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Ken in 1964

Ken began working on his first  

book for McGraw-Hill in 1993, and in 1997 

the first edition of The Unity of Form and 
Function was published. In 2014 the story 

continues with the seventh edition of Ken’s 

best-selling A&P textbook. 

The first edition (1997)

The story continues (2014)

One of Ken’s drawings  
from Hydra Ecology

Ken's “first book,” Hydra 
Ecology, 1965

Ken Saladin’s first step into authoring was a 318-page paper on the 

ecology of hydras written for his 10th-grade biology class. With his “first 

book,” featuring 53 original India ink drawings and photomicrographs, a 

true storyteller was born.

When I first became a textbook writer, I found myself bringing the same 
enjoyment of writing and illustrating to this book that I first discovered 
when I was 15.

—Ken Saladin

the evolution of a  
StorYteller
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Anatomy & Physiology: The Unity of Form and Function tells a story made of many layers including 
the core science, clinical applications, the history of medicine, and the evolution of the human 
body. Saladin combines this humanistic perspective on anatomy and physiology with vibrant 
 photos and art to convey the beauty and excitement of the subject to beginning students.
 To help students manage the tremendous amount of information in this introductory course, 
the narrative is broken into short segments, each framed by expected learning outcomes and self-
testing review questions. This presentation strategy works as a whole to create a more efficient and 
effective way for students to learn A&P.

Writing Style and level
Saladin’s text is written using plain language for A&P students who may be taking this course early 
in their curricula. Careful attention has been given to word selection and paragraph structure to 
maintain the appropriate level for students, while avoiding the appearance of dumbed down con-
tent. This  writing level makes the text accessible for all audiences (inter national readers, English-as-
a-second-language students, and non traditional students).
 Students say the enlightening analogies, clinical applica-
tions, historical notes, biographical vignettes, and evolution-
ary insights make the book not merely informative, but a 
pleasure to read. Even instructors say they often learn 
 something new and interesting from Saladin’s innovative 
perspectives.

prefaCe

analogies explain 
tough scientific 
content in a way 
students can 
understand.

Medical History 

Saladin “puts the human in human A&P” with his occasional vignettes on the people behind 
the science. Students say these stories make learning A&P more fun and stimulating.
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More than a few distinguished scientists and clinicians say they found their 
inspiration in reading of the lives of their predecessors. Maybe these stories 
will inspire some of our own students to go on to do great things.

—Ken Saladin

Clinical Applications make 
the abstract  science more 
relevant.

Evolutionary Medicine provides 
novel and intriguing ways of looking at:

•  menopause
•  the sweet tooth
•  bipedalism
•  the origin of mitochondria
•  skin color
•  body hair
•  lactose intolerance
•  the kidney and life on dry land
•  the palate
•  theories of aging and death
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What’S neW in the Seventh edition?
new Content
Several sections include new content, especially

•  Gradients and flow as another unifying concept of physi-
ology (chapter 1)

•  Pseudopods as another class of cell surface features 
(chapter 3)

•  New table of art and descriptions of the hierarchy of 
 muscle structure (chapter 11)

•  New Deeper Insight on portal hypertension and ascites 
(chapter 20)

•  Updated treatment of chronic obstructive pulmonary 
 disease (COPD) (chapter 22)

•  New section on magnesium homeostasis (chapter 24)
•  History’s youngest mother, pregnant at age 4 (chapter 28)
•  Deeper Insight on endometriosis (chapter 28)

interaCtive Material
Review activities are integrated into each chapter. Self- 
teaching prompts and simple experiments are liberally 
seeded throughout the narrative. Learning aids such as 
pronunciation guides and insights into the origins and 
root meanings of medical terms are sprinkled liberally 
throughout the text to help students retain meaning 
and spelling of terms.

Pro-nUn-see-ay-shun guides help 
beginning students master A&P.

Self-teaching prompts make reading 
more active.

Word origins are footnoted.

Familiarity with word origins helps 
students retain meaning and spelling.
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xii

new Science
Other new content in Saladin’s Anatomy & Physiology updates 
the book to stay abreast of new developments in science. Some 
of the more significant examples are listed here.

•  The high frequency of everyday DNA damage (chapter 4) 
•  The proteome as a new frontier in cytology (chapter 4)
•  Epigenetic inheritance and disease (chapter 4)

new Photographs
•  Figure A.8: intestinal mesentery
•  Figure 17.11: histology of the adrenal cortex
•  Figure 21.7: macrophages attacking bacteria
•  Figure 21.24: T cells attacking cancer cell
•  Figure 28.9d: SEM of acini and myoepithelial cells of the 

mammary gland

new art
•  Figure 3.13: pseudopods as cell surface features
•  Figure 3.31: the proteasome as an organelle
•  Figure 4.23: cancer metastasis
•  Figure 5.32: comparison of merocrine, apocrine, and 

 holocrine secretion
•  Figure 14.39: full-page summary flowchart of cranial 

nerve pathways
•  Figure 17.18: hormone actions on their target cells
•  Figure 17.23: antagonistic effects of insulin and glucagon 

on a hepatocyte
•  Figure 18.22: enhanced presentation of blood-clotting 

 cascade
•  Figure 25.31: full-page summary figure of macronutrient 

digestion and absorption
•  Figure 26.1: simplified flowchart of gut–brain peptides 

and appetite regulation

•  Umbrella cells and protective role of transitional 
 epithelium (chapter 5)

•  Reinterpretation of pelvic floor muscle compartments 
based on new medical imaging techniques (chapter 10)

•  Updates in muscle physiology on the length–tension rela-
tionship, the size principle in recruitment, tetanus, 
fatigue, muscle fiber types, and smooth muscle caveolae 
(chapter 11)

•  Autoimmune pathogenesis of pernicious anemia 
( chapter 18)

•  New biomechanical interpretations of papillary muscles 
and trabeculae carneae (chapter 19)

•  New insights on functions of the spleen (chapter 21)
•  Update on the status of reproductive effects of endocrine 

disrupting chemicals (chapter 27)
•  New understanding of the 209-day timetable of ovarian 

follicle and oocyte development (chapter 28)
•  Update on free radical–DNA damage theory of aging 

(chapter 29)

new Pedagogy
•  Appendix E: a table of the complete genetic code
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xiii

innovative ChaPter SeqUenCing
Some chapters and topics are presented in a sequence that is more instructive than the conventional order.

Guided  
tour

MaKing  
Anatomy & Physiology 
intriguing and inspiring

Early Presentation of Heredity

Fundamental principles of heredity are presented 
in the last few pages of chapter 4 rather than at the 
back of the book to better integrate molecular and 
Mendelian genetics. This organization also prepares 
students to learn about such genetic traits and 
conditions as cystic fibrosis, color blindness, blood 
types, hemophilia, cancer genes, and sickle-cell 
disease by first teaching them about dominant  
and recessive alleles, genotype and phenotype, and 
sex linkage.

Muscle Anatomy and 
Physiology Follow Skeleton 
and Joints

The functional morphology of 
the skeleton, joints, and muscles 
is treated in three consecutive 
chapters, 8 through 10, so when 
students learn muscle origins and 
insertions, these come only two 
chapters after the names of the 
relevant bone features. When they 
learn muscle actions, it is in the first 
chapter after learning the terms 
for the joint movements. This order 
brings another advantage: the 
physiology of muscle and nerve 
cells is treated in two consecutive 
chapters (11 and 12), which are thus 
closely integrated in their treatment 
of synapses, neurotransmitters, and 
membrane electrophysiology.

Urinary System Presented Close to Circulatory  
and Respiratory Systems

Most textbooks place this system near the end of the book 
because of its anatomical and developmental relationships with 
the reproductive system. However, its physiological ties to the 
circulatory and respiratory systems are much more important. 
Except for a necessary digression on lymphatics and immunity, 
the circulatory system is followed almost immediately with 
the respiratory and urinary systems, which regulate blood 
composition and whose functional mechanisms rely on recently 
covered principles of blood flow and capillary exchange.
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learning toolS
engaging Chapter layouts

•  Chapters are structured around the way students learn.
• Frequent subheadings and expected learning  

outcomes help students plan their study time and  
review strategies.

Chapter outlines provide quick overviews 
of the content.

deeper insights highlight areas of interest 
and career relevance for students.

Each chapter begins with Brushing Up to 
emphasize the interrelatedness of concepts, 
and serves as an aid for instructors when 
teaching chapters out of order. 

Each numbered section begins with expected learning outcomes to 
help focus the reader’s attention on the larger concepts and make the 
course outcome-driven. This also assists instructors in structuring their 
courses around expected learning outcomes.

tiered assessments Based 
on Key learning outcomes

•  Chapters are divided into easily manage-
able chunks, which help students budget 
study time effectively.

•  Section-ending questions allow students to 
check their understanding before 
moving on.

CONFIRMING PAGES

sal03717_FM_i-xxiv.indd   14 12/13/13   2:40 PM



xv

questions in figure legends and apply What you 
Know items prompt students to think more deeply 
about the implications and applications of what they 
have learned.

The end-of-chapter Study guide offers several methods 
for assessment that are useful to both students and 
instructors.

assess your learning outcomes provides students 
a study outline for review, and addresses the needs of 
instructors whose colleges require outcome-oriented 
 syllabi and assessment of student achievement of the 
expected learning outcomes.

end-of-chapter questions build on all levels of Bloom’s 
 taxonomy in sections to

1.  assess learning outcomes
2.  test simple recall and analytical thought
3.  build medical vocabulary
4. apply the basic knowledge to new clinical 

problems and other situations

true or False questions further address Bloom’s 
taxonomy by asking the student to explain why the 
false statements are untrue.

testing your Comprehension questions address 
Bloom’s Taxonomy in going beyond recall to application 
of ideas.
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artWorK that inSPireS learning
The incredible art program in this textbook sets the standard in A&P. The stunning portfolio of  
art and photos was created with the aid of art focus groups, and with feedback from hundreds  
of accuracy reviews.

Conducive to learning
•  Easy-to-understand process figures
•  Tools for students to easily orient themselves

The visual appeal of nature is immensely 
important in motivating one to study it. 
We certainly see this at work in human 
anatomy—in the countless students who 
describe  themselves as visual learners”, in 
the many laypeople who find anatomy 
atlases so intriguing, and in the  enormous 
 popularity of Body Worlds and similar 
exhibitions of human anatomy. 

—Ken Saladin

Vivid Illustrations 

Rich textures and shading and bold, 
bright colors bring structures to life.

Muscle Tables 

Muscle tables are organized into columnar 
format and enhanced with shading for easier 
reading and learning.
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Process Figures 

Saladin breaks complicated physiological 
processes into numbered steps for a 
manageable introduction to difficult 
concepts.

Orientation Tools 

Saladin art integrates tools 
to help students quickly 
orient themselves within a 
figure and make connections 
between ideas.
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ConneCt With digital 
ProdUCtS
To ensure that the student study experience blends well with 
the learning outcomes in this text, digital authors Steve Sulli-
van and Chris Gan prepared Connect® questions in multiple 
formats.

•  Animation questions visualize a process to review and 
foster an understanding of a concept.

•  Interactive questions are kinesthetic in nature and allow 
students to interact with the question by moving words or 
structures to complete the exercise.

•  Classification questions are higher-order questions 
that ask students to apply what they have already  
learned in order to answer the question (using Bloom’s 
levels 4 and 5).

•  Labeling questions are drag-and-drop exercises that 
allow students to identify anatomical structures, and have 
a built-in zoom feature to help remove ambiguity on 
labeled diagrams.

•  Sequencing questions help students critically under-
stand how disease processes affect the human body by 
sequencing events in a physiological process.

•  Composition questions ask students to fill in words to 
accurately complete a sentence (using Bloom’s  taxonomy 
level 1), and then ask students to rearrange sentences  
in a logical order to establish concepts (Bloom’s levels 2 
and 3).

•  Anatomy & Physiology | Revealed images, built into 
varying question types, allow instructors to incorporate 
APR questions into Connect assignments.

•  Several question types test students’ ability to apply and 
analyze concepts (Bloom’s levels 4 and 5).

 Other question types, such as multiple choice, true/false, 
fill-in-the-blank, and “Before You Go On” essay, are included 
to ensure consistent and adequate depth and breadth of cover-
age for each Learning Outcome in the text. Many Connect 

the Saladin diGital StorY
anOther layer tO enhanCe the COnneCtiOn

Connect.  Learn.  Succeed.
The Complete Package

questions include a hint to help students recall information, 
make meaningful connections between concepts, and con-
nect words and visual structures, promoting long-term mem-
ory. Explanations are included for numerous questions to 
provide feedback and guidance, which is especially useful to 
students taking an online or hybrid course.
 Instructors are able to filter assignable questions by HAPS 
Learning Objectives to quickly find all corresponding questions.

ConnectPlus® anatomy & Physiology
McGraw-Hill ConnectPlus interactive learning platform provides

•  auto-graded assignments
•  adaptive diagnostic tools
•  powerful reporting against learning outcomes and level 

of difficulty
•  an easy-to-use interface
•  McGraw-Hill Tegrity® Campus, which digitally records 

and distributes your lectures with a click of a button
•  Learning Objectives from the textbook that are tied to 

interactive questions in Connect, to ensure that all parts 
of the chapters have adequate coverage within Connect 
assignments. ConnectPlus includes the full textbook as 
an integrated, dynamic eBook, which you can also assign. 
Everything you need—in one place!
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McGraw-Hill LearnSmart Labs™
THE Virtual Lab Experience.
Based on the same world-class 
super-adaptive technology as 

LearnSmart, McGraw-Hill’s LearnSmart Labs are must-see, 
outcomes-based lab simulations. LearnSmart Labs assess a 
student’s knowledge and adaptively correct deficiencies, 
allowing the student to learn faster and retain more knowledge 
with greater success.
 First, a student’s knowledge is adaptively leveled on core 
learning outcomes: Questioning reveals knowledge deficiencies 
that are corrected by the delivery of content that is conditional 
on a student’s response. Then, a simulated lab experience 
requires the student to think and act like a scientist: recording, 
interpreting, and analyzing data using simulated equipment 
found in labs and clinics. The student is allowed to make 
 mistakes—a powerful part of the learning experience! A virtual 
coach provides subtle hints when needed, asks questions about 
the student’s choices, and allows the student to reflect upon and 
correct those mistakes. Whether your need is to overcome the 
logistical challenges of a traditional lab, provide better lab prep, 
improve student performance, or make your online experience 
one that rivals the real world, LearnSmart Labs accomplish it all.

learnSmart™ advantage 
the evolution of learning
LearnSmart Advantage is a new series of adaptive learning 
products fueled by LearnSmart—the most widely used and 
adaptive learning resource proven to strengthen memory 
recall, increase retention, and boost grades. Each product in 
the series helps students study smarter and retain more 
 knowledge. www.learnsmartadvantage.com

McGraw-Hill Smartbook™ 
This is the first—and only—adaptive reading experience de-
signed to transform the way students read.

•  Engages students with a personalized reading experience
•  Ensures that students retain knowledge

LearnSmart Prep™ 
This adaptive course preparation tool quickly and efficiently 
helps students prepare for college-level work.
• Levels out student knowledge
• Keeps students on track

McGraw-Hill LearnSmart® 
Unlike static flashcards or rote memorization, LearnSmart 
ensures that your students have mastered course concepts 
before taking the exam, thereby saving you time and increas-
ing student success.

•  The only truly adaptive learning system
•  Intelligently identifies course content students have not 

yet mastered
•  Maps out personalized study plans for student success
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textbook Website: 
www.mhhe.com/saladin7e
Accessed from the Anatomy & Physiology 
Connect website or through the URL shown 
above, Presentation Center is an online digi-
tal library containing photos, artwork, ani-
mations, and other media types that can be 
used to create customized lectures, visually 
enhanced tests and quizzes, compelling 
course websites, or attractive printed sup-
port materials. All assets are copyrighted by 
McGraw-Hill but can be used by instructors 
for classroom purposes. The visual resources 
in this collection include

•  Art Full-color digital files (both 
labeled and unlabeled versions) of all 
illustrations in the book can be readily 
incorporated into lecture presentations, 
exams, or custom-made classroom 
materials. In addition, all files are pre-inserted into 
PowerPoint slides for ease of lecture preparation.

•  Photos The photo collection contains digital files of 
photographs from the text, which can be reproduced for 
multiple classroom uses.

•  Tables Every table that appears in the text has been 
saved in electronic form for use in classroom presenta-
tions and/or quizzes.

•  Animations Numerous full-color animations illustrat-
ing important processes are also provided. Harness the 
visual impact of concepts in motion by importing these 
files into classroom presentations or online course 
 materials.

 Also accessed through the Anatomy & Physiology Connect 
website are

•  PowerPoint Lecture Outlines Ready-made presenta-
tions that combine art and lecture notes, as well as 
 relevant Anatomy & Physiology | REVEALED images, are 
provided for each chapter of the text.

•  PowerPoint Slides For instructors who prefer to create 
their lectures from scratch, all illustrations, photos, 
tables, and animations are pre-inserted by chapter into 
blank PowerPoint slides.

•  Digital Lecture Capture: Tegrity® McGraw-Hill Tegrity 
Campus records and distributes your lecture with just a 
click of a button. Students can view anytime/anywhere 
via computer, iPod, or mobile device. Tegrity indexes as it 
records your slideshow presentations and anything 
shown on your computer, so students can use keywords 
to find exactly what they want to study.

•  Computerized Test Bank Test questions are served up 
utilizing EZ Test software to accompany Anatomy & 
Physiology. These questions are also available to instruc-
tors in Word format.

 Instructors: To access Connect, request registration infor-
mation from your McGraw-Hill sales representative.

Content delivery Flexibility
Anatomy & Physiology is available in many formats in addition 
to the traditional textbook to give instructors and students 
more choices. Choices include

•  Customizable Textbooks: Createtm Introducing 
McGraw-Hill Create, a self-service website that allows 
you to create custom course materials—print and 
eBooks—by drawing upon McGraw-Hill’s comprehen-
sive, cross-disciplinary content. Add your own content 
quickly and easily. Tap into other rights-secured, third-
party sources as well. Then, arrange the content in a way 
that makes the most sense for your course. Even person-
alize your book with your course name and information. 
Choose the best format for your course: color print, black 
and white print, or eBook. The eBook is now viewable on 
an iPad! When you are finished customizing, you will 
receive a free PDF review copy in just minutes. Visit 
McGraw-Hill Create—www.mcgrawhillcreate.com—
today and begin building your perfect book.

•  ConnectPlus eBook McGraw-Hill’s ConnectPlus eBook 
takes digital texts beyond a simple PDF. With the same 
content as the printed book, but optimized for the screen, 
ConnectPlus has embedded media, including animations 
and videos, which bring concepts to life and provide 
“just-in-time” learning for students. Additionally, fully 
integrated homework allows students to interact with the 
questions in the text to determine if they’re gaining 
mastery of the content, and can also be assigned by the 
instructor.
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an interactive Cadaver dissection experience
Anatomy & Physiology | REVEALED  
www.aprevealed.com
APR 3.0 is an interactive cadaver dissection tool to enhance 
lectures and labs that students can use anytime, anywhere. 
Instructors may customize APR 3.0 to their course by selecting 
the specific structures they require in their course, 
and APR 3.0 does the rest. Once the structure list is 
generated, APR highlights these selected structures 
for students. APR contains all the material covered 
in an A&P course, including these three new 
modules:

•  Tissues
•  Cells and Chemistry
•  Body Orientation

An APR application also makes APR accessible on 
Apple® and Android™ tablets. 

 Anatomy & Physiology’s text, artwork, and pho-
tos are  integrated with APR 3.0, so that wherever 
students see the APR  3.0 logo  in their 
eBook, they can simply click the logo and they will 
be taken specifically to the dissection  photos, animations, his-
tology slides, and radiological images in APR that support and 
enrich their understanding of the text.

APR Is Now Available in Two New Versions
Anatomy & Physiology Revealed | Cat® and Anatomy & 
 Physiology Revealed | Fetal Pig® are online interactive cat dis-
section and fetal pig dissection experiences that use cat photos 
or fetal pig photos, combined with a layering technique that 
allows you to peel away layers to reveal structures beneath the 
surface. Both Anatomy & Physiology Revealed | Cat and 
Anatomy & Physiology Revealed | Fetal Pig offer animations, 
histologic and radiologic imaging, audio pronunciations, and 
comprehensive quizzing.
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Mcgraw-hill higher 
education and 
Blackboard® have 
teamed Up.
Blackboard, the Web-based 
course-management system, 

has partnered with McGraw-Hill to better allow students and 
faculty to use online materials and activities to complement 
face-to-face teaching. Blackboard features exciting social 
learning and teaching tools that foster more logical, visually 
impactful, and active learning opportunities for students. 
You’ll transform your closed-door classrooms into communi-
ties where students remain connected to their educational 
experience 24 hours a day.
 This partnership allows you and your students access to 
McGraw-Hill’s Connect and Create right from within your 
Blackboard course—all with one single sign-on. Blackboard 
fosters deep integration of McGraw-Hill content and content 
engines within Blackboard. Whether you’re choosing a book 
for your course or building Connect assignments, all the  
tools you need are right where you want them—inside of 
Blackboard.
 Gradebooks are now seamless. When a student completes 
an integrated Connect assignment, the grade for that assign-
ment automatically (and instantly) feeds your Blackboard 
grade center. Ask your local McGraw-Hill representative for 
details.
 Even if your school is not using Blackboard, we have a 
solution for you. Learn more at www.domorenow.com.

laB ManUal oPtionS to Fit 
yoUr CoUrSe
The Anatomy & Physiology Laboratory Manual by Eric Wise of 
Santa Barbara City College is expressly written to coincide with 
chapters of Saladin’s Anatomy & Physiology.
 The Laboratory Manual for Human Anatomy & Physiology 
by Terry Martin of Kishwaukee College is written to coincide 
with Saladin or any A&P textbook.

•  Three versions available including the main version, cat, 
and fetal pig

•  Includes Ph.I.L.S. 4.0
•  Outcomes and assessments format
•  Clear, concise writing style

 The Clinical Applications Manual to Accompany  Anatomy 
and Physiology is correlated to the Saladin text. The first six 
chapters introduce general aspects of patient examination, 
diagnosis, and treatment, as well as pathologies at the cell, tis-
sue, and genetic levels. All later chapters explain disorders and 
procedures specific to each body system, elaborating on some 
clinical conditions described in the text, and introducing addi-
tional conditions that are especially common or interesting.

 Solve Saladin Crossword Puzzle Supplement by Greg 
Reeder of Broward Community College contains crossword 
puzzles tailored to each section of Saladin’s chapters, includ-
ing a “Quiz” puzzle to summarize the most important concepts 
in each chapter. This excellent anatomy and physiology study 
aid contains all puzzle answers in the back of the book.

other reSoUrCeS availaBle
Student Study guide
This comprehensive study guide written by experienced 
instructor Jacque Homan in collaboration with Ken Saladin 
contains vocabulary-building and content-testing exercises, 
labeling exercises, and practice exams.

Physiology tutorials
MediaPhys offers detailed explanations, high-quality illustra-
tions, and animations to provide students with a thorough 
introduction to the world of physiology—giving them a virtual 
tour of physiological processes.

Physiology interactive lab Simulations
Ph.I.L.S. offers 42 lab simulations that may be used to supple-
ment or substitute for wet labs. Users may adjust variables, 
view outcomes, make predictions, draw conclusions, and print 
lab reports.

McGraw-Hill offers various tools and technology products to 
support the textbook. Instructors can obtain teaching aids to 
accompany this textbook by visiting our online catalog at 
www.mhhe.com, by calling McGraw-Hill Customer Service at 
1-800-338-3987, or by contacting their local McGraw-Hill sales 
representative. Students can order supplemental study materi-
als by contacting their campus bookstore or online at  
www.shopmcgraw-hill.com.
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When I was a young boy, I became interested in what I 
then called “nature study” for two reasons. One was 
the sheer beauty of nature. I reveled in children’s 

books with abundant, colorful drawings and photographs of 
animals, plants, minerals, and gems. It was this esthetic appre-
ciation of nature that made me want to learn more about it and 
made me happily surprised to discover I could make a career 
of it. At a slightly later age, another thing that drew me still 
deeper into biology was to discover writers who had a way with 
words—who could captivate my imagination and curiosity 
with their elegant prose. Once I was old enough to hold part-
time jobs, I began buying zoology and anatomy books that 
mesmerized me with their gracefulness of writing and fasci-
nating art and photography. I wanted to write and draw like 
that myself, and I began teaching myself by learning from “the 
masters.” I spent many late nights in my room peering into my 
microscope and jars of pond water, typing page after page of 
manuscript, and trying pen and ink as a medium. My “first 
book” was a 318-page paper on some little pond animals 
called hydras, with 53 India ink illustrations that I wrote for my 
tenth-grade biology class when I was 16.
 Fast-forward about 30 years, to when I became a textbook 
writer, and I found myself bringing that same enjoyment of 
writing and illustrating to the first edition of this book you are 
now holding. Why? Not only for its intrinsic creative satisfac-
tion, but because I’m guessing that you’re like I was—you can 
appreciate a book that does more than simply give you the 
information you need. You appreciate, I trust, a writer who 
makes it enjoyable for you through his scientific, storytelling 
prose and his concept of the way things should be illustrated to 
spark interest and facilitate understanding.
 I know from my own students, however, that you need 
more than captivating illustrations and enjoyable reading. 
Let’s face it—A&P is a complex subject and it may seem a for-
midable task to acquire even a basic knowledge of the human 

body. It was difficult even for me to learn (and the learning 
never ends). So in addition to simply writing this book, I’ve 
given a lot of thought to its pedagogy—the art of teaching. I’ve 
designed my chapters to make them easier for you to study and 
to give you abundant opportunity to check whether you’ve 
understood what you read—to test yourself (as I advise my 
own students) before the instructor tests you.
 Each chapter is broken down into short, digestible bits 
with a set of Expected Learning Outcomes at the beginning of 
each section, and self-testing questions (Before You Go On) 
just a few pages later. Even if you have just 30 minutes to read 
during a lunch break or a bus ride, you can easily read or 
review one of these brief sections. There are also numerous 
self-testing questions in a Study Guide at the end of each chap-
ter, in some of the figure legends, and the occasional Apply 
What You Know questions dispersed throughout each chapter. 
The questions cover a broad range of cognitive skills, from 
simple recall of a term to your ability to evaluate, analyze, and 
apply what you’ve learned to new clinical situations or other 
problems.
 I hope you enjoy your study of this book, but I know there 
are always ways to make it even better. Indeed, what quality 
you may find in this edition owes a great deal to feedback I’ve 
received from students all over the world. If you find any typos 
or other errors, if you have any suggestions for improvement, if 
I can clarify a concept for you, or even if you just want to com-
ment on something you really like about the book, I hope 
you’ll feel free to write to me. I correspond quite a lot with 
students and would enjoy hearing from you.

Ken Saladin
Georgia College & State University
Milledgeville, GA 31061 (USA)
ken.saladin@gcsu.edu

letter to the 
StudentS

Dedicated to the memory of 

Libbie Henrietta Hyman  
who patiently indulged my adolescent zoological questions 

and, unknowingly, taught me how to write
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2	 	 	 	 PART ONE	 Organization of the Body

a clinical diagnosis from surface appearance. Physical examina-
tions also involve touching and listening to the body. Palpation1 
means feeling a structure with the hands, such as palpating a 
swollen lymph node or taking a pulse.  Auscultation2 (AWS-cul-
TAY-shun) is listening to the natural sounds made by the body, 
such as heart and lung sounds. In percussion, the examiner 
taps on the body, feels for abnormal resistance, and listens to 
the emitted sound for signs of abnormalities such as  pockets of 
fluid or air.

But a deeper understanding of the body depends on 
 dissection (dis-SEC-shun)—carefully cutting and  separating 
tissues to reveal their relationships. The very words  anatomy3 
and dissection4 both mean “cutting apart”; until the nineteenth 
century, dissection was called “anatomizing.” In many schools 
of health science, one of the first steps in training  students 
is dissection of the cadaver,5 a dead human body. Many in-
sights into human structure are obtained from  comparative 
anatomy—the study of multiple species in order to examine 
similarities and differences and analyze evolutionary trends. 
Anatomy students often begin by dissecting other animals 
with which we share a common ancestry and many structural 
similarities. Many of the reasons for human structure become 
apparent only when we look at the structure of other animals.

Dissection, of course, is not the method of choice when 
studying a living person! It was once common to diagnose dis-
orders through exploratory surgery—opening the body and 
taking a look inside to see what was wrong and what could be 
done about it. Any breach of the body cavities is risky, how-
ever, and most exploratory surgery has now been replaced by 
 medical imaging techniques—methods of viewing the inside 
of the body without  surgery, discussed at the end of this chap-
ter (see Deeper Insight 1.5). The branch of medicine concerned 
with imaging is called radiology. Structure that can be seen 
with the naked eye—whether by surface observation, radiology, 
or  dissection—is called gross anatomy.

Ultimately, the functions of the body result from its individ-
ual cells. To see those, we usually take tissue specimens, thinly 
slice and stain them, and observe them under the micro scope. 
This approach is called histology 6 (microscopic anatomy). 
 Histopathology is the microscopic  examination of tissues for 
signs of disease. Cytology 7 is the study of the structure and func-
tion of individual cells. Ultrastructure refers to fine detail, down 
to the molecular level, revealed by the electron microscope.

Physiology—The Study of Function
Physiology8 uses the methods of experimental science dis-
cussed later. It has many subdisciplines such as neurophysiology 
(physiology of the nervous system), endo crinology (physiology 

No branch of science hits as close to home as the science of our 
own bodies. We’re grateful for the dependability of our hearts; 

we’re awed by the capabilities of muscles and joints displayed by 
Olympic athletes; and we ponder with philosophers the ancient mys-
teries of mind and emotion. We want to know how our body works, 
and when it malfunctions, we want to know what is happening and 
what we can do about it. Even the most ancient writings of civiliza-
tion include medical documents that attest to humanity’s timeless 
drive to know itself. You are embarking on a subject that is as old as 
civilization, yet one that grows by thousands of scientific publications 
every week.

This book is an introduction to human structure and function, 
the biology of the human body. It is meant primarily to give you a 
foundation for advanced study in health care, exercise physiology, 
pathology, and other fields related to health and fitness. Beyond that 
purpose, however, it can also provide you with a deeply satisfying 
sense of self-understanding.

As rewarding and engrossing as this subject is, the human body 
is highly complex, and understanding it requires us to comprehend a 
great deal of detail. The details will be more manageable if we relate 
them to a few broad, unifying concepts. The aim of this chapter, there-
fore, is to introduce such concepts and put the rest of the book into 
perspective. We consider the historical development of anatomy and 
physiology, the thought processes that led to the knowledge in this 
book, the meaning of human life, some central concepts of physiology, 
and how to better understand medical terminology.

 1 . 1  The Scope of Anatomy  
and Physiology

Expected Learning Outcomes
When	you	have	completed	this	section,	you	should	be	able	to

a.	 define	anatomy	and	physiology	and	relate	them	to	each	
other;

b.	 describe	several	ways	of	studying	human	anatomy;	and

c.	 define	a	few	subdisciplines	of	human	physiology.

Anatomy is the study of structure, and physiology is the study 
of function. These approaches are complementary and never 
entirely separable. Together, they form the bedrock of the health 
sciences. When we study a structure, we want to know, What 
does it do? Physiology thus lends meaning to anatomy; and, 
conversely, anatomy is what makes physiology possible. This 
unity of form and function is an important point to bear in mind 
as you study the body. Many examples of it will be apparent 
throughout the book—some of them pointed out for you, and 
others you will notice for  yourself.

Anatomy—The Study of Form
There are several ways to examine the structure of the human 
body. The simplest is inspection—simply looking at the body’s 
appearance, as in performing a physical examination or making 

1 palp = touch, feel; ation = process
2 auscult = listen; ation = process
3 ana = apart; tom = cut
4 dis = apart; sect = cut
5 from cadere = to fall down or die
6 histo = tissue; logy = study of
7 cyto = cell; logy = study of 
8 physio = nature; logy = study of
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usually considered to be the Greek physician Hippo crates 
(c. 460–c.  375 bce). He and his followers established a code 
of ethics for physicians, the Hippocratic Oath, that is still re-
cited in modern form by graduating physicians at some medi-
cal schools. Hippocrates urged physicians to stop attributing 
disease to the activities of gods and demons and to seek their 
natural causes, which could afford the only rational basis for 
therapy.

Aristotle (384–322 bce) was one of the first philosophers to 
write about anatomy and physiology. He believed that diseases 
and other natural events could have either supernatural causes, 
which he called theologi, or natural ones, which he called physici 
or physiologi. We derive such terms as physician and physiology 
from the latter. Until the nineteenth century, physicians were 
called “doctors of physic.” In his anatomy book, On the Parts of 
Animals, Aristotle tried to identify unifying themes in nature. 
Among other points, he argued that complex structures are built 
from a smaller variety of simple  components—a perspective that 
we will find  useful later in this chapter.

▶▶▶ A P P Ly  W H AT  yO U  K N O W
When you have completed this  chapter, discuss the relevance 
of Aristotle’s philosophy to our current thinking about human 
structure.

Claudius Galen (c. 130–c. 200), physician to the Roman 
gladiators, wrote the most influential medical textbook of the 
ancient era—a book worshipped to excess by medical profes-
sors for centuries to follow. Cadaver dissection was banned in 
Galen’s time because of some horrid excesses that preceded 
him, including public dissection of living slaves and prison-
ers. Aside from what he could learn by treating gladiators’ 
wounds, Galen was therefore limited to dissecting pigs, mon-
keys, and other animals. Because he was not permitted to dis-
sect cadavers, he had to guess at much of human anatomy and 
made some incorrect deductions from animal dissections. 
He described the human liver, for example, as having five fin-
gerlike lobes, somewhat like a baseball glove, because that 
is what he had seen in baboons. But Galen saw  science as a 
method of discovery, not as a body of fact to be taken on faith. 
He warned that even his own books could be wrong and ad-
vised his followers to trust their own observations more than 
any book.  Unfortunately, his advice was not heeded. For nearly 
1,500 years, medical professors dogmatically taught what they 
read in  Aristotle and Galen, seldom daring to  question the au-
thority of these “ancient masters.”

The Birth of Modern Medicine
In the Middle Ages, the state of medical science varied greatly 
from one religious culture to another. Science was severely 
repressed in the Christian culture of Europe until about the 
sixteenth century, although some of the most famous medi-
cal schools of Europe were founded during this era. Their 
professors, however, taught  medicine primarily as a dogmatic 
commentary on Galen and Aristotle, not as a field of original 

of hormones), and pathophysiology (mechanisms of disease). 
Partly because of limitations on experimentation with hu-
mans, much of what we know about bodily function has been 
gained through comparative physiology, the study of how dif-
ferent species have solved problems of life such as water bal-
ance, respiration, and reproduction. Comparative physiology is 
also the basis for the development of new drugs and medical 
 procedures. For example, a cardiac surgeon may learn animal 
surgery before practicing on humans, and a vaccine cannot be 
used on human subjects until it has been demonstrated through 
animal research that it confers significant benefits without un-
acceptable risks.

B e f o r e  Yo u  G o  o n

Answer	the	following	questions	to	test	your	understanding	of	the	
preceding	section:

1. What	is	the	difference	between	anatomy	and	physiology?	How	
do	these	two	sciences	support	each	other?

2. Name	the	method	that	would	be	used	for	each	of	the	
following:	listening	to	a	patient	for	a	heart	murmur;	studying	
the	microscopic	structure	of	the	liver;	microscopically	
examining	liver	tissue	for	signs	of	hepatitis;	learning	the	blood	
vessels	of	a	cadaver;	and	performing	a	breast	self-examination.

 1 . 2  The Origins of Biomedical 
Science

Expected Learning Outcomes
When	you	have	completed	this	section,	you	should	be	able	to

a.	 give	examples	of	how	modern	biomedical	science	emerged	
from	an	era	of	superstition	and		authoritarianism;	and

b.	 describe	the	contributions	of	some	key	people	who	helped	
to	bring	about	this	transformation.

Any science is more enjoyable if we consider not just the cur-
rent state of knowledge, but how it compares to past under-
standings of the subject and how our knowledge was gained. 
Of all sciences, medicine has one of the most fascinating his-
tories. Medical science has progressed far more in the last 50 
years than in the 2,500 years before that, but the field did not 
spring up overnight. It is built upon centuries of thought and 
controversy, triumph and defeat. We cannot fully appreciate 
its present state without understanding its past—people who 
had the curiosity to try new things, the vision to look at human 
form and function in new ways, and the courage to question 
authority.

The greek and Roman Legacy
As early as 3,000 years ago, physicians in Mesopotamia and 
Egypt treated patients with herbal drugs, salts, physical ther-
apy, and faith healing. The “father of medicine,” however, is 
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Among Muslims, probably the most highly regarded 
 medical scholar was Ibn Sina (980–1037), known in the West as 
 Avicenna or “the Galen of Islam.” He studied Galen and Aristo-
tle, combined their findings with original discoveries, and ques-
tioned authority when the evidence demanded it. Medicine 
in the Mideast soon became superior to European medicine. 
Avicenna’s textbook, The Canon of Medicine, was the leading 
authority in European medical schools for over 500 years.

Chinese medicine had little influence on Western thought 
and practice until relatively recently; the  medical arts evolved 
in China quite independently of European medicine. Later 
chapters of this book describe some of the insights of ancient 
China and India.

Modern Western medicine began around the  sixteenth 
century in the innovative minds of such people as the anato-
mist Andreas Vesalius and the physiologist William Harvey. 

research. Medieval medical illustrations were crude represen-
tations of the body intended more to decorate a page than to 
depict the body realistically (fig. 1.1a). Some were astrological 
charts that showed which sign of the zodiac was thought to 
 influence each organ of the body. From such pseudoscience 
came the word influenza, Italian for “influence.”

Free inquiry was less inhibited in Jewish and Muslim cul-
ture during this time. Jewish physicians were the most esteemed 
practitioners of their art—and none more famous than Moses ben 
Maimon (1135–1204), known in Christendom as  Maimonides. 
Born in Spain, he fled to Egypt at age 24 to escape antisemitic 
persecution. There he served the rest of his life as physician to 
the court of the sultan, Saladin. A highly admired rabbi, Mai-
monides wrote voluminously on Jewish law and theology, but 
also wrote 10 influential medical books and numerous treatises 
on specific diseases.

fiGure 1.1 Evolution of Medical Art. Two	illustrations	of	the	skeletal	system	made	about	500	years	apart.	(a)	From	an	eleventh-century	work	
attributed	to	Persian	physician	Avicenna.	(b)	From	De Humani Corporis Fabrica	by	Andreas	Vesalius,	1543.
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Andreas Vesalius (1514–64) taught anatomy in Italy. In his 
time, the Catholic Church relaxed its prohibition against ca-
daver dissection, in part to allow autopsies in cases of suspi-
cious death. Furthermore, the Italian Renaissance created an 
environment more friendly to innovative scholarship. Dis-
section gradually found its way into the training of medical 
students throughout Europe. It was an unpleasant business, 
 however, and most professors considered it beneath their 
dignity. In those days before refrigeration or embalming, the 
odor from the decaying cadaver was unbearable. Dissections 
were a race against decay. Bleary medical students had to 
fight the urge to vomit, lest they incur the wrath of an over-
bearing professor. Professors typically sat in an elevated chair, 
the cathedra, reading dryly in Latin from Galen or Aristotle 
while a lower-ranking barber–surgeon removed putrefying 
organs from the cadaver and held them up for the students 
to see. Barbering and surgery were considered to be “kindred 
arts of the knife”; today’s barber poles date from this era, their 
red and white stripes  symbolizing blood and bandages.

Vesalius broke with tradition by coming down from the 
cathedra and doing the dissections himself. He was quick 
to point out that much of the anatomy in Galen’s books was 
wrong, and he was the first to publish accurate illustrations for 
teaching anatomy (fig. 1.1b). When others began to plagiarize 
them, Vesalius published the first atlas of anatomy, De Humani 
Corporis Fabrica (On the Structure of the Human Body), in 
1543. This book began a rich tradition of medical illustration 
that has been handed down to us through such milestones as 
Gray’s Anatomy (1856) and the vividly illustrated atlases and 
textbooks of today.

Anatomy preceded physiology and was a necessary foun-
dation for it. What Vesalius was to anatomy, the Englishman 
William Harvey (1578–1657) was to physiology. Harvey is re-
membered especially for his studies of blood circulation and a 
little book he published in 1628, known by its abbreviated title 
De Motu Cordis (On the Motion of the Heart). He and Michael 
Servetus (1511–53) were the first Western scientists to realize 
that blood must circulate continuously around the body, from 
the heart to the other organs and back to the heart again. This 
flew in the face of Galen’s belief that the liver converted food to 
blood, the heart pumped blood through the veins to all other 
organs, and those organs consumed it. Harvey’s colleagues, 
wedded to the ideas of Galen, ridiculed him for his theory, 
though we now know he was correct (see p. 744). Despite per-
secution and setbacks, Harvey lived to a ripe old age, served as 
physician to the kings of England, and later did important work 
in embryology. Most importantly, Harvey’s contributions rep-
resent the birth of experimental physiology—the method that 
generated most of the information in this book.

Modern medicine also owes an enormous debt to two 
inventors from this era, Robert Hooke and Antony van 
 Leeuwenhoek, who extended the vision of biologists to the 
cellular level. 

Robert Hooke (1635–1703), an Englishman, designed 
scientific instruments of various kinds, including the com-
pound microscope. This is a tube with a lens at each end—an 

objective lens near the specimen, which produces an initial 
magnified image, and an ocular lens (eyepiece) near the ob-
server’s eye, which magnifies the first image still further. 
Although crude compound microscopes had existed since 
1595, Hooke improved the optics and invented several of 
the helpful features found in microscopes today—a stage to 
hold the specimen, an illuminator, and coarse and fine focus 
controls. His microscopes magnified only about 30 times, but 
with them, he was the first to see and name cells. In 1663, he 
observed thin shavings of cork and observed that they “con-
sisted of a great many little boxes,” which he called cellulae 
(little cells) after the cubicles of a monastery (fig. 1.2). He later 
observed living cells “filled with juices.” Hooke became par-
ticularly interested in  microscopic examination of such mate-
rial as insects, plant tissues, and animal parts. He published 
the first comprehensive book of microscopy,  Micrographia, 
in 1665.

Antony van Leeuwenhoek (an-TOE-nee vahn LAY-wen- 
hook) (1632–1723), a Dutch textile merchant,  invented a simple 
(single-lens) microscope, originally for the purpose of ex-
amining the weave of fabrics. His microscope was a  bead-
like lens mounted in a metal plate equipped with a movable 

fiGure 1.2 Hooke’s Compound Microscope.	 (a)	The	compound	
microscope	had	a	lens	at	each	end	of	a	tubular	body.	(b)	Hooke’s	draw-	
ing	of	cork	cells,	showing	the	thick	cell	walls	characteristic	of	plants.
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6	 	 	 	 PART ONE	 Organization of the Body

Living in a Revolution
This short history brings us only to the threshold of  modern 
biomedical science; it stops short of such momentous discover-
ies as the germ theory of disease, the mechanisms of heredity, 
and the structure of DNA. In the twentieth century, basic biol-
ogy and biochemistry yielded a much deeper understanding of 
how the body works. Advances in medical imaging enhanced 
our diagnostic ability and life-support strategies. We witnessed 
monumental developments in chemotherapy, immunization, 
anesthesia, surgery, organ transplants, and human genetics. 
By the close of the twentieth century, we had discovered the 
chemical “base sequence” of every human gene and begun 
attempting gene therapy to treat children born with diseases 
recently considered incurable. As future historians look back 
on the turn of this century, they may exult about the Genetic 
Revolution in which you are now living.

Several discoveries of the nineteenth and twentieth cen-
turies, and the men and women behind them, are  covered 
in short historical sketches in later chapters. Yet, the stories 
told in this chapter are different in a significant way. The 
people discussed here were  pioneers in establishing the sci-
entific way of thinking. They helped to replace superstition 
with an appreciation of natural law. They bridged the chasm 
between mystery and medication. Without this intellectual 
 revolution, those who followed could not have conceived of 
the right questions to ask, much less a method for answer-
ing them.

B e f o r e  Yo u  G o  o n

Answer	the	following	questions	to	test	your	understanding	of	the	
preceding	section:

3. In	what	way	did	the	followers	of	Galen	disregard	his	advice?	
How	does	Galen’s	advice	apply	to	you	and	this	book?

4. Describe	two	ways	in	which	Vesalius	improved	medical	
	education	and	set	standards	that	remain	relevant	today.

5. How	is	our	concept	of	human	form	and	function	today		
	affected	by	inventors	from	the	seventeenth	to	the	nineteenth	
century?

 1 . 3  Scientific Method

Expected Learning Outcomes
When	you	have	completed	this	section,	you	should	be	able	to

a.	 describe	the	inductive	and	hypothetico–deductive	methods	
of	obtaining	scientific	knowledge;

b.	 describe	some	aspects	of	experimental	design	that	help	to	
ensure	objective	and	reliable	results;	and

c.	 explain	what	is	meant	by	hypothesis, fact, law,	and	theory	in	
science.

Prior to the seventeenth century, science was done in a 
 haphazard way by a small number of isolated individuals.  

specimen clip. Even though his microscopes were simpler 
than Hooke’s, they achieved much greater useful magnifi-
cation (up to  200×) owing to Leeuwenhoek’s superior lens-
making technique. Out of  curiosity, he examined a drop of 
lake water and was astonished to find a variety of microor-
ganisms—“little animalcules,” he called them, “very prettily 
a-swimming.” He went on to observe practically everything 
he could get his hands on, including blood cells, blood capil-
laries, sperm, muscular tissue, and bacteria from tooth scrap-
ings. Leeuwenhoek began submitting his observations to the 
Royal Society of London in 1673. He was praised at first, and 
his observations were eagerly read by scientists, but enthu-
siasm for the microscope did not last. By the end of the sev-
enteenth century, it was treated as a mere toy for the upper 
classes, as amusing and meaningless as a kaleidoscope. Leeu-
wenhoek and Hooke had even become the brunt of satire. But 
probably no one in history had looked at nature in such a 
revolu tionary way. By  taking biology to the cellular level, the 
two men had laid an entirely new foundation for the modern 
medicine to follow centuries later.

The Hooke and Leeuwenhoek microscopes produced 
poor images with blurry edges (spherical aberration) and 
rainbowlike distortions (chromatic aberration). These 
problems had to be solved before the microscope could 
be widely used as a biological tool. In the nineteenth cen-
tury, German inventors greatly improved the compound 
microscope, adding the condenser and  developing supe-
rior optics. With improved microscopes, biologists began 
eagerly examining a wider variety of specimens. By 1839, 
botanist Matthias Schleiden (1804–81) and zoologist The-
odor Schwann (1810–82) concluded that all organisms 
were composed of cells. Although it took another century 
for this idea to be generally accepted, it became the first 
tenet of the cell theory, added to by  later biologists and 
summarized in chapter  3. The cell theory was perhaps the 
most important breakthrough in  biomedical history; all   
functions of the body are now  interpreted as the effects of 
 cellular activity.

Although the philosophical foundation for modern medi-
cine was largely established by the time of Leeuwenhoek, 
Hooke, and Harvey, clinical practice was still in a dismal state. 
Few doctors attended medical school or received any formal 
education in basic science or human anatomy. Physicians 
tended to be ignorant, ineffective, and pompous. Their prac-
tice was heavily based on expelling imaginary toxins from the 
body by bleeding their patients or inducing vomiting, sweat-
ing, or diarrhea. They performed operations with filthy hands 
and instruments, spreading lethal infections from one patient 
to another and refusing, in their vanity, to believe that they 
themselves were the carriers of disease. Countless women 
died of infections acquired during childbirth from their obste-
tricians. Fractured limbs often became gangrenous and had to 
be amputated, and there was no anesthesia to lessen the pain. 
Disease was still widely attributed to demons and witches, and 
many people felt they would be interfering with God’s will if 
they tried to treat it.
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The philosophers Francis Bacon (1561–1626) in England and 
René Descartes (1596–1650) in France envisioned science as 
a far greater, systematic enterprise with enormous possibilities 
for human health and welfare. They detested those who end-
lessly debated ancient philosophy without creating anything 
new. Bacon argued against biased thinking and for more ob-
jectivity in science. He outlined a systematic way of seeking 
similarities, differences, and trends in nature and drawing use-
ful generalizations from observable facts. You will see echoes of 
Bacon’s philosophy in the discussion of scientific  method that 
follows.

Though the followers of Bacon and Descartes argued bit-
terly with one another, both men wanted science to become a 
public, cooperative enterprise, supported by governments and 
conducted by an international community of scholars rather 
than a few isolated amateurs. Inspired by their vision, the 
French and English governments established academies of sci-
ence that still flourish today. Bacon and Descartes are credited 
with putting  science on the path to modernity, not by discover-
ing anything new in nature or inventing any techniques—for 
neither man was a scientist—but by inventing new habits of 
scientific thought.

When we say “scientific,” we mean that such thinking is 
based on assumptions and methods that yield r eliable, objec-
tive, testable information about nature. The assumptions of 
science are ideas that have proven fruitful in the past—for ex-
ample, the idea that natural phenomena have natural causes 
and nature is therefore predictable and understandable. The 
methods of science are highly variable. Scientific method 
refers less to observational procedures than to certain habits 
of disciplined creativity, careful observation, logical thinking, 
and honest analysis of one’s observations and conclusions. It 
is especially important in health science to understand these 
habits. This field is littered with more fads and frauds than any 
other. We are called upon constantly to judge which claims are 
trustworthy and which are bogus. To make such judgments 
depends on an appreciation of how  scientists think, how they 
set standards for truth, and why their claims are more reliable 
than others.

The Inductive Method
The inductive method, first prescribed by Bacon, is a process 
of making numerous observations until one feels confident in 
drawing generalizations and predictions from them. What we 
know of anatomy is a product of the inductive method. We de-
scribe the normal structure of the body based on observations 
of many bodies.

This raises the issue of what is considered proof in science. 
We can never prove a claim beyond all possible refutation. We 
can, however, consider a statement as proven beyond reason-
able doubt if it was arrived at by reliable methods of observa-
tion, tested and confirmed repeatedly, and not falsified by any 
credible observation. In science, all truth is tentative; there is 
no room for dogma. We must always be prepared to abandon 
yesterday’s truth if tomorrow’s facts disprove it.

The Hypothetico–Deductive Method
Most physiological knowledge was obtained by the 
 hypothetico–deductive method. An investigator begins by 
asking a question and formulating a hypothesis—an  educated 
speculation or possible answer to the question. A good hypoth-
esis must be (1) consistent with what is already known and 
(2) capable of being tested and  possibly falsified by evidence. 
Falsifiability means that if we claim something is scientifically 
true, we must be able to specify what evidence it would take to 
prove it wrong. If nothing could possibly prove it wrong, then 
it is not scientific.

▶▶▶ A P P Ly  W H AT  yO U  K N O W
The ancients thought that gods or invisible demons caused 
epilepsy. Today, epileptic seizures are  attributed to bursts of ab-
normal electrical activity in nerve cells of the brain. Explain why 
one of these claims is falsifiable (and thus  scientific), whereas 
the other claim is not.

The purpose of a hypothesis is to suggest a method for 
answer ing a question. From the hypothesis, a researcher makes 
a deduction, typically in the form of an “if–then” prediction: If my 
hypothesis on epilepsy is correct and I record the brain waves of 
patients during seizures, then I should observe abnormal bursts 
of  activity. A properly conducted experiment yields observations 
that either support a hypothesis or require the scientist to modify 
or abandon it, formulate a better hypothesis, and test that one. 
Hypothesis testing  operates in cycles of conjecture and disproof 
until one is found that is supported by the evidence.

Experimental Design
Doing an experiment properly involves several important con-
siderations. What shall I measure and how can I measure it? 
What effects should I watch for and which ones should I ig-
nore? How can I be sure my results are due to the variables that 
I manipulate and not due to something else? When working on 
human subjects, how can I prevent the subject’s expectations 
or state of mind from influencing the results? How can I elimi-
nate my own biases and be sure that even the most skeptical 
critics will have as much confidence in my conclusions as I do? 
Several elements of experimental design address these issues: 

•	 Sample size. The number of subjects (animals or  people) 
used in a study is the sample size. An  adequate sample 
size controls for chance events and individual variations 
in response and thus enables us to place more confidence 
in the outcome. For example, would you rather trust your 
health to a drug that was tested on 5 people or one tested 
on 5,000? Why?

•	 Controls. Biomedical experiments require comparison 
between treated and untreated individuals so that we can 
judge whether the treatment has any effect. A  control 
group consists of subjects that are as much like the 
 treatment group as possible except with respect to the 
variable being tested. For example, there is evidence that 
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8	 	 	 	 PART ONE	 Organization of the Body

to the data—the chi-square test, the t test, and  analysis 
of variance, for example. A typical outcome of a statisti-
cal test might be expressed, “We can be 99.5% sure that 
the difference between group A and group B was due to 
the experimental treatment and not to random varia-
tion.” Science is grounded not in statements of absolute 
truth, but in statements of probability.

Peer Review
When a scientist applies for funds to support a research proj-
ect or submits results for publication, the application or man-
uscript is submitted to peer review—a critical evaluation by 
other experts in that field. Even after a report is published, if 
the results are important or unconventional, other scientists 
may attempt to reproduce them to see if the author was correct. 
At every stage from planning to postpublication, scientists are 
therefore subject to intense scrutiny by their colleagues. Peer 
review is one mechanism for ensuring honesty, objectivity, and 
quality in science.

Facts, Laws, and Theories
The most important product of scientific research is under-
standing how nature works—whether it be the nature of a pond 
to an ecologist or the nature of a liver cell to a physiologist. We 
express our understanding as facts, laws, and theories of nature. 
It is important to appreciate the differences among these.

A scientific fact is information that can be independently 
verified by any trained person—for example, the fact that an 
iron deficiency leads to anemia. A law of nature is a gener-
alization about the predictable ways in which matter and en-
ergy behave. It is the result of inductive reasoning based on 
repeated, confirmed observations. Some laws are expressed 
as concise verbal statements, such as the law of complemen-
tary base  pairing: In the double helix of DNA, a chemical base 
called adenine always pairs with one called  thymine, and a 
base called guanine always pairs with cytosine (see p. 114). 
Other laws are expressed as  mathematical formulae, such as 
Boyle’s law, used in respiratory physiology: Under specified 
conditions, the volume of a gas (V) is inversely proportional to 
its  pressure (P)—that is, V ∝ 1/P.

A theory is an explanatory statement or set of  statements 
derived from facts, laws, and confirmed hypotheses. Some theo-
ries have names, such as the cell theory, the fluid-mosaic theory 
of cell membranes, and the sliding filament theory of muscle 
contraction. Most, however, remain unnamed. The purpose of a 
theory is not only to concisely summarize what we already know 
but, moreover, to suggest directions for further study and to help 
predict what the findings should be if the theory is correct.

Law and theory mean something different in science than 
they do to most people. In common usage, a law is a rule cre-
ated and enforced by people; we must obey it or risk a penalty. 
A law of nature, however, is a description; laws do not  govern 
the universe—they describe it. Laypeople tend to use the word 
 theory for what a scientist would call a hypothesis—for  example, 
“I have a theory why my car won’t start.” The difference in 

garlic lowers blood cholesterol levels. In one study, vol-
unteers with high cholesterol were each given 800 mg of 
garlic powder daily for 4 months and exhibited an average 
12% reduction in cholesterol. Was this a significant reduc-
tion, and was it due to the garlic? It is impossible to say 
without comparison to a control group of similar people 
who received no treatment. In this study, the control group 
averaged only a 3% reduction in cholesterol, so garlic seems 
to have made a difference.

•	 Psychosomatic effects. Psychosomatic effects (effects of 
the subject’s state of mind on his or her  physiology) can 
have an undesirable effect on  experimental results if we 
do not control for them. In drug research, it is therefore 
customary to give the control group a placebo (pla-SEE-
bo)—a substance with no significant physiological effect 
on the body. If we were testing a drug, for example, we 
could give the treatment group the drug and the control 
group identical-looking sugar tablets. Neither group 
must know which tablets it is receiving. If the two groups 
showed significantly different effects, we could feel confi-
dent that it did not result from a knowledge of what they 
were taking.

•	 Experimenter bias. In the competitive, high-stakes 
world of medical research, experimenters may want cer-
tain results so much that their biases, even  subconscious 
ones, can affect their interpretation of the data. One 
way to control for this is the double-blind method. In 
this procedure, neither the subject to whom a treat-
ment is given nor the  person giving it and recording 
the results knows whether that subject is receiving the 
experimental treatment or placebo. A researcher might 
prepare identical-looking tablets, some with the drug 
and some with placebo; label them with code numbers; 
and distribute them to  participating physicians. The 
physicians themselves do not know whether they are 
administering drug or placebo, so they  cannot give the 
subjects even  accidental hints of which substance they 
are taking. When the data are collected, the researcher 
can  correlate them with the composition of the tablets 
and determine  whether the drug had more effect than 
the placebo.

•	 Statistical testing. If you tossed a coin 100 times, you 
would expect it to come up about 50 heads and 50 tails. 
If it actually came up 48:52, you would probably attrib-
ute this to random error rather than bias in the coin. 
But what if it came up 40:60? At what point would you 
begin to suspect bias? This type of problem is faced 
routinely in research—how great a difference must there 
be between control and experimental groups before we 
feel confident that it was due to the treatment and not 
merely  random variation? What if a treatment group 
 exhibited a 12% reduction in cholesterol level and the 
placebo group a 10% reduction? Would this be enough 
to conclude that the treatment was  effective? Scientists 
are well grounded in statistical tests that can be applied 
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meaning causes significant confusion when it leads people to 
think that a scientific theory (such as the theory of evolution) 
is merely a guess or conjecture, instead of recognizing it as a 
summary of conclusions drawn from a large body of observed 
facts. The concepts of gravity and electrons are theories, too, 
but this does not mean they are merely speculations.

▶▶▶ A P P Ly  W H AT  yO U  K N O W
Was the cell theory proposed by Schleiden and Schwann more 
a product of the hypothetico–deductive method or of the in-
ductive method? Explain your answer.

B e f o r e  Yo u  G o  o n

Answer	the	following	questions	to	test	your	understanding	of	the	
preceding	section:

6. Describe	the	general	process	involved	in	the	inductive		method.

7. Describe	some	sources	of	potential	bias	in	biomedical	research.	
What	are	some	ways	of	minimizing	such	bias?

8. Is	there	more	information	in	an	individual	scientific	fact	or	in	a	
theory?	Explain.

 1 .4  Human Origins and Adaptations

Expected Learning Outcomes
When	you	have	completed	this	section,	you	should	be	able	to

a.	 explain	why	evolution	is	relevant	to	understanding	human	
form	and	function;

b.	 define	evolution	and	natural selection;

c.	 describe	some	human	characteristics	that	can	be	attrib	uted	
to	the	tree-dwelling	habits	of	earlier		primates;	and

d.	 describe	some	human	characteristics	that	evolved	later	in	
connection	with	upright	walking.

If any two theories have the broadest implications for under-
standing the human body, they are probably the cell theory 
and the theory of natural selection. As an explanation of how 
species originate and change through time, natural selection 
was the brainchild of Charles Darwin (1809–82)—certainly 
the most influential biologist who ever lived. His book, On the 
Origin of Species by Means of Natural Selection (1859), has been 
called “the book that shook the world.” In presenting the first 
well-supported theory of how evolution works, On the Origin 
of Species not only caused the restructuring of all of biology but 
also profoundly changed the prevailing view of our origin, na-
ture, and place in the universe. In The Descent of Man (1871), 
Darwin directly addressed the issue of human evolution and 
emphasized features of anatomy and behavior that reveal our 
relationship to other animals. No understanding of human 
form and function is complete without an understanding of 
our evolutionary history. Here we will touch just briefly on how 
natural selection helps explain some of the distinctive charac-
teristics seen in Homo sapiens today.

Evolution, Selection, and Adaptation
Evolution simply means change in the genetic composition 
of a population of organisms. Examples include the evolution 
of bacterial resistance to antibiotics, the appearance of new 
strains of the AIDS virus, and the emergence of new species of 
organisms.

Natural selection is the principal theory of how evolution 
works. It states essentially this: Some individuals within a spe-
cies have hereditary advantages over their competitors—for 
example, better camouflage, disease resistance, or ability to 
attract mates—that enable them to produce more offspring. 
They pass these advantages on to their offspring, and such 
characteristics therefore become more and more common in 
successive generations. This brings about the genetic change 
in a population that constitutes evolution.

Natural forces that promote the reproductive success of some 
individuals more than others are called selection  pressures. 
They include such things as climate, predators, disease, com-
petition, and the availability of food. Adaptations are features 
of anatomy, physiology, and behavior that have evolved in re-
sponse to these selection pressures and enable the organism to 
cope with the challenges of its environment. 

Darwin could scarcely have predicted the overwhelming 
mass of genetic, molecular, fossil, and other evidence of human 
evolution that would accumulate in the twentieth century and 
further substantiate his theory. A technique called DNA hy-
bridization, for example, suggests a difference of only 1.6% in 
DNA structure between humans and chimpanzees. Chimpan-
zees and gorillas differ by 2.3%. DNA structure thus suggests 
that a chimpanzee’s closest living relative is not the gorilla or 
any other ape—it is us, Homo sapiens.

Several aspects of our anatomy make little sense without 
an awareness that the human body has a history (see Deeper 
Insight 1.1). Our evolutionary relationship to other species is 
also important in choosing animals for biomedical research. 
If there were no issues of cost, availability, or ethics, we might 
test drugs on our close living relatives, the chimpanzees, before 

Vestiges of Human Evolution
One of the classic lines of evidence for evolution, debated even before Darwin 
was born, is vestigial organs. These structures are the remnants of organs that 
apparently were better developed and more functional in the ancestors of 
a species. They now serve little or no purpose or, in some cases, have been 
converted to new functions.

Our bodies, for example, are covered with millions of hairs, each equipped 
with a useless little muscle called a piloerector. In other mammals, these mus-
cles fluff the hair and conserve heat. In humans, they merely produce goose 
bumps. Above each ear, we have three auricularis muscles. In other mammals, 
they move the ears to receive sounds better or to repel flies and other pests, 
but most people cannot contract them at all. As Darwin said, it makes no sense 
that humans would have such structures were it not for the fact that we came 
from ancestors in which they were functional.

D e e p e r  i n s i G h t  1 . 1

EVOLUTIONARy MEDICINE
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