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Preface

xv

TO THE LEARNER

Fundamentals of Anatomy & Physiology, Fourth Edition, was written and 
designed for learners pursuing careers in the allied health fields. It is written in 
clear, concise, and easily understandable scientific language and presupposes 
no previous biology exposure. This text will guide you along a journey of 
understanding how the human body operates on a daily basis from birth to 
death. The writing style and presentation will assist introductory learners 
with limited backgrounds in the sciences to comprehend the basic concepts of 
human anatomy and physiology, and the fascinating working mechanisms of our bodies.

Several features are incorporated into each chapter to help you master the content. 
Review the “How to Use This Book” section on page xxiii for a detailed description and 
benefit of each feature.

Organization of the Text

Introductory Chapters
The text begins with an introduction to the human body, explaining anatomic terms 
and the organization of the body from the cellular to the tissue level, how tissues form 
organs and how organs comprise the various systems of the body. The chemical basis 
of life is covered in Chapter 2, explaining how elements bond to form molecules like 
carbohydrates, proteins, fats, and nucleic acids, which are the building blocks of cellular 
structures. After a discussion of the structure and functions of cells in Chapter 3, Chapter 4 
explains how cells convert the foods we eat, via metabolism, into a new form of cellular 
chemical energy, ATP. This chapter also discusses how cells divide by mitosis, how we 
pass on our genetic characteristics by meiosis, and the structure of the DNA molecule. 
After this thorough yet understandable explanation of how cells operate, Chapter 5 
describes the anatomy and function of body tissues.

Body System Chapters
Having laid the groundwork for understanding the cellular and tissue levels of organization 
of the body, the text takes the student on a journey through the various systems of the 
body. Each system chapter has an introduction to set the stage for explaining in general 
terms what the system does and the organs it contains. Each organ is discussed in terms 
of its anatomy and physiology, beginning with the first organ and concluding with the 
final organ of that system. Beginning on the outside, the first system discussed is the 
integumentary system in Chapter 6. The skeletal (Chapter 7), articular (Chapter 8), and 
muscular (Chapter 9) systems are discussed next. These systems operate closely together 
to allow us to move and respond to changes in our external environment.

The nervous system (Chapters 10 and 11) controls and integrates all other body 
systems. Chapter 12 discusses the endocrine system, which operates very closely with 
the nervous system in the chemical control of the body through hormones, helping to 
maintain the body’s internal environment, or homeostasis.

Donald C. Rizzo, PhDProfessor EmeritusMarygrove CollegeDetroit, Michigan
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xvi� PREFACE

Chapter 13 focuses on the blood and begins the discussion of systems that transport 
materials through the body. Chapter 14 covers the cardiovascular circulatory system, which 
transports the blood that carries oxygen and nutrients to the body cells, as well as eliminates 
waste from the body cells. The lymphatic circulatory system (Chapter 15) transports fats 
from the digestive tract to the blood and develops immunities to protect the body from 
disease. Chapter 16 covers nutrition and the digestive system, which converts the food we 
eat into a usable form for use by body cells. The respiratory system, which brings in oxygen 
gas to the body and eliminates carbon dioxide gas, a waste product of cellular metabolism, 
is discussed in Chapter 17. The urinary system, which filters our blood 60 times a day of the 
many wastes and excesses that the body does not need, is covered in Chapter 18.

The final chapter of the text is the reproductive system. This system allows us to 
propagate our species and to pass on our genetic characteristics to our offspring.

Key Features
Key features retained in the Fourth Edition include:

■■ Photomicrographs paired with illustrations in Chapter 5 present complete anatomical 
detail of tissues in the body.

■■ Concept Maps section illustrates the connections between anatomy and physiology of 
the organs of each body system.

■■ Body Systems Working Together section illustrates each body system’s role in 
maintaining homeostasis and emphasizes the integration of separate systems into 
one body.

■■ Overviews of common diseases, disorders, or conditions specific to each body system.

■■ Laboratory exercises provide hands-on experience in the lab to observe structures.

■■ As the Body Ages section considers physiological changes and effects aging has on 
body systems.

■■ Career Focus section explores potential careers related to body systems.

■■ Search and Explore section expands learning beyond the text with Internet or human 
interest assignments.

■■ Case Studies encourage synthesis of key concepts learned in the chapter.

Changes to the Fourth Edition

■■ New full-color illustrations and photos to visually reinforce anatomical structures and 
physiology.

■■ New photos of actual human bones in Chapters 7 and 8 are paired side-by-side with 
illustrations. Students observe details of bone structure in the illustrations and are then 
able to compare with photos of actual bones.

■■ Online Resources section directs students to study tools such as PowerPoint® slides
and anatomy and physiology animations on the Student Companion Website.

Chapter-Specific Changes
chapter 1: the human body

■■ New illustration on negative feedback and body temperature was added.

chapter 4: cellular metabolism and reproduction: mitosis and meiosis

■■ A discussion on the disease Progeria was added.

chapter 5: tissues

■■ All new photomicrographs were paired with illustrations to present complete 
anatomical details of tissues.

74150_fm_ptg01_i-xxvi.indd   16 1/29/15   11:13 AM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



PREFACE� xvii

chapter 6: the integumentary system

■■ Expanded discussion on sebaceous glands was added.

■■ Expanded discussion on thermoregulation was added.

■■ New illustration showing cross section of a hair and hair follicle was added.

chapter 7: the skeletal system

■■ New photos of actual human bones, paired side-by-side with illustrations, were added.

■■ New illustration showing osteoblast cells producing ossification in cartilage was added.

■■ New illustration showing intramembranous ossification was added.

■■ New illustration showing the inferior view of skull bones was added.

chapter 8: the articular system

■■ New illustration showing a syndesmosis joint between the radius and ulna bones was 
added.

■■ New illustration showing examples of synchondroses joints, a pelvic bone and the 
sternum and sternocostal cartilages, was added.

chapter 9: the muscular system

■■ Expanded discussion on the naming and actions of skeletal muscles was added.

■■ Expanded discussion on the muscles of facial expression was added.

chapter 10: the nervous system: introduction, spinal cord, and spinal nerves

■■ New illustration of a bipolar neuron producing a fatty myelin sheath outside of the 
central nervous system was added.

■■ New illustration of a Schwann cell was added.

■■ New illustration of an oligodendrocyte producing a fatty myelin sheath on axons in the 
central nervous system was added.

chapter 11: the nervous system: the brain, cranial nerves, autonomic nervous 
system, and the special senses

■■ Expanded discussion on anatomy of the eye was added.

■■ New discussion on the disorder vertigo was added.

chapter 14: the cardiovascular circulatory system

■■ New illustration illustrating a cardiac cycle was added.

■■ New discussion on cerebral circulation was added.

chapter 15: the lymphatic circulatory system

■■ New discussion on the vermiform appendix was added.

chapter 16: nutrition and the digestive system

■■ New illustration of the MyPlate icon was added.

■■ New discussion on the MyPlate dietary guidelines was added.

■■ New health alert on the importance of vitamins in our diets was added.

chapter 17: the respiratory system

■■ Expanded discussion on the anatomy and function of the lungs was added.

chapter 19: the reproductive system

■■ New labels were added to the organs and ducts of the male reproductive system.
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LEARNING SUPPLEMENTS

Study Guide
The study guide offers additional practice with exercises corresponding to each chapter 
in the text, including completion, matching, key terms, art labeling, coloring exercises, 
critical thinking questions, case studies, crossword puzzles, and chapter quizzes. A section 
on study tips and test-taking strategies is also included. ISBN 978-1-2851-7416-7

Anatomy & Physiology Illustrated Flashcards
Review and learn anatomy and physiology key concepts and terminology with just under 
200 full-color flashcards. Anatomy & Physiology Illustrated Flashcards provide mastery 
of terms and body structures through a series of image labeling and key concept cards. 
Start by reviewing the anatomy image to study the body structures. Turn the card over 
to review key concepts or terms related to the body system or individual structures. 
Next, test yourself with the image labeling cards. Color-coded to keep like cards together 
after separation; the flashcards are organized by introductory and body systems and 
correlate to chapters in the text where you can access additional information. ISBN 
978-1-4283-7657-1

Online Resources
A Student Companion Website is available to accompany the text that includes slide 
presentations created in PowerPoint® and anatomy and physiology animations.

How to access the Online Resources:

  1.	 GO TO: www.CengageBrain.com

  2.	 REGISTER as a new user or LOG IN as an existing user if you already have an account 
with Cengage Learning or CengageBrain.com
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TO THE INSTRUCTOR

Rationale and Intended Market
There are many human anatomy and physiology textbooks that instructors can choose for 
their learners. Most are designed for those with a background in biology and are so extensive 
in content and coverage that it would take at least a full year to teach all the in-depth subject 
matter. These texts are designed for biology majors and pre-med learners. There was a need 
for a textbook that was written for the introductory learner choosing a career in allied health, 
a book that covers the fundamentals of human anatomy and physiology at a reasonable 
depth to satisfy the needs of these learners in a one-semester course.

Teaching Support Materials
A number of resource materials are available to accompany this text.

Instructor Companion Website
Powerful resources for instructors are available to assist you with teaching anatomy and 
physiology and assessing your students’ mastery of the material.

The Instructor’s Manual is Designed to Help You with Lesson Preparation and Perfor-
mance Assessment. It Includes:

■■ syllabus for a one-semester course

■■ lecture outlines with classroom demonstrations/activities incorporated

■■ critical thinking classroom discussion questions

■■ answers to review questions in the text

■■ answers to exercises and chapter quizzes in the study guide

Cognero online Testbank contains over 1000 questions organized by chapter content, 
including matching, fill in the blank, multiple choice, and true/false, to assist you in 
creating chapter, midterm, and final exams.

PowerPoint® slides, including animations, are designed to aid you in planning your 
class presentations.

PREFACE� xix
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THE LEARNING LAB

Learning Lab is an online homework solution that maps to learning objectives in 
Fundamentals of Anatomy & Physiology, Fourth Edition. Interactive, scenario-based 
activities build students’ understanding of anatomy and physiology. The Learning Lab 
includes a pre-assessment, learning activities, and a post-assessment organized around 
the chapters in this text. The post-assessment scores can be posted to the instructor grade 
book in any learning management system. The amount of time the student spends within 
the Learning Lab can also be tracked.

IAC Learning Lab to Accompany Fundamentals of Anatomy and Physiology, 4th 
Edition, ISBN 978-1-2854-3565-7

MindTap
MindTap is a fully online, interactive learning experience built upon authoritative Cengage 
Learning content. By combining readings, multimedia, activities, and assessments into 
a singular learning path, MindTap elevates learning by providing real-world application 
to better engage students. Instructors customize the learning path by selecting Cengage 
Learning resources and adding their own content via apps that integrate into the MindTap 
framework seamlessly with many learning management systems.

The guided learning path demonstrates the relevance of anatomy and physiology to 
health care professions through engagement activities and interactive exercises. Learners 
apply an understanding of anatomy and physiology through scenarios. These simulations 
elevate the study of anatomy and physiology by challenging students to apply concepts to 
practice.

To learn more, visit www.cengage.com/mindtap

Delmar Learning’s Anatomy & Physiology Image Library 
CD-ROM, Third Edition
This CD-ROM includes over 1,050 graphic files. These files can be incorporated into 
a Power Point®, Microsoft® Word presentation, used directly from the CD-ROM in a 
classroom presentation, or used to make color transparencies. The Image Library is 
organized around body systems and medical specialties. The library includes various 
anatomy, physiology, and pathology graphics of different levels of complexity. Instructors 
can search and select the graphics that best apply to their teaching situation. This is an 
ideal resource to enhance your teaching presentation of medical terminology or anatomy 
and physiology. ISBN: 978-1-4180-3928-8
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Fundamentals of Anatomy & Physiology, Fourth Edition, 
helps you understand how the human body is structured, 
the functions it performs on a daily basis, and how the 
body systems work together to maintain homeostasis. 
The following features are integrated throughout the 
text to assist you in learning and mastering anatomy and 
physiology core concepts and terms.

The Fourth Edition retained all the successful fea-
tures of the third edition.

Chapter Objectives
The chapter objectives alert you to concepts you should 
understand after reading the chapter and completing the 
review questions.

Key Terms
The list of key terms at the beginning of each chapter 
references the page number where each term can be 
found within the text, locating specific terms for quick 
and easy review.

Concept Map
Each body system chapter includes a concept map that 
introduces you to the relationship between various 
structures of the system and how these structures enable 
the system to perform its functions. The concept maps 
help you see the connections between anatomy and 
physiology of the organs of each body system.

How to  
Use This Book

2 

The Human BodyCHapTer OBjeCTives
After studying this chapter, you should be able to:

1. Define the anatomic terms used to refer to the body in 

terms of directions and geometric planes.

2. Describe the major cavities of the body and the organs 

they contain.3. Explain what a cell is.4. Describe the major functions of the four types of human 

tissue.
5. List the major systems of the body, the organs they 

contain, and the functions of those systems.

6. Define the terms anatomy and physiology.

7. Define homeostasis.
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INTRODUCTION
Because all of the structures of the body (cells, tissues, 
and organs) are composed of chemicals, it is necessary 
to have a basic understanding of the science of chem-
istry. In addition, the body functions through chemical 
reactions. For example, in the digestive process, com-
plex foods are broken down through chemical reactions 

Chapter

into simpler substances such as sugars that can be ab-
sorbed and used by the body’s cells. Later these simple 
substances are converted into another kind of chemi-
cal fuel,  adenosine triphosphate (ATP) (ah-DEN-oh-seen 
try-FOS-fate), which allows the body cells to do work 
and function. Chemistry is the science that deals with 
the elements, their compounds, the chemical reactions 
that  occur between  elements and compounds, and the 
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Chapter 6

CONCEPT MAP 6-1 Integumentary System. This is the first introduction of a concept map. Each system of the body will have a 

concept map to introduce you to the relationship between various structures of the system and how these structures enable the sys-

tem to perform its functions. A concept map is basically an outline that allows major topics in a chapter to be observed on one page, 

and the reader sees an overview of those topics.

The concept map breaks up a topic into its major components. First, the system of the body will be divided by connecting lines 

into its structures and functions. Then each of these two major topics will be further subdivided into smaller components. Connect-

ing lines or arrows will be used to join related divisions for the purpose of showing relationships. Occasionally, a brief description or 

word may be used along with the connecting lines to reinforce the explanation of the relationship. Spend a few minutes examining 

the concept map before you read further in the chapter. It will set the stage for what you are about to read. When you go back to 

study the information in the chapter, referring back to the concept map will help you remember what you have read.
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xxiv� HOW TO USE THIS BOOK

Full-Color Illustrations & Photos
Full-color illustrations and photos provide visual 
reinforcement of the major concepts covered in each 
chapter. Color can help you keep a mental picture of the 
various systems and help reinforce the material you learn 
in each chapter. New photos of actual human bones allow 
students to compare structures outlined in illustrations.

Body Systems
This section at the end of each chapter illustrates how 
each body system works together to maintain the 
body’s internal environment within certain narrow 
ranges. Seeing each body system’s role in maintaining 
homeostasis helps you see the integration of separate 
systems into one body.

Special Condition Boxes
Health Alert or Common Disease, Disorder, or Condition 
boxes provide short descriptions of a significant health 
alert, common disease, disorder, or condition that 
can occur in the body system being covered. This 
information enables you to relate concepts presented in 
the chapter to real-life situations.

Summary Outline
The summary outline, listing the major topics covered 
in the chapter, provides a valuable study tool by 
summarizing the chapter contents.

Review Questions
A variety of exercises provide self-assessment of 
comprehension of the chapter material. Critical thinking 
questions allow you to apply concepts learned and 
encourage further discussion.
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(C)

lacrimal sac or tear sac and provides a canal for the 

lacrimal duct. Tears are directed from this point to 

the inferior meatus of the nasal cavity after they have 

cleansed and lubricated the eye.

The two turbinates or nasal conchae bones are very 

thin and fragile (see Figure 7-10). There is one in each 

nostril on the lateral side. They extend to but do not 

quite reach the bony portion of the nasal septum. They 

help form a series of shelves in the nasal cavity where air 

is moistened, warmed, and filtered.

The single vomer bone is a flat bone that makes up 

the lower posterior portion of the nasal septum (see 

 Figure 7-10).

The single mandible bone develops in two parts. 

The intervening cartilage ossifies in early childhood, 

and the bone becomes fused into a single continuous 

structure. It is the strongest and longest bone of the 

face (see  Figure 7-10). It consists of a U-shaped body 

with alveolar processes to bear the teeth of the lower 

jaw (just like the maxillary bone’s alveolar processes 

that bear the teeth of the upper jaw). On each side of 

the body are the rami that extend perpendicularly up-

ward. Each ramus has a condyle for articulation with 

the mandibular fossa of the temporal bone, thus allow-

ing for the wide range of movement of the lower jaw-

bone (see Figure 7-9).

The Orbits

The orbits are the two deep cavities in the upper portion of 

the face that protect the eyes. A number of bones of the skull 

contribute to their formation. Refer to Figure 7-10 to view 

these bones. Each orbit consists of the following bones:

Area of Orbit Participating Bones

roof Frontal, sphenoid

Floor Maxilla, zygomatic

Lateral wall Zygomatic, greater wing of sphenoid

Medial wall Maxilla, lacrimal, ethmoid

The Nasal Cavities

The framework of the nose surrounding the two nasal 

fossae is located in the middle of the face between the 

hard palate inferiorly and the frontal bone superiorly.

The nose is formed by the following bones (see 

 Figure 7-10): 

Area of Nose
Participating Bones

roof
ethmoid

Floor
Maxilla, palatine

Lateral wall
Maxilla, palatine

Septum of medial wall ethmoid, vomer, nasal

Bridge
Nasal

Figure 7-10 (B) Frontal view of the bones of the skull. (C) Frontal view of the bones of the orbits and nasal cavities. (Continued)
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Figure 7-26 Cleft palate. 
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Figure 7-27 Comparison of a normal individual with an 

individual with acromegaly.
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Body SyStemS  

Working together to  

maintain homeoStaSiS:

The Skeletal System

Integumentary System

 ● Vitamin D is produced in the skin by UV light.

 ● It enhances the absorption of calcium in bones for 

bone and tooth formation.

Muscular System

 ● Through their tendons, muscles pull on bones,  

bringing about movement.

 ● Calcium from bones is necessary for muscle  

contraction to occur.

Nervous System

 ● The cranial bones protect the brain, and the verte-

brae and intervertebral disks protect the spinal cord.

 ● Receptors for pain monitor trauma to bones.

 ● Calcium from bones is necessary for nerve 

transmission.

Endocrine System

 ● The hormone calcitonin causes calcium to be stored 

in bones.

 ● The hormone parathormone causes calcium to be 

released from bones.

 ● Growth hormone from the anterior pituitary gland 

 affects bone development.

Cardiovascular System

 ● Blood cells transport oxygen and nutrients to bone 

cells and take away carbon dioxide and waste 

products.

 ● Calcium from bones is necessary for blood clotting 

and normal heart functions.

Lymphatic System

 ● Red bone marrow produces lymphocytes, which 

function in our immune response.

Digestive System

 ● Calcium, necessary for bone matrix development, is 

absorbed in the intestine from our daily food intake.

 ● Excess calcium can be eliminated via the bowels.

Respiratory System

 ● Oxygen is brought into the body via the respiratory 

system and transported by the blood to bone cells for 

biochemical respiration.

 ● The ribs along with the intercostal muscles and dia-

phragm bring about breathing.

Urinary System

 ● The kidneys help regulate blood calcium levels.

 ● Excess calcium can also be eliminated via the 

kidneys.

Reproductive System

 ● Bones are a source of calcium during breastfeeding.

 ● The pelvis aids in supporting the uterus and develop-

ing fetus during pregnancy in the female.
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Common Disease, 
DisorDer, or 

ConDition
Common Disease, DisorDer, or ConDition

DISORDERS OF THE ENDOCRINE SYSTEM

INSULIN DEFICIENCY AND DIABETES MELLITUS
Diabetes mellitus (dye-ah-BEE-teez MELL-ih-tus) is a very common disorder of the 
endocrine system. it is caused by a deficiency in insulin production and affects about 
14 million americans. other individuals with diabetes have a decreased number of 
insulin receptors on target cells so that glucose is unable to move into cells even with 
normal insulin amounts. these conditions result in chronic elevations of glucose in 
the blood, a condition known as hyperglycemia (high-per-glye-SEE-mee-ah).

as blood sugar levels rise in diabetics, the amount of glucose filtered by the 
kidney tubules from the blood exceeds the ability of the tubules to reabsorb the 
glucose. thus, there is a large amount of sugar in the urine, a condition known 
as glycosuria (glye-kos-YOO-ree-ah). this results in an increase in urine production 
because additional water is required to transport the extra glucose load. this 
is known as polyuria. as large amounts of fluids are lost in the urine, the diabetic 
individual dehydrates and craves large amounts of liquid, a condition known as 
polydipsia (pall-ee-DIP-see-ah), or excessive thirst. also, because cells are not getting 
glucose to burn as energy, the diabetic person experiences intense food cravings 
or polyphagia (pall-ee-FAY-jee-ah). the diabetic person will eat ravenously but still 
constantly loses weight.

the disease inhibits fat and protein synthesis. Glucose-deficient cells use proteins 
as a source of energy, and tissues waste away. the patient is very hungry, eats yet 
loses body weight, and tires easily. Children will fail to grow, and both children and 
adults do not repair tissues well. Changes in fat metabolism build up fatty acids 
and ketones in the blood, resulting in low ph or acidosis. acidosis and dehydration 
damage brain cells; thus, these individuals can become disoriented or may go into a 
diabetic coma and die.

there are two major types of diabetes mellitus: type 1 and type 2. type 1 diabetes 
is also known as juvenile-onset diabetes because it usually develops between 11 and 
13 years of age but before 30. it is an autoimmune disease that destroys the beta 
cells of the pancreas. individuals with this type of diabetes must take daily insulin 
injections. this is also known as insulin-dependent diabetes mellitus (iDDm). this 
form of diabetes accounts for only 10% of diabetics.

type 2 diabetes mellitus is known as noninsulin-dependent diabetes mellitus 
(niDDm) and is the most common form of the disease, affecting about 90% of 
people with diabetes. it usually develops after 40 years of age and produces milder 
symptoms. most affected persons are overweight when they develop the disease. in 
this situation, the beta cells still produce insulin but in reduced quantity, and insulin 
receptors on target cells are lost and glucose uptake diminishes. treatment includes 
maintaining a balanced and controlled diet and exercise to maintain a normal body 
weight. heredity and ethnic background can predispose individuals to this disease. 
native americans are at increased risk; african americans and hispanics are 50% 
more likely to develop type 2 diabetes than Caucasians. Drugs are available to treat 
type 2 diabetes.

individuals with diabetes must monitor their blood glucose levels several times 
a day. Without monitoring and maintaining proper levels of blood glucose, nerve 
damage can develop. hyperglycemia results in reduced blood flow caused by 
buildup of fatty materials in blood vessels, resulting in possible stroke, heart attack, 
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Urinary System

 ● Hormones control kidney function.

 ● Kidneys control body water levels and balances of the 

electrolytes in the blood.

Reproductive System

 ● The sex hormones stimulate the development of the 

reproductive structures.

 ● Sex hormones also stimulate the development of 

secondary male and female sexual characteristics.

 ● Sex hormones stimulate the development of egg cells 

and sperm cells.

Summary Outline

IntroductIon

 1. The endocrine system maintains the internal envi-

ronment of the body within certain narrow limits 

via chemical control through its hormones. This is 

known as homeostasis.

 2. The hypothalamus of the brain sends chemical 

signals that control the pituitary gland, the master 

gland of the system.

 3. The endocrine glands are ductless glands that se-

crete their hormones directly into the bloodstream, 

which carries them to target organs.

FunctIons oF Hormones

 1. Hormones control cellular respiration, growth, and 

reproduction.

 2. They control body fluids and electrolyte balances.

 3. They control the secretion of other hormones.

 4. They control behavior patterns.

 5. They regulate reproductive cycles and our growth 

and development.

 6. Through negative feedback mechanisms, hormone 

levels within our bodies are maintained within 

normal concentrations.

classIFIcatIon oF Hormones

 1. Some hormones are modified amino acids: 

epinephrine, norepinephrine, oxytocin, and 

vasopressin (ADH).

 2. Other hormones are proteins: insulin and growth 

hormone.

 3. A third category of hormones are the steroid 

hormones: cortisol, estrogen, and testosterone.

 4. The amino acid and protein hormones bind to 

membrane receptor sites in the cells of target 

organs. When prescribed, these must be injected.

 5. The steroid hormones diffuse across cell membranes 

and then bind to intracellular receptor molecules. 

When prescribed, these can be taken orally.

tHe HypotHalamus oF tHe BraIn

 1. The hypothalamus of the brain controls the 

secretions of the pituitary gland, the master gland of 

the endocrine system.

 2. Nerve cells in the hypothalamus produce chemical 

signals called releasing hormones that stimulate and 

releasing inhibitory hormones that inhibit the release 

of a particular hormone from the pituitary gland.

 3. The hypothalamus of the nervous system controls 

the secretions of the endocrine system.

 4. Through negative feedback mechanisms, the 

endocrine system can influence the functions of the 

hypothalamus.

tHe major endocrIne Glands 

and tHeIr Hormones

 1. The endocrine glands are the anterior and posterior 

lobes of the pituitary gland, the pineal gland, the 

thyroid, the parathyroids, the thymus, the adrenal 

glands, the pancreatic islets, the ovaries, and the 

testes.

The Anterior Pituitary Gland, Its Hormones, 

and Some Disorders

 1. The pituitary gland is also called the hypophysis. It 

is divided into a larger anterior lobe and a smaller 

posterior lobe. It is the master gland of the system.

 2. The anterior pituitary lobe, made mainly of 

glandular epithelium, produces seven hormones.

 3. Growth hormone (GH) stimulates cell metabolism 

and the growth of bones and muscles. Too little in 

childhood produces pituitary dwarfism. Too much 

secretion in childhood produces a condition called 

gigantism. Too much secretion after childhood 

produces enlarged hands, feet, and facial features, a 

condition called acromegaly.
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5. The ribosomes will now link up the amino  acids 

brought to the mRNA molecule by the tRNA 

 molecules and will construct the protein with the 

 assistance of enzymes.

Centrioles

1. Two centrioles are found at right angles to each 

other near the nuclear membrane. The pair is 

 referred to as a centrosome.

2. Each centriole is composed of nine sets of triplet 

fibers.

3. The centrioles form the spindle fibers during cell 

division and guide the duplicated chromosomes to 

their daughter cells.

Cilia and Flagella

1. Cilia are short and flagella are long hairlike protru-

sions from the cell membrane. Internally, they are 

composed of nine double fibrils arranged in a ring 

around two, single central fibrils.

2. A cell with cilia will have row upon row of cilia. Cilia 

will move materials across the free surface of a cell, 

like respiratory tract cells, which move the mucus-

dust package to our throat.

3. A cell with a flagellum, like the sperm cell, will pro-

pel the cell through a medium.

Plastids oF Plant Cells

1. The most common plastid of plant cells is the 

chloroplast, which contains the green pigment 

chlorophyll that allows plant cells to perform 

photosynthesis.

2. Photosynthesis is the conversion of light energy (the 

sun) into chemical energy (food like glucose).

3. Chromoplasts are plastids that contain the carot-

enoid pigments, xanthophyll (yellow), and carotene 

(orange-red).

4. Leucoplasts are plastids that store food (e.g., sugar 

and starch). They contain no pigment and are 

colorless.

the Cell Wall oF Plant Cells

1. The cell membrane of plant cells is surrounded by 

a semirigid covering called the cell wall. It is com-

posed of cellulose, synthesized by the Golgi appara-

tus, and secreted through the cell membrane.

2. Cellulose is the material in our diet that we call fiber.

REVIEW QUESTIONS

 1. Define a cell.

 2. List the major points of the modern cell theory.

 *3. Why is the molecular structure of a cell membrane 

referred to as a fluid mosaic model?

 *4. Explain why some chemical compounds go into 

solution and others go into a colloidal suspension 

in the cytoplasm of a cell.

 *5. Why is the nucleus considered the control center of 

the cell?

 *6. Based on their structure, why are mitochondria 

called the powerhouses of the cell?

 7. List three functions of lysosomes.

 8. What are the two types of endoplasmic reticula and 

what are their functions in the cell?

 9. What is the function of a Golgi apparatus?

 *10. Why are ribosomes so numerous in the cytoplasm 

of a cell?

 11. List three important functions of proteins in  

a cell.

 12. What is a centrosome?

 13. List the functions of cilia and flagella.

 14. Name and define the three types of plastids found 

in plant cells.

 *15. Why should plant cells be studied in a human anat-

omy and physiology class?

Fill in the Blank

Fill in the blank with the most appropriate term.

1. The cell theory was first proposed in the 1830s by 

 and 

.

2. Modern details of cellular structure have been 

extensively studied because of the invention of the 

 microscope.

3. Cell membranes are made of layers, a double  

 with 

  

embedded in this double layer.

4. The main component of cytoplasm is 

.

5. In a solution, 

 atoms or ions 

of a substance are distributed throughout the me-

dium.

6. In a colloid, 

 of atoms are 

distributed throughout the medium.

*Critical Thinking Questions
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Materials needed: Compound light microscope, 
prepared microscope slides of the letter e, col-
ored threads, living Elodea or Cabomba plant 
and an onion bulb, living culture of Paramecium, 
flat-edged toothpicks and methylene blue stain, 
dissecting microscope, a moss plant, and video-
tape or CD-ROM on “How to Use a Microscope”I.  UsIng a CompoUnd LIght mICrosCope

Your compound microscope is an expensive 
and delicate piece of equipment and must be 
handled carefully. Review the videotape or CD-
ROM, provided by your instructor, on the opera-
tion and parts of your microscope.  Figure 3-15 
shows the parts of a compound light microscope.A. PArts of A CoMPound MiCrosCoPe 1. Remove your assigned microscope from 

its storage area using two hands. Grab the 
arm with one hand and support the base 
with your other hand. Bring the micro-
scope to your laboratory station and place 
it down gently. Unwind the electrical cord 
and plug it in.

 2. Identify the body tube. At the top of the body 
tube is the ocular lens usually with a magni-
fication of 103. At the end of the body tube 
are the other magnifying elements screwed 
into a revolving nosepiece. These elements 
are called the objective lenses. Although the 
number of objective lenses varies, there 
will usually be a low-power objective (103 
magnification) and a high-power objective  
(403 magnification). 3. Underneath the body tube is the stage, a 

flat piece on which microscope slides are 
placed. It may be a mechanical, movable 
stage. The stage will have stage clips to 
hold the slide in place. There will be a hole 
in the stage to allow light to be reflected 
from its built-in substage lamp through the 
stage opening. Light then passes through 
the specimen on the microscope slide into 

the body tube resulting in an image on the 
r etina of your eye. 4. The importance of light makes necessary its 

careful adjustment. Your microscope may or 
may not have a condenser, which concen-
trates light. Just below the stage can be found 
the iris diaphragm. Practice moving the iris 
diaphragm lever to observe the changes 
in light by looking through the ocular lens. 
If you have an iris diaphragm plate or disc, 
practice locking in the different size holes to 
observe the changes in light intensity. 5. When viewing an object with a microscope, 

you are required to have the lens a certain 
distance from the object. This is called the 
working distance. At the correct work-
ing distance from an object, the object is 
in focus. Changes and adjustments in the 
 focus are accomplished by using the coarse 
(larger knob) and fine (smaller knob) ad-
justment knobs, located on the arm.

LABORATORY EXERCISE: Cell StruCture

Figure 3-15 The parts of a compound light 
microscope.
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Laboratory Exercises
Essential laboratory exercises at the end of most chapters 
allow you hands-on experience in the laboratory to 
observe structures or apply the knowledge learned in the 
chapter.

As the Body Ages
As the Body Ages feature in all body system chapters 
discusses physiological changes and effects that aging 
has on each specific body system.

Career Focus
Career Focus feature introduces learners to health 
professions related to the chapter content and illustrates 
how anatomy and physiology content is used in a real-
world career.

Search and Explore
The Search and Explore feature takes you beyond the 
textbook to expand your learning experience with key 
word Internet searches, suggested websites to visit with 
related activities, and brief human interest projects 
designed to add a personal element to your assignments.

Case Study
A Case Study is included in each body system chapter to 
encourage you to synthesize material you have learned 
apply it as you answer each question that follows.

Study Tools
This section reminds you of additional tools for review 
and to enhance your study of anatomy and physiology, 
including Online Resources with PowerPoint slides and 
anatomy and physiology animations on the Student 
Companion Website, and the Study Guide with practice 
questions, image labeling and coloring exercises, and 
crossword puzzles.

The Muscular System 

225

Body SyStemS  
Working together to  

maintain homeoStaSiS: 
The Muscular System

Integumentary System ● Sensory receptors in the skin stimulate muscle 

 contraction in response to environmental changes in 

temperature or pressure.
 ● Skin dissipates heat during muscle contraction.

Skeletal System
 ● Bones provide attachments for muscles and act as 

 levers to bring about movement.
 ● Bones store calcium necessary for muscular 

contraction.

Nervous System
 ● Motor neurons stimulate muscle contraction by 

 releasing acetylcholine at their axon terminals in the 

neuromuscular junction.

As we age, sometimes beginning in our late 20s, a gradual loss of muscle cells 

or fibers occurs. By 40 years of age, a gradual decrease begins to occur in the 

size of each individual muscle. By the late 70s, 50% of our muscle mass disap-

pears. Consistent exercising such as walking can delay and decrease this effect 

of aging. Resistant exercise, like working out at the gym with some weights, 

is an even better way to maintain muscle mass. As aging continues, the time 

it takes for a muscle to respond to nervous stimuli decreases, resulting in re-

duced stamina and a loss of power. Older adult women, in particular, may be-

come bent over due to changes in the sacrospinalis muscle, which is found on either side of 

the vertebral column. Its loss of power produces the hunchback appearance often seen in the 

older adults. Remaining physically active can prevent many of the age-related changes that 

can occur in skeletal muscle.

AS The body AgeS

These are careers that are available to individuals who are interested in the muscular 

system.
 ● Physicians can specialize in sports medicine and treat sports-related problems 

and injuries of muscles, bones, and joints.

 ● Doctors of osteopathic medicine take a therapeutic approach to medicine by 

placing greater emphasis on the relationship between the organs and the muscu-

loskeletal system. These doctors also use drugs, radiation, and surgery for medical 

diagnosis and therapy. ● Massage therapists manipulate the muscles by stroking, kneading, and rubbing 

to increase circulation of blood to the muscles to improve muscle tone and bring 

relaxation to the patient.

CareerFocuS
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196 Chapter 8

Mabel, a 42-year-old woman, is having a checkup with her arthritis specialist. 
She tells the specialist that she is experiencing more joint pain and stiffness 

than usual. The specialist examines Mabel and notes that her hands and feet are be-
coming more deformed in appearance due to severe joint inflammation. It is also 
harder for Mabel to perform activities of daily living. Mabel states that it is difficult 
for her to open bottles, turn doorknobs, and put on her socks and shoes. She also 
experiences pain and tires easily when walking short distances.

Questions

 1. Given her symptoms, what type of arthritis might Mabel have?

 2. What are the major characteristics of this disorder?

 3. What is the cause of this condition and the resulting joint damage?

 4. How widespread is arthritis?

Case study

 6. Name and define the three types of bursae found in 
the human body.

 *7. How can an individual try to prevent the occur-
rence of osteoarthritis?

 8. Name the movements that can occur at the synovial 
joints.

* Critical Thinking Questions

● Write about a family member or some-
one you know who has one of the com-
mon diseases, disorders, or conditions 
introduced in this chapter, and tell about 
the disease.

Search and Explore

study Guide activities for Chapter 8

Online Resources PowerPoint presentations

Study Tools
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The Human Body

Chapter Objectives

After studying this chapter, you should be able to:

1.	 Define the anatomic terms used to refer to the body in 
terms of directions and geometric planes.

2.	 Describe the major cavities of the body and the organs 
they contain.

3.	 Explain what a cell is.

4.	 Describe the major functions of the four types of human 
tissue.

5.	 List the major systems of the body, the organs they 
contain, and the functions of those systems.

6.	 Define the terms anatomy and physiology.

7.	 Define homeostasis.
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Key Terms

1

Introduction
Interest in the human body and how it functions probably 
developed when our ancestors began to think about the 
reasons why people became ill and died. All earlier cultures 
had someone designated as a healer who was responsible 
for finding plants and herbs that cured body disorders. This 
healer also was responsible for praying or invoking the as-
sistance of past ancestors to help in the healing process.

As cultures developed and science began to evolve, 
interest in and knowledge about the human body ad-
vanced. Leonardo da Vinci (1452–1519), an Italian, was 
the first to correctly illustrate the human skeleton with 

Chapter

all of its bones. The Flemish anatomist Andreas Vesalius 
(1514–1564) wrote a book on the human body, and the 
English anatomist William Harvey (1578–1657) discov-
ered how blood circulates through the body. These are 
just a few of the many contributors who added to our un-
derstanding of the human body and how it functions.

Anatomy is the study of the structure or morphology of 
the body and how the body parts are organized. Physiology 
is the study of the functions of body parts, what they do, 
and how they do it. These two areas of the organization 
of the body are so closely associated that it is difficult to 
separate them. For example, our mouth has teeth to break 
down food mechanically, a tongue that tastes the food and 

74150_ch01_ptg01_001-015.indd   3 1/14/15   1:06 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



4� Chapter 1

manipulates it, and salivary glands that produce saliva 
containing enzymes that break down complex carbohy-
drates into simple sugars, thus beginning the process of di-
gestion. Pathology is the study of the diseases of the body.

We still do not know everything about how the human 
body functions. Research is still going on today to discov-
er the mysteries of this complex unit we call ourselves.

To facilitate uniformity of terms, scientists have adopt-
ed four basic reference systems of bodily organization. 
These systems are directions, planes, cavities, and structur-
al units. When referring to terms of direction, planes, and 
cavities, the human body is erect and facing forward. The 
arms are at the sides and the palms of the hand and feet are 
positioned toward the front (Figure 1-1). All descriptions of 
location or position assume the body to be in this posture.

Terms Of Direction
When an anatomist (one who studies the human body’s 
structures) is describing parts of the body, it is necessary 
to make reference to their positions in regard to the body 
as a whole. The following directional terms have been 
established to facilitate these references. Use Figure 1-2 
as your guide as these terms are defined.

Transverse plane

Superior
portion

Inferior
portion

Midline

Midsagittal plane
Left

Coronal/
Frontal plane

Right

Figure 1-1  The human body in correct anatomic position 
illustrating the planes of the body.
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Superior
(cranial) Medial

Lateral

Proximal

Distal

Inferior
(caudal) (A) (B)

Anterior
(ventral)

Posterior
(dorsal)

Superior

Inferior Distal

Proximal

Figure 1-2  Directional terms relating to anatomic position. (A) Anterior view of the body. (B) Lateral view of the body.
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The Human Body� 5

Superior means uppermost or above. Example: the 
head is superior to the neck; the thoracic cavity is supe-
rior to the abdominal cavity. Inferior means lowermost 
or below. Example: the foot is inferior to the ankle; the 
ankle is inferior to the knee. Anterior means toward the 
front. Example: the mammary glands are on the anterior 
chest wall. The term ventral can also be used for anterior. 
Ventral means the belly side. Posterior means toward the 
back. Example: the vertebral column is posterior to the 
digestive tract; the esophagus is posterior to the trachea. 
The term dorsal can also be used for posterior. Dorsal 
means the back side.

Cephalad (SEF-ah-lad) or cranial means toward 
the head. It is synonymous with superior. Example: the 
thoracic cavity lies cephalad (or superior) to the ab-
dominopelvic cavity. Occasionally, caudal (KAWD-al) is 
synonymous with inferior. However, caudal specifically 
means toward the tail and, as we know, humans do not 
have tails as adults but we do have tails as developing 
embryos as do all members of the animal phylum Chor-
data to which humans belong.

Medial means nearest the midline of the body. 
Example: the nose is in a medial position on the face; the 
ulna is on the medial side of the forearm. Lateral means 
toward the side or away from the midline of the body. 
Example: the ears are in a lateral position on the face; 
the radius is lateral to the ulna. Proximal means near 
the point of attachment or origin. Example: the elbow is 
proximal to the wrist; the knee is proximal to the ankle. 
Distal means away from the point of attachment or ori-
gin. Example: the wrist is distal to the elbow; the ankle is 
distal to the knee.

Planes
Occasionally, it is useful to describe the body as hav-
ing imaginary flat geometric surfaces passing through it 
called planes (see Figure 1-1). These terms are most use-
ful when describing dissections to look inside an organ or 
the body as a whole. A midsagittal (mid-SAJ-ih-tal) plane 
vertically divides the body through the midline into two 
equal left and right portions or halves. This is also re-
ferred to as a median plane. A sagittal plane is any plane 
parallel to the midsagittal or median plane vertically di-
viding the body into unequal right and left portions.

A horizontal or transverse plane is any plane dividing 
the body into superior and inferior portions. A frontal or 
coronal plane is one that divides the anterior (or ventral) 

Watch an animation on body planes  
on the Student Companion Website.

Media Link

and posterior (or dorsal) portions of the body at right 
angles to the sagittal plane. When organs are sectioned 
to reveal internal structures, two other terms are often 
used. A cut through the long axis of an organ is called a 
longitudinal section, and a cut at right angles to the long 
axis is referred to as a transverse or cross section.

Cavities
The body has two major cavities: the dorsal cavity and 
the ventral cavity (Figure 1-3). Each of these is further 
subdivided into lesser cavities. The organs of any cavity 
are referred to as the viscera (VISS-er-ah).

The dorsal cavity contains organs of the nervous 
system that coordinate the body’s functions. It is divided 
into the cranial cavity, which contains the brain, and the 
spinal cavity, which contains the spinal cord.

The ventral cavity contains organs that are involved in 
maintaining homeostasis or a constant internal environ-
ment within small ranges of deviation (Figure 1-4). The first 
subdivision of the ventral cavity is the thoracic (tho-RASS-ik) 
cavity. It is surrounded by the rib cage. The thoracic cavity 
contains the heart in a pericardial sac referred to as the peri-
cardial cavity, and the two lungs, each covered by the pleu-
ral membrane, are referred to as the pleural cavities. A space 
called the mediastinum (mee-dee-ass-TYE-num) is found 
between the two pleural cavities. It contains the heart, thy-
mus gland, lymph and blood vessels, trachea, esophagus, 
and nerves. The diaphragm muscle separates the thoracic 
cavity from the abdominopelvic cavity.

The abdominopelvic cavity is the second subdivision 
of the ventral cavity. It contains the kidneys, stomach, 
liver and gallbladder, small and large intestines, spleen, 
pancreas, and the ovaries and uterus in women.

Two other terms are used when discussing the cavi-
ties of the body. The term parietal (pah-RYE-ehtal) refers 
to the walls of a cavity. Example: the parietal peritoneum 
lines the abdominal wall. The term visceral refers to the 
covering on an organ. Example: the visceral peritoneum 
covers abdominal organs.
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Ventral
cavity

Dorsal
cavity

Spinal
cavity

Cranial
cavity

Thoracic
cavity Thoracic

cavity

Diaphragm Diaphragm

Abdominal
cavity

Abdominal
cavity

Pelvic cavityPelvic cavity

Abdomino-
pelvic
cavity

Figure 1-3  The major cavities of the body and their subdivisions.
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Structural Units
All living material is composed of cells, the smallest units 
of life. Cells are organized into tissues. Tissues are orga-
nized into organs, and organs are part of the major sys-
tems of the body (Figure 1-5 and Table 1-1). The cell is 
the basic unit of biologic organization. The liquid part of 
a cell is called protoplasm (PRO-toh-plazm). This pro-
toplasm is surrounded by a limiting membrane, the cell 
membrane, also called the plasma membrane, which se-
lectively determines what may enter or exit the cell. This 
protoplasm is an aqueous (watery), colloidal (grouping 
of large molecules) solution of various proteins, lipids, 
carbohydrates, and inorganic salts that are organized 
into cellular structures referred to as organelles. These 
organelles, such as the mitochondria, ribosomes, and ly-
sosomes, among others, are discussed in further detail in 
Chapter 3.

A cell performs all the activities necessary to main-
tain life, including metabolism, assimilation, digestion, 
excretion, and reproduction (see Figure 3-1 in Chapter 3). 
Different kinds of cells make up a tissue (muscle or bone). 
Different types of tissues make up an organ (stomach or 
heart). Finally, organs are grouped into systems (diges-
tive system or nervous system). Each system of the body 
serves some general function to maintain the body as a 
whole. All of the diverse tissues of the body can be placed 

into one of four categories: epithelial (ep-ih-THEE-lee-al), 
connective, muscle, or nervous tissue. We will study these 
tissues in greater detail in Chapter 5.

Epithelial tissue covers and protects surfaces 
(both the outer surface like the skin and inner surfaces 
of organs like the intestine), forms glands, and lines 
cavities of the body. It is made up of one or more lay-
ers of cells with very little, if any, intercellular mate-
rial. Connective tissue binds together and supports 
other tissues and organs. In many instances, it is 
highly specialized (blood, bone, lymphatic tissue). It is 
made up of different kinds of cells that produce vari-
ous fibers (elastin and collagen) embedded in a ma-
trix (substance) of nonliving intercellular material. 
Muscle tissue is characterized by elongated cells (so 
long that they are often referred to as muscle fibers) 
that generate movement by shortening or contracting 
in a forcible manner. There are three types of muscle 
tissue. Skeletal or voluntary muscle pulls on bones 
and causes body movements. Smooth or involun-
tary muscle is found in the intestines where it pushes 
food along the digestive tract. It is also found in arter-
ies and veins where it pushes blood forward. Cardiac 
muscle is found only in the heart. It is also involun-
tary and causes contractions of the heart; these con-
tractions pump the blood through thousands of miles 
of blood vessels. Finally, nervous tissue is composed 
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The Human Body� 7

of nerve cells forming a coordinating system of fibers 
connecting the numerous sensory (touch, sight) and 
motor (muscular) structures of the body.

Organs are composed of cells integrated into tissues 
serving a common function (skin, liver, stomach, heart, 
lungs). A system is a group of organs.

The integumentary system is made up of two lay-
ers: the epidermis and the dermis. It includes the skin, 
hair, nails, sebaceous glands, and sweat glands (see 
Figure 1-6). Its functions include insulation of the body, 
protection of the body from environmental hazards such 
as the ultraviolet radiation of the sun and certain chemi-
cals, and regulation of body temperature and water. It 
also has receptor sites to detect changes in temperature 
and pressure.

The skeletal system is composed of bones, cartilage, 
and the membranous structures associated with bones (see 
Figure 1-6). It protects the soft and vital parts of the body 
and provides support for body tissues. Its bones act as levers 
for movement. This system also manufactures blood cells 
in red bone marrow and stores fat in yellow bone marrow. 
Bones store mineral salts like calcium and phosphorous.

The muscular system consists of muscles, fasciae 
(fibrous connective tissues), tendon sheaths, and bursae 
(fibrous sacs) (see Figure 1-6). Skeletal muscles pull on 
bones to allow movement; smooth muscle pushes food 
through the digestive tract and blood through the circulatory 
system; and cardiac muscle causes contraction of the heart.

The nervous system consists of the brain, spinal 
cord, cranial nerves, peripheral nerves, and the sensory 

Figure 1-4  The thoracic and abdominopelvic cavities of the body and some of the organs they contain.
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Figure 1-5  The structural levels of organization of the body.
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Structural Level Example

1. Atoms Atoms are the smallest units of elements, such as carbon, hydrogen, and oxygen.

2. Molecules Molecules are formed when atoms combine through chemical bonds to form units such as 
water, sugars, and amino acids.

3. Cells Cells are the smallest living units of biologic organization made of structures that perform 
the activities of life, such as the nucleus that controls all the activities of the cell.

4. Tissues Tissues are made up of similar cells that perform similar functions, such as muscle tissues that 
cause contraction and movement.

5. Organs There are four different kinds of tissues (epithelial, connective, muscle, and nervous) that 
group together in different proportions to make an organ like the stomach, which mixes our 
food with digestive enzymes.

6. Systems A group of organs makes up a body system like the nose, pharynx, larynx, trachea, bronchi, 
and lungs that makes up the respiratory system whose function is to bring in oxygen to the 
body’s cells and take away carbon dioxide gas.

7. �Human Organism All of the organ systems together constitute a functioning human being.

Table 1-1  �The Structural Levels of Organization of the Human Body

Figure 1-6  The integumentary, skeletal, and muscular systems of the body.
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