).
•	 New summary table for autonomic ganglia (Table 14.2).
Chapter 15 The Endocrine System
•	 New information on actions of vitamin D and location of its 

receptors.
•	 New summary table showing differences between water- 

soluble and lipid-soluble hormones (Table 15.1).
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•	 New summary flowchart shows the signs and symptoms of 
diabetes mellitus (Figure 15.19).

Chapter 16 Blood
•	 Improved teaching effectiveness of Figure 16.14 (intrinsic 

and extrinsic clotting factors).
Chapter 17 The Cardiovascular System: The Heart
•	 Rearranged topics in this chapter for better flow.
•	 New section and summary table (Table 17.1) teach key dif-

ferences between skeletal muscle and cardiac muscle.
•	 New Making Connections figure question (students com-

pare three action potentials).
•	 Rearranged material so that all electrical events are presented 

in one module.
•	 Added tabular headers, a photo, and bullets to more effec-

tively teach ECG abnormalities (Figure 17.18).
•	 Streamlined figure showing effects of norepinephrine on 

heart contractility (Figure 17.22).
Chapter 18 The Cardiovascular System: Blood Vessels
•	 New information about pericytes (now known to be stem 

cells and generators of scar tissue in the CNS).
•	 New information that the fenestrations in fenestrated capil-

laries are dynamic structures.
•	 Rearranged topics in the physiology section of this chapter 

for better flow.
•	 New micrograph of artery and vein (Figure 18.2).
•	 Revised Figure 18.3 (the structure of different types of capil-

laries), putting all of the information in one place.
•	 New figure summarizes the major factors determining mean 

arterial pressure to give a “big picture” view (Figure 18.9).
•	 New figure illustrating active hyperemia (Figure 18.15).
•	 Updated Focus Figure 18.1 (Bulk Flow across Capillary Walls).
•	 New Homeostatic Imbalance feature on edema relates it  

directly to the preceding Focus Figure 18.1) and incorporates 
information previously found in Chapter 25.

•	 New photos of pitting edema (Figure 18.18).
Chapter 19 The Lymphatic System and Lymphoid Organs and 
Tissues
•	 Updated statistics on survival of non-Hodgkin’s lymphoma 

patients.
•	 Updated figure to improve teaching of primary and second-

ary lymphoid organs (Figure 19.4).
Chapter 20 The Immune System: Innate and Adaptive Body 
Defenses
•	 Updated information on aging and the immune system, par-

ticularly with respect to chronic inflammation.
•	 Added a new term, pattern recognition receptors, to help 

describe how our innate defenses recognize pathogens.
•	 Provided new research results updating the number of genes 

in the human genome to about 20,000.
Chapter 21 The Respiratory System
•	 New Check Your Understanding question with graphs rein-

forces concepts learned in Focus Figure 21.1 (The Oxygen-
Hemoglobin Dissociation Curve).

•	 New figure illustrating pneumothorax (Figure 21.14).

Chapter 22 The Digestive System
•	 Updated information about the treatment of peptic ulcers.
•	 Updated information about the types and locations of epi-

thelial cells of the small intestine.
•	 New information about roles of our intestinal flora.
•	 Updated hepatitis C treatment to include the new FDA- 

approved drug sofosbuvir.
•	 Added discussion of non-alcoholic fatty liver disease.
•	 New information about fecal transplants to treat antibiotic-

associated diarrhea.
•	 Updated figure that compares and contrasts peristalsis  

and segmentation (Figure 22.3) for improved teaching  
effectiveness.

•	 Updated Figure 22.4 explaining the relationship between the 
peritoneum and the abdominal organs to improve teaching 
effectiveness.

•	 Enteric nervous system section rewritten and rearranged 
with new figure (Figure 22.6).

•	 Improved teaching effectiveness of Figure 22.14 (the steps of 
deglutition).

•	 Streamlined Figure 22.19 to enhance teaching of regulation 
of gastric secretion.

•	 Updated Figure 22.20 (the mechanism of HCl secretion by 
parietal cells) for improved teaching effectiveness.

•	 Improved the text flow by moving discussion of the liver, 
gallbladder, and pancreas before the small intestine.

•	 Improved teaching effectiveness of Figure 22.28 (mechanism 
promoting secretion and release of bile and pancreatic juice).

•	 Updated and revised sections about motility of the small and 
large intestines.

•	 Rearranged text to discuss digestion and absorption together 
for each nutrient. The figures for digestion and absorption 
of carbohydrates (Figure 22.35) and proteins (Figure 22.36)  
now parallel each other and appear together for easy  
comparison.

•	 Rearranged and rewrote lipid digestion and absorption text 
and updated Figure 22.37.

Chapter 23 Nutrition, Metabolism, and Energy Balance
•	 Chapter title changed from Nutrition, Metabolism, and Body 

Temperature Regulation in order to emphasize the concept 
of energy balance.

•	 Updated shape and mechanism of action of ATP synthase to 
reflect new research findings.

•	 Updated hypothalamic control of food intake per new  
research findings.

•	 Revised Figure 23.4 to enhance the ability of students to 
compare and contrast the mechanisms of phosphorylation 
that convert ADP to ATP.

•	 Revised figure describing ATP synthase structure and func-
tion (Figure 23.10).

•	 Revised Figure 23.13 to help students compare and contrast 
glycogenesis and glycogenolysis (Figure 23.12).

•	 Three new figures help students grasp the terms for key  
pathways in carbohydrate, protein, and fat metabolism  
(Figures 23.12, 23.14, and 23.18).
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Chapter 24 The Urinary System
•	 New cadaver photo of urinary tract organs (Figure 24.2).
•	 New Check Your Understanding question for nephron  

labeling.
•	 Improved Focus Figure 24.1 (Medullary Osmotic Gradient) 

for better teaching effectiveness.
•	 Added new illustrations to improve teaching effectiveness of 

Figure 24.19 (the effects of ADH on the nephron).
Chapter 25 Fluid, Electrolyte, and Acid-Base Balance
•	 New Check Your Understanding figure question requires 

students to integrate information.
Chapter 26 The Reproductive System
•	 Updated screening recommendations for prostate cancer, as 

well as updated information on detection and treatment.

•	 Updated screening guidelines for cervical cancer.
•	 Updated breast cancer statistics.
•	 New Check Your Understanding figure labeling question.
•	 New figure teaches independent assortment (Figure 26.8).
•	 New photo of female pelvic organs (Figure 26.15c).
•	 New photos of mammograms showing normal and cancer-

ous breast tissues (Figure 26.19).
•	 Revised Figure 26.23 to reflect recent research about follicu-

lar development in humans.
•	 Revised section describing the stages of follicle develop-

ment to facilitate student learning and to incorporate recent  
research.

Appendices
•	 Added a table of the genetic code (Appendix B).
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ix

E ach time we put this textbook to bed, we promise our-
selves that the next time will be easier and will require less 
of our time. Now hear this! This is its 6th edition (and  

30 years more or less) and fulfillment of this promise has yet to 
materialize. How could there be so much going on in physiol-
ogy research and so many new medical findings? Winnowing 
through these findings to decide on the updates to include in 
this edition has demanded much of our attention. Many people 
at Pearson have labored with us to produce another fine text. 
Let’s see if we can properly thank them.

As Katja and I worked on the first draft of the manuscript, 
Tanya Martin (our text Development Editor) worked tirelessly 
to improve the readability of the text, all the while trying to 
determine which topics could be shortened or even deleted in 
the 6th edition. After we had perused and acted on some of 
Tanya’s suggestions, we forwarded the manuscript to Michele 
Mangelli who oversees everything having to do with getting 
a clean manuscript to production. Michele reviewed the en-
tire revised manuscript. Nothing escaped her attention as she 
worked to catch every problem.

At the same time the text was in revision, the art pro-
gram was going through a similar process. Laura South-
worth, our superb Art Development Editor (aided briefly by 
Elisheva Marcus), worked tirelessly to make our Focus Fig-
ures and other art even better. Needing a handshake and a 
heartfelt “thank you” in the process are Kristin Piljay (Photo 
Researcher) and Jean Lake, who handled the administrative 
aspects of the art program. This team ensured that the artists 
at Imagineering had all the information they needed to pro-
duce beautiful final art products.

As the manuscript made the transition from Editorial 
to Production, Michele Mangelli, the Production and De-
sign Manager, made her appearance known. The head hon-
cho and skilled handler of all aspects of production, everyone  
answered to her from this point on. In all previous editions, 
the manuscript would simply go directly into production once 
the writing and editing phases were over, but our new modular 
design required extra steps to make the art-text correlation a 
reality—the electronic page layout. Working closely with Katja 
and her husband Larry Haynes, Michele’s small but powerful 

team “yanked” the new design to attention, fashioning two-page 
spreads, each covering one or more topics with its supporting 
art or table. This was our Holy Grail for this edition and the 
ideal student coaching device. They made it look easy (which 
it was not). Thank you Katja, Larry, and Michele—you are the 
ideal electronic page layout team. This was one time I felt fortu-
nate to be the elder author.

The remaining people who helped with Production in-
clude David Novak (our conscientious Production Supervisor), 
Martha Ghent (Proofreader), Betsy Dietrich (Art Proofreader), 
Sallie Steele (Indexer), Cynthia Mutheardy (Project Manager 
at Imagineering), and Tim Frelick (Compositor). Copyeditor 
Anita Hueftle (formerly Anita Wagner) is the unofficial third 
author of our book. We are absolutely convinced that she mem-
orizes the entire text. She verified the spelling of new terms, 
checked the generic and popular names of drugs, confirmed 
our grammar, and is the person most responsible for the book’s 
consistency and lack of typographical errors. We are grateful 
to Izak Paul for meticulously reading each chapter to find any 
remaining errors, and to Yvo Riezebos for his stunning design 
work on the cover, chapter opening pages, and the text. 

Finally—what can we say about Brooke Suchomel, our Ac-
quisitions Editor? She loved playing with the modular design 
and the chapter road maps and advising on Focus Figures, but 
most of her time was spent out in the field talking to professors, 
demonstrating the book’s changes and benefits. She spent weeks 
on the road, smiling all the time—no easy task. Finally, we are 
fortunate to have the ongoing support and friendship of Serina 
Beauparlant, our Editor-in-Chief.

Other members of our team with whom we have less con-
tact but who are nonetheless vital are: Barbara Yien (Director of 
Development), Michael Early (Program Manager Team Lead), 
Nancy Tabor (Project Manager Team Lead), Stacey Weinberger 
(our Senior Manufacturing Buyer), Allison Rona (our top-
notch Executive Marketing Manager), and Derek Perrigo (Se-
nior Anatomy & Physiology Specialist). We appreciate the hard 
work of our media production team headed by Laura Tomassi, 
Aimee Pavy, and Lauren Hill and also wish to thank Eric Leaver.

Kudos to our entire team. We feel we have once again pre-
pared a superb textbook. We hope you agree.
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