


SUSANNAH NELSON LONGENBAKER
Columbus State Community College, Columbus, OH

&
Mader’s Understanding
Human Anatomy

Physiology 10th

EDITION

lon0927x_fm_i-xx.indd   1 1/2/19   8:50 PM



MADER’S UNDERSTANDING HUMAN ANATOMY & PHYSIOLOGY

Published by McGraw-Hill Education, 2 Penn Plaza, New York, NY 10121. Copyright ©2020 by McGraw-Hill 
Education. All rights reserved. Printed in the United States of America. Previous editions © 2017, 2014, and 
2011. No part of this publication may be reproduced or distributed in any form or by any means, or stored in a 
database or retrieval system, without the prior written consent of McGraw-Hill Education, including, but not 
limited to, in any network or other electronic storage or transmission, or broadcast for distance learning.

Some ancillaries, including electronic and print components, may not be available to customers outside the 
United States.

This book is printed on acid-free paper. 

1 2 3 4 5 6 7 8 9 LWI 21 20 19 

ISBN  978-1-260-56599-7
MHID 1-260-56599-8

Cover Image: ©Natali_Mis/Shutterstock

All credits appearing on page are considered to be an extension of the copyright page.

Design Element Credits: Ch 1: ©Julie Toy/Getty Images; Ch 2: Clockwise from L to R: ©Stephen Dalton/Science 
Source,  ©johnaudrey/Getty Images, ©Samuel Betkowski/Getty Images, ©Edelcio Muscat/Getty  Images; Ch 3: ©SPL/
Science Source; Ch 4: ©New York Public Library/Science Source; Ch 5: Clockwise from L to R: ©Indeed/Getty  
Images, ©Al Telser/McGraw-Hill Education, ©Westend61/Getty Images, ©Buero  Monaco/Getty Images, ©Jordan  
Siemens/Getty Images, ©sam74100/Getty Images; Ch 6: ©Royalty-Free/CORBIS; Ch 7: ©Lyn Wolf; Ch 8:  
©S. Granitz/Getty Images; Ch 9: ©P. Motta/SPL/Science Source; Ch 10: ©nsf/Alamy; Ch 11: ©Bill Longcore/Science 
Source; Ch 12: Source: NASA; Ch 13: ©Alfred Pasieka/Science Photo Library/Getty Images; Ch 14: ©NIBSC/Getty 
Images; Ch 15: ©Ed Reschke/Getty Images; Ch 16: L to R: ©Dick Darrell/Contributor/Getty Images, ©Bettmann/ 
Contributor/Getty Images; Ch 17: ©Professor Pietro M. Motta/Science Source; Ch 18: ©Professor Pietro M. Motta/ 
Science Source; Ch 19: ©The Image Bank/Getty Images

The Internet addresses listed in the text were accurate at the time of publication. The inclusion of a website 
does not indicate an endorsement by the authors or McGraw-Hill Education, and McGraw-Hill Education 
does not guarantee the accuracy of the information presented at these sites.

mheducation.com/highered

lon65998_ISE_ii.indd   2 1/3/19   5:31 PM



About the Author  vii

Preface  viii

CONTENTS

Part IHUMAN ORGANIZATION

2 Chemistry of Life 21
2.1 Basic Chemistry  22

2.2 Water, Acids, and Bases  25

I.C.E.—IN CASE OF EMERGENCY  
When There’s a Poison Involved  27

2.3 Molecules of Life  29

2.4 Carbohydrates  30

2.5 Lipids  31

EXPLORING EVERYDAY ANATOMY AND 
PHYSIOLOGY Turning Venom Proteins 
into Medicine  33

2.6 Proteins  34

MEDICAL FOCUS When Proteins “Go 
Rogue”  36

2.7 Nucleic Acids  38

MEDICAL FOCUS The Deadly Effects of 
High-Level Radiation  41

3 Cell Structure and Function 45
3.1 Cellular Organization  46

EXPLORING EVERYDAY ANATOMY  
AND PHYSIOLOGY Another Reason 
to Quit  54

3.2 Crossing the Plasma Membrane  55

MEDICAL FOCUS Dehydration and Water 
Intoxication  58

3.3 The Cell Cycle  59

EXPLORING EVERYDAY ANATOMY  
AND PHYSIOLOGY DNA 
Fingerprinting  65

4 Body Tissues and 
Membranes 71

4.1  Epithelial Tissue  72

4.2  Connective Tissue  76

4.3  Muscular Tissue  81

MEDICAL FOCUS Necrotizing Fasciitis  83

4.4  Nervous Tissue  84

4.5  Extracellular Junctions, Glands, and 
Membranes  85

MEDICAL FOCUS Cancer: The Traitor 
Inside  87

EXPLORING EVERYDAY ANATOMY AND 
PHYSIOLOGY The Immortal Henrietta 
Lacks  88

MEDICAL FOCUS Targeting the Traitor 
Inside  89

1 Organization of the Body 1
1.1 The Human Body  2

1.2 Anatomical Terms  3

1.3 Body Cavities and Membranes  6

MEDICAL FOCUS Meningitis 
and Serositis  9

1.4 Organ Systems  10

1.5 Homeostasis  11

MEDICAL FOCUS Imaging the Body  15

d. fMRI

a. CT scan

c. MRI

b. PET scan

 iii

lon0927x_fm_i-xx.indd   3 1/2/19   8:51 PM



8 The Nervous System 173
8.1 Nervous System  174

MEDICAL FOCUS Research on Alzheimer 
Disease: Causes, Treatments, Prevention, 
and Hope for a Cure   182

8.2 Central Nervous System  183

MEDICAL FOCUS Epidural Stimulation in 
Spinal Cord Injuries: Cause for Hope  

In Memoriam: Christopher Reeve,  
1952–2004   189

I.C.E.—IN CASE OF EMERGENCY Traumatic 
Brain Injury  191

8.3 Peripheral Nervous System  191

8.4 Effects of Aging  198

8.5 Homeostasis  198

MEDICAL FOCUS Parkinson’s Disease  199

9 The Sensory System 205
9.1 General Senses  206

9.2 Senses of Taste and Smell  208

9.3 Sense of Vision  211

MEDICAL FOCUS Corrective Lenses  215

MEDICAL FOCUS Eye Diseases and 
Disorders  219

EXPLORING EVERYDAY ANATOMY AND 
PHYSIOLOGY Retinal Hemorrhage in 
Shaken Baby Syndrome  220

9.4 Sense of Hearing  220

9.5 Sense of Equilibrium  222

MEDICAL FOCUS Hearing Damage and 
Deafness  224

9.6 Effects of Aging  226

Part IIIINTEGRATION AND COORDINATION 

Part IISUPPORT, MOVEMENT, AND PROTECTION 

5 The Integumentary System 93
5.1 Anatomical Structure of the Skin  94

MEDICAL FOCUS Decubitus Ulcers  96

5.2 Accessory Structures of the Skin  97

EXPLORING EVERYDAY ANATOMY AND 
PHYSIOLOGY You and Your Hair  98

5.3 Physiologic Functions of the Skin  99

5.4 Disorders of the Skin  101

I.C.E.—IN CASE OF EMERGENCY Burns  103

5.5 Effects of Aging  104

5.6 Homeostasis  104

MEDICAL FOCUS Body Art: Buyer 
Beware!  105

6 The Skeletal System 111
6.1 Skeleton: Overview  112

MEDICAL FOCUS Osteoporosis  115

I.C.E.—IN CASE OF EMERGENCY Broken 
Bones  117

6.2 Axial Skeleton  118

MEDICAL FOCUS Oh, My Aching Back—
Options for Back Injuries  126

6.3 Appendicular Skeleton  127

6.4 Joints (Articulations)  132

6.5 Effects of Aging  136

6.6 Homeostasis  136

EXPLORING EVERYDAY ANATOMY AND 
PHYSIOLOGY Skeletal Remains  137

a. Female adult skull b. Male adult skull

7 The Muscular System 143
7.1  Physiologic Functions and Types 

of Muscles  144

7.2  Microscopic Anatomy and Contraction of 
Skeletal Muscle  146

7.3 Muscle Responses  153

EXPLORING EVERYDAY ANATOMY AND 
PHYSIOLOGY Rigor Mortis  155

MEDICAL FOCUS Muscular Disorders and 
Neuromuscular Disease  156

7.4 Skeletal Muscles of the Body  157

7.5 Skeletal Muscle Groups  158

7.6 Effects of Aging  167

7.7 Homeostasis  167

MEDICAL FOCUS Benefits of Exercise  169

 tendon

biceps brachii
(contracted)

flexion extension

biceps brachii
(relaxed)

radius

ulna
insertion

humerus

triceps brachii
(relaxed)

triceps brachii
(contracted)

origin

a. b.

2 μm

Cochlea cross section

Spiral organ

tectorial membrane

basilar 
membrane

tympanic 
canal

hair cell

stereocilia

cochlear nerve

Stereocilia

cochlear 
duct (endolymph)

tympanic 
duct (perilymph)
cochlear 
nerve

vestibular 
duct (perilymph)

semicircular 
canals

stapes

oval window

cochlea

round window

iv Contents

lon0927x_fm_i-xx.indd   4 6/17/19   10:36 AM



10 The Endocrine System 229
10.1 Endocrine Glands  230

10.2  Hypothalamus and Pituitary Gland  234

10.3 Thyroid and Parathyroid Glands  238

10.4 Adrenal Glands  240

EXPLORING EVERYDAY ANATOMY AND 
PHYSIOLOGY John F. Kennedy  244

10.5 Pancreas  245

I.C.E.—IN CASE OF EMERGENCY Insulin 
Shock and Diabetic Ketoacidosis  246

10.6 Additional Endocrine Glands  247

EXPLORING EVERYDAY ANATOMY AND 
PHYSIOLOGY Options for Type I 
Diabetics: The Artificial Pancreas System, 
Beta Cell Transplants, and the 
BioHub  248

10.7  The Importance of Chemical Signals  250

10.8 Effects of Aging  250

MEDICAL FOCUS Side Effects of Anabolic 
Steroids  251

10.9 Homeostasis  252

Part IVMAINTENANCE OF THE BODY

11 Blood 257
11.1  The Composition and Functions  

of Blood  258

11.2 Components of Blood  259

MEDICAL FOCUS Abnormal Red and White 
Blood Cell Counts   265

11.3 Platelets and Hemostasis  266

I.C.E.—IN CASE OF EMERGENCY 
Hemorrhage  268

11.4 Blood Typing and Transfusions  268

EXPLORING EVERYDAY ANATOMY AND 
PHYSIOLOGY Improvements in 
Transfusion Technology  271

11.5 Effects of Aging  272

12  The Cardiovascular 
System 275

12.1 Anatomy of the Heart  276

12.2 Physiology of the Heart  281

MEDICAL FOCUS The Electrocardiogram  282

EXPLORING EVERYDAY ANATOMY AND 
PHYSIOLOGY John Glenn  285

MEDICAL FOCUS Atherosclerosis, Coronary 
Artery Disease, and Stroke  286

12.3 Anatomy of Blood Vessels  288

12.4 Physiology of Circulation  291
I.C.E.—IN CASE OF EMERGENCY 

Cardiopulmonary Resuscitation and 
Automated External Defibrillation  296

12.5 Circulatory Routes  296
MEDICAL FOCUS Preventing Cardiovascular 

Disease  301
12.6 Effects of Aging  303
12.7 Homeostasis  304

13  The Lymphatic System 
and Body Defenses 309

13.1 Lymphatic System  310
13.2  Organs, Tissues, and Cells  

of the Immune System  310

MEDICAL FOCUS The Lymphatic Circulation 
and Disease  313

13.3 Nonspecific and Specific Defenses  314

MEDICAL FOCUS Influenza: A Constant 
Threat of Pandemic  322

13.4 Creating an Immune Response  323

MEDICAL FOCUS Immunization: The Great 
Protector   324

MEDICAL FOCUS AIDS Epidemic  328

13.5 Effects of Aging  330

13.6 Homeostasis  330

14 The Respiratory System 335
14.1 The Respiratory System  336

I.C.E.—IN CASE OF EMERGENCY Lung 
Collapse  340

14.2 Mechanism of Breathing  342

14.3 Gas Exchange and Transport  346

14.4 Respiration and Health  348

MEDICAL FOCUS The Most-Often-Asked Questions 
About Tobacco and Health  351

14.5 Effects of Aging  354

14.6 Homeostasis  355

heavy
chain

antigen-binding
sites

light
chain

V

V V

V

antigen

Shape of antigen fits 
shape of binding site.

Antigen binds 
to binding site.

C = constant
V = variablea.

b.

2,865×

cilia
goblet cell

c.

 Contents v

Plasma
(55% of 
whole blood)

FORMED ELEMENTS
Leukocytes
and
platelets
(<1% of 
whole blood)

Erythrocytes
(45% of 
whole blood)

b.

a.

neutrophils

platelets

red blood
cell

250×

monocyte

eosinophil

lymphocyte

basophil

lon0927x_fm_i-xx.indd   5



16  The Urinary System 
and Excretion 391

16.1 Urinary System  392

16.2  Anatomy of the Kidney and Excretion  395

16.3  Regulatory Functions of the Kidneys  399

16.4 Problems with Kidney Function  404

MEDICAL FOCUS Prostate Enlargement and 
Prostate Cancer  405

EXPLORING EVERYDAY ANATOMY  
AND PHYSIOLOGY  
Willem Kolff  407

16.5 Effects of Aging  407

16.6 Homeostasis  408

15 The Digestive System 361
15.1 Anatomy of the Digestive System  362

EXPLORING EVERYDAY ANATOMY AND 
PHYSIOLOGY The Stories That Teeth Can 
Tell  364

15.2 Accessory Organs of Digestion  373

MEDICAL FOCUS Disorders of the Digestive 
Tract  376

15.3 Chemical Digestion  378

15.4 Effects of Aging  380

15.5 Homeostasis  380

15.6 Nutrition  380

MEDICAL FOCUS Tips for Effectively Using 
Nutrition Labels  383

MEDICAL FOCUS Bariatric Surgery for 
Obesity  387

17 The Reproductive System 413
17.1 Human Life Cycle  414

17.2 Male Reproductive System  416

17.3 Female Reproductive System  422

MEDICAL FOCUS Ovarian Cancer  427

MEDICAL FOCUS Breast and Testicular Self-
Exams for Cancer  431

17.4  Control of Reproduction and Sexually 
Transmitted Infections  432

MEDICAL FOCUS Endocrine-Disrupting 
Contaminants  436

17.5 Effects of Aging  439

17.6 Homeostasis  440

MEDICAL FOCUS Preventing Transmission  
of STIs  442

18  Human Development and 
Birth 447

18.1 Fertilization  448

18.2 Development  449

MEDICAL FOCUS Therapeutic Cloning  454

18.3 Birth  459

MEDICAL FOCUS Premature Babies  461

MEDICAL FOCUS Preventing Birth 
Defects  462

Part VREPRODUCTION AND DEVELOPMENT 

Appendix A Answers to Chapter Questions A-1

Appendix B Understanding Medical Terminology (Online) B-1

Glossary/Index  GI-1

descending 
abdominal aorta

haustrum

ileocecal 
valve

ileum

cecum

vermiform 
appendix

rectum
anal canal

anal canal

rectum

rectum

taenia coli

mesentery

b. Large intestine, anterior view

ascending 
colon

cecum

vermiform
appendix

descending 
colon

transverse colon

sigmoid 
colon

c. Anal canal

a.

anus

anal canal

veins

internal 
anal sphincter

external 
anal sphincter

d. Photomicrograph of large intestine mucosa

lumen of
large
intestine

goblet
cells

19 Human Genetics 467
19.1 Chromosomal Inheritance  468

19.2 Genetic Inheritance  472

EXPLORING EVERYDAY ANATOMY AND 
PHYSIOLOGY The Romanovs: Did  
Genetics Change History?   475

MEDICAL FOCUS Preimplantation Genetic 
Studies  478

19.3 DNA Technology  479

EXPLORING EVERYDAY ANATOMY AND 
PHYSIOLOGY The Innocence Project 480

MEDICAL FOCUS A Profound Dilemma: 
Bioengineered Babies  481

a. b.

Developing
brain

Developing
eye

Upper
limb bud

Heart

Umbilical
blood vessel

Lower
limb bud

vi Contents

lon0927x_fm_i-xx.indd   6



After earning a baccalaureate degree in biology from St. Mary’s College (Notre Dame, Indiana) 
and a master’s degree in physiology from the Ohio State University, Susannah Nelson 
Longenbaker began her teaching career at Columbus State Community College in Columbus, 
Ohio. She continues to teach anatomy and physiology courses there, as she has for over 35 
years. During that time, she has earned the college’s Distinguished Teaching Award, 
Distinguished Full Professor Award, and Ohio Magazine’s Excellence in Education award. She 
founded and serves as  co-coordinator for Columbus State Community College’s Fantastic 
Fridays and Fantastic Fridays Thinking Science. These community outreach programs 
introduce middle school and high school students to the fun and excitement of laboratory 
science. In 2015, she was awarded the Columbus City Schools Community Excellence Award in 
recognition of her work in community outreach and science education.

In 2006, Sue was offered a unique opportunity by Dr. Sylvia Mader: to become the primary 
author for Understanding Human Anatomy and Physiology. Dr. Mader began her long career as 
a college biology professor, then left the classroom to become one of the most prolific authors 
of biology and human biology textbooks in the country. Her works are well known for their 
direct writing style and carefully crafted pedagogy. Dr. Mader’s many titles have been published 
and enjoyed by students worldwide for almost 40 years.

Sue is honored to continue Dr. Mader’s legacy to education, as the writer for this tenth 
edition of the textbook. She looks forward to and appreciates suggestions or comments from 
instructors and students alike. Feel free to contact her at the following address:

Sue Longenbaker
Department of Biological and Physical Sciences
Columbus State Community College
Columbus, Ohio 43215  
(614) 287-2430  
slongenb@cscc.edu

©Sue Longenbaker

About the AuthorABOUT THE AUTHOR

DIGITAL CONTRIBUTOR

Jeanette Ferguson’s love of science was first displayed at the age of four, when she was 
found dissecting worms in her backyard. She was fortunate to have a family that supported 
her inquisitive nature by surrounding her with hundreds of books and encouraging her 
various science experiments. Jeanette earned a bachelor’s degree in biology at Ohio 
Northern University, where she discovered her passion for human genetics, anatomy, 
physiology, and pathophysiology. She pursued her passion by attending The Ohio State 
University to earn a doctorate in pathology. While in graduate school, Jeanette was 
diagnosed with advanced oral cancer. Her journey through illness to recovery led her toward 
exciting new roles: those of cancer survivor, oral cancer educator, and research advocate. In 
2010, she left the world of research to take a position at Columbus State Community College, 
where she is currently an associate professor. In 2018, Jeanette was awarded the 
Distinguished Teaching Award for excellence in classroom instruction. When not in the 
classroom, Jeanette is busy with her most cherished jobs: being Bryan’s wife and Ryan’s 
mother.

©Bryan P. Ferguson

  vii

lon0927x_fm_i-xx.indd   7



viii

Welcome to the tenth edition of Mader’s Understanding Human Anat-
omy and Physiology! I am honored to once again work on this project, 
which is so rewarding for me as an educator, scientist, and creative 
artist. I am privileged to continue the vision of the book’s original 
author, Dr. Sylvia Mader, who introduced the book more than two 
decades ago. Together, we believe that a book designed to introduce 
the fascinating workings of the human body should be creative, in-
formative, accurate, and, most important, relevant to today’s students. 
This book is tailored to appeal to a wide audience, from students in 
pre-nursing and allied health fields, to nonscience majors who want a 
clear and concise explanation of how their bodies work. As soon as 
the student opens the book for the very first time, I want to capture 
that student’s interest. Then, I want to keep the reader’s attention as 
he or she learns something new about how we humans work.  

Mader’s Understanding Human Anatomy and Physiology contin-
ues to be the perfect text for a one-semester course because it was de-
signed for this audience from the very first edition. The text is 
celebrating its tenth anniversary with a complete facelift, which I be-
lieve makes the content even more approachable, user friendly, and 
exciting. Each chapter now begins with an infographic that details 
fascinating facts about the chapter’s subject. For example, did you 
know that X rays were used to discover the 3-dimensional structure of 
insulin, or that Marie Curie’s lab notebooks are still too radioactive to 
safely handle? Those and other historical details are designed to seize 
attention and stimulate curiosity, while drawing the reader in for a 
more detailed exploration. Myths get busted in each infographic as 
well, as in the Chapter 2 opener, which reassures students that an 
MRI won’t make a tattoo explode. And you might already know that 
household dust contains shed skin cells, but have you ever wondered 
just how much of this dead skin is in our atmosphere? (For the record, 
about a billion tons, as you’ll discover in the Chapter 5 infographic.) 

As you continue through the chapter, you’ll notice right away that 
the artwork in this revision has undergone a thorough makeover. The 
layout has been completely redesigned. Colors are brighter and more vi-
brant, illustrations have been enlarged, and each chapter has its own 
consistent feel. In addition, many figures now contain directed-learning 
boxes. These details group the structures in the artwork according to 
their function in order to make each one easier to understand. Photo-
graphs are fresh and up-to-date, and include many fine images from 
McGraw-Hill’s outstanding cadaver dissection resource, Anatomy and 
Physiology REVEALED. You’ll find some of the best artwork in the indus-
try in this edition of Mader’s Understanding Human Anatomy and Physiol-
ogy. I think that these changes will make the text more approachable not 
just for visual learners, but also for students of all learning styles. 

Further, each chapter has been reorganized to improve usability 
for both instructors and their students. The Learning Outcomes found 
at the beginning of each section are carefully constructed to be achiev-
able to students with no prior training in anatomy and physiology. Key 
anatomy, physiology, and clinical terms can now be found here as well. 
These modifications have been incorporated so that the reader never 
loses sight of what he or she is expected to learn in that particular 

section. When each of the key terms appears in the text, it is now fol-
lowed by its pronunciation, so that students will know the correct way 
to say (and, by extension, spell) each term. Throughout the text, the 
Begin Thinking Clinically feature asks a student to do exactly that: start 
thinking as though he or she was already working in a clinic or hospital 
setting. Each question fosters critical thinking skills by requiring the 
student to conduct further investigation into the chapter’s subject mat-
ter. At the conclusion of each section, the Content Check-Up! feature 
allows the reader to test comprehension before continuing.

A great deal of thought and attention has gone into reorganizing 
the conclusion of each chapter. New Human Systems Work Together 
illustrations capture the essence of how the body’s organ systems in-
teract. Then, the Learning Outcomes are briefly summarized. Next, 
the answers for each section’s Content Check-Up! and Begin Thinking 
Clinically questions are listed so that the students can quickly check 
their work. End-of-chapter Study Questions can be used as a checklist 
to ensure that important concepts are well understood. Each asks the 
student to craft a short essay. Learning Outcome Questions allow the 
student to “take the test” because they replicate the types of short 
answer questions often used in the classroom (matching, true-false, 
multiple choice, and the like). Finally, a Medical Terminology Exer-
cise that concludes the chapter helps to build a working vocabulary, 
thus facilitating comprehension and increasing student confidence.

Students who use the wonderful McGraw-Hill Connect© soft-
ware with this text will be able to use this text’s Learning Outcomes 
to check their progress. In addition, the McGraw-Hill Learn Smart© 
software that accompanies this text is the most widely used and intel-
ligent adaptive learning resource that is proven to strengthen memory 
recall, improve course retention, and boost grades. 

My own students love to relate examples about anatomy, physi-
ology, and pathophysiology that they’ve seen in the media or experi-
enced on the job. For this reason, the many features in each chapter 
of this text are tailored toward the varied interests of today’s stu-
dents. Each of the many existing Medical Focus articles has been 
carefully researched and updated for this edition. Every In Case of 
Emergency feature will be particularly relevant to those training to be 
first-responders (emergency medical technicians and paramedics, for 
example), though everyone can benefit from knowing how to re-
spond in a medical crisis situation. In addition, there’s something to 
pique the interest of every reader in the Exploring Everyday Anatomy 
and Physiology feature boxes.  For example, students who enjoy read-
ing about medical history will enjoy reading the brief story of Henri-
etta Lacks in Chapter 4. It’s a compelling account of how one 
woman’s cancer cells continue to benefit humanity. The profile of 
the late astronaut and Senator John Glenn in Chapter 12 gives a 
fascinating insight to the very beginning of America’s space pro-
gram, and some of the medical issues that arose when humans were 
put into space for the first time. Other Exploring Everyday Anatomy 
and Physiology readings explore topics related to forensic science, 
such as the discussion of DNA fingerprinting in Chapter 3 and the 
Innocence Project in Chapter 19. 

PREFACE

viii
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For the past 35 years, I have been blessed to have the best job in 
the world—being a college professor teaching the biological sciences. 
Each day in the classroom gives me a window into my students’ 
world and helps me to understand how they think. Each semester’s 
new batch of students has something to teach me, and I am fortu-
nate to be able to learn something new every day. Further, I am privi-
leged to work with a fine group of colleagues who are generous with 
both their expertise and advice. I continue to develop new strategies 
to describe anatomical and physiological concepts, using more and 
better examples and analogies. In this book, it’s my goal to share the 
ideas that work for me with both students and teachers. I know that 
this text will help you, the instructor, to engage and excite your stu-
dents in the fascinating study of the human body. 
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McGraw-Hill Education A&P:  We have learning down to a science!
At McGraw-Hill Education we work every day to unlock the full potential of each learner. Our mission is to accelerate learning through 
intuitive, engaging, efficient, and effective experiences—grounded in research. MHE Anatomy & Physiology is your trusted, data-driven part-
ner in A&P education. Since 2009, our adaptive programs in A&P have hosted 600,000 unique users who have answered more than 600 
million probes, giving us the only data-driven solutions to help your students get from their first college-level course to program readiness.

GUIDED TOUR THROUGH A CHAPTER!

Infographics at the beginning of every chapter will fascinate and quickly capture student attention. Facts of history, statistics, 
and trivia are presented, and common myths are busted—and intrigued students will definitely want to read more. 

of salt (NaCl) in
the average adult

human body.

There is about
1/2 lb 250 gor

Thirsty?

You’re older than you think: Each
of your body’s hydrogen atoms

was likely created approximately

The first recorded 
chemistry experiments were 
documented in 7000 B.C.E.

in China. 

The topic?

How to make an alcoholic 
drink—a combination

of beer and wine.

The element most likely
to stink: sulfur. Sulfur 
compounds are responsible 
for (among others) the smell 
of onions, garlic, skunks, 
and rotten eggs.

There are approximately 
35 pounds (16 kilograms)

of carbon in an adult 
human body.

That’s enough to make 
about nine thousand pencils.

You can’t get lead
poisoning  from a pencil. 

Pencil lead is actually
powdered graphite, a form

of the element carbon.

The only letter not used 
on the periodic table is J.

Dmitri Mendeleev,
who invented the periodic

table in 1869, left gaps in the
table for elements that
weren’t yet discovered
but have been since.

J

Go grab yourself a big glass
of dihydrogen monoxide

(that’s the technical chemical
formula for water, H2O).

C

C

S

Po

Ra

Ga
31

69.723

Gallium

H
H

O

H

HO

H
H O

H

H
H

H C

H

H

H

H

HOC

13.5 billion
years ago when the universe began.

 Brilliant chemist Marie Curie 
     discovered the radioactive elements         
               radium and polonium but died 
               from radiation poisoning. Her 
               lab notebooks are still too 
               radioactive to safely handle.

CHEMISTRY OF LIFE2 

Clavicles are broken 
most often, but 50% of all 
bone fractures happen 
in the upper limb: 
arm, forearm, and/or hand. 

Approximately 1 in 500 people has an 
extra rib growing from the base of the neck. 
These cervical ribs cause problems only if 
they squash nearby nerves or blood vessels. 

The smallest bone in the body is the 
tiny stapes, found in the temporal 
bone of the skull. It’s smaller 
than your smallest fingernail. 

Pound for pound, bone 
is stronger than steel. 

Prosthetic joints and limbs aren’t new. 
Ancient Egyptians developed an artificial 

big toe around 3,000 years ago. 

Neanderthals had a 
hyoid bone in the neck to 
support the larynx (voice 

box), just like modern 
humans. Paleontologists 
think that Neanderthals 
had complex speech 

patterns, too. 

There are 
27 bones 

in each hand 
and

26 in each foot. 

That’s a total of 
106 bones, 

meaning more 
than half of the 

skeleton is in the 
hands and feet. 

Instructions about how to cast a 
broken bone can be found in ancient 
Greek documents from 440 B.C.E. 
The author recommended soaking 

linen bandages in wax. 

Cracking your knuckles won’t give 
you arthritis, but it could weaken 
ligaments. Gently massage 
and stretch sti� 
joints instead. 

300
As newborns,

we have about

separate bones.
As we grow, they
fuse to form the 

bones of the
adult skeleton.

206

THE SKELETAL SYSTEM6

Learning Outcomes and a complete vocabulary 
of key terms at the beginning of every section will help stu-
dents understand what they should know after studying the chapter.

Accessible Writing Style More important than any other 
component of a textbook, the writing must be appropriate for the 
level of the reader. Mader’s Understanding Human Anatomy and Phys-
iology features the perfect writing style for the one-semester course. It 
has always been written and designed for the one-semester course, 
not adapted from a two-semester textbook. Paragraph  introductions, 
explanations, comparisons, and relevant, everyday examples are used 
with these students in mind. The flow of the text is logical and acces-
sible without being overly “chatty” and consistently makes use of 
relevant examples and analogies.

x
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Another example is stepped-out art, which shows key stages of an 
illustration identified by numbered circles. This type of explana-
tion builds comprehension sequentially.

lysosome
contains digestive enzymes 
that break down macromolecules
or microbes entering by vesicles

transport vesicle
takes lipids to Golgi apparatus

transport vesicle
takes proteins to 
Golgi apparatus

protein

enzyme

incoming vesicle

Golgi apparatus
modifies lipids and proteins
from the ER; sorts and
packages them in vesicles

rough endoplasmic 
reticulum
synthesizes proteins and
packages them in vesiclessmooth endoplasmic reticulum

synthesizes lipids and has
various other functions

plasma 
membrane

ribosome

lipid

secretion

Nucleus

1

1

2

3

2

3

secretory vesicle

b. 

EXOCYTOSIS

a.

 ENDOCYTOSIS

Golgi apparatuslysosomes

  Figure 3.5 The endomembrane system. (a) Endocytosis and lysosome function. (1) A vesicle formed by endocytosis, 
containing macromolecules, fuses with (2) the lysosome made at the Golgi apparatus, and (3) lysosome enzymes digest the macro-
molecules in the vesicle. (b) Exocytosis and the secretory vesicle. (1) Transport vesicles from the ER bring proteins and lipids to the 
Golgi apparatus, where (2) the molecules are packaged in a secretory vesicle, which (3) travels to the plasma membrane, releasing 
its  contents by exocytosis.
(a) ©Don W. Fawcett/Science Source; (b) ©Biophoto Associates/Science Source

The Golgi apparatus contains enzymes that modify pro-
teins and lipids. For example, it can add a chain of sugars to 
proteins and lipids, thereby making them into glycoproteins and 
glycolipids, which are molecules found in the plasma membrane. 
The vesicles that leave the Golgi apparatus move to other parts 

of the cell. Some vesicles move to the plasma membrane. There, 
they fuse with the membrane and release their contents to the 
cell’s exterior, in a process called exocytosis. Other vesicles 
formed at the Golgi apparatus, such as lysosomes, remain in-
side the cell.

 Chapter 3 Cell Structure and Function 51

Macro to micro figures give the students an overall perspective.

region is called a motor unit (mō′tŭr yū′nŭt), and it consists of the 
single motor nerve axon and the entire collection of muscle fibers 
it innervates. Each branch of the axon ends in an axon terminal, 
an expanded area that lies in close proximity to the sarcolemma 

of the muscle fiber. This region is called the neuromuscular junc-
tion (nū″rō-mŭs′kyŭh-lŭr jŭnk′shŭn). Because a small gap, called a 
synaptic cleft, separates the axon terminal from the sarcolemma, the 
two do not physically touch (Fig. 7.4).

a. Muscle fiber has
  many myofibrils.

c. Sarcomeres are relaxed.

T tubule nucleus calcium
storage site

sarcoplasm

sarcolemma

myosin head

thick
filament

thin
filament

sarcoplasmic
reticulum

Z line Z line

H zone

Z line

skeletal muscle
cell (fiber)

one myofibril

myofilament

A band I band

 6,000×

mitochondrion

fascicle of muscle cells (fibers)
surrounded by perimysium

tendon

deep fascia

epimysium

myofibril

muscle fiber surrounded
by endomysium

b. A myofibril has many sarcomeres.

one sarcomere

d. Sarcomeres are contracted.

  Figure 7.3 Anatomy of a muscle fiber.  
(a) A muscle fiber contains many myofibrils with the 
components shown. (b) A myofibril has many sarco-
meres that contain myosin and actin filaments whose 
arrangement gives rise to the striations so characteristic 
of skeletal muscle. (c), (d) Muscle contraction occurs 
when sarcomeres contract and thin filaments slide past 
thick filaments.
(b) ©Biology Pics/Science Source
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Images from Anatomy & Physiology REVEALED®, McGraw-Hill’s 
award-winning cadaver dissection tool, enhance the text throughout.

the second through seventh ribs; and the xiphoid process doesn’t 
articulate with any ribs.

The xiphoid process is the third part of the sternum. Composed 
of hyaline cartilage in the child, it becomes ossified (converted into 
bone) in the adult. The variably shaped xiphoid process serves as 
an attachment site for the diaphragm, which separates the thoracic 
cavity from the abdominal cavity.

CONTENT CHECK-UP!
6. Which of the following are cranial bones?

 a. frontal

 b. sphenoid

 c. maxilla

 d. a and b

 e. all of the above

7. When you shake your head “no,” you’re moving a joint be-
tween two bones. What are they?

8. The opening in the center of a vertebra where the spinal 
cord is located is called the _____ ______.

9. The most superior part of the sternum is the:

 a. xiphoid process. c. manubrium.

 b. body. d. costal cartilage.
Answers following Chapter Summary.

6.3 Appendicular Skeleton
13. Name the bones of the pectoral girdle and the pelvic girdle. Be 

able to label diagrams of them.
14. Name the bones of the upper limb (arm and forearm) and the lower limb 

(thigh and leg). Be able to label diagrams that include surface features.
15. Cite at least five differences between the female and male pelvises.

KEY TERMS

Anatomy & Physiology Key Terms
Bony pelvis
Calcaneus
Clavicles
Coxal bone
Femur
Fibula

Humerus
Ilium
Ischium
Metatarsal bones
Patella
Pectoral girdle

Pelvic girdle
Pelvis
Phalanges
Pubic symphysis
Pubis
Radius

Scapulae
Talus
Tarsal bones
Tibia
Ulna

The appendicular skeleton contains the bones of the pectoral girdle, 
upper limbs, pelvic girdle, and lower limbs.

Pectoral Girdle
The pectoral girdle (pĕk′tŭh-rŭl gŭr′dŭl) (shoulder girdle) contains 
four bones: two clavicles and two scapulae (Fig. 6.12). It supports 
the upper limbs and serves as a place of attachment for muscles that 
move the arms and forearms. The bones of this girdle are held in 
place by ligaments and muscles. This arrangement allows great flex-
ibility but means that the arm can be dislocated at the shoulder joint.

c. Right scapula, anterior view

clavicle

acromion
process

glenoid
cavity

coracoid
process

scapula

humerus

ulna
radius

a. Pectoral girdle, frontal view

rib

costal
cartilage

sternum

glenoid
cavity

coracoid
process

acromion
process

spine of
scapula

b. Right scapula, posterior view

glenoid
cavity

coracoid
process

acromion
process

  Figure 6.12 The pectoral girdle. (a) Frontal view of 
the pectoral girdle with the upper limb attached. (b) Posterior view 
of the right scapula. (c) Anterior view of the right scapula.
(a, Insets b and c) ©The McGraw-Hill Companies, Inc./MCOF Enterprises, Ltd., photographer; (b, c) 
©Christine Eckel/McGraw-Hill Education 
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The heart is located in the thoracic cavity within the mediastinum, a 
serous membrane sac between the lungs. It is a hollow, cone-shaped, 
muscular organ. To approximate the size of your heart, make a fist 
and then clasp the fist with your opposite hand. Figure 12.1 shows 
that the base (the widest part) of the heart is superior to its apex 
(the pointed tip), which rests on the diaphragm. Also, the heart lies 
on a slant; the base is directed toward the right shoulder, and the 
apex points to the left hip. The base is deep to the second rib, and 
the apex is at the level of the fifth intercostal space (though these 
positions can vary depending on a person’s size).

As the heart pumps the blood through the pulmonary and sys-
temic vessels, it performs these functions:

1. keeps oxygenated blood separate from partially deoxygenated 
blood;

2. keeps the blood flowing in one direction—blood flows away 
from and then back to the heart in each circuit;

3. creates blood pressure, which moves the blood through the 
circuits;

4. regulates the blood supply based on the current needs of the 
body; and

5. serves as an endocrine gland, producing atrial natriuretic 
 hormone (ANH, or atriopeptide) for regulation of blood 
 pressure.

The Wall and Coverings of the Heart
The heart is composed of three layers, as shown in Figure 12.2. The 
innermost layer, the endocardium (ĕn″dō-kăr′dē-ŭm), is a single layer 
of simple squamous epithelium, called endothelium. Endothelium 
(ĕn″dō-thē′lē-ŭm) not only lines the heart, but it also continues into and  
lines the blood vessels. Its smooth  nature helps prevent blood from 
clotting unnecessarily. The central myocardium  (mī″ō-kăr′dē-ŭm) 
is the thickest part of the heart wall and is made up of cardiac 
muscle (see Fig. 4.15). When cardiac muscle fibers contract, the 
heart beats. The outermost layer is the epicardium ( ĕp″ĭ-kăr′dē-ŭm), 
which is also called the visceral serous pericardium  (vĭs′ŭr-ŭl sēr′ŭs  
pĕr-ŭh-kăr′dē-ŭm) (the term visceral means organ and refers to the  
fact that this layer covers the heart). After covering the heart, the 
visceral serous pericardium folds back over the heart, creating  
the  parietal serous pericardium (pŭh-rī′ŭh-tŭl sēr′ŭs pĕr-ŭh-kăr′dē-ŭm). 
The two serous membranes (visceral serous pericardium, or epicar-
dium, and parietal serous pericardium) secrete pericardial fluid (a fluid 
similar to plasma). The pericardial fluid reduces friction as the heart 
beats. The parietal pericardium is fused to the outermost fibrous 
 pericardium (fī′brŭs pĕr-ŭh-kăr′dē-ŭm). The fibrous pericardium is a 
thick layer of fibrous connective tissue that adheres to the three larg-
est blood vessels, called the great blood vessels, at the heart’s base and 
anchors the heart to the diaphragm and the mediastinal wall. The 

pericardial
cavity

fibrous pericardium

parietal serous
pericardium

fibrous
pericardium

parietal
serous
pericardium

pericardial cavity

visceral serous
pericardium 
(epicardium)

heart wall

a.

b.

c.

simple squamous
epithelium
areolar connective
tissue and fat

epicardium
(visceral serous
pericardium)

areolar connective 
tissue
endothelium

endocardium

myocardium (cardiac muscle)

  Figure 12.2 The coverings and wall of the 
heart. (a) The visceral serous pericardium covers the heart. 
The tough outer fibrous pericardium that surrounds the heart  
is lined by parietal serous pericardium. (b) After covering the 
heart, the visceral pericardium folds back over the heart and 
creates the parietal pericardium. The space between them is 
the pericardial cavity. (c) The heart has three layers, from deep 
to superficial: endocardium, myocardium, and epicardium 
( visceral serous pericardium).
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Fresh, redesigned, and easy to understand 
art covers what’s important but leaves out unnecessary, confus-
ing detail. Directed learning boxes incorporated into the figures 
help the reader to organize structures according to their function. 

 xi
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CONTENT CHECK-UP!
1. The term for the expanded portion at the ends of a long  

bone is:

 a. diaphysis c. periosteum

 b. epiphysis d. articular cartilage

2. Osteons are associated with _____ bone. 

3. Which type of bone cell breaks down bone and deposits 
calcium into the blood?

 a. osteoblast c. osteoprogenitor

 b. osteocyte d. osteoclast

4. The region in a long bone where growth occurs is 
the ____________.

5. Imagine that an artery has to pass through bone to enter 
the skull. What is the feature through which the artery will 
pass? (Refer to Table 6.1.)

Answers following Chapter Summary.

6.2 Axial Skeleton
7. Distinguish between the axial and appendicular skeletons.
8. Name the bones of the skull, and state the important features of 

each bone.
9. Describe the structure and function of the hyoid bone.

10. Name the bones of the vertebral column and the thoracic cage. Be 
able to label diagrams of them.

11. Describe a typical vertebra, the atlas and axis, and the sacrum and 
coccyx.

12. Name the three types of ribs and the three parts of the sternum.

KEY TERMS

The skeleton is divided into the axial skeleton and the appendicular 
skeleton. The tissues of the axial and appendicular skeletons are bone 
(both compact and spongy), cartilage (hyaline and fibrocartilage), and 
dense connective tissue, a type of connective tissue proper. (The various 
types of connective tissues were extensively discussed in Chapter 4.)

In Figure 6.4, the bones of the axial skeleton are colored blue- 
gray, and the bones of the appendicular skeleton are colored tan for 
easy distinction. Notice that the axial skeleton (ăk′sē-ŭl skĕl′ŭh-tŭn) 
lies in the midline of the body and contains the bones of the skull, 
the small hyoid bone in the neck, the vertebral column, and the tho-
racic cage (composed of the ribs and the sternum, or breastbone). 
Six tiny middle ear bones (three in each ear) are also in the axial 

skeleton; we will study them in Chapter 9 in connection with the ear. 
The appendicular skeleton (ăp″ĕn-dĭk′yū-lĕr skĕl′ĕ-tŭn) includes the 
pectoral girdle, upper limbs, pelvic girdle, and lower limbs.

Skull
The skull is formed by the cranium and the facial bones. These bones 
contain sinuses (sī′nŭs-ŭz), air spaces lined by mucous membranes 
that reduce the weight of the skull and give the voice a resonant 
sound. The paranasal sinuses empty into the nose and are named 
for their locations. They include the maxillary, frontal, sphenoidal, 
and ethmoidal sinuses (the frontal and sphenoid sinuses are shown 
in Fig. 6.5). Sinusitis (sī″nŭ-sī′tĭs) is infection or inflammation of the 
paranasal sinuses. The two mastoid sinuses drain into the middle ear. 
Mastoiditis (măs″tōy-dī′tĭs), a condition that can lead to deafness, is 
an inflammation of these sinuses.

Bones of the Cranium
The cranium (crā′nē-ŭm) forms the roof, floor, and sides of the skull 
and protects the very delicate brain. Several of the cranial bones 
also help to form the face. The entire cranium is composed of eight 
bones that are separated from each other by immovable joints called 
sutures (sū′chĕrz). Newborns have membranous regions called 
fontanels (fŏnt″ŭh-nĕlz′), where the bones of the cranial vault have 
not yet fused together. The fontanels permit the bones of the skull 
to shift during birth as the head passes through the birth canal. The 
largest fontanel is the anterior fontanel (often called the “soft spot”), 
which is located where the two parietal bones meet the two unfused 
parts of the frontal bone. The anterior fontanel usually closes by the  
age of two years. Besides the frontal bone, the cranium is composed 
of two parietal bones, one occipital bone, two temporal bones, one 
sphenoid bone, and one ethmoid bone (Figs. 6.6 and 6.7).

Frontal Bone One frontal bone forms the forehead, a portion of the 
nose, and the superior portions of the orbits (bony sockets of the eyes).

Parietal Bones Two parietal bones are just posterior to the frontal 
bone. They form the roof of the cranium and also help form its sides.

Occipital Bone One occipital bone forms the most posterior part 
of the skull and the base of the cranium. The spinal cord joins the 
brain by passing through a large opening in the occipital bone called 
the  foramen magnum (fŏr-ā′mĕn măg′nŭm). The occipital condyles  
(ŏk-sĭp′ŭh-tŭl kŏn'dīlz) are rounded processes on either side of the fora-
men magnum that articulate with the first vertebra of the spinal column.

Temporal Bones Two temporal bones are just inferior to the pa-
rietal bones on the sides of the cranium. They also help form the 
base of the cranium (Figs. 6.5 and 6.6a). Each temporal bone has 
the following special features:

• external acoustic meatus, a canal that leads to the middle ear;
• mandibular fossa, which articulates with the mandible;
• mastoid process, which provides a place of attachment for cer-

tain neck muscles;
• styloid process, which provides a place of attachment for mus-

cles associated with the tongue and larynx;
• zygomatic process, which projects anteriorly and helps form 

the cheekbone.

Anatomy & Physiology  
Key Terms

Clinical  
Key Terms

Alveolar 
process

Appendicular 
skeleton

Atlas
Axial skeleton
Axis
Coccyx
Cranium
Fontanels

Foramen 
magnum

Hard palate
Intervertebral 
disk

Occipital 
condyle

Rib cage
Sacrum
Sella turcica

Sinuses
Sternum
Sutures
Temporal 
process

Vertebrae
Vertebral 
column

Zygomatic  
arch

Herniated disk
Kyphosis
Lordosis
Mastoiditis
Scoliosis
Sinusitis
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BEGIN THINKING CLINICALLY

You’re treating an 11-year-old patient in the emergency 
room. His right eye was struck by a baseball bat, and 
he’s rapidly developing a nasty black eye. What bones 
might have been broken by the injury?
Answer and discussion following Chapter Summary.

Hyoid Bone
The U-shaped hyoid bone (see Fig. 6.4) is located superior to the 
larynx (voice box) in the neck. It is the only bone in the body that 
does not articulate (form a joint) with another bone. Instead, it is sus-
pended from the styloid processes of the temporal bones by the stylo-
hyoid muscles and ligaments. It anchors the tongue and serves as the 
site for the attachment of several muscles associated with swallowing.

Vertebral Column (Spine)
The vertebral column (vŭr′tŭh-brŭl kŏh′lŭm) extends from the skull 
to the pelvis. It consists of a series of separate bones, the vertebrae 
(vŭr′tŭh-brā), separated by pads of fibrocartilage called the inter-
vertebral disks (ĭn″tŭr-vŭr′tŭh-brŭl dĭsks) (Fig. 6.8). The vertebral 
column is located in the posterior region of the body at the midline, 
where it forms the body’s vertical axis. The skull rests on the supe-
rior end of the vertebral column, which also supports the rib cage 
and serves as a point of attachment for the pelvic girdle. The verte-
bral column also protects the spinal cord, which passes through a 
vertebral canal formed by the vertebrae. The vertebrae are named 
according to their location: seven cervical (neck) vertebrae, twelve 
thoracic (chest) vertebrae, five lumbar (lower back) vertebrae, five 
sacral vertebrae fused to form the sacrum, and three to five coccygeal 
vertebrae fused into one coccyx (tailbone).

When viewed from the side, the vertebral column has four nor-
mal curvatures, named for their location (Fig. 6.8). The cervical 
and lumbar curvatures are concave posteriorly, and the thoracic and 
sacral curvatures are convex posteriorly. In the fetus, the vertebral 
column has only one curve, and it is convex posteriorly (the curved 
“fetal position”). The cervical curve develops three to four months 
after birth, when the child begins to hold his or her head up. The 
lumbar curvature develops when a child begins to stand and walk, 
around one year of age. The curvatures of the vertebral column 
provide more support than a straight column would, and they also 
provide the balance needed to walk upright.

The curvatures of the vertebral column are subject to abnor-
malities (Fig. 6.9). An abnormally exaggerated lumbar curvature is 
called lordosis (lŏr-dō′sŭs), or “swayback.” People who are balanc-
ing a heavy midsection, such as pregnant women or people with 
“potbellies,” may have swayback. An increased roundness of the 
thoracic curvature is kyphosis (kī-fō′sŭs), or “hunchback.” This ab-
normality sometimes develops in older people as the center sections 
of thoracic vertebrae become compressed. An abnormal lateral 
(side-to-side) curvature is called scoliosis (skō″lē-ō′sŭs). Occurring 
most often in the thoracic region, scoliosis is usually first seen dur-
ing late childhood.

12 thoracic
vertebrae form
thoracic curvature.
Ribs attach here.

5 lumbar
vertebrae in
small of back
form lumbar
curvature.

sacrum: 5 fused 
vertebrae in adult
form sacral curvature.

coccyx: usually 3–5 fused 
vertebrae form the “tailbone.” 
With sacral vertebrae,
forms pelvic curvature.

7 cervical
vertebrae in
neck region form
cervical curvature.
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  Figure 6.8 Curvatures of the spine. The  vertebrae 
are named for their location in the body. Note the presence of the 
coccyx, also called the tailbone.
©The McGraw-Hill Companies, Inc./MCOF Enterprises, Ltd., photographer

Kyphosis (“hunchback”)Lordosis (“swayback”) Scoliosis

 Figure 6.9 Abnormal curvatures of the vertebral column.
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Built-in Study Aids such as the Content Check-Up! and the Begin Thinking Clinically features allow students to test themselves over major 
sections of text before continuing. Content Check-Up! questions follow each section in a chapter, and answers are included at the end of the chapter. 

GUIDED TOUR THROUGH A CHAPTER!

Alzheimer disease (AD) (ăltz΄hī-mŭr dĭ-zēz΄) is an irreversible, fatal dis-
order characterized by a gradual loss of short-term and long-term 
memory and reasoning. AD typically begins with memory decline that 
affects daily routines, and often results in personality changes such 
as confusion, agitation, and hostility. For example, a normal 60- to 
70-year-old might forget the name of a rarely seen acquaintance or 
where he put the car keys. However, someone with AD forgets the 
name of a daily visitor and what the keys are used for. People afflicted 
with AD tend to repeat a story or ask the same question over and 
over. Patients gradually become bedridden and die of a complication, 
such as pneumonia. At the cellular level, neuron structure is abnormal 
in the brain areas involved in reasoning and memory, and the neu-
rons produce smaller amounts of the neurotransmitter acetylcholine 
(ACh, see Section 8.1). The AD neuron has two pathological charac-
teristics. The first is the neurofibrillary tangles, bundles of fibrous pro-
tein that surround the nucleus. The tangles are caused by an 
abnormal form of tau, a protein molecule that normally helps stabilize 
the microtubules that form the cell’s cytoskeleton. In addition, protein-
rich accumulations, called amyloid plaques, envelop the axon 
branches. Over time, affected neurons die. Both the cerebral cortex 
and an important memory area called the hippocampus shrivel, the 
brain shrinks in volume, and the ventricles become enlarged. 

Research into Its Cause 
As techniques for genetic study continue to improve, several genetic 
mutations specific to AD have been identified. One set of three genes 
is deterministic, meaning that people who inherit one of these three 
mutated genes will always develop the disease, called autosomal 
dominant Alzheimer disease (ADAD). It’s interesting to note that one 
of these genes is found on chromosome 21. Inheriting three copies of 
chromosome 21 results in Down syndrome, and people with Down 
syndrome tend to develop AD. (You will learn more about autosomal 
dominant disorders and Down syndrome in Chapter 19.) Scientists are 
now studying victims with mutations to try to discover the disease’s 
exact cause. Recent research hints that neuron deterioration may 
result when the tau protein spreads from one cell to the next, much as 
a virus spreads from one infected cell to another. (Perhaps other pro-
teins, including the prion protein, spread this way as well; see the 
Medical Focus in Section 2.6). Other studies suggest that cell lyso-
somes fail to destroy the abnormal proteins found in diseased cells. 

Research into Its Treatment 
At this time, only five drugs are actually accepted for disease treat-
ment. One category, cholinesterase inhibitors (Aricept®, Razadyne®, 
Exelon®, Reminyl®), works at neuron synapses in the brain, allowing 
ACh to accumulate in the synaptic cleft. This allows brain memory 
pathways to function for a longer time period. The newest drug, 
memantine (Namenda®), blocks excitotoxicity: the tendency of dis-
eased neurons to self-destruct. Neurons in memory pathways tend 
to survive longer as a result. However, neither medication category 

cures AD. Both merely slow disease progression, allowing the 
patient to function independently for a longer time. Additional 
research is underway to see if anticholesterol statin drugs and/or 
anti-inflammatory medications can slow the progress of AD. 

Prevention 
What, if anything, can be done to prevent AD? Here’s what the 
research suggests for us:

•	 Maintain excellent cardiovascular health, and minimize any risk 
factors you might have. Risk factors for cardiovascular disease—
heart attack and stroke—include elevated blood cholesterol and 
blood pressure, smoking, obesity, sedentary lifestyle, and diabe-
tes mellitus (see Chapter 12 for more information about cardio-
vascular disease). Gum disease caused by a low-level bacterial 
infection is also a risk factor, so schedule regular dental care. 

•	 Eat a heart-healthy diet: lean meats, fresh fruit and vegeta-
bles, whole grains, and healthy oils such as olive oil. Boost 
your levels of vitamins B and D, eat more fatty fish (such as 
salmon), and drink coffee. You can read more about a heart-
healthy diet in Chapter 12. 

•	 Stay active physically and socially. There are tips about how 
to stay active in Section 7.7. Make the time to create and nur-
ture relationships with friends and loved ones. 

•	 Try to prevent blows to the head! It’s been shown that head 
injuries (such as those experienced by football players) can 
increase the risk of developing AD in later life 19-fold. Wear-
ing seat belts and helmets and taking steps to prevent falls 
are commonsense, easy ways to prevent head injury. 

•	 Finally, keep “exercising” your brain. Constantly challenge your 
intellect: For example, take a foreign language, learn to play a 
musical instrument, or solve progressively harder puzzles. 

Hope for a Cure 
Each new finding about what causes Alzheimer disease creates 
new potential treatments. Researchers are now conducting clini-
cal testing on antibodies that block cell-to-cell transmission of the 
tau protein. (You can read more about antibodies in Chapter 13.) 
Discovering a way to improve lysosome activity might eliminate 
tau from the neuron. Currently, researchers are also testing vac-
cines for AD that would enable the patient’s immune system to 
destroy amyloid and tau. Early study results show some promise. 

However, scientists believe that AD must be detected earlier 
before it can be cured, because destructive brain changes may 
begin in the brain 15 to 20 years before symptoms ever develop. 
Right now, the brain must be autopsied before AD can be diagnosed 
with absolute certainty. In the future, cerebrospinal fluid testing may 
allow amyloid protein detection before disease symptoms appear. 
Researchers are also developing ways to tag amyloid with radioac-
tive molecules, which will allow its detection using a PET scan. (PET 
and other imaging techniques are described in Chapter 1.) 

MEDICAL FOCUS

Research on Alzheimer Disease: Causes, Treatments, Prevention, and Hope for a Cure 

182 PART III Integration and Coordination

a sleeping person. Damage to the reticular formation can result 
in coma (kō′mŭh), a state of temporary (sometimes permanent) 
unconsciousness.

CONTENT CHECK-UP!
5. The deepest of the three meninges is the:

 a. dura mater.  b. arachnoid mater.  c. pia mater.

6. Cerebrospinal fluid is found in the ____ ____ of the spinal 
cord, and the ______ of the brain. It is also found in the 
subarachnoid space surrounding the brain and spinal cord.

7. Imagine you hear a clap of thunder. Which structure routes 
the sound to the correct brain lobe? Which lobe contains 
sensory and memory areas for hearing?

8. Which structure integrates motor commands to make sure 
that proper muscle groups are activated or  inhibited?

 a. Wernicke’s area
 b. corpus callosum

 c. limbic system
 d. basal nuclei

9. Name the three main components of the diencephalon. 
10. Match the brain region with its function:
 a. cerebellum  visual and auditory reflexes
 b. limbic system motor coordination
 c. brain stem emotional response

Answers following Chapter Summary.

8.3 Peripheral Nervous System
8. Describe the anatomical structure of a nerve, and distinguish be-

tween sensory,  motor, and mixed nerves.
9. Name the twelve pairs of cranial nerves, and give a physiologic 

function for each.
10. Name several peripheral nerves, and describe the spinal nerves 

that combine to create each one. Explain the physiologic function 
of each of these  peripheral nerves.

11. Describe the structure of a reflex arc and the physiologic function 
of a reflex action.

12. Define and describe the autonomic nervous system.
13. Distinguish between the sympathetic and parasympathetic 

 divisions in four ways, and give examples of their respective 
 effects on specific  organs.

KEY TERMS

Anatomy & Physiology  
Key Terms

Clinical  
Key Terms

Afferent (sensory) 
system 

Autonomic motor 
system 

Cranial nerves 
Efferent (motor) 
system 

Ganglion 
Parasympathetic 
division 

Reflexes
Somatic motor  
system 

Somatic sensory 
system 

Spinal nerves 
Sympathetic division 
Visceral sensory 
system

Ankle-jerk reflex 
Knee-jerk reflex

Traumatic Brain Injury
In March 2009, Natasha Richardson, actress and wife of actor 
Liam Neeson, lost consciousness while she was on the beginner 
slope of a Montreal ski resort, after a seemingly minor fall. After 
regaining consciousness, she insisted that she was fine, even 
turning away EMS personnel. However, she complained of a se-
vere headache hours later, and her condition rapidly deteriorated. 
After being declared brain dead, Richardson died in a New York 
hospital two days later.

Richardson’s accident focused attention on the need for im-
mediate medical attention when a traumatic brain injury (TBI) is 
suspected. Traumatic brain injuries cause swelling of the brain 
and meninges, which reduces blood supply to the brain. Concus-
sion is often the first symptom of TBI. Patients who suffer a con-
cussion become dizzy, confused, or disoriented; suffer short-term 
memory loss; or lose consciousness. Bleeding inside the brain or 
skull, called hematoma, or bruising of the brain, called a contu-
sion, may follow concussion. These are life-threatening and of-
ten fatal injuries that may not be immediately evident, but 
develop in the hours to days after the initial loss of conscious-
ness. In Ms. Richardson’s case, her fall resulted in an epidural 
hematoma: bleeding between the skull and dura mater. Had she 
received prompt medical treatment, the hematoma could have 
been surgically repaired.

Patients who have had a concussion should always be exam-
ined by an emergency room physician to rule out a critical injury. 
Before first responders transport the person to the hospital, they 
should quickly assess whether the patient is alert and able to re-
spond to person, place, and time—in the language of the emer-
gency room, “oriented times three.” The individual should be able 
to identify himself (person), tell where he is (place), and correctly 
name the day of the week (time). Next, the victim’s pupillary reflex is 
tested to ensure that both pupils react similarly and quickly in re-
sponse to light. Emergency care providers and family members 
must be aware of the signs of brain damage: severe headache, 
nausea and vomiting, slow heartbeat and breathing rate, and de-
creasing consciousness. In babies and small children, the early 
signs of TBI include crying inconsolably and refusal to nurse or eat. 
In these situations, immediate medical and surgical treatment will 
hopefully lessen or prevent brain damage.

Athletes (and their parents and coaches) must be aware that 
no concussion should be considered minor; each is a traumatic 
brain injury. Further, repeated concussions in young people can 
result in permanent brain damage and predispose the victim to 
neurodegenerative diseases, including Alzheimer and Parkinson’s 
disease. Under no circumstances should an athlete be returned to 
play in that day’s game following a concussion.

I.C.E.—IN CASE OF EMERGENCY 
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The Immortal Henrietta Lacks
How long can human cells survive? In the case of cancer, some 
types of cells might, in fact, be “immortal.” Consider the cells of 
Henrietta Lacks, a young and very poor African American 
woman who died of cervical cancer in 1951. Cells taken from her 
original tumor, designated HeLa (from Henrietta Lacks) became 
the first human cells to easily grow in a laboratory. In their  
60-plus years of survival, thousands of research projects have 
used these sturdy cells. Developing vaccines, studying drug 
 effects, investigating virus behavior, developing tests for genetic 
disorders, and, of course, research into cancer—these are only 
a few of their uses. They can be found in tissue culture labora-
tories all over the world, including those on the International 
Space Station. If you’re interested in cell research, HeLa cells 
can even be purchased from catalogs. The message on Henri-
etta’s tombstone is a fitting eulogy for this remarkable woman: 

In loving memory of a phenomenal woman, wife and 
mother who touched the lives of many. Here lies Henri-
etta Lacks (HeLa). Her immortal cells will continue to help 
mankind forever.

You can read more about cancer in Medical Focus: Cancer: The 
Traitor Inside.

EXPLORING EVERYDAY ANATOMY AND PHYSIOLOGY

In rheumatoid arthritis, the synovial membrane becomes inflamed 
and grows thicker. Fibrous tissue then invades the joint. The invad-
ing tissue may eventually become bony so that the bones of the 
joint are no longer capable of moving.

Meninges
The meninges (mŭh-nĭn′jēz) are membranes found within the pos-
terior cavity (see Fig. 1.5). They are composed only of connective 
tissue and serve as a protective covering for the brain and spinal 
cord. Meningitis is a life-threatening infection of the meninges (see 
the Medical Focus in Section 1.4).

Cutaneous Membrane
The cutaneous membrane (kyū-tā′nē-ŭs mĕm′brān), or skin, forms the 
outer covering of the body. It consists of an outer portion of keratin-
ized stratified squamous epithelium attached by a layer of areolar con-
nective tissue to a thick underlying layer of dense irregular connective 
tissue. The skin is discussed in detail in Chapter 5.

©New York Public Library/Science Source

13. 

 a. desmosome 

 b. tight junction 

 2.  prevents adjacent cells 
from tearing apart

 c. gap junction 

 3.  forms an impermeable 
 barrier

14. Explain the difference between exocrine and endocrine 
glands. Give examples of each gland type.

15. Match each type of membrane to its function:

 a.  synovial  1.  forms outer covering of the
  membrane   body

 b.  cutaneous  2. lines walls of organs that
  membrane    open to the outside of the
    body

 

c.  mucous

 3. lines the interior of a joint 
  

membrane 

  capsule

Answers following Chapter Summary.

Unsurpassed Clinical Coverage is evident all through 
this text. Medical Focus, Begin Thinking Clinically, I.C.E.: In Case of 
Emergency, and Exploring Everyday Anatomy and Physiology readings 
and study aids relate the very latest research and developments in 
applied aspects of anatomy and physiology to important concepts in 
the text. Examples include “Improvements in Transfusion Technol-
ogy,” “Necrotizing Fasciitis,” “When Proteins Go Rogue,” “Athero-
sclerosis, Coronary Artery Disease, and Stroke,” and “Influenza: A 
Constant Threat of Pandemic.” The I.C.E.: In Case of Emergency 
readings engage students in real-life scenarios that challenge them to 
use, and expand upon, their recently acquired knowledge.
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Chapter Conclusion
Each regional system chapter is sum-
marized with a Human Systems Work 
Together illustration that details the 
interaction of the body’s organ sys-
tems to maintain homeostasis. A con-
cise chapter summary is followed by 
answers to all Content Check-Up! and 
Begin Thinking Clinically questions. 
Two levels of follow-up questions 
allow students to test their knowledge. 
A Medical Terminology exercise builds 
both vocabulary and confidence.
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CHAPTER SUMMARY

Learning Outcomes Summary
12.1 Anatomy of the Heart 

1. Describe the location of the heart and its 
functions. 

2. Detail the wall and coverings of the heart. 
3. Trace the path of blood through the heart, 

naming its chambers and valves. 
4. Explain the operation of the heart valves. 
5. Outline the coronary circulation, and discuss 

several coronary circulation disorders and 
possible treatments.

The heart keeps oxygen-poor blood separate from oxygen-rich blood and keeps 
blood flowing in one direction. It creates blood pressure and regulates the supply of 
blood to meet current needs. The right side of the heart pumps blood to the lungs via 
the pulmonary circuit; the left side pumps blood to the tissues via the systemic circuit. 
A. The heart is covered by a fibrous pericardial sac lined by parietal serous 

pericardium. The visceral pericardium also functions as the epicardium of the 
heart wall. The myocardium is made of cardiac muscle, and the endocardium is 
the heart’s inner lining. 

B. The heart has right and left sides and four chambers: two atria and two 
ventricles. There are two atrioventricular valves separating the atria from the 
ventricles: the right tricuspid valve and the left bicuspid, or mitral, valve. On the 
right side, the pulmonary semilunar valve controls blood flow from the right 
ventricle into the pulmonary artery. On the left side, the aortic semilunar valve 
controls blood flow from the left ventricle into the aorta.

C. The first heart sound, “lub,” is caused by AV valve closure. The second heart 
sound, “dup,” occurs when the semilunar valves close. When valves don’t work 
properly, they can be replaced with artificial synthetic or porcine valves. 

D. The myocardium is supplied with blood from the coronary circulation. Coronary 
artery disease is caused by atherosclerosis.

12.2 Physiology of the Heart
6. Describe the conduction system of the heart.
7. Label and explain a normal electrocardiogram.
8. Describe the cardiac cycle and the heart 

sounds.
9. Describe the cardiac output and regulation of 

the heartbeat.

A. The conduction system of the heart includes the SA node, the AV node, the AV 
bundle, the bundle branches, and the Purkinje fibers. The SA node causes the 
atria to contract. The AV node and the rest of the conduction system cause the 
ventricles to contract. 

B. The heartbeat (cardiac cycle) is divided into three phases: (1) In atrial systole, 
the atria contract; (2) in ventricular systole, the ventricles contract; and (3) in 
atrial and ventricular diastole, both the atria and the ventricles rest. 

C. The cardiac output (amount of blood discharged by the heart in one minute) is 
the product of stroke volume and heart rate. The heart rate is regulated largely 
by the cardioregulatory center and the autonomic nervous system.

12.3 Anatomy of Blood Vessels
10. Name the three types of blood vessels, and 

describe their structure and function.

Blood vessels transport blood, carry out exchange in pulmonary and systemic 
capillaries, regulate blood pressure, and direct blood flow.
A. Arteries and arterioles carry blood away from the heart. 
B. Capillaries are made of endothelial cells and have precapillary sphincters. 
C. Capillary exchange occurs via a balance of hydrostatic and osmotic pressures. 

At the arterial end of a capillary, outward hydrostatic pressure is greater and 
tissue fluid accumulates. At the venous end, osmotic pressure is greater and 
tissue fluid is reabsorbed.

12.4 Physiology of Circulation
11. Explain how blood pressure changes 

throughout the vascular system, and describe 
the factors that determine blood pressure.

12. Describe how blood pressure is regulated.
13. Define pulse, and tell where the pulse may be 

taken.
14. Describe shock due to hypotension and 

various medical consequences of 
hypertension.

A. Velocity of blood flow varies according to total cross-sectional area; therefore, 
blood flow is slowest in the capillaries. 

B. Blood pressure decreases with distance from the left ventricle. Cardiac output 
(CO) and resistance to flow determine blood pressure. Venous return affects 
CO. The skeletal muscle pump and the respiratory pump assist venous return. 
Neural regulation of peripheral resistance is via a vasomotor center in the 
medulla that is under the control of the cardioregulatory center. Several 
different hormones regulate blood pressure by controlling blood vessel 
constriction and regulating the kidney’s reabsorption of water. 

C. To evaluate a person’s circulation, it is customary to take the pulse and blood pressure.

12.5 Circulatory Routes
15. Name the two circuits of the cardiovascular 

system, and trace the path of blood from the 
heart to any organ in the body and back to 
the heart.

The pulmonary arteries transport oxygen-poor blood to the pulmonary capillaries, 
and the pulmonary veins return oxygen-rich blood to the heart. In the systemic 
circuit, blood travels from the left ventricle to the aorta, systemic arteries, arterioles, 
and capillaries, and then from the capillaries to the venules and veins to the right 
atrium of the heart. The systemic circuit serves the body’s tissues and organs. 
A. Blood leaves the left ventricle and enters the ascending aorta, which sends 

smaller branches off to supply various parts of the body, including the heart itself. 
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16. Describe the major systemic arteries and the 
major systemic veins.

17. Describe several special circulations: blood 
supply to the liver, blood supply to the brain, 
and fetal circulation.

B. All systemic veins drain into the inferior and superior venae cavae as well as 
the coronary sinus. 

C. The hepatic portal system carries blood from all the digestive organs to the 
liver. Circulation to the brain includes the cerebral arterial circle, which protects 
all regions of the brain from reduced blood supply. 

D. Fetal circulation includes four unique features: (1) the foramen ovale, (2) the 
ductus arteriosus, (3) the umbilical arteries and vein, and (4) the ductus 
venosus. These features are necessary because the fetus does not use its 
lungs for gas exchange.

12.6 Effects of Aging
18. Describe the anatomical and physiological 

changes that occur in the cardiovascular 
system as we age.

Aging increases the risk of atherosclerosis. Congestive heart failure is common in 
the elderly and causes blood to back up in the pulmonary vessels.

12.7 Homeostasis
19. Describe how the cardiovascular system 

works with other systems of the body to 
maintain homeostasis.

The cardiovascular system is the body’s transportation mechanism. It assures 
exchange at the pulmonary capillaries and the systemic capillaries. There are 
many examples of the interaction of the cardiovascular system with other systems. 
For example, the endocrine system is dependent on the cardiovascular system to 
transport its hormones, and hormones help maintain blood pressure. Blood 
vessels deliver wastes to the kidneys, and the kidneys help maintain blood 
pressure. The respiratory system is dependent on the cardiovascular system to 
transport gases to and from cells, and the respiratory system assists venous return.

ANSWERS TO CONTENT CHECK-UP!

1. The three layers are fibrous pericardium, parietal serous pericar-
dium, and visceral pericardium (also called the epicardium). The 
fibrous pericardium protects the heart from injury and protects it 
from overfilling, which would reduce its contraction strength.

2. d
3. a

4. b
5. a

6. The trained athlete’s heart will have increased its size and 
contraction strength, his cardiac output will increase, and he’ll 
have the advantage. The second athlete’s cardiac output will 
remain unchanged. 

7. c
8. d

9. b
10. c

11. a
12. Cardiac output increases because heart rate, venous return, 

and stroke volume all increase as a result of exercise. In-
creased cardiac output causes increased blood pressure.

13. a
14. c
15. Because blood will be diverted away from the pulmonary 

trunk, the pulmonary circuit will fail to develop.
16. The left ventricle. The chamber gradually enlarges because it 

must pump harder to eject blood through the stiff aortic valve.
17. The integumentary system helps to rid the body of excess 

heat by sweating.

Section 12.5: Figure 12.17 shows other ways for blood to return from the lower limb to the heart. For example, blood could travel from the 
anterior tibial vein or small saphenous vein to the popliteal vein. However, the clot would cause severe pain and could break free to form a 
thromboembolism (see Chapter 11). To prevent clotting, stay hydrated, stretch your legs, and walk around as much as possible.

ANSWER TO BEGIN THINKING CLINICALLY

1. State the location and functions of the heart. (Section 12.1)
2. Describe the wall and coverings of the heart. (Section 12.1)
3. Name the chambers and valves of the heart. Trace the path of 

blood through the heart. (Section 12.1)
4. Describe the coronary circuit, and discuss several coronary 

circuit disorders. (Sections 12.1 and 12.2)

5. Describe the conduction system of the heart and how 
 conduction can be  recorded using an electrocardiogram. 
( Section 12.2)

6. Describe the cardiac cycle (using the terms systole and 
 diastole), and explain the heart sounds. (Section 12.2)

7. What is cardiac output (CO)? What two factors determine CO? 
How are these  factors regulated? (Section 12.2)

STUDY QUESTIONS
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16. Describe the major systemic arteries and the 
major systemic veins.

17. Describe several special circulations: blood 
supply to the liver, blood supply to the brain, 
and fetal circulation.

B. All systemic veins drain into the inferior and superior venae cavae as well as 
the coronary sinus. 

C. The hepatic portal system carries blood from all the digestive organs to the 
liver. Circulation to the brain includes the cerebral arterial circle, which protects 
all regions of the brain from reduced blood supply. 

D. Fetal circulation includes four unique features: (1) the foramen ovale, (2) the 
ductus arteriosus, (3) the umbilical arteries and vein, and (4) the ductus 
venosus. These features are necessary because the fetus does not use its 
lungs for gas exchange.

12.6 Effects of Aging
18. Describe the anatomical and physiological 

changes that occur in the cardiovascular 
system as we age.

Aging increases the risk of atherosclerosis. Congestive heart failure is common in 
the elderly and causes blood to back up in the pulmonary vessels.

12.7 Homeostasis
19. Describe how the cardiovascular system 

works with other systems of the body to 
maintain homeostasis.

The cardiovascular system is the body’s transportation mechanism. It assures 
exchange at the pulmonary capillaries and the systemic capillaries. There are 
many examples of the interaction of the cardiovascular system with other systems. 
For example, the endocrine system is dependent on the cardiovascular system to 
transport its hormones, and hormones help maintain blood pressure. Blood 
vessels deliver wastes to the kidneys, and the kidneys help maintain blood 
pressure. The respiratory system is dependent on the cardiovascular system to 
transport gases to and from cells, and the respiratory system assists venous return.

ANSWERS TO CONTENT CHECK-UP!

1. The three layers are fibrous pericardium, parietal serous pericar-
dium, and visceral pericardium (also called the epicardium). The 
fibrous pericardium protects the heart from injury and protects it 
from overfilling, which would reduce its contraction strength.

2. d
3. a

4. b
5. a

6. The trained athlete’s heart will have increased its size and 
contraction strength, his cardiac output will increase, and he’ll 
have the advantage. The second athlete’s cardiac output will 
remain unchanged. 

7. c
8. d

9. b
10. c

11. a
12. Cardiac output increases because heart rate, venous return, 

and stroke volume all increase as a result of exercise. In-
creased cardiac output causes increased blood pressure.

13. a
14. c
15. Because blood will be diverted away from the pulmonary 

trunk, the pulmonary circuit will fail to develop.
16. The left ventricle. The chamber gradually enlarges because it 

must pump harder to eject blood through the stiff aortic valve.
17. The integumentary system helps to rid the body of excess 

heat by sweating.

Section 12.5: Figure 12.17 shows other ways for blood to return from the lower limb to the heart. For example, blood could travel from the 
anterior tibial vein or small saphenous vein to the popliteal vein. However, the clot would cause severe pain and could break free to form a 
thromboembolism (see Chapter 11). To prevent clotting, stay hydrated, stretch your legs, and walk around as much as possible.

ANSWER TO BEGIN THINKING CLINICALLY

1. State the location and functions of the heart. (Section 12.1)
2. Describe the wall and coverings of the heart. (Section 12.1)
3. Name the chambers and valves of the heart. Trace the path of 

blood through the heart. (Section 12.1)
4. Describe the coronary circuit, and discuss several coronary 

circuit disorders. (Sections 12.1 and 12.2)

5. Describe the conduction system of the heart and how 
 conduction can be  recorded using an electrocardiogram. 
( Section 12.2)

6. Describe the cardiac cycle (using the terms systole and 
 diastole), and explain the heart sounds. (Section 12.2)

7. What is cardiac output (CO)? What two factors determine CO? 
How are these  factors regulated? (Section 12.2)

STUDY QUESTIONS

 

LEARNING OUTCOME QUESTIONS

Fill in the blanks.

 1. The right side of the heart pumps blood to the .
 2. The valve between the left atrium and left ventricle is the 

, or mitral, valve.
 3. When the left ventricle contracts, blood enters the 

.
 4. The  node is known as the pacemaker.
 5. Arteries are blood vessels that take blood  the 

heart.
 6. The force of blood against the walls of an artery is termed 

.
 7. The blood pressure recorded when the left ventricle 

contracts is called the  pressure, and the 
pressure recorded when the left ventricle relaxes is called 
the   pressure.

 8. The two factors that affect blood  pressure are  
and .

 9. Blood moves in arteries due to  and in veins 
movement is assisted by .

10. The major blood vessels taking blood to and from the 
shoulders and upper limbs are the  arteries and 
veins. Those taking blood to and from the legs are the 

 arteries and veins.
11. The blood vessels that serve the heart are the  

arteries and veins.
12. The human body contains a hepatic portal system that takes 

blood from the  to the .
13. Blood vessels to the brain end in a circular path known as 

the .
14. In the fetus, the opening between the two atria is called the 

 and the connection between the pulmonary 
artery and the aorta is called the .

online).

 1. echocardiography (ĕk˝ō-kăr˝dē-ŏg΄rŭh-fē)
 2. coronary  angioplasty (kōr΄ŭh-nĕr-ē˝ ăn΄jē-ō-plăs˝tē)
 3. vasoconstriction (vā˝zō-kŏn-strĭk΄shŭn)
 4. valvuloplasty (vălv΄yŭh-lō-plăs˝tē)
 5. antihypertensive (ăn˝tĭ-hī˝pŭr-tĕn΄sĭv)

MEDICAL TERMINOLOGY EXERCISE

APRONLINE STUDY TOOLS

Anatomy & Physiology REVEALED in-
cludes cadaver photos that allow you to  
peel away layers of the human body to 
reveal structures beneath the surface. This program also includes 
animations, radiologic imaging, audio pronunciations, and practice 
quizzing. To learn more visit www.aprevealed.com

8. What types of blood vessels are in the body? Discuss their 
structure and function. (Section 12.3)

9. What factors determine velocity of blood flow? Blood 
 pressure? In what vessel is blood pressure highest? Lowest? 
(Section 12.4)

10. What mechanisms assist venous return to the heart? Discuss 
nervous and hormonal control of blood pressure. (Section 12.4)

11. What is pulse? How do you take a person’s pulse? How do you 
take a person’s blood pressure? What does a blood pressure 
of 120/80 mean? (Section 12.4)

12. What are hypertension, stroke, aneurysm, and congestive 
heart failure? (Sections 12.2 and 12.6)

13. Trace the path of blood from the aorta to the femoral artery to 
the dorsalis pedis artery in the foot. Then, trace a return path-
way from the foot through the great saphenous vein and back 
to the aorta. Indicate which of the vessels are in the systemic 
circuit and which are in the pulmonary circuit. (Section 12.5)

14. Compare the fetal circulation with that of an adult. How are 
they alike? How are they different? (Section 12.5)

15. Give examples to show that the cardiovascular system func-
tions to maintain homeostasis and that interactions with other 
systems help it and the other systems to maintain homeosta-
sis. (Section 12.7)

308 PART IV Maintenance of the Body
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This special tenth anniversary edition of Mader’s Understanding 
Human Anatomy and Physiology has an all-new art program, featur-
ing fascinating chapter opener infographics, a redesigned layout, 
and bright vibrant colors. Many illustrations contain directed 
learning boxes that help the reader to correlate structures with 
their physiologic function. Each chapter has a consistent theme, 
and chapters on organ systems include a new Human Systems 
Work Together illustration. New, more current photos and images 
from McGraw-Hill Education’s award-winning interactive learning 
software, Anatomy and Physiology REVEALED®, have been incor-
porated throughout the text.

All information regarding signs, symptoms, diagnosis, and treat-
ment of disease has been carefully investigated using Up To Date®, 
a professional peer-reviewed overview of current research in each 
respective field. This service is utilized throughout the nation by 
many universities and hospitals, including the Mayo Clinic.

Throughout the text, key terms are in bold font and followed 
by their phonetic pronunciation. Each section of a chapter ends 
with a Content Check-Up! to test student knowledge. In response 
to reviewer requests, selected Content Check-Up! questions 
throughout the chapters have been replaced with higher-level ques-
tions requiring critical thinking and assimilation of ideas.

Chapter conclusions now include new Human Systems Work 
Together illustrations for chapters describing organ systems. In 
addition, chapter summaries have been updated and reorganized, 
and answers to Content Check-Up! and Begin Thinking Clinically 
questions are included at the end of each chapter.

Chapter 1:
• Updated Medical Focus: Meningitis and Serositis to include 

latest information regarding signs and symptoms.

• Updated Medical Focus: Imaging the Body to include latest 
technologies used for imaging, including functional magnetic 
resonance imaging.

Chapter 2:
• New Exploring Everyday Anatomy and Physiology describes 

toxins as medications. 

• New Medical Focus: When Proteins “Go Rogue” describes 
the role of normal prions in the cell, and explains the 
pathophysiology of prion diseases. 

• Updated Medical Focus: The Deadly Effects of High-Level 
Radiation to contain current information regarding the effects 
of radiation on cell-cell junctions.

• In response to reviewer commentary, revised discussion of 
atomic orbitals.

• In response to reviewer commentary, revised explanations for 
acids, bases, and buffers.

Chapter 3:
• In response to reviewer feedback, expanded description of the 

structure of the  nucleus.

• In response to reviewer feedback, reformatted Table 3.1.

• In response to reviewer feedback, revised discussion of the 
endomembrane system.

• New Exploring Everyday Anatomy and Physiology: Another 
Reason to Quit.

• In response to reviewer feedback, revised description of  
replication, transcription, and translation, including a table of 
codons and anticodons.

Chapter 4:
• Updated Medical Focus: Targeting the Traitor Inside, which 

now features the most current available information regarding 
cancer therapies.

• New Exploring Everyday Anatomy and Physiology: The 
Immortal Henrietta Lacks.

• Reformatted and reorganized Table 4.2.

• In response to reviewer request, updated discussion of 
connective tissue proper.

• Updated Cancer: The Traitor Inside to include the newest 
information available regarding carcinogenesis.

Chapter 5:
• Updated Medical Focus: Decubitus Ulcers. 

• New Exploring Everyday Anatomy and Physiology: You and 
Your Hair.

Chapter 6:
• Updated Medical Focus: Osteoporosis to reflect state-of-the-art 

knowledge about medical research in the field.

• Reviewed current findings on causes and therapies to update 
Medical Focus: Oh, My Aching Back—Options for Back Injuries.

CHANGES TO THIS EDITION

xiv 
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Chapter 7:
• Researched current findings and updated Medical Focus: 

Muscular Disorders and Neuromuscular Disease.

Chapter 8:
• Updated articles: Medical Focus: Research on Alzheimer 

Disease and In Case of Emergency: Traumatic Brain Injury. 
Both readings feature current research and recommendations 
from the Alzheimer’s Association and the American Heart 
Association, respectively.

• Researched and updated Medical Focus: Epidural Stimulation 
in Spinal Cord Injuries: Cause for Hope

• In response to reviewer feedback, updated discussion of the 
types of neurons, the synapse, nerves, and tracts. 

• In response to reviewer feedback, revised discussion of 
saltatory conduction. 

• Updated Medical Focus: Parkinson’s Disease to reflect new 
research into causes and therapies.

Chapter 9:
• Updated Medical Focus: Eye Disorders and Diseases. 

Chapter 10:
• In response to reviewer feedback, revised discussion of renin-

angiotensin-aldosterone system and control of aldosterone 
secretion.

• New Exploring Everyday Anatomy and Physiology: John F. 
Kennedy.

• Updated discussion of Cushing’s syndrome.

• Updated all statistics regarding diabetes mellitus.

• Updated Medical Focus: Options for Type I Diabetics: The 
Artificial Pancreas System, Beta Cell Transplants, and the 
BioHub.

• Updated Medical Focus: Side Effects of Anabolic Steroids.

• Researched and updated discussion of human pheromones. 

Chapter 11:
• In response to reviewer feedback, updated the discussion of 

the function of hemoglobin. 

Chapter 12:
• New Medical Focus: Atherosclerosis, Coronary Artery Disease, 

and Stroke now contains up to date findings in pathophysiology, 
diagnosis and treatment of all three disorders.

• Updated In Case of Emergency: Cardiopulmonary 
Resuscitation and Automated External Defibrillation to include 
most current recommendations from the American Heart 
Association.

• New Exploring Everyday Anatomy and Physiology: John 
Glenn. 

• In response to reviewer feedback, revised discussion of mean 
arterial pressure.

• Updated Medical Focus: Preventing Cardiovascular Disease to 
reflect current recommendations from the American Heart 
Association.

Chapter 13:
• Updated Medical Focus: The Lymphatic Circulation and 

Disease.

• In response to reviewer feedback, updated discussion of the 
inflammatory response.

• Updated Medical Focus: AIDS Epidemic.

• Updated Medical Focus: Immunization: The Great Protector.

• Updated Medical Focus: Influenza: A Constant Threat of 
Pandemic.

• Updated discussion of monoclonal antibody formation and 
clinical applications.

Chapter 14:
• Updated In Case of Emergency: Lung Collapse.

• Updated Medical Focus: The Most-Often-Asked Questions 
About Tobacco and Health to include current statistics and 
information about electronic cigarettes.

• Researched and revised control of respiration. 

• Researched and updated information regarding age-related 
changes in respiration.

Chapter 15:
• Updated Medical Focus: Disorders of the Digestive Tract to 

present the most current information about causes, signs and 
symptoms, and treatment of gastrointestinal disease.

  xv
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• Researched and updated information regarding the 
immunological role of the vermiform appendix. 

• New Begin Thinking Clinically regarding C. difficile infection.

• Researched and incorporated up-to-date pathophysiology 
regarding obesity, and revised information about the most 
current pharmaceutical treatments for obesity.

Chapter 16:
• New Exploring Everyday Anatomy and Physiology: Willem 

Kolff.

• In response to reviewer feedback, added greater detail about 
the renin-angiotensin-aldosterone system. 

• Based on reviewer request, added additional explanations for 
tubular reabsorption and secretion.

Chapter 17:
• In response to reviewer feedback, completely revised the 

explanation of meiosis, adding greater detail.

• In response to reviewer suggestion, provided additional detail 
for the descriptions of puberty in males and females.

• Thorough review and revision of all information regarding 
contraceptive methods available in the United States, 
including statistics about success/failure rates and health 
precautions for each one.

• In response to request, added photo illustration of 
contraceptives.

• Incorporated up-to-date descriptions of the proper techniques 
for breast and testicular self-examination, using information 
from the American Cancer Society.

Chapter 18:
• Revised Table 8.1 to include additional information regarding 

pre-embryonic period.

• Updated information regarding prevention of birth defects, 
utilizing information from the March of Dimes U.S.A.

• Added illustration for neural tube formation in response to 
reviewer request.

Chapter 19:
• New Exploring Everyday Anatomy and Physiology: The 

Romanovs: Did Genetics Change History?

• Updated Medical Focus: A Profound Dilemma: Bioengineered 
Babies.

• In response to reviewer request, added explanation and 
example of codominance.

• Researched and revised discussion of Y-linked traits.

• Updated statistics for Focus on Forensics: The Innocence 
Project.

xvi 
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Physiology Interactive 
Lab Simulations (Ph.I.L.S.) 
4.0 Ph.I.L.S. 4.0 is the perfect 
way to reinforce key physiology 
concepts with powerful lab 
experiments. Created by Dr. Phil 
Stephens at Villanova University, 
this program offers 42 laboratory 
simulations that may be used to 
supplement or substitute for wet 
labs. All 42 labs are self-con-
tained experiments—no lengthy 
instruction manual required. 
Users can adjust variables, view 

outcomes, make predictions, draw conclusions, and print lab 
reports. This easy-to-use software offers the flexibility to change 
the parameters of the lab experiment. There are no limits!

Practice Atlas for Anatomy & Physiology NEW! The 
Practice Atlas for Anatomy & Physiology is an interactive tool that 
brings the traditional anatomy atlas into the 21st century. Pairing 
images of common anatomical models from Denoyer-Geppert and 3B 
Scientific with stunning cadaver photography from Anatomy & 
Physiology|Revealed©, this atlas allows students to practice naming 
structures on both models and human bodies, anytime and anywhere.

The Practice Atlas for Anatomy & Physiology is available as 
a standard feature of Connect® Anatomy & Physiology, or can be 
purchased stand-alone. This product is perfect for use in the 
 following courses:
● 2-semester A&P
● 1-semester A&P
● Human Anatomy
● Human Physiology
● Allied Health courses

©Denoyer-Geppert Science Company, 2017

©3B Scientific GmbH, Germany, 2017

MCGRAW-HILL EDUCATION  
TEACHING AND LEARNING TOOLS

Anatomy & Physiology | REVEALED© 3.2 Anatomy 
& Physiology | REVEALED© 3.2 is an interactive cadaver dissec-
tion tool to enhance lecture and lab. Make use of the custom struc-
ture list to focus learning. Now APR is mobile—get the experience 
anywhere, anytime. It is also available in Cat and Fetal Pig versions.

LearnSmart® Prep is an adaptive learning tool that prepares 
students for college-level work in Anatomy & Physiology. Prep for 
Anatomy & Physiology now comes standard to students with Connect. 
The tool indivifually identifies concepts the student does not fully 
understand and provides learning resources to teach essential con-
cepts so he or she enters the classroom prepared. Data-driven 
reports highlight areas where students are struggling, helping to 
accurately identify weak areas.

 xvii
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You’re in the driver’s seat.
Want to build your own course? No problem. Prefer to use our turnkey, prebuilt course? 
Easy. Want to make changes throughout the semester? Sure. And you’ll save time with 
Connect’s auto-grading too.

They’ll thank you for it.
Adaptive study resources like SmartBook® help your 
students be better prepared in less time. You can 
transform your class time from dull definitions to dynamic 
debates. Hear from your peers about the benefits of 
Connect at www.mheducation.com/highered/connect

Make it simple, make it affordable. 
Connect makes it easy with seamless integration using any of the major Learning 
Management Systems—Blackboard®, Canvas, and D2L, among others—to let you 
organize your course in one convenient location. Give your students access to digital 
materials at a discount with our inclusive access program. Ask your McGraw-Hill 
representative for more information.

Solutions for your challenges.
A product isn’t a solution. Real solutions are affordable, 
reliable, and come with training and ongoing support 
when you need it and how you want it. Our Customer 
Experience Group can also help you troubleshoot 
tech problems—although Connect’s 99% uptime 
means you might not need to call them. See for 
yourself at status.mheducation.com

Students—study more efficiently, retain more, and 
achieve better outcomes. Instructors—focus on what 
you love—teaching.

SUCCESSFUL SEMESTERS INCLUDE CONNECT

65%
Less Time 
Grading

©Hill Street Studios/Tobin Rogers/Blend Images LLC

For Instructors
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Effective, efficient studying.
Connect helps you be more productive with your study 
time and get better grades using tools like SmartBook, 
which highlights key concepts and creates a 
personalized study plan. Connect sets you up for 
success, so you walk into class with confidence and  
walk out with better grades.

Study anytime, anywhere.
Download the free ReadAnywhere app and access your online 
eBook when it’s convenient, even if you’re offline. And since the 
app automatically syncs with your eBook in Connect, all of your 
notes are available every time you open it. Find out more at www.
mheducation.com/readanywhere

No surprises. 
The Connect Calendar and Reports tools 
keep you on track with the work you need to 
get done and your assignment scores. Life 
gets busy; Connect tools help you keep 
learning through it all.

Learning for everyone. 
McGraw-Hill works directly with Accessibility Services Departments and faculty to 
meet the learning needs of all students. Please contact your Accessibility Services 
office and ask them to email accessibility@mheducation.com, or visit www.
mheducation.com/about/accessibility.html for more information.

“I really liked this app—it 
made it easy to study when 

you don't have your text-
book in front of you.”

- Jordan Cunningham, 
   Eastern Washington University

Chapter 12 Quiz Chapter 11 Quiz

Chapter 7 Quiz

Chapter 13 Evidence of Evolution Chapter 11 DNA Technology

Chapter 7 DNA Structure and Gene...

and 7 more...

13 14

©Shutterstock/wavebreakmedia

For Students
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Everyone
spends about 
30 minutes of
life as a single
cell, right after

the father’s
sperm fertilizes 

the mother’s
ovum.

X rays were used to 
image bone fractures 
and gunshot wounds 
as early as 1896.

As early as 1600 B.C.E., 
ancient Egyptians 

learned about anatomy 
by mummifying people. 

   
In 275 B.C.E., 

Herophilus taught
one of the first

anatomy classes in 
Alexandria, Egypt.

The body’s smallest organ?
The brain’s tiny pineal gland.

It helps make you a
morning person or a night owl.

Leonardo da Vinci discovered 
that the distance from 
fingertip to fingertip in an 
adult man was approximately 
equal to his height.
The Vitruvian man 
is art and science
in action!

Dr. Dorothy Hodgkin used 
X rays to discover the hormone 
insulin’s structure and won the 

1964 Nobel Prize.

Mona Lisa made him famous,
but Leonardo da Vinci was also

a talented anatomist who created
over 700 human body drawings. 

But there are

38 trillion
bacterial cells
living in or on

your body, give
or take a billion

or two.

There are

30 trillion
cells in your body,

give or take a
billion or two.

An MRI can’t make your 
tattoo explode. But it may 

burn and hurt if there’s
iron in the tattoo dyes 

(iron’s magnetic!). Fe

1 ORGANIZATION OF THE BODY Part I
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1.1 The Human Body
1. Define anatomy and physiology, and explain how they are related.
2. Describe and give examples for each level of organization of the body.

KEY TERMS

Anatomy and physiology both involve the study of the human body. 
Anatomy (ŭh-nă′tŭh-mē) is concerned with the structure of a part, 
as well as its relationship with other structures. For example, the 
stomach is a J-shaped, pouchlike organ, found between the esopha-
gus and the small intestine, two other digestive system structures 
(Fig. 1.1). The stomach wall has thick folds, which disappear as the 
stomach  expands to increase its capacity. Physiology (fĭz′ē- ŏl″ŭh-jē) 
is concerned with a body part’s function, both individually and as a 
component of an entire system. For example, the stomach receives 
food traveling from the mouth through the esophagus, temporarily 
stores it and secretes digestive juices, then passes on partially di-
gested food to the small intestine. Signals from the nervous system 
and the endocrine, or hormone, system direct stomach activities.

Anatomy and physiology are closely connected because the 
structure of an organ suits its function. For example, the stomach’s 
pouchlike shape and ability to expand are well-suited for  storing food. 
In addition, the stomach wall’s microscopic anatomy is perfectly 
structured for secreting digestive juices, as we will see in Chapter 15.

The Body’s Organization Levels
The body’s structure can be studied at different levels of organiza-
tion (Fig. 1.1). Initially, all substances, including body parts, are 
composed of chemicals made up of submicroscopic particles called 
atoms (ă′tŭhmz). Atoms join to form molecules (mŏl′ŭh-kyūlz), 
which can in turn join to form larger macromolecules (măk′rō-
mŏl″ŭh-kyūlz). For example, molecules called amino acids join to 
form macromolecules called proteins. Different proteins make up 
the bulk of our muscles.

Macromolecules compose the cellular organelles (ŏr″gŭh-
nĕlz′), which are found within all cells. Organelles are tiny struc-
tures that perform cellular functions. For example, the organelle 
called the nucleus acts as a “control center” by directing cellular 
activity. Another  organelle, called the mitochondrion, supplies the 
cell with energy. Cells (sĕlz) are the basic units of living things.

Tissues are the next level of organization. A tissue (tĭsh′ū) is 
composed of similar types of cells and performs a specific func-
tion. An organ (ŏr′gŭhn) is composed of several tissue types and 
performs a particular function within an organ system (ŏr′gŭhn 
sĭs′tŭhm). For example, the stomach is a digestive system organ. 
It has a specific role in this system, whose overall function is to 
supply the body with the nutrients needed for growth and repair. 
The other systems of the body (see Section 1.5) also have specific 
functions.

All of the body systems together make up the organism (ŏr′gŭh-
nĭz″ŭhm)—for  example, a human being. Human beings are complex 
animals, but this complexity can be broken down and studied at 
even simpler levels. Each simpler level is organized and constructed 
in a particular way.

atom

molecule

macromolecule

organelle

cell tissue

organ

organism

organ system

 Figure 1.1 Levels of organization of the human body. Each level is more complex than the previous level.

Anatomy & Physiology Key Terms
Anatomy
Atoms
Cells

Macro molecules
Molecules
Organ

Organelles
Organism
Organ system

Physiology
Tissue

2 PART I Human Organization
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Certain terms are used to describe the location of body parts,  body 
regions, and imaginary planes that can be used to section the body. 
You should become familiar with these terms before your study of 
anatomy and physiology begins. Anatomical terms are useful only 
if everyone has in mind the same position of the body and is using 
the same reference points. Therefore, we will  assume that the body 
is in the anatomical position (ăn″ŭh-tŏm′ŭh-kŭhl pō-zĭsh′ŭn): stand-
ing erect, with face forward, arms at the sides, and palms and toes 
directed forward, as illustrated in Figure 1.2.

Directional Terms
Directional terms are used to describe the location of one body part 
in relation to another (Fig. 1.2):

Anterior (ăn-tēr′ē-ŭr) (ventral)—a body part is located toward the 
front. The windpipe (trachea) is anterior to the esophagus.

Posterior (pŏs-tēr′ē-ŭr) (dorsal)—a body part is located toward the 
back. The heart is posterior to the sternum (breastbone).

Superior (sū-pēr′ē-ŭr)—a body part is located above another part, 
or toward the head. The face is superior to the neck.

Inferior (ĭn-fēr′ē-ŭr)—a body part is below another part, or  toward 
the feet. The navel is inferior to the chin.

Medial (mē′dē-ŭl)—a body part is nearer than another part to an 
imaginary midline of the body. The bridge of the nose is 
 medial to the eyes.

CONTENT CHECK UP!
1. Which would an anatomy student be studying: the struc-

tural organization of the skin or functions of the skin?

2. Groups of organs are organized into _____.

3. Small cellular structures called _____ each  perform a spe-
cific function.

Answers following Chapter Summary.

1.2 Anatomical Terms
3. Use anatomical terms to describe the relative positions of the body 

parts, the regions of the body, and the planes that can be used to 
section the body.

KEY TERMS

Anatomy & Physiology Key Terms

Anatomical  
position

Anterior
Appendicular 
portion

Axial portion

Central
Contralateral
Deep
Distal
Frontal plane

Inferior
Ipsilateral
Lateral
Medial
Peripheral

Posterior
Proximal
Sagittal plane
Superficial
Superior
Transverse plane

superior

inferior

medial

lateral

proximal

distal

superficial

deep

posterior
(dorsal)

anterior
(ventral)

ipsilateral contralateral

  Figure 1.2 Directional terms. Directional terms tell us where body parts are located 
with reference to the body in anatomical position.
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Lateral (lăt′ŭr-ŭl)—a body part is farther away from the midline. 
The eyes are lateral to the nose.

Proximal (prŏk′sŭh-mŭl)—a body part is closer to a specific point 
of origin or  attachment, or closer to the trunk of the entire 
body. For  example, if the point of attachment is the shoul-
der, it is  correct to say the elbow is proximal to the hand.

Distal (dĭs′tŭl)—a body part is farther from a specific point of 
 origin or  attachment, or farther from the trunk of the entire 
body. For example, if the point of attachment is the hip, it is 
correct to say the foot is distal to the knee.

Superficial (sū″pŭr-fĭsh′ŭl) (external)—a body part is located closer 
to the surface than another. The sternum or breastbone, is 
 superficial to the heart.

Deep (dēp) (internal)—a body part is located farther from the sur-
face than another. The brain is deep to the skull.

Central (cĕn′trŭl)—a body part is situated at the center of the 
body or an organ. The central nervous system is centrally 
 located along the main axis of the body.

Peripheral (pŭh-rĭf′ŭr-ŭl)—a body part is situated away from the 
center of the body or an organ. The peripheral nervous system 
is located outside the central nervous system.

Ipsilateral (ĭp′sŭh-lăt′ŭr-ŭl)—a body part is on the same side of the 
body as another body part. The right hand is ipsilateral to the 
right foot.

Contralateral (kŏn′trŭh-lăt′ŭr-ŭl)—a body part is on the opposite 
side of the body from another body part. The right hand is 
contralateral to the left hand.

Regions of the Body
The human body can be divided into axial and appendicular por-
tions. The axial portion (ăk′sē-ŭl pŏr′shŭn) includes the head, neck, 
spinal column, and ribs. The appendicular portion (ăp″ŭn-dĭk′yŭh-lŭr 
pŏr′shŭn) of the human body includes the limbs—that is, the upper 
limbs and lower limbs—along with the bones that  attach the appen-
dicular skeleton to the axial skeleton. The trunk of the body is a term 
used to describe the body’s central core. The trunk can be divided 
into the thorax (chest), abdomen (belly), and pelvis. The pelvis is 
that part of the trunk associated with the hips.

The human body is further divided as shown in Figure 1.3. The 
labels in Figure 1.3 don’t include the word “region.” It is understood 
that you will supply the word region in each case. The anatomical 

cranial 
(surrounding the brain)

auricular, otic (ear) occipital (back of head)

acromial,
deltoid (shoulder)thoracic

vertebral
(spinal
column)

brachial (arm)

abdominal

antebrachial

manus
(hand)

cubital,
olecranal
(elbow) lumbar

(lower back)sacral
gluteal
(buttock)
dorsum
of the
hand

perineal (rectum, anus)femoral (thigh)

popliteal (back of knee)

sural (calf)

calcaneal (heel)
plantar (sole of foot)

cephalic (head)
frontal (forehead)
orbital (eye cavity)
buccal (cheek)
mental (chin)

sternal (sternum)
pectoral (chest)

inguinal (groin)coxal (hip)

pubic, genital
(reproductive organs)

pelvic

nasal (nose)
ophthalmic (eye)

oral (mouth)
cervical (neck)

acromial,
deltoid (shoulder)

axillary (armpit) mammary (breast)
brachial (arm)

antecubital
(front of elbow) abdominal (abdomen)

umbilical (navel)antebrachial
(forearm)

carpal (wrist)

palmar (palm)

digital (finger)

femoral (thigh)

patellar (kneecap)

crural (leg)

     pes, pedal (foot)

tarsal (ankle)
dorsum of the foot
digital (toe)

a. Anterior view b. Posterior view        

  Figure 1.3 Terms for body parts and areas. (a) Anterior. (b) Posterior.
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