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Preface

Seeley’s Essentials of Anatomy & Physiology is designed to help
students develop a solid, basic understanding of essential concepts in
anatomy and physiology without an encyclopedic presentation of
detail. Our goal as authors is to offer a textbook that provides enough
information to allow students to understand basic concepts, and from
that knowledge, make reasonable predictions and analyses. We have
taken great care to select critically important information and present
it in a way that maximizes understanding.

EMPHASIS ON CRITICAL THINKING

Critical thinking skills help students build a knowledge base for
solving problems. An emphasis on critical thinking is integrated
throughout this textbook. This approach is found in questions at the
beginning of each chapter, and embedded within the narrative; in
clinical material that is designed to bridge concepts explained in the
text with real-life applications and scenarios; in Process Figure
questions that apply physiological processes to practical situations, to
promote applied understanding; in end-of-chapter questions that go
beyond rote memorization; and in a visual program that presents
material in understandable, relevant images.

Pedagogy builds student comprehension from knowledge to
application (Apply It questions, Critical Thinking questions,
and Learn to Apply It Answers)



Apply It Questions  challenge students to use their
understanding of new concepts to solve a problem. Answers
to the questions are provided at the end of the book,
allowing students to evaluate their responses and to
understand the logic used to arrive at the correct answer.

Critical Thinking  These innovative exercises encourage
students to apply chapter concepts to solve a problem.
Answering these questions helps students build a working
knowledge of anatomy and physiology while developing
reasoning skills. Answers are provided in Appendix D.

Clinical Emphasis—Case Studies Bring Relevance to the
Reader
When problems in structure and/or function of the human body occur,
this is often the best time to comprehend how the two are related.
Clinical Impact boxes provide a thorough clinical education that fully
supports the surrounding textual material. Systems Pathology boxes
provide a modern and systems interaction approach to clinical study
of the materials presented.

Clinical Impact essays (placed at key points in the text)
Chapter-opening clinical scenarios/vignettes
Learn to Apply It and chapter Apply It questions with unique
Learn to Apply It Answers
Systems Pathology Boxes



Clinical Impact  These in-depth essays explore relevant topics
of clinical interest. Subjects covered include pathologies,
current research, sports medicine, exercise physiology,
pharmacology, and various clinical applications.

Page ix

Systems Pathology Boxes  These spreads explore a specific
condition or disorder related to a particular body system.
Presented in a simplified case-study format, each Systems



Pathology box begins with a patient history followed by
background information about the featured topic.

Microbes in Your Body  helps students to understand the
important role microbes play in helping various systems of
the body to maintain homeostasis.

Effects of Aging  describes changes that occur as a person
ages. Each reading focuses on the changes that occur in a
specific body system.
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Exceptional Art—Instructive Artwork Promotes Interest
and Clarifies Ideas
A picture is worth a thousand words—especially when you’re learning
anatomy and physiology. Brilliantly rendered and carefully reviewed
for accuracy and consistency, the precisely labeled illustrations and
photos provide concrete, visual reinforcement of important topics
discussed throughout the text.

Chapter-opener  figures provide a visual overview of major
concepts of the chapter, highlighting the components of
systems, tissues, or mechanisms that will be explored.



Realistic Anatomical Art  The anatomical figures in
Seeley’s Essentials of Anatomy & Physiology have been
carefully drawn to convey realistic, three-dimensional detail.
Richly textured bones and artfully shaded muscles, organs,
and vessels lend a sense of realism to the figures that helps
students envision the appearance of actual structures within
the body.

Page xi

Atlas-Quality Cadaver Images  Clearly labeled photos of
dissected human cadavers provide detailed views of
anatomical structures, capturing the intangible characteristics



of actual human anatomy that can be appreciated only when
viewed in human specimens.

Multi-level Perspective  Illustrations depicting complex
structures or processes combine macroscopic and
microscopic views to help students see the relationships
between increasingly detailed drawings. Drawings are often
paired with photographs to enhance the visualization of the
structures.



Histology Micrographs  Light micrographs, as well as
scanning and transmission electron micrographs, are used in
conjunction with illustrations to present a true picture of
anatomy and physiology from the cellular level.
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Spec ia l i zed  F igures  C lar i f y  Tough Concepts

Studying anatomy and physiology does not have to be an intimidating
task mired in memorization. Seeley’s Essentials of Anatomy &
Physiology uses two special types of illustrations to help students not
only learn the steps involved in specific processes, but also apply the
knowledge as they predict outcomes in similar situations. Process
Figures organize the key occurrences of physiological processes in an
easy-to-follow format. Process Figure questions that follow each figure
legend apply physiological processes to practical situations, to
promote applied understanding. Homeostasis Figures summarize the
mechanisms of homeostasis by diagramming how a given system
regulates a parameter within a narrow range of values.
Step-by-Step Process Figures  Process Figures break down
physiological processes into a series of smaller steps,
allowing readers to build their understanding by learning
each important phase. Numbers are placed carefully in the
art, permitting students to zero right in to where the action
described in each step takes place.



Correlated with APR! Homeostasis Figures with in-art
explanations and organ icons

These specialized flowcharts illustrating the mechanisms that
body systems employ to maintain homeostasis have been
refined and improved in the ninth edition.
More succinct explanations
Small icon illustrations included in boxes depict the organ or
structure being discussed.
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Learn to Apply It and Learn to Apply It Answer—Helping
students learn how to think critically

A Learn to Apply It question begins each chapter, which links
the chapter opener scenario and photo to the topics covered
within the chapter. Apply It questions appear throughout each
chapter, to reinforce critical thinking.



The answers to Learn to Apply It teach students step-by-step
how to answer the chapter-opening critical thinking question.
These answers to odd-numbered Apply It questions can be
found in Appendix E. This is foundational to real learning and
is a crucial part of helping students put facts together to reach
that “Aha” moment of true comprehension.
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PEDAGOGICAL FEATURES ENSURE SUCCESS

Learning Outcomes are closely linked with in-chapter Apply It and
Learn to Apply It questions as well as the Summary, Critical Thinking,
and Review and Comprehension questions. These carefully designed
learning aids assist students in reviewing chapter content, evaluating
their grasp of key concepts, and utilizing what they’ve learned.

Studying Anatomy and Physiology does not have to be
intimidating
Chapter Summary  The summary is now conveniently linked
by section and page number while it briefly states the
important facts and concepts covered in each chapter.



Remembering and Understanding  These practice questions
cover the main points presented in the chapter. Completing
this self-test helps students gauge their mastery of the
material.



Critical Thinking Questions  These innovative exercises
encourage students to apply chapter concepts to solve
problems. Answering these questions helps build their
working knowledge of anatomy and physiology while
developing reasoning and critical thinking skills.
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Chapter-by-Chapter Changes

Global Changes

Added Chapter 0, a student study resource guide with text-
specific figure symbols and format guide
Added figures spanning two pages that tie together multiple
steps of a single process or several ideas into one complete
figure
Increased vibrancy, clarity, and vividness of colors in the art
program
Descriptions of process figure events are now within the text
with a bullet linking the text to the corresponding portion of
the figure to help the student better follow the text
Gender-neutral language throughout with use of biological sex
pronouns throughout the entire book
Bloom’s levels were added to all in-text questions
Word pronunciations guides have all been converted to the
phonetic pronunciation rather than symbols
Throughout, numbering has been added to lists of terms to
help reduce cognitive load for the student

Chapter 1

Added a situational process figure to illustrate negative and
positive feedback
Figure 1.8 updated to include the gallbladder
Definition of “variable” within homeostasis discussion has
been updated to be more accurate



Added an analogy to illustrate the importance of body
temperature maintenance
Modified the definition of positive feedback to be more clear
Reorganized the discussion of positive feedback to flow more
logically
Updated the definition of etymology for clarity
Reworded the definition of ventral and dorsal to be more clear
Reorganized section on body cavities to include dorsal body
cavity, a term commonly used within the allied health fields
Reorganized the body membranes section to flow more
logically
Integrated clinical information into the body cavities section

Chapter 2

Added a figure demonstrating the relationship between
electronegativity and bond formation (fig 2.2)
Added figures demonstrating electron distribution between
atoms, depending on bond type (figs 2.4 and 2.5)
Added figure depicting electron position within a molecule
with polar bonds (2.5)
Added figure demonstrating the relationship between pH and
H+ and the connection to household items (fig 2.10)
Figure 2.11 on buffers has been revised for clarity
Added definition of an “electron cloud”
Per a reviewer’s suggestion, added definition of isotope
Updated the definition of ionic bonding for clarity
Simplified the discussion of chemical bonds by integrating a
stepwise association with the corresponding process figure; it
is now more logical
Rearranged the order of the discussion of energy for simplicity
and clarity



Added the definition of “gene” to nucleic acid discussion

Chapter 3

New chapter-opener figure
New figure 3.1 highlighting the components of a cell
Added headings to distinguish between passive membrane
transport processes and active membrane transport processes
Description of transcytosis added

Chapter 4

Revised tables that list tissue types to make it easy to compare
one tissue to another tissue
Added two 2-page figures illustrating the distribution of
epithelial and connective tissues throughout the body
Updated the description of epithelial tissue for clarity
Changed the descriptions of the epithelial tissue types to be
more succinct
Reorganized the discussion of epithelial tissue types to be
more logical
Reorganized the discussion of secretory glands for logic and
clarity
Added a table organizing gland type by structure and mode of
secretion
Per reviewer suggestion, added a new Apply It question to the
muscle tissue section
Reorganized the discussion of inflammation to correspond
with the accompanying process figure
Reorganized the discussion of tissue repair to correspond with
the accompanying process figure



Chapter 5

New chapter-opener figure
List of five epidermal strata added
Description of thick skin versus thin skin added
Page xvi
Added term friction ridge and explained its relationship to
fingerprints
Added explanation of why different types of injections are
used
Description of fourth-degree burns added

Chapter 6

Added a figure illustrating the anatomy of spongy bone
Updated the figure depicting the process of intramembranous
ossification for clarity
Updated the figure depicting the process of endochondral
ossification to include a timeline for when each event occurs
Updated the figure of the overview of skeletal anatomy to
visually differentiate between axial skeleton and appendicular
skeleton
Added a figure of the superior view of the skull for better
visualization of skull sutures
Updated multiple figures throughout the chapter to have more
distinct detail and more vivid coloration
Revised the introduction to bone matrix section to better
illustrate the relationship between form and function, with a
reference to chapter 4
Reorganized the order of chapter sections for more logical
flow
Added a new figure comparing the three bone-cell types



Rewrote the section on bone histology to clarify the function of
each bone cell
Reorganized the section on bone development to correlate
with the process figures
Reorganized the section on bone repair to correlate with the
process figure
Rewrote the section on Ca2+ homeostasis to flow more logically
and to be more clear
Replaced figure 6.10 with a homeostasis figure to simplify the
visual representation of Ca2+ homeostasis
The skull bone anatomy has been rearranged to be organized
by bone rather than by view of skull to streamline this
information and reduce redundancy
The section on appendicular bone anatomy has been
reorganized by girdle, then by bone
The section on joints has been reorganized to be more logical

Chapter 7

The art has been updated to be more vivid and realistic
The physiology art is reorganized with new figures that help
the students keep track of what portion of the process they
learning and how it relates to the other steps in the sequence
as well as the location within the cell
Updated the figure illustrating energy sources for muscle
contraction to be more streamlined and logical
Reorganized section 7.3 on skeletal muscle anatomy to be
more logical and to be more clear
Added an organizing principle to skeletal muscle fiber
anatomy and its role in muscle contraction
Added a figure illustrating the resting membrane potential
Reorganized the section on action potentials to correlate with
the corresponding process figure



Reorganized the section on the neuromuscular junction to
correlate with the corresponding process figure
Rewrote the portion of this section that describes the link
between the action potential and muscle shortening
Incorporated an active learning tip for the cross-bridge cycle
Rewrote the portion of this section describing the cross-bridge
cycle to correlate with the corresponding process figure
Reorganized the section on whole-muscle physiology to flow
more logically
The term recovery oxygen consumption is replaced with
excess post-exercise consumption
Updated the section on energy sources for contraction to
reflect more current terminology
Added a study tip for approaching the learning of skeletal
muscle anatomy
Reorganized the anatomy section to include more separate
sections of muscles for clarity
Updated the description of the pelvis diaphragm for accuracy

Chapter 8

New chapter-opener figure
New figure representing the organization of the nervous
system
Added description of satellite cells in the discussion of PNS
glial cells
Revised the section “Resting Membrane Potential” for clarity
New figure highlighting the phase of nerve cell
communication: stimulation of action potential, action
potential propagation, and synaptic communication
Added active learning prompts (action potential propagation)
Moved the description of reflexes to discussion of spinal cord
to eliminate redundancy



Changed to “dorsal” and “ventral” in reference to horns in
spinal segment description
Page xvii
Statement added about the function of the insula (taste
perception)
Replaced the term “primary somatic sensory cortex” with the
term “primary somatosensory cortex”

Chapter 9

New chapter-opener figure
Additional information concerning proprioception and the
righting reflex added
Section on “Pain” revised for clarity
Description of photoreceptor function moved to the section
“Function of the Eye” so that physiological processes are
grouped together
New figure highlighting the process of vision added

Chapter 10

Added a figure comparing transport of water-soluble
hormones to lipid-soluble hormones
Updated figure 10.3 for clarity
Updated figure 10.10 for clarity
Updated the discussion of binding proteins to be more clear
Rewrote the section on water-soluble hormone transport to be
more logical
Reorganized the discussion of control of hormone secretion to
correlate with the corresponding process figure
Deleted figure 10.9 and incorporated some of that information
into figure 10.10 to be clearer and less visually detailed



Updated information on prolactin-inhibiting hormone for
accuracy
Reorganized the discussion on the adrenal cortex to be more
logical
Deleted figure 10.20 to be more in line with the level of detail
throughout the chapter; this topic is discussed further in
chapter 18

Chapter 11

New chapter-opener figure
Updated description of red blood cell structure to accurately
relate to function
Updated figure 11.2 to reflect level of detail in the text
New figure of life history of red blood cell added
Revised figure detailing the breakdown of hemoglobin for
clarity
New figure illustrating blood typing added

Chapter 12

New chapter-opener figure
New two-page figure highlighting the Cardiac Cycle
Section 12.5, “Stimulation of the Heart,” has been updated
with a introduction to prepare students for the detailed
description of action potentials and cardiac muscle activity
Panel labels have been added to figure 12.19, Events of the
Cardiac Cycle, to correlate with references in the text, which
will help the reader interpret the multiple graphs
Clear descriptions of extrinsic regulation and intrinsic
regulation added to the introduction of section 12.8,
“Regulation of Cardiac Function”



Chapter 13

New chapter-opener figure
Figure 13.24 revised for clarity
New figure 13.21 summarizes the regulation of blood flow

Chapter 14

New chapter-opener figure
New figure 14.8 summarizes the components of immunity
Revised description of specificity in section 14.3 for clarity
Revised description of self antigen for accuracy
Revised the section “Antigen Recognition” for accuracy and
clarity
Figure 14.11 revised to include memory helper T cells

Chapter 15

This chapter has been completely reorganized and rewritten
for more coherent flow of information
The discussion of ventilation and gas laws has been combined
Organized the physiology discussion into respiration versus
gas transport with a separate section on metabolic factors
affecting gas transport
Figure 15.13 was updated to depict O2 molecules bound to the
hemoglobin molecule
Added an overview figure of CO2 transport mechanisms

Chapter 16

Rearranged figure 16.9 to better illustrate each of the three



phases of swallowing
Added a part (e) to figure 16.11 to illustrate the specific
location of nutrient absorption
Updated figure 16.23 to include images of the nutrient
molecules
Updated figure 16.24 with a better representation of digestive
actions in each region of the digestive tract
Updated figures 16.25 and 16.26 to be more realistic
Updated the anatomy description of the stomach to be more
clear
Page xviii
Reorganized the text in section 16.4 to correlate with the
corresponding process figure
Rewrote the anatomy description of the liver to better
illustrate the relationships among its components
Rewrote the description of bile to be more clear
Reorganized the section on functions of the liver to correlate
with the corresponding figure
Rewrote the section on the anatomy of the pancreas to be
more clear
Rewrote the section on the defecation reflex to be more
coherent

Chapter 17

New chapter-opener figure
New figure 17.4 illustrates the pathways of macromolecule
breakdown for ATP production
Updated the numbers of ATP produced from glucose
metabolism

Chapter 18



Added a figure depicting urine flow through the urinary
system (figure 18.4)
Added a flowchart depicting blood flow through the kidney
(figure 18.7)
Edited figure 18.8 to show the urine formation process with a
more realistic relationship to the nephron
Figure 18.9 was revised to be clearer and to link to other
corpuscle images
Figure 18.10 was revised as a two-page spread highlighting the
reabsorption of solutes and water
Figure 18.13 was recast as a two-page spread to illustrate
water conservation and filtrate flow
Figure 18.15 was edited to include details of the collecting duct
Per reviewer request, a photomicrograph of transitional
epithelium was added to figure 18.18
Per reviewer request, figure 18.20 as added to review the
principles of osmosis
Rewrote the section on urine flow to correspond to the new
portion of figure 18.4
Throughout the chapter, the text was reorganized to correlate
with the corresponding process figures
Per reviewer request, added a discussion of countercurrent
mechanism to help provide context for the ability of the
kidney to conserve water
Rewrote the section on renin-angiotensin-aldosterone to be
more logical
Rewrote the section on intracellular fluid compartments and
extracellular fluid compartments
Rewrote the section on Na+ regulation for clarity
Rewrote the section on Ca2+ homeostasis to be clearer
Simplified the section on buffers

Chapter 19



Figure 19.5 revised as a two-page figure outlining the process
of spermatogenesis
Figure 19.11 revised as a two-page figure outlining the
maturation of the oocyte and follicle
Rewrote the section on meiosis to be clearer
Meiosis discussion now correlates with the corresponding
process figure
Added a new Clinical Impact box, “Gender and Sex,”
introducing the concept of the difference between biological
sex and gender identity
Rewrote the section on the anatomy of the scrotum to clarify
the relationship between temperature and sperm development
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Description of formation of the heart revised to better reflect
the detail in figure 20.13
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Hello, Students! Author Cinnamon VanPutte would like to share
something with you: she failed her college organic chemistry course.
Later, she retook it and earned an “A.” Why does this matter to you?
We hope this helps you understand that your authors have been there.
Yes, we’ve earned an “A” in hard classes—but we also know what it is
to struggle in a class. We’ve had to retool our study habits; we’ve had
to learn how to effectively use a textbook. These experiences have
helped inform our approach to this textbook, and we hope this helps
you. We know that many of you will sail right through A&P and would



have done so even without reading this success guide, while others
may be retaking A&P for the second or third time. By taking the time
to read this guide, you have already taken a positive first step to being
able to succeed in A&P. You have entered a partnership with your
instructor and us, the authors. If you utilize the tips, techniques, and
information that we, as well as your instructors, are providing to you,
we know you will learn a lot of information and you will be positioned
to succeed in this course.

0.1  THE WORLD OF A&P

If you search online for “hardest classes in college,” A&P will show up
on many lists. But don’t worry! We are here to help! We have each
taught A&P for more than 20 years and have seen countless students,
who were very nervous on the first day, successfully move through the
course—all the while gaining self-assurance, confidence, and a deep
understanding of the fundamental concepts needed to perform well in
the course.

The study of A&P entails a lot of information. Depending on the
particular course, the first semester of A&P may start with a discussion
of matter and chemical bonds, and end with the complexities of the
nervous system (such as action potentials). Truthfully, this means
progressing from introductory material to more advanced material
within a single semester.

In addition, you will be learning the vocabulary of A&P, which
means you are essentially learning a foreign language—you might even
feel like you’re learning more new vocabulary than if you were actually
learning a foreign language! In an effort to make this task easier, our
textbook provides phonetic pronunciations of these vocabulary terms,
similar to those found on Facebook for people’s names. For example,
the gluteus maximus pronunciation would be: GLOO-tee-us MAX-ih-
mus. We think this type of guide will help you learn the terminology
very readily and be more confident speaking the language—if you can
say it out loud, then you can probably spell it and are better poised to
remember it.

It’s also important to realize that the information in A&P cannot be
effectively understood through memorization alone. Much of the
physiology material requires that you use critical thinking skills. Many



of you may be planning careers in science or health professions, such
as nursing or pharmacy—professions in which the ability to problem
solve is essential. In this book we will help you develop critical
thinking skills and thus a deep understanding of complex concepts.

0.2  DEVELOPING CRITICAL THINKING SKILLS

So, what is required to develop critical thinking skills? What even are
critical thinking skills? To understand these questions, we need to
explore the difference between simple memorization—what you may
have always called “studying”—and conceptual learning. Many of
you have enjoyed much success in high school and in some of your
early introductory-level college classes through “studying.” However,
to be successful in most A&P classes, you will also need to develop
skills for conceptual learning. The basis for this difference is best
described using Bloom’s taxonomy, originally published by B. Bloom
and colleagues in 1956. Over time, Bloom’s taxonomy has been
modified and can be best thought of as a model for the gradual
increase in the amount of abstract thought required to achieve a
particular level of learning. The simplest, most concrete level of
learning is remembering, or simply memorizing. As you climb the
levels of Bloom’s, your ability to put ideas into your own words
(understanding) and then to solve problems you’ve never seen before
(applying) increases. Thus, as you gain these skills, you are now
learning the material and can answer how and why a particular
process happens, and you can predict outcomes to unfamiliar
scenarios. This textbook will guide you in developing those skills.

To do this, you will begin to use metacognition in your learning.
Metacognition was first defined by Flavell in 1976 as “thinking about
your own thinking”—in other words, deciding whether you truly
understand and can apply fundamental physiological and anatomical
principles. We are going to provide you with five metacognitive
learning strategies to ensure your success in A&P.

0.3  FIVE METACOGNITIVE LEARNING STRATEGIES

What will you need to do to achieve the goal of being successful in
A&P? There are five specific tasks you can employ to be successful in
A&P. These tasks are adapted from the book Teach Students How to



Learn by S. Y. McGuire. They are the following:

1. Attend every class session and take notes with a pen and paper.
2. Read, read, read!
3. Work with other students.
4. Do homework as if it were the test.
5. Engage in concentrated study sessions.
We will address each of these tasks in the remainder of this success

guide with specific information on how to use this textbook.
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0.4  USING THE FIVE METACOGNITIVE LEARNING STRATEGIES
WITH THIS TEXTBOOK

1. Attendance and Note-Taking. It is essential that you attend each class
session. As you can see, this book has 20 chapters, each of which covers
a topic for which you could take an entire semester class, or more! Your
instructor will decide what material they will cover. Some instructors
may expect you to glean specific information directly from the book.
Therefore, to make sure you hear, firsthand, all the information and
messages your instructor presents in class, it is critical you be in class.
Then, while in class, take notes by hand! Students who handwrite their
notes outperform students who take notes with their laptops. The
difference is that taking notes by hand requires you to use your own
words, which helps you remember the information better. After the class
session, it is also helpful to take notes by hand directly from the
assigned chapters.

2. Read, Read, Read! Possibly one of the biggest misconceptions regarding
reading a textbook is that it is no different from reading a novel—which
couldn’t be farther from the truth. Reading a science textbook involves a
slow and systematic process. There are three types of reading strategies
you’ll need to employ to get the most information from each chapter: (1)
preview, (2) prepare for active reading, (3) actively read.



a. Preview
Previewing a chapter is like watching a movie trailer or reading the
description of a book to see what it’s about and whether it interests
you. Skim the section headings. Each system chapter of this textbook
is laid out in the following way:

Anatomy of the System
Organs
Histology

Functions of the System
Major Functions
Integration of Functions for Homeostasis

Some sections are further subdivided into specialized topics to walk
you through a process step-by-step.

While you’re previewing the chapter, pay attention to bolded terms,
phonetic pronunciations, and word origins. Root words tell a lot of
information about a process or structure; for example, hyper- indicates
higher or above, and hypo- indicates lower or below, and they are used
both anatomically and physiologically.

b. Prepare for Active Reading
As you’re previewing, or as a next step, write out questions you’d like
answered as you read. The bold terms can be used as a guide to the
questions.

c. Actively Read
After you’ve previewed the chapter and have done the preparations for
active reading, the next step is to actively read. This can be done one
paragraph, or one concept in SmartBook 2.0, at a time. Write notes in
your own words as you read. Add a paragraph, or concept, at a time,
all the while adding ideas from the previous paragraph. In this way,
you’re “taking one bite at a time” of the chapter’s information. This
helps your brain integrate information and keeps it from suffering
information overload. As you actively read, there are several features
that are consistent throughout this text that can serve as guideposts for
you. We present these features in the section “Textbook Features and
Figure Colors and Symbols.”



3. Work with Other Students Enrolled in the Same Class. Author C.
VanPutte would like to share something else with you: she did not fully
comprehend the concept of osmosis until she taught her first college-
level class. Once she had to explain the concept out loud and in her own
words, a light clicked on! So, form study groups! Assign each other
topics on which to lecture to the group. Write practice exams for each
other. Sometimes your peers can help you as much as, or perhaps more
than, the instructor.

4. Do Homework as if It Were the Test. For most lecture exams you will
not be allowed to use your notes, the textbook, or the internet. So you
need to practice for that situation. Don’t simply copy answers onto your
homework assignments. Instead, study first, then do the homework
without assistance. Then, if you get stuck, use your resources. For
example, you could do a “recharge” in SmartBook 2.0, or visit your
instructor during their office hours.

5. Utilize Multiple, Intense, Short Study Sessions. Our brains work more
efficiently when we stay focused for a relatively brief period of time:
approximately 30–50 minutes. Staring blankly at your notes for 3 hours
is not helpful. Therefore, decide what you’re going to focus on, then
study with intent for 30–50 minutes. Studying with intent involves
actively engaging with the material. This can include making a concept
map, expanding on your notes and rephrasing them, writing out a
summary and simply thinking about the material. Take a short 10- to 15-
minute break, then briefly review what you just studied. Do this 3–5
times a day for each class in which you’re enrolled.



0.5  TEXTBOOK FEATURES AND FIGURE COLORS AND
SYMBOLS

Throughout this textbook you will see certain repeating features and
symbols. These symbols are always a particular color; however, for our
students with vision disabilities, these colored symbols are also
uniquely labeled.

1. In-Text Numbering
As you’re reading, look for areas where we’ve tried to make complex
topics clearer by numbering steps or components. This ensures that you
don’t miss a step or a part.
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2. Process Figures

For complex processes, we have process figures that break down the
step-by-step sequence of events. The in-text explanations directly
correlate to portions of the figure by the use of purple circle numbers.



3. Side-by-Side Anatomy Figures
In certain anatomy figures, we have placed a photograph next to an
artistic rendering. This allows for accurate interpretation of artist-
generated figures.



McGraw Hill Education/Photo and Dissection by Christine Eckel
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4. Homeostasis Figures

These figures walk you through certain critical physiological
mechanisms involved in the maintenance of homeostasis. Icons depict
the particular organs discussed, in order to help strengthen associations
between anatomy and physiology.
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5. Clinical Content

a. Clinical Impact: explore interesting clinical aspects of the body
system being discussed



b. Microbes in Your Body: highlight the role of microbes in maintaining
homeostasis

c. Aging: describe changes to the body systems as we age



d. Systems Pathologies: discuss a disorder or disruption in a particular
body system
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6. Critical Thinking Practice

The textbook presents you with multiple opportunities to practice
applying the information you’ve learned to particular situations. Critical
Thinking questions require a higher-order level of thinking than simple
fact-based questions. The Bloom’s Taxonomy icon indicates the level at
which a given question is ranked.

a. Learn to Apply It
This feature appears at the beginning of each chapter and integrates
information from earlier chapters or asks you to think about a scenario
as you read the chapter. Answers to odd-numbered questions are
provided online or in the appendices. The answers are written in a
solution-style format. We walk you through the logic of each answer.



b. Apply It
Apply It questions are distributed throughout each chapter and

pertain to information presented prior to each question. The same
solution-style format answers to the odd-numbered questions are
provided.

c. Critical Thinking
Critical Thinking questions typically require a higher-order level of
thinking than the Apply It questions. Solution-style-format answers
are also provided for these.

7. Figure Colors and Symbols
Following are symbols used consistently to indicate the same structure
or event in all chapters. If in some chapter a symbol is given a different
usage, that usage for the symbol is always labeled or defined.

Symbol Meaning
Information and level flow

Describe steps in a process
To decrease or inhibit



To increase or stimulate
Channel proteins and ions

Pink: Na+ 
Purple: K+ 
Green: Ca2+ 

Blue: Phospholipid bilayer of cell membrane
Yellow: Cytoplasm/inside of cell

Sodium/potassium pump

Acetylcholine

Sympathetic nervous system
Parasympathetic nervous system
Action potential
Generic ligand
Generic ligand receptor

G Protein

Veins with deoxygenated blood

Arteries with oxygenated blood
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CONCLUSIONS



In our teaching we have seen, time and time again, that the students
who put in the effort and utilize the activities described in this guide
consistently outperform the students who do not. Thus, it will be your
perseverance, sometimes called grit—and not how “smart” you are—
that will enable your success. Encourage yourself, believe in yourself,
and never quit.

Design Elements: (Microbes in Your Body): Janice Haney
Carr/CDC; (Clinical Impact): Comstock/Alamy Stock Photo
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C H A P T E R

1

The Human Organism



 
The human body is a complex system. The structures in the body work in concert to
maintain homeostasis, a balance in the body’s internal environment.
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LEARN TO APPLY IT



LEARN TO APPLY IT
Renzo, a dancer, can move his body such that it is perfectly balanced, yet a
slight movement in any direction would cause him to adjust his position. The
human body adjusts its balance among all its parts through a process called
homeostasis.

Let’s imagine that Renzo is suffering from a blood sugar disorder. Earlier,
he’d eaten an energy bar. As an energy bar is digested, blood sugar rises.
Normally, tiny collections of cells embedded in the pancreas respond to the rise
in blood sugar by secreting the chemical insulin. Insulin increases the
movement of sugar from the blood into the cells. However, Renzo did not feel
satisfied from his energy bar. He felt dizzy and was still hungry, all symptoms
he worried could be due to a family history of diabetes. Fortunately, the on-site
trainer tested his blood sugar and noted that it was much higher than normal.
After a visit to his regular physician, Renzo was outfitted with an insulin pump
and his blood sugar levels are more consistent.

What is a good explanation for Renzo’s blood sugar levels before and
after his visit to the doctor?

Answers to this question and the chapter’s odd-numbered Apply It questions
can be found in Appendix E.

Module 1 Body Orientation

1.1  ANATOMY AND PHYSIOLOGY

Learning Outcomes After reading this section, you should be able to

A. Define anatomy and describe the levels at which anatomy can be studied.
B. Explain the importance of the relationship between structure and function.
C. Define physiology and describe the levels at which physiology can be studied.

What lies ahead is a fantastic adventure—learning about the structure
and function of the human body and the intricate checks and balances
that regulate it. Perhaps you have had the experience of oversleeping,
rushing to your 8 a.m. class, and missing breakfast. Afterward, on the
way to your Anatomy & Physiology class, you bought an energy bar
from the vending machine. Eating the energy bar helped you feel

http://anatomy.mheducation.com/html/human/index.html?system=Bodyorientation


better. The explanation for this experience is the process of
homeostasis, the maintenance of a relatively constant internal
environment despite fluctuations in the external environment. For
you, homeostasis was maintained, but for Renzo, the dancer in this
chapter’s Learn to Apply It feature, there was a disruption in
homeostasis. Throughout this book, the major underlying theme is
homeostasis. As you think about Renzo’s case, you will come to realize
just how capable the human body is of an incredible coordination of
thousands upon thousands of processes.

Learning about human anatomy and physiology is important for
understanding disease. The study of human anatomy and physiology is
important for students who plan a career in the health sciences
because health professionals need a sound knowledge of structure and
function in order to perform their duties. In addition, understanding
anatomy and physiology prepares all of us to evaluate recommended
treatments, critically review advertisements and reports in the popular
literature, and rationally discuss the human body with health
professionals and nonprofessionals.

Anatomy (ah-NAT-oh-mee) is the scientific discipline that
investigates the structure of the body—for example, the parts and
chambers of the heart. The word anatomy means to dissect, or cut
apart and separate, the parts of the body for study. In addition,
anatomy examines the relationship between the structure of a body
part and its function. For example, the structure of a hammer informs
us of its primary use of driving nails into wood. Similarly, the fact that
bone tissue is a hard, mineralized substance enables the bones to
provide strength and support. Understanding the relationship between
structure and function makes it easier to understand and appreciate
anatomy.

There are two basic approaches to the study of anatomy: (1)
systemic anatomy and (2) regional anatomy. Systemic anatomy is
the study of the body by systems, such as the cardiovascular, nervous,
skeletal, and muscular systems. It is the approach taken in this
textbook. Regional anatomy is the study of the organization of the
body by areas. Within each region, such as the head, abdomen, or arm,
all systems are studied simultaneously. This is the approach taken in
many medical and dental schools.


