


Deborah Roiger, 
M.Ed.
St. Cloud Technical & 
Community College
St. Cloud, Minnesota

Nia Joyner 
Bullock, Ph.D.
Miller-Motte College 
Wilmington, North Carolina

Digital Author
Jason LaPres, M.A.
Lone Star College
University Park, Texas

ANATOMY, PHYSIOLOGY, 
& DISEASE  FOUN DATION S FOR 

TH E H E ALTH PROFE SS ION S

second edition

roi09167_fm_i-xxx.indd   1 10/6/17   4:38 PM



ANATOMY, PHYSIOLOGY, & DISEASE: FOUNDATIONS FOR THE HEALTH PROFESSIONS, 
SECOND EDITION

Published by McGraw-Hill Education, 2 Penn Plaza, New York, NY 10121. Copyright © 2019 by 
McGraw-Hill Education. All rights reserved. Printed in the United States of America. Previous editions 
© 2014. 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 LMN 21 20 19 18 

ISBN 978-1-259-70916-6
MHID 1-259-70916-7

Senior Portfolio Manager: Michael R. Ivanov, Ph.D.
Senior Product Developer: Donna Nemmers
Executive Marketing Manager: Jim Connely
Senior Content Project Managers: Vicki Krug / Brent dela Cruz
Senior Buyer: Sandy Ludovissy
Designer: Egzon Shaqiri
Senior Content Licensing Specialist: Lori Hancock
Cover Image: ©Anatomy Insider/Shutterstock
Compositor: MPS Limited 

All credits appearing on page or at the end of the book are considered to be an extension of the 
copyright page.

Library of Congress Cataloging-in-Publication Data

Roiger, Deborah, author. | Bullock, Nia Joyner, author.
  Anatomy, physiology & disease: foundations for the health
  professions 
  /Deborah Roiger, M.Ed., St. Cloud Technical & Community College, St. 
  Cloud, Minnesota, Nia Joyner Bullock, Ph.D., Miller-Motte College 
  Wilmington, North Carolina; digital author, Jason LaPres, M.A., Lone
  Star College, University Park, Texas.
  Anatomy, physiology, and disease
  Second edition. | New York, NY: McGraw-Hill Education, [2019]
  | 
  Includes bibliographical references and index.
  LCCN 2017036993 | ISBN 9781259709166 (alk. paper)
  LCSH: Human anatomy—Examinations, questions, etc. | Human 
  physiology—Examinations, questions, etc.
  LCC QM32 .R65 2019 | DDC 612.0076—dc23 LC record available
  at https://lccn.loc.gov/2017036993

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

roi09167_fm_i-xxx.indd   2 10/6/17   4:38 PM



	 iii

Preface  xvii

	 1	 The Basics  1

	 2	 Levels of Organization of the Human Body  31

	 3	 The Integumentary System  82

	 4	 The Skeletal System  113

	 5	 The Muscular System  174

	 6	 The Nervous System  222

	 7	 The Nervous System—Senses  270

	 8	 The Endocrine System  305

	 9	 The Cardiovascular System—Blood  337

	10	 The Cardiovascular System—Heart and Vessels  370

	 11	 The Lymphatic System  423

	12	 The Respiratory System  457

	 13	 The Digestive System  501

	14	 The Excretory/Urinary System  542

	15	 The Male Reproductive System  576

	16	 The Female Reproductive System  605

Appendices

A The Metric System  A-1

B Nutrition Table  A-3

C Spot Check Answers  A-5

D Prefixes, Suffixes, and Additional Word Roots  A-11

Endnotes  A-13

Glossary  G-1

Index  I-1

Brief Contents

roi09167_fm_i-xxx.indd   3 10/6/17   4:38 PM



iv	

Dedication
I would like to dedicate this book to all of my anatomy and physiology students who 
have taught me so much.

~Deborah Roiger

I would like to dedicate this book to my family for all of their support and to my 
students, whose drive and dedication are awesome sources of inspiration.

~Nia Bullock

roi09167_fm_i-xxx.indd   4 10/6/17   4:38 PM



	 v

Contents
Preface  xvii

The Basics  1
1 .1  Overview  2

1.2  Terms of Anatomy  2

Anatomical Terms of Direction  2

Anatomical Regions  2

Anatomical Planes  6

Anatomical Positions  6

Anatomical Cavities  8

Serous Membranes  10

1.3  Terms of Physiology  13

Homeostasis  13

1.4  Terms of Pathology  15

Introduction to Disease  15

Predisposing Factors of Disease  15

Signs and Symptoms of Disease  18

Classification of Disease  21

Diagnosing Disease  23

Treatment of the Disease  24

Epidemiology  25

Levels of Organization of the 
Human Body  31

2.1  Overview  32

2.2 Chemical Level  33

Atoms and Isotopes  33

Bonding to Form Molecules  35

Water  37

Solutions  37

Acids, Bases, and pH  37

Organic Molecules  39

Chemical Reactions  44

2.3  Organelle Level  46

Cell Membrane  48

2.4  Cellular Level  50

Membrane Transport  50

Protein Synthesis    54

1

2

©Stuart Gregory/Getty Images

©Fuse/Corbis/Getty Images

roi09167_fm_i-xxx.indd   5 10/6/17   4:38 PM



vi	 CONTENTS

Cell Division  58

Effect of Aging on Cells  60

2.5  Tissue Level  61

Epithelial Tissues  61

Connective Tissues  65

Muscle Tissues  69

Nervous Tissue  71

Modes of Tissue Growth, Change, Shrinkage, and Death   72

2.6  Organ Level  73

2.7  System Level  76

The Integumentary System  82
3.1 � Word Roots and Combining Forms  83

3.2  Overview  83

3.3 � Anatomy of the Skin, Hair, and Nails  83

Epidermis  83

Dermis  87

Hair  91

Nails  93

3.4  Physiology of the Integumentary System  94

Functions of Skin  94

3.5  Injuries to the Skin  97

Regeneration versus Fibrosis  97

Burns  99

3.6  Effects of Aging on the Integumentary System  100

3.7 � Diagnostic Tests for Integumentary System Disorders  101

3.8  Integumentary System Disorders  102

Skin Cancer  102

Skin Infections  104

Other Common Skin Disorders  106

Putting the Pieces Together–The Integumentary System  110

The Skeletal System  113
4.1  Word Roots and Combining Forms  114

4.2  Overview  114

4.3  Anatomy of the Skeletal System  114

Classification of Bones  115

Axial Skeleton  117

Appendicular Skeleton  129

Histology of the Skeletal System  139

Anatomy of a Long Bone  142

Joints  144

4.4 � Physiology of the Skeletal System  152

Mineral Deposition  152

Bone Development  152

3

4

©liza5450/Getty Images

©Juice Images/Getty Images

roi09167_fm_i-xxx.indd   6 10/6/17   4:39 PM



CONTENTS	 vii

Bone Growth  154

Bone Remodeling  156

Nutritional Requirements of the Skeletal System  157

Hormonal Regulation of Bone Deposition and Reabsorption  157

Functions of the Skeletal System  159

4.5  Effects of Aging on the Skeletal System  160

4.6  Fractures  161

Types of Fractures  161

Fracture Healing  162

4.7 � Diagnostic Tests for Skeletal System  
Disorders  164

4.8  Skeletal System Disorders  164

Osteoporosis  164

Osteomyelitis  165

Cancers Affecting the Skeletal System  165

Gout  166

Cleft Palate  166

Mastoiditis  167

Putting the Pieces Together–The Skeletal System  169

The Muscular System  174
5.1  Word Roots and Combining Forms  175

5.2  Overview  175

5.3  Anatomy of the Muscular System  176

Anatomical Terms  176

Muscle Actions  177

Muscles by Region  180

Anatomy of a Skeletal Muscle  196

Anatomy of a Skeletal Muscle Cell  197

5.4  Physiology of the Muscular System  199

Physiological Characteristics of Muscle Tissue  199

Neuromuscular Junction  200

Muscle Contraction at the Molecular Level  201

Types of Muscle Contractions  201

Motor Units and Recruitment  204

Isotonic and Isometric Contractions  205

Levers  205

Muscle Metabolism  206

Fatigue  208

Comparison of Muscle Tissues  209

Nutritional Requirements of Muscle Tissue  210

Functions of the Muscular System  211

5.5  Effects of Aging on the Muscular System  212

5.6  Diagnostic Test for Muscular System Disorders  213

5.7  Muscular System Disorders  213

Hernias  213

Cramps  213

Muscular Dystrophy  214

5
©AAGAMIA/The Image 
Bank/Getty Images

roi09167_fm_i-xxx.indd   7 10/6/17   4:39 PM



viii	 CONTENTS

Sprains  214

Muscle Strain  215

Myalgia  215

Fibromyalgia  215

Tendinitis  215

Atrophy  216

Shin Splints  216

Putting the Pieces Together–The Muscular System  218

The Nervous System  222
6.1  Word Roots and Combining Forms  223

6.2  Overview  223

6.3  Anatomy of the Nervous System Cells  224

Anatomy of a Neuron  224

Neuroglia  228

6.4  Anatomy of the Central Nervous System  231

Meninges  231

Cerebrospinal Fluid  232

Brain  234

Spinal Cord  242

6.5  Anatomy of the Peripheral Nervous System  245

Anatomy of a Nerve  245

Cranial Nerves  246

Spinal Nerves  247

Autonomic Nervous System  250

6.6  Physiology of the Nervous System  253

Nerve Impulses  253

Reflexes  256

Memory  259

Language  259

Pathways  260

Nutritional Requirements of the Nervous System  261

6.7  Effects of Aging on the Nervous System  261

6.8  Diagnostic Tests for Nervous System Disorders  262

6.9  Nervous System Disorders  262

Cerebrovascular Accident  262

Alzheimer’s Disease  262

Huntington’s Disease  263

Parkinson’s Disease  263

Multiple Sclerosis  263

Paralysis  264

Hydrocephalus  264

Epilepsy  265

Cerebral Palsy  265

Putting the Pieces Together–The Nervous System  266

6
©Ingram Publishing

roi09167_fm_i-xxx.indd   8 10/6/17   4:39 PM



CONTENTS	 ix

The Nervous System—Senses  270
7.1   Word Roots and Combining Forms  271

7.2  Overview  271

7.3  General Senses  271

Anatomy of Receptors in the Skin  271

Physiology of General Senses in the Skin  272

7.4  Taste  275

Anatomy of Receptors for Taste  276

Physiology of Taste    277

7.5  Smell  278

Anatomy of Receptors for Smell  278

Physiology of Smell  279

7.6  Hearing  279

Anatomy of the Ear  280

Physiology of Hearing  282

7.7  Equilibrium  285

Anatomy of the Vestibular Apparatus  285

Physiology of Equilibrium  287

7.8  Vision  289

Anatomy of the Eye  290

Physiology of Vision  295

7.9  Effects of Aging on the Senses  298

Changes in the General Senses  298

Changes in Taste  298

Changes in Smell  298

Changes in Hearing  299

Changes in Equilibrium  299

Changes in Vision  299

7.10  Diagnostic Tests for Disorders of the Senses  299

7.11  Disorders of the Senses  300

Hearing Loss  300

Cataracts  301

The Endocrine System  305
8.1  Word Roots and Combining Forms  306

8.2  Overview  306

8.3 � Anatomy of the Endocrine System  307

Glands  307

Hormones  315

Target Tissues  316

8.4 � Physiology of the Endocrine System  318

Regulation of Hormone Secretion and Distribution  318

Receptor Regulation  320

Hormone Elimination  321

Functions: Four Scenarios  322

8.5  Effects of Aging on the Endocrine System  326

8.6  Diagnostic Tests for Endocrine System Disorders  327

7

8

©Jae Rew/Getty Images

©Hero Images/Getty Images

roi09167_fm_i-xxx.indd   9 10/6/17   4:39 PM



x	 CONTENTS

8.7  Endocrine System Disorders  328

Diabetes Mellitus  328

Diabetes Insipidus  329

Growth Disorders  329

Goiters  331

Hypothyroidism  332

Cushing’s Syndrome  332

Putting the Pieces Together–The Endocrine System  334

The Cardiovascular System—Blood  337
9.1  Word Roots and Combining Forms  338

9.2  Overview  338

9.3  Anatomy of Blood  338

Plasma  339

Formed Elements  340

9.4  Physiology of Blood  344

Hemopoiesis  344

Hemoglobin  348

Nutritional Requirements for Erythropoiesis  349

Life Cycle of a Red Blood Cell  350

Hemostasis  351

Pathways of Blood Clotting  353

Elimination of Blood Clots  354

Preventing Inappropriate Clotting  354

Blood Typing  354

Functions of Blood  358

9.5  Diagnostic Tests for Blood Disorders  359

9.6  Blood Disorders  361

Leukemia  361

Polycythemia  362

Anemia  364

Clotting Disorders  364

The Cardiovascular System—Heart 
and Vessels  370

10.1  Word Roots and Combining Forms  371

10.2  Overview  371

10.3  Heart Anatomy  371

Pericardium  371

Heart Wall  373

Chambers and Valves  375

Cardiac Muscle Tissue  378

10.4  Heart Physiology  379

Blood Flow through the Heart  379

Cardiac Conduction System  382

9

10
©Mark Andersen/Getty Images

roi09167_fm_i-xxx.indd   10 10/6/17   4:39 PM



CONTENTS	 xi

Cardiac Cycle  383

Electrocardiogram  387

Cardiac Output  389

Heart Regulation  390

10.5  Vessel Anatomy  392

Arteries  395

Capillaries  397

Veins  397

10.6  Vessel Physiology  397

Circulatory Routes  398

Venous Return  402

Blood Pressure, Resistance, and Flow  402

Regulation of Blood Pressure and Flow  404

Effects of Exercise on Cardiac Output  407

10.7  Effects of Aging on the Cardiovascular System  408

10.8  Diagnostic Tests for Heart and Vessel Disorders  408

10.9  Disorders of the Heart and Vessels  410

Valve Disorders  410

Vessel Disorders  410

Myocardial Disorders  414

Congenital Heart Defects  414

Putting the Pieces Together–The Cardiovascular System  419

The Lymphatic System  423
11.1  Word Roots and Combining Forms  424

11.2  Overview  424

11.3  Anatomy of the Lymphatic System  424

Lymph and Lymph Vessels  424

Cells of the Lymphatic System  428

Lymphoid Tissues and Organs  429

11.4  Physiology of the Lymphatic System  435

Three Lines of Defense  435

Nonspecific Resistance versus Specific Immunity  436

Nonspecific Defenses  436

Specific Immunity  439

Humoral (Antibody-Mediated) Immunity  440

Cellular (Cell-Mediated) Immunity  442

Forms of Acquired Immunity  443

Importance of Thelper Cells in Nonspecific Resistance and Specific Immunity  445

Functions of the Lymphatic System  446

11.5  Effects of Aging on the Lymphatic System  447

11.6  Diagnostic Tests for Lymphatic System Disorders  447

11.7  Lymphatic System Disorders  448

Lymphoma  448

Multiple Myeloma  449

Splenomegaly  449

Allergies  449

11
©Terry Vine/Blend 
Images/Getty Images

roi09167_fm_i-xxx.indd   11 10/6/17   4:39 PM



xii	 CONTENTS

Autoimmune Disorders  450

Immunodeficiency Disorders  451

Putting the Pieces Together–The Lymphatic System  453

The Respiratory System  457
12.1 � Word Roots and Combining Forms  458

12.2  Overview  458

12.3 � Anatomy of the Respiratory System  458

Nose  460

Nasal Cavity  460

Pharynx  462

Larynx  463

Trachea  464

Lungs and the Bronchial Tree  466

Alveoli  469

12.4  Physiology of the Respiratory System  470

Mechanics of Taking a Breath  470

Measurements of Pulmonary Function  474

Composition of Air  476

Gas Exchange  476

Comparison of Inspired and Expired Air  478

Factors That Influence Gas Exchange  478

Gas Transport  482

Regulation of Respiration  485

Functions of the Respiratory System  487

12.5  Effects of Aging on the Respiratory System  488

12.6 � Diagnostic Tests for Respiratory System Disorders  489

12.7  Respiratory System Disorders  490

Respiratory Infections  490

Chronic Obstructive Pulmonary Disorders  492

Respiratory Distress Syndrome  493

Cancers of the Respiratory System  493

Putting the Pieces Together–The Respiratory System  497

The Digestive System  501
13.1  Word Roots and Combining Forms  502

13.2  Overview  502

13.3  Anatomy and Physiology of the Digestive System  504

Anatomy in the Mouth  504

Physiology of Digestion in the Mouth  507

Anatomy from the Mouth to the Stomach  508

Physiology of Digestion from the Mouth to the Stomach  509

Anatomy of the Stomach  510

Physiology of Digestion in the Stomach  513

Anatomy of Digestive Accessory Structures  514

13

12
©Stephen Marks/
Stone/Getty Imagses

©Westend61/Getty Images

roi09167_fm_i-xxx.indd   12 10/6/17   4:39 PM



CONTENTS	 xiii

Anatomy of the Small Intestine  518

Physiology of Digestion in the Small Intestine  520

Absorption of Nutrients in the Small Intestine  522

Anatomy of the Large Intestine  522

Physiology of Digestion in the Large Intestine  524

Types of Absorbed Nutrients  526

Circulation of Absorbed Nutrients  526

Control of Digestion  527

Functions of the Digestive System  527

13.4  Effects of Aging on the Digestive System  528

13.5  Diagnostic Tests for Digestive System Disorders  529

13.6  Digestive System Disorders  530

Leukoplakia  530

Gastroenteritis  530

Diverticular Disease  530

Abdominal Hernias  531

Irritable Bowel Syndrome  531

Crohn’s Disease  531

Peptic Ulcers  531

Intussusception  532

Cirrhosis  532

Hepatitis  533

Vomiting  534

Food Poisoning  534

Parasites  535

Malabsorption  536

Putting the Pieces Together–The Digestive System  538

The Excretory/Urinary System  542
14.1  Word Roots and Combining Forms  543

14.2  Overview  543

Sources of Nitrogenous Wastes  544

Overview of Kidney Function  544

14.3  Anatomy of the Kidney  545

Anatomy of a Nephron  547

Flow of Urine Components through a Nephron  549

Blood Flow to a Nephron  550

14.4  Physiology of Urine Production  551

Filtration  551

Reabsorption  552

Secretion  552

14.5  Water Conservation  555

Water in the Body  555

14.6  Regulation of Urine Volume and Concentration  556

Hormonal Mechanisms of Control  557

Nervous System Mechanisms of Control  560

Diuretics  561

14

©didi/Getty Images

roi09167_fm_i-xxx.indd   13 10/6/17   4:39 PM



xiv	 CONTENTS

14.7 � Anatomy of Ureters, Urinary Bladder, and Male and Female Urethras  561

Ureters  561

Urinary Bladder  562

Urethra  563

14.8  Physiology of the Passing of Urine  564

14.9  Functions of the Excretory System  565

14.10  Effects of Aging on the Excretory System  566

14.11 � Diagnostic Tests for Excretory System Disorders  566

14.12  Disorders of the Excretory System  567

Urinary Tract Infections  567

Hydronephrosis  568

Polycystic Kidney Disease  568

Kidney Stones  569

Glomerulonephritis  569

Renal Failure  570

Cancers of the Excretory System  570

Putting the Pieces Together–The Excretory/Urinary System  572

The Male Reproductive System  576
15.1  Word Roots and Combining Forms  577

15.2  Overview  577

15.3  Male Reproductive Anatomy  578

Testes  578

Secondary Sex Organs and Structures  580

Anatomy of a Sperm  586

15.4  Physiology of the Male Reproductive System  586

Hormonal Control at Puberty  587

Sperm Production  587

Spermatogenesis and Spermiogenesis  589

Hormonal Control in the Adult Male  592

Pathway for Sperm  594

Sexual Response in the Male  594

15.5 � Effects of Aging on the Male Reproductive System  596

15.6 � Diagnostic Tests for Male Reproductive System Disorders  597

15.7  Male Reproductive System Disorders  597

Prostate Cancer  597

Testicular Cancer  598

Hypospadias  599

Hydrocele  599

Epididymitis  599

Phimosis  599

Sexually Transmitted Diseases  599

Putting the Pieces Together–The Reproductive Systems  602

15
©Image Source/Getty Images

roi09167_fm_i-xxx.indd   14 10/6/17   4:39 PM



CONTENTS	 xv

The Female Reproductive System  605
16.1  Word Roots and Combining Forms  606

16.2  Overview  606

16.3  Female Reproductive Anatomy  606

Ovaries  606

Secondary Female Reproductive Organs and Structures  608

16.4 � Physiology of the Female Reproductive System  613

Hormonal Control at Puberty  613

Oogenesis  614

Hormonal Control in the Adult Female  617

The Female Sexual Response  621

16.5 � Effects of Aging on the Female Reproductive System  623

16.6 � Diagnostic Tests for Female Reproductive System Disorders  624

16.7  Disorders of the Female Reproductive System  625

Breast Cancer  625

Ovarian Cancer  626

Cervical Cancer  626

Fibroids  626

Endometriosis  627

Sexually Transmitted Diseases  628

16.8  Pregnancy  628

Pathway for Sperm to Meet an Egg  629

Fertilization to Implantation  629

Hormonal Control of Pregnancy  632

A Woman’s Adjustment to Pregnancy  633

Nutritional Requirements for a Pregnancy  634

Initiating the Birth Process  635

The Birth Process  636

Lactation  637

Disorders of Pregnancy  639

Putting the Pieces Together–The Reproductive Systems  642

Appendices
A The Metric System  A-1

B Nutrition Table  A-3

C Spot Check Answers  A-5

D Prefixes, Suffixes, and Additional Word Roots  A-11

Endnotes  A-13

Glossary  G-1

Index  I-1

16

©Mango Productions/
Corbis/Getty Images

roi09167_fm_i-xxx.indd   15 10/6/17   4:39 PM



xvi	

About the Authors

Deborah Roiger
M.A. Education, St. Mary’s University of Minnesota; B.S. Biology 
and Earth Science, St. Cloud State University

Deborah Roiger has 17 years of teaching experience, 
the last 12 of which were in the Minnesota State Col-
leges and University (MNSCU) system of 32 state-
sponsored technical colleges, community colleges, 
and universities. She was voted instructor of the 
year in 2007 by the students at St. Cloud Technical 
College, received five awards for excellence by 
MNSCU for projects she developed, and was named 
educator of the year in 2009 by the MNSCU board of 
trustees. Deborah’s development of digital resources 
for teaching anatomy and physiology online also earned an Innovation of the Year 
award in 2009 from the League for Innovation in the Community College. She has 
presented her work in the development of anatomy and physiology resources at four 
national conferences. Deborah is the author of Anatomy & Physiology: Foundations 
for the Health Professions and its accompanying workbook. She is a member of 
the Human Anatomy and Physiology Society (HAPS), American Academy for the 
Advancement of Science (AAAS), and National Science Teachers’ Association.

Nia Joyner Bullock
Ph.D. Comparative Biomedical Sciences, North Carolina State 
University; B.S. Biology, North Carolina Agricultural & Technical 
State University; RMA American Medical Technologist

Dr. Nia Joyner Bullock has 18 years of teaching 
experience in private career colleges and universi-
ties. During her tenure at Miller-Motte College, she 
served in various professional capacities, includ-
ing Academic Dean and Medical Assisting Pro-
gram Director. She also teaches a variety of courses 
within the curriculum. Dr. Bullock has developed 
courses for the online division of the college and was 
instrumental in the implementation and use of vari-
ous virtual training tools for allied health programs. 
She has made scholarly presentations at a number 
of scientific conferences and published articles and 
abstracts on maternal diabetes and its effects on 
embryonic heart development. She is a member of American Medical Technologists.  
Dr. Bullock lives in Wake Forest, North Carolina, with her husband and three sons.

©Champa Studios

©Picture People

roi09167_fm_i-xxx.indd   16 10/6/17   4:39 PM



	 xvii

Preface

The structure of the human body is fascinating. The study of human anatomy and physi-
ology is vital knowledge for all students, and just as significant is an understanding of 
the abnormal functions of the body. Students seeking careers in the health care field can 
be doubly motivated when taking an anatomy, physiology, and pathology course, as the 
personally relevant content also prepares them for their chosen careers.

As instructors, we look for a text that is, first and foremost, accurate; is written at 
an appropriate level for our students—neither too high nor too low; can be customized 
to accommodate the organization of our individual courses; and will be interesting and 
appealing to our students.

This text has been designed specifically for college students taking an anatomy and 
physiology course or an anatomy, physiology, and pathology course.

∙∙ Reading-level assessments ensure the text is accessible to students.

∙∙ Thorough reviewing and meticulous checking of all text and illustrations ensure 
accuracy.

∙∙ All of the textbook and digital learning and assessment content has been mapped 
to specific learning outcomes, allowing instructors the option of building their 
course around specific outcomes and related content.

∙∙ The authors’ illustration program has been expertly executed in full color and 
amazing detail by talented and precise medical illustrators.

Three Key Principles
The pedagogical approach of this text and its learning and assessment program is 
founded on three key principles:

	1.	 Tell students what we are going to teach them. Each chapter in this text begins 
with a list of specific learning outcomes.

	2.	 Teach students what we outlined in the learning outcomes. Everything in 
this text and all ancillary materials directly relates to the learning outcomes out-
lined in each chapter. Real-life situations, analogies, and a commonsense, direct 
approach are used to teach anatomy, physiology, and pathology concepts.

	3.	 Test students on what they have been taught. All assignments, activities, 
discussion questions, review questions, and test questions in this text and in the 
Workbook for Use with Anatomy, Physiology, and Disease by Roiger/Bullock 
directly assess only the learning outcomes stated in each chapter.

This pedagogical approach warrants there will be no surprises for the student. If 
the learning outcomes are stressed through lecture and assignments, students quickly 
find comfort in having a guideline to follow in learning the content.

Changes to the Second Edition
This second edition features many macro-level changes that overlay each chapter of 
the book. The universal changes to the second edition include the following:

roi09167_fm_i-xxx.indd   17 10/6/17   4:39 PM



xviii	 PREFACE

∙∙ A reorganization of chapters helps to better integrate pathology throughout the 
text. Chapter 1 (The Basics) and Chapter 3 (Introduction of Pathology) have 
merged and are now all incorporated into Chapter 1. Chapter 1 now introduces 
anatomy, physiology, and pathology to the student. All of the systems chapters 
follow Chapter 1, in the same sequence as in the first edition.

∙∙ The illustration program in the second edition has been completely revised to include 
more detailed, vibrant line art and many new photos. In addition, many figures have 
been revised to include content changes; those figures are included in the chapter-
specific lists that follow, and the most significant new photos are noted as well.

∙∙ Learning outcomes now immediately follow relevant A or B heads.
∙∙ Twenty percent more Spot Check questions have been added throughout the text.
∙∙ Pronunciations now appear immediately after first use of the terms within text.
∙∙ The word “Homeostasis” is highlighted in bold, red lettering as important 

homeostasis concepts are introduced throughout the chapters.
∙∙ Chapter summaries have been expanded to include greater detail.
∙∙ Key terms lists are added to the end of each chapter.
∙∙ Warning boxes have been changed to “Common Misconception” boxes.
∙∙ Epidemiology Point boxes were removed from the chapters.

Chapter 1
∙∙ Merged Chapters 1 and 3 to cover introduction to anatomy, physiology, and 

pathology in the new Chapter 1
∙∙ Coverage added on communicable and noncommunicable disease, infectious and 

noninfectious disease, introduction to disease, predisposing factors, signs and 
symptoms of disease, classification of disease, diagnosing disease, treatment of 
diseases, and epidemiology

∙∙ Revised coverage included on the topics of hypersensitivities, cancer (shortened 
in Chapter 1, expanded in Chapter 2), and therapeutic treatment 

∙∙ New Clinical Point boxes on pain scale and determining a diagnosis
∙∙ Updated Table 1.6 Most Prominent Chronic Diseases in the United States
∙∙ New photos in Figure 1.7(a)–(d) Anatomical planes 

Chapter 2 
∙∙ New section added: Modes of Tissue Growth, Change, Shrinkage, and Death 

(includes expanded coverage on cancer)
∙∙ Expanded coverage on hydrogen bonding 
∙∙ Revised Figure 2.13 Generic cell cut to reveal its organelles
∙∙ Revised Figure 2.20 Protein synthesis: Transcription
∙∙ Revised Figure 2.21 Protein synthesis (continued): Translation
∙∙ Revised Figure 2.22 What happens after Translation
∙∙ Revised Figure 2.45(b): new cadaver heart photo

Chapter 3
∙∙ New Clinical Point on onychomycosis 
∙∙ Updated Table 3.3 Skin Diseases and Disorders
∙∙ Eleven new photos throughout the chapter
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Chapter 4
∙∙ Revised Figure 4.38(b) Histology of bone tissue 
∙∙ Fourteen new photos throughout the chapter

Chapter 5
∙∙ Table 5.1 revised to include zygomaticus major
∙∙ Table 5.6 revised the function of tensor fasciae latae 
∙∙ New Clinical Point on RICE acronym for muscle sprains
∙∙ Revised section on Effects of Aging on the Muscular System
∙∙ Revised text on Sprains and Muscle Strain in Disorders section
∙∙ Revised Figure 5.10 Muscles: full figure anterior view
∙∙ Revised Figure 5.11 Muscles: full figure posterior view
∙∙ Revised Figure 5.12(a) and (b) Muscles of the head and neck 
∙∙ Revised Figure 5.26 Sliding filament theory of muscle contraction
∙∙ New photo in Figure 5.16(c) Muscles of the forearm, cadaver view 
∙∙ New photo in Figure 5.17(c) Carpal tunnel syndrome, cadaver view

Chapter 6
∙∙ Overview is revised
∙∙ Expanded synapse and neurotransmitters coverage in Anatomy of a Neuron/Body 

section
∙∙ New Clinical Point on neurotransmitter imbalance and mental disorders
∙∙ Revised description of Wernicke’s area, Huntington’s disease, and Parkinson’s 

disease
∙∙ Revised Figure 6.22(a) Resting membrane potential
∙∙ New Figure 6.22(b) Sodium/potassium pump 
∙∙ Updated Table 6.6 Summary of Diseases and Disorders of the Nervous System

Chapter 7
∙∙ Revised text includes: anatomy of receptors for smell, cataract description, and 

physiology of taste 
∙∙ Definition of proprioceptor was added to Chapter 7
∙∙ New Clinical Point box on age-related macular degeneration was added to Chapter 7
∙∙ Updated Table 7.3 Summary of Diseases and Disorders of the Senses in the 

Nervous System
∙∙ Revised Figure 7.8 The anatomy of the external ear, middle ear, and inner ear
∙∙ Revised Figure 7.10 Anatomy of the cochlea unwound
∙∙ Revised Figure 7.12 The effects of sound waves on the cochlea
∙∙ Revised Figure 7.13 Frequency response of the basilar membrane in the cochlea

Chapter 8
∙∙ Revised text on parathyroid glands 
∙∙ New Clinical Point box on prediabetes 
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∙∙ New Clinical Point box on blood tests for hormone changes associated with 
menopause

∙∙ Revised Figure 8.4 Hypothalamus–anterior pituitary target-tissue relationship
∙∙ Revised Figure 8.5(a)–(c) Hypothalamus-pituitary relationship 
∙∙ New photo in Figure 8.17 Acromegaly
∙∙ New photo in Figure 8.19 Endemic goiter resulting from an iodine deficiency
∙∙ New photo in Disease Point box on myxedema
∙∙ New photo in Figure 8.20(a) Cushing’s syndrome 

Chapter 9
∙∙ New Clinical Point box on carbon monoxide added 
∙∙ Reorganized Blood Disorders section 
∙∙ Updated Table 9.4 Summary of Diseases and Disorders of the Blood 
∙∙ New photo in Figure 9.12(c) Agglutinated blood

Chapter 10
∙∙ Expanded section on Chambers and Valves to cover fossa ovalis
∙∙ Expanded section on Blood Flow through the Heart to include fetal heart blood flow
∙∙ Revised section on Heart Failure
∙∙ New Clinical Point box on defibrillation 
∙∙ Coverage on fetal heart incorporated into chapter text (from Clinical Point box)
∙∙ Revised Figure 10.2 The position of the heart in the thorax (a, b, and c)
∙∙ Revised Figure 10.3 The pericardium and the heart wall
∙∙ New photo in Figure 10.5(c) External cadaver heart anterior view
∙∙ Revised Figure 10.9 General diagram of the pulmonary and systemic circuits
∙∙ New photo in Clinical Point box on defibrillators
∙∙ New photo in Figure 10.22(c) Polymer cast of coronary arteries	
∙∙ New photo in Figure 10.31(b) Varicose veins

Chapter 11
∙∙ Revised section on Lymph and Lymph Vessels 
∙∙ New Clinical Point box on organ transplantation and immunosuppressant drugs 
∙∙ New Clinical Point box on biologic DMARDs 
∙∙ Revised Figure 11.3(b) Valves in lymphatic vessels 
∙∙ Revised Figure 11.14 Graph of a fever
∙∙ Revised Figure 11.18 Cellular immunity
∙∙ New photo for Disease Point box on elephantiasis
∙∙ New photo for Disease Point box on anaphylaxis 
∙∙ New photo for Figure 11.24 Kaposi sarcoma

Chapter 12
∙∙ New photo in Figure 12.9 Lining of trachea
∙∙ New photo in Figure 12.13 Histology of the lung
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∙∙ Revised Figure 12.15 A respiratory cycle of inspiration, expiration, and rest
∙∙ Revised Figure 12.17 Graphs of pulmonary volumes and capacities
∙∙ Revised Figure 12.22 Ventilation-perfusion coupling
∙∙ Revised Figure 12.23 Systemic gas exchange and transport
∙∙ Revised Figure 12.24 Alveolar gas exchange and transport
∙∙ New photo in Figure 12.28 Lung X-ray showing tuberculosis
∙∙ New photo in Figure 12.31 Lung cancer

Chapter 13
∙∙ Revised Figure 13.16 Gross anatomy of the small intestine showing the circular 

folds of the lining
∙∙ Revised Figure 13.17(b) Intestinal villi 
∙∙ New photo in Disease Point box on gallstones

Chapter 14
∙∙ Angiotensinogen added to Aldosterone section
∙∙ New section added on Sources of Nitrogenous Wastes
∙∙ New photo added in Figure 14.5(b) Coronal section of cadaver kidney

Chapter 15
∙∙ New Clinical Point box added on anabolic steroids
∙∙ New photo in Figure 15.10(a) Mature spermatozoon 
∙∙ New photo in Figure 15.14(a) Histology of a testis, seminiferous tubule
∙∙ Revised Figure 15.16 The male sexual response
∙∙ New photo in Figure 15.19 Hydrocele

Chapter 16
∙∙ New Clinical Point box added on birth control 
∙∙ Revised Figure 16.13 The female sexual response
∙∙ Revised Figure 16.19 The process of fertilization
∙∙ Revised Figure 16.22 Initiating the birth process
∙∙ New photo in Figure 16.7(c) The female breast
∙∙ New photo in Figure 16.11 Ovulation in a human (endoscopic view)
∙∙ New photo in Figure 16.16 Removal of uterine fibroid 

End matter
∙∙ Appendix B Nutrition table updated with the most current version (2015–2020)
∙∙ Appendix C updated to include answers to new Spot Check questions
∙∙ Appendix D: Prefixes, Suffixes, and Additional Word Roots is added to the 

Appendix section
∙∙ New terms added to the Glossary, and a number of terms and definitions are 

updated
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Pedagogical Features
The following tools are built into this text to facilitate student learning.

 367

Summary
9.1 Word Roots and Combining Forms
 ∙ See the heading at the beginning of the chapter to learn the medical terminology that relates to the cardiovascular system.

9.2 Overview
 ∙ The cardiovascular system is composed of the heart, blood vessels, and blood.

9.3 Anatomy of Blood
 ∙ Blood is a connective tissue of formed elements in a matrix of plasma.

Plasma
 ∙ Plasma is 91% water; 7% protein; and 2% ions, nutrients, waste products, gases, and regulatory substances.
 ∙ Plasma is a solution, and its concentration is important for homeostasis.

Formed Elements
 ∙ The formed elements of the blood are erythrocytes, leukocytes, and thrombocytes.
 ∙ Erythrocytes are biconcave disks with no nuclei. They contain hemoglobin that has iron to carry oxygen. In addition, red 

blood cells carry carbon dioxide and hydrogen ions.
 ∙ There are five types of leukocytes that must be stained in order to be seen. Each type has its own function. These leuko-

cytes are neutrophils, basophils, eosinophils, monocytes, and lymphocytes.
 ∙ Thrombocytes, also called platelets, are fragments of cells that have many functions.

9.4 Physiology of Blood
Hemopoiesis
 ∙ Hemopoiesis is blood production. There are three forms: erythropoiesis, leukopoiesis, and thrombopoiesis.
 ∙ Thrombopoiesis starts from a hemocytoblast in the red bone marrow. The liver and kidneys start the process by producing 

thrombopoietin when there is a need for more platelets.
 ∙ Leukopoiesis starts from a hemocytoblast in the red bone marrow. Lymphocytes and macrophages produce CSFs when 

there is a challenge to the immune system. There is a different CSF for each type of leukocyte production.
 ∙ Erythropoiesis starts from a hemocytoblast in the red bone marrow. The kidneys start the process by releasing EPO in 

situations of hypoxemia. Hypoxemia can result from disease, high elevation, increased exercise, blood loss, and carbon 
monoxide.

 ∙ Iron, folic acid, vitamin B12, copper, and vitamin C are needed for erythropoiesis.

Hemoglobin
 ∙ The cytoplasm of erythrocytes contains hemoglobin, which is a red, complex protein made of four amino acid chains 

called globins.
 ∙ Each globin chain contains a heme group with an iron at its center, which binds one oxygen molecule.
 ∙ The function of hemoglobin is to transport oxygen and act as a buffer to resist pH change in blood.

Nutritional Requirements for Erythropoiesis
 ∙ Iron is required for erythropoiesis; the RDA for iron is 18 mg/day for a female and 27 mg/day for a pregnant woman.
 ∙ Other nutrients required for erythropoiesis are folic acid, copper, and vitamin C.

Life Cycle of a Red Blood Cell
 ∙ Red blood cells are produced in the red bone marrow.
 ∙ Red blood cells carry oxygen and carbon dioxide through the bloodstream for 110 to 120 days before wearing out.
 ∙ The liver and spleen remove old, worn-out blood cells.
 ∙ Hemoglobin is broken down to heme and globin.
 ∙ Heme is further broken down to iron, which is recycled, and bilirubin, a waste product. The liver puts bilirubin in bile, 

which eventually leaves the body in feces. The spleen secretes bilirubin into the blood, where it is removed by the kidneys 
and excreted with urine.

 ∙ Globin is broken down by the liver and spleen to free amino acids, which are recycled.

4.3 Anatomy of the Skeletal System  139

Histology of the Skeletal System

Learning Outcomes
5. Describe the cells, fibers, and matrix of bone tissue.
6.  Compare and contrast the histology of compact and cancellous bone.
7.  Compare and contrast the histology of hyaline, elastic, and fibrocartilage  

connective tissues.

Now that you have a better understanding of the bones of the skeletal system, you are 
ready to explore the skeletal system at the microscopic level. At this level, you will 
need to look at bone, hyaline cartilage, elastic cartilage, and fibrocartilage connective 
tissues. You have already identified these tissues in “Chapter 2: Levels of Organiza-
tion of the Human Body.” In this chapter, you will study the cells, fibers, and matrix of 
these tissues more completely to see how they function in the skeletal system.

Bone Connective Tissue Bone is dynamic tissue. It changes daily. You will learn 
why and how it changes shortly, but first you need to understand the cells, fibers, and 
matrix involved.

Osteoblasts and osteoclasts are types of bone cells. Osteoblasts build bone tissue, 
while osteoclasts destroy it. Both types of cells are necessary for the skeletal system to 
function properly. Osteoblasts build new bone by forming a soft matrix of protein and 
carbohydrate molecules with collagen fibers. The osteoblasts then allow hard mineral 
crystals to be deposited in the matrix. The mineral crystals are mostly hydroxyapatite, 
a calcium phosphate mineral salt. The hydroxyapatite crystals make the matrix hard. 
The collagen fibers give the matrix some flexibility. This process is somewhat similar 
to that in a sidewalk or bridge decking: Cement makes the sidewalk or decking hard, 
but steel rods embedded in the sidewalk or bridge decking give it flexibility that rein-
forces it. So, without sufficient hydroxyapatite, bones become soft. Without collagen 
fibers, bones become brittle. You can see this at home if you soak a chicken bone in 
vinegar for a few days. The acid of the vinegar will dissolve the hard mineral crystals 
in the chicken bone, leaving the flexible collagen fibers. You may even be able to tie 
the bone in a knot if enough mineral crystals have been dissolved.

Osteogenesis imperfecta, commonly called brittle bones, is a congenital defect 
in which the bones lack collagen fibers. With this defect, the bones are very brittle 
and break easily. Until this condition is accurately diagnosed, affected children may 
appear to be victims of abuse because of their large number of broken bones.

Rickets is a childhood disorder in which an inadequate amount of mineral crystals 
is deposited in the bone. The bones are therefore too soft. The leg bones may not 
be able to completely support the weight of the body. As a result, the legs become 
bowed and deformed as they develop.

Disease P int

There are two types of bone tissue: compact bone and cancellous bone. Compact 
bone is very dense and highly organized. Cancellous bone is spongy in appearance, 
characterized by delicate slivers and plates of bone with spaces between.

Compact bone This type of bone is found in the shafts of long bones and the sur-
faces of flat bones. Compact bone tissue is arranged in a series of osteons (Haversian 
systems) that appear as targets. See Figure 4.38b and c. The central osteonic or 

A Chapter Summary 
section, located at the end of 
each chapter, provides relevant 
bullet points to summarize 
each text section.

Anatomy, Physiology, and 
Disease in Context
Physiology concepts are emphasized and 
put in context with real-world examples. 
The normal and abnormal functions of each 
system are explained in the context of a spe-
cific individual, and interconnections are 
made between new concepts and content in 
previous chapters.

Homeostasis, indicated throughout 
the text in red lettering, is discussed in 
context with relevant chapter topics and 
emphasizes the interdependent relation-
ship between homeostasis and acid–base 
balance, fluid and electrolytes, and nutri-
tion. These concepts are covered in the 
context of the body systems, not isolated 
in separate chapters.

14.5 Water Conservation  555

Learning Outcome
10.  Describe the fluid compartments of the body and how water moves between them.

Digestive tract

Bloodstream BloodstreamInterstitial fluid

Intracellular fluid

Lymph

FIGURE 14.11 The movement of water between major fluid compartments.

14.5 Water Conservation
Water conservation by the kidney is truly remarkable. Approximately 1.5 L of urine is 
excreted per day. This is the same amount as three-fourths of a 2 L bottle of your favorite 
soda. Think about this: This amount represents only 1% of the water filtered out of the blood 
at the glomeruli because the rest was reabsorbed. If there were no reabsorption, 150 L of 
urine (75 2 L bottles) would be produced per day, assuming you would have the time to take 
in that much water. Just where is the water in the body, and where does it come from?

Water in the Body

Your body is approximately 50% to 75% water. Men tend to have slightly more water 
than women because women deposit more fat, which does not contain much water. 
Body water is located in two major fluid compartments—intracellular and extracel-
lular. Sixty-five percent of body water is in the cytoplasm of your cells (intracellu-
lar). The other 35% of water is outside your cells (extracellular), as tissue fluid, blood 
plasma, lymph, CSF, synovial fluid, fluids of the eye (humors), bile, and serous fluid.

 Water moves between the two fluid compartments by osmosis, traveling easily 
across membranes to equalize the concentration of solutes on both sides and maintain 
homeostasis. Osmosis occurs very quickly to minimize the formation of concentration 
gradients of solutes in order to maintain homeostasis. Most of the solutes in the fluids 
are electrolytes, such as sodium in the extracellular fluids and potassium in the intra-
cellular fluids. Fluid and electrolyte balance are therefore tied together. Figure 14.11 
shows the movement of water between the major fluid compartments.

In Figure 14.11 you can see that water enters the body through the fluids you drink. 
This is the major source of water for the body, but not the only one. You may remem-
ber that water is also formed in the cells through cellular respiration (C6H12O6  +   
6O2 → 6CO2 + 6H2O + energy). This additional source is considered to be metabolic 
water because it is derived from a chemical process that occurs in the cells.

As you can see in Figure 14.12, the body’s daily intake and output of water should 
be equal to maintain homeostasis. Although most of the water you take in is from 
drinks, food and metabolic water do make significant contributions to water balance. 
At the same time, urine output is the major way the body rids itself of water, while 
sweat, water evaporated from the skin, expired air, and feces also make significant 

Specific Learning Outcomes
Specific learning outcomes give clear expectations 
and direct student learning. Every piece of content, 
including the text, figures, and tables in each chap-
ter, directly relates to specified learning outcomes.
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266 CHAPTER 6 The Nervous System

Putting the Pieces Together

The Nervous System

Innervates smooth muscle of blood 
vessels for vasoconstriction and 
vasodilation to help regulate 
temperature.

Has receptors for the general 
senses.

Integumentary system

Proprioceptors sense movement 
of joints and body position.

Provides protection for the brain 
and spinal cord. 

Stimulates muscle contractions.

Muscles carry out movements 
initiated in the central nervous 
system.

Muscular system

Hypothalamus secretes releasing 
hormones and sends nerve signals 
to stimulate the pituitary gland.

Hormones regulate blood glucose 
and electrolyte levels needed for 
neuron function.

Endocrine system

Innervates smooth muscle of 
blood vessels for vasoconstriction 
and vasodilation to regulate blood 
pressure and flow; medulla 
oblongata regulates heart rate.

Provides nutrients and removes 
wastes.

Cardiovascular system

Provides O2 to nervous tissue 
and removes CO2.

Medulla oblongata regulates 
respiratory rate.

Respiratory system

Nerve impulses innervate 
muscles involved in erection, 
ejaculation, and childbirth.

Reproductive system

Kidneys dispose of wastes and 
maintain electrolyte balance 
needed by neurons.

Micturition reflex and higher brain 
centers regulate urine elimination.

Reproductive hormones a�ect 
the production of hypothalamus 
releasing hormones.

Excretory/urinary system

Parasympathetic division 
innervates digestive organs.

Provides nutrients for nervous 
system tissues.

Digestive system

Microglia serve as immune system 
cells to fight pathogens in the CNS.

Lymphatic system

Skeletal system

FIGURE 6.29 Putting the Pieces Together—The Nervous System: connections between the nervous system and  
the body’s other systems.

10.3 Heart Anatomy  375

(leak) into the heart chamber. Untreated endocarditis can lead to congestive heart 
failure, arrhythmias, or the formation of emboli from pieces of vegetation that might 
have broken off and are traveling in the blood vessels.

Aorta

Pulmonary
trunk

Left auricle

Anterior
interventricular
sulcus

Left ventricle

Apex of the heart

Superior
vena cava

Right
auricle

Coronary
sulcus

Inferior
vena cava

Right
ventricle

(a)

Left
pulmonary
veins

Left
pulmonary
artery

Superior
vena cava

Right
pulmonary
artery

Right
pulmonary
veins

Left atrium

Right
atrium

Inferior
vena cava

(b)

Right ventricle

Interventricular
sulcus

Left ventricle

(c)

FIGURE 10.5 Surface anatomy of the heart: (a) anterior view , (b) posterior view , (c) anterior view of a cadaver heart.
(c) ©McGraw-Hill Education/Christine Eckel

Chambers and Valves
The human heart is divided into four chambers, which can be seen externally in  
Figure  10.5. The two superior chambers—the right and left atria (A-tree-uh)—
receive blood for the heart, while the two inferior chambers—the right and left  
ventricles—pump blood out of the heart. Figure 10.5 also shows the atria’s small, 
hollow, earlike flaps called auricles (AW-ri-kulz), which slightly increase the atria’s 
volume. Sulci are depressions on the surface of the heart and mark the division of 
the chambers externally. The coronary sulcus marks the separation of the atria from 
the ventricles. The anterior interventricular sulcus and posterior interventricular 
sulcus mark the separation of the right and left ventricles.

Putting the Pieces Together, 
found at the end of each system 
chapter, ties the covered system 
to the other 10 systems of the 
human body.

Vibrant, accurate illustrations 
are frequently paired with striking 
cadaver photos. Students entering 
health sciences careers will ulti-
mately be working with real bodies, 
and cadaver photos help to prepare 
students for later experiences in 
their careers.
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	•	 Temporal lobe. The temporal lobe is responsible for the sense of hearing. 
 Wernicke’s area (WUR-ni-kehz), another important area for language, is located 
here. It is discussed later in the chapter.

	•	 Occipital lobe. The occipital lobe is responsible for vision. It is remarkable to con-
sider that the receptors for vision are located at the front of the head (in the eye) but 
the input received is interpreted at the back of the brain. You will learn how this is 
done in the nervous system chapter on senses.

	•	 Insula. This small lobe is located deep in the cerebrum, and it can be seen only 
when part of the cerebrum (temporal lobe) is retracted. Not much is known about 
the function of this lobe.

In addition to having five lobes, the cerebrum contains large parts of the limbic 
 system. There is no defined anterior boundary for the ring of structures in the limbic 
 system, as they make up parts of several of the lobes. The limbic system includes 
structures important for memory and learning (hippocampus) and others for emotions 
(amygdala). See Figure 6.10. Parts of the limbic system also involve the diencepha-
lon, the subdivision of the brain you will study next.

Diencephalon The diencephalon has two major components, the thalamus and the 
hypothalamus. The description of each follows and is shown in Figure 6.8e.

Primary motor
area

Premotor
area

Association area
for smell  

Broca’s
area

Prefrontal
cortex

General sensory area
for touch, pain, heat,
cold, pressure, and
movement

Association area for
touch, pain, heat,
cold, pressure, and
movement

General sensory
area for vision

General sensory
area for hearing

Association area
for vision

Wernicke’s area

Association area
for hearing

General sensory
area for taste
and smell

FIGURE 6.9 Functional regions of the cerebral cortex.

Study Hint
When you are looking at a midsagittal view of the brain, such as Figure 6.8e, the 
diencephalon looks like the head of a duck. Upon closer inspection, seeing that the 
diencephalon has two components, imagine that the thalamus is the head of the duck 
and the hypothalamus is its beak.

Study Hint boxes contain 
useful tips and mnemonics for 
remembering structures and 
learning concepts.
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