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Human anatomy is a fascinating field that has many layers of
complexity. The subject is difficult to teach, and students can
often be overwhelmed by its massive amount of material. In many
respects, studying anatomy is similar to studying a foreign language
because students must understand the vocabulary before they can
apply the material. As many instructors know, textbook selection
can either help or hinder student understanding. Throughout our
teaching careers, we have examined and reviewed many textbooks.
Some texts provide relatively accurate terminology and description
but are too difficult for the average undergraduate to read. Other
texts are easier to read but not as thorough or accurate in their
discussions. We have strived to develop a text that is accurate and
in-depth in its anatomic descriptions and yet easy to understand and
full of pedagogical elements to help the student. This is the vision
of Human Anatomy.

Audience

This textbook is designed for a one-semester human anatomy
course, typically taken in the second or third year of college, for
students in pre-allied health professions, nursing, exercise science,
kinesiology, and/or other pre-professional health programs. It
assumes the reader has no prior knowledge of biology or chemis-
try, and so the early chapters serve as a primer for the history of
anatomy, biological terminology, and cell biology. This text provides
all the background the introductory student needs to learn the basics
of human anatomy.

What Makes This Book Special?

Although several human anatomy books exist in the market, a vari-
ety of features make this text different from the rest.

Superior Illustrations and a Quality Art Program

Anatomy is a visual subject, and one of the best ways a student can
learn it is by studying beautiful, accurate drawings. We have been
dismayed in the past to see texts in which sound anatomic discus-
sions were accompanied by weak or inaccurate illustrations. One of
our prime goals in producing this book was that the illustrations be
just as accurate as the text. To meet this objective, we worked with
an experienced team of certified medical illustrators to produce a
collection of anatomic images unsurpassed by other anatomy texts.
These images are not only beautiful but also as accurate as pos-
sible. We painstakingly scrutinized each rendering, relying on our
experience in human gross anatomy, cadaver dissection, histology,
and A&P—as well as trusted anatomic bibles such as Gray, Grant,
Clemente, Netter, and a host of photographic atlases—to make sure
the art matches life. Every illustration also went through an inten-
sive peer review during which dozens of fellow instructors gave us
pointed feedback on how to clarify concepts and make the drawings
even more accurate—welcome assistance for our sometimes-weary
eyes! Finally, we have carefully labeled the illustrations to coincide
with coverage in the narrative to ensure that the pictures and words
work together to tell a cohesive story. We challenge you to compare
the artwork in this text with that in other human anatomy texts, and
see which you and your students prefer.

Human Cadaver Photographs to Complement
the Illustrations

Sometimes even the most beautiful art cannot prepare us for what
anatomic structures look like in a real human being or for the nor-
mal variations that occur among individuals. Whenever possible,
we have paired illustrations with human cadaver photographs to
provide two valuable perspectives of key views: an artist’s render-
ing that utilizes color and texture to make features stand out, and
a photograph that demonstrates the appearance of real specimens.
Furthermore, we have applied labels to complementary illustrations
and photos so that they mirror each other whenever possible to
make it easier for students to correlate structures between images.
Christine Eckel of Salt Lake Community College tirelessly worked
on the dissections and photographs of the cadavers. Her work is
beautiful, and many of her dissections are presented in a way that is
unparalleled in other texts. We suggest you turn to chapter 11 (Axial
Muscles) and to chapter 15 (Brain and Cranial Nerves) and examine
the photos. You will be impressed—and your students will appreci-
ate their value as they are learning the laboratory material.

Writing Style: Blending Accuracy
with Readability

Most, if not all, current undergraduate human anatomy textbooks
are primarily “cut-down” versions of existing anatomy and physiol-
ogy textbooks. Our text, Human Anatomy, was written exclusively
for and with attention to the human anatomy course. Our text is
not a “pared-down” version of an A&P text; we have designed it
from the ground up to satisfy the needs of anatomy students and
instructors.

Both authors have distinctive writing styles that, when com-
bined in this text, provide the optimum balance between concise
anatomic accuracy and user-friendly readability. We feel a text that
is too condensed in its descriptions is more frustrating than helpful
for students to use. Likewise, if a text is too verbose in its descrip-
tions, students may feel they have read many pages that have said
little. We have tried to strike a happy medium between these two
extremes, so a student will feel that the text is easy to read and
understand, while the instructor recognizes that the information is
accurate, concise, and expertly written. We have been meticulous in
our descriptions and level of accuracy.

In addition to making the text readable and accurate, we wanted
to make it engaging and effective. To this end, we have incorporated
many active learning techniques into the narrative. As we tell our
students, you don’t lose weight merely by watching an exercise pro-
gram; you have to do the exercises in order to get results. Therefore,
throughout our text, we have provided opportunities for the student
to be an active learner, not just a passive reader. For example, stu-
dents are encouraged to palpate structures on their bodies, perform
basic experiments to test anatomic principles, and observe certain
features on themselves. As the students perform these anatomy
“exercises,” their understanding will increase.

Themes and Distinctive Topic Approaches

Through our teaching experience, we have developed a few
approaches that really seem to help students grasp certain topics or
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spark their interest. Thus, we have tried to incorporate these suc-
cessful ideas from our own courses into our book.

Embryology

In many cases, a student can gain a complete understanding of
adult anatomy only by first learning about the embryologic events
that formed this anatomy. For this reason, we have placed an entire
chapter on embryology (chapter 3) early in our text, as opposed to
having a development chapter at the end of the book. In addition,
“systems embryology” sections in each systems chapter (e.g., integu-
mentary system, digestive system, etc.) provide a brief but thorough
overview of the developmental processes for that particular system
at a level that will not overwhelm the introductory student.

Forensic Anthropology

Many of our students are fascinated by crime shows on TV and
love to learn how knowledge of anatomy can play a part in forensic
analysis. With a Ph.D. in biological anthropology, Valerie shares this
interest, and utilized her experience to craft the forensic applications
in the skeletal system chapters. Chapters 6-8 feature discussions on
such topics as epiphyseal plate fusion as a reliable indicator of age at
death, sex differences in the skull, sex differences in the pelvis, and
how morphologic changes in the pubic symphysis of the os coxae
can be used to estimate age at death. These forensic applications
are a great way to reinforce learning, and students will enjoy the
“real-life” applications.

Surface Anatomy

Many of the students who take anatomy will become health-care
professionals who use surface anatomy throughout their careers
and need to know the importance of these landmarks. To best serve
our student audience, we have given surface anatomy the coverage
it deserves. Our chapter 13, Surface Anatomy, contains beautiful
photographs and clear, concise text as well as numerous Clinical
Views that illustrate the importance of the landmarks and how they
are used daily in health care. Placing this chapter directly after the
musculoskeletal chapters allows students to establish knowledge
of the body’s underlying framework before trying to understand
surface landmarks.

Nervous System

In order to understand the workings of the nervous system, it is best
to learn how the brain controls all aspects of the nervous system.
Thus, in this text we examine the brain first, followed by a chapter
comparing its similarities, differences, and relationships to the spinal
cord. It seemed appropriate to use central nervous system terminol-
ogy to describe the brain first and then the spinal cord. Additionally,
because the nuclei of the cranial nerves are housed within the brain,
we felt it made more sense to present the cranial nerves along with
the brain.

Autonomic Nervous System

The autonomic nervous system is perhaps one of the most challeng-
ing topics in human anatomy. Why, then, do so many texts make
a difficult topic even more difficult by presenting the sympathetic
division first? We have seen in our own teaching experience that
presenting the parasympathetic division (the relatively “easier”
system) first increases the overall understanding of the autonomic
nervous system. Thus, in chapter 18 (Autonomic Nervous System),
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we discuss the parasympathetic division first, and follow up with a
discussion of the more complex sympathetic division.

Arteries and Veins

We have been confused as to why other texts discuss all of the arter-
ies in the body first, and then follow with a separate discussion of all
of the veins. Presenting this material in such a fragmented fashion
does not give students “the big picture.” We feel that it makes much
more sense to discuss blood flow in its entirety. For this reason, our
text discusses arteries and veins in unison by region. For example,
we present the arteries and veins of the upper limb together. This
approach emphasizes to students that arteries often have corre-
sponding veins and that both are responsible for the blood flow in a
general region. We challenge you to compare our chapter 23 (Vessels
and Circulation) with chapters from other texts. We predict that you
and your students will appreciate our more unified presentation.

Reproductive System Homologues

Embryology has shown us that the female and male reproductive
systems, and thus the homologues within those systems, originate
from the same basic structures. An emphasis on homologues helps
students grasp the similarities and differences between the female
and male reproductive systems. Because the female reproductive
system is the “basic” embryologic system (meaning that if no male
hormonal influences occur in utero, the female pattern remains), we
present the female reproductive system first, followed by the male
reproductive system.

Accurate Terminology and Pronunciation Aids

The terms used in this text follow the standards set by the FCAT
(Federative Committee on Anatomical Terminology) and published
in Terminologia Anatomica (TA). This reference is the international
standard on which anatomic vocabulary should be based. In a few
cases, TA terminology was not used because an alternative term
was less confusing and more understandable for the student. In the
case of an ambiguous term, Stedman’s Medical Dictionary was also
consulted. We have eliminated the use of eponyms as primary terms
whenever possible. However, eponyms are given in italics so that
the student and instructor can correlate an eponym with its proper
anatomic term.

A large contributor to success in a human anatomy course is
mastering the terminology. Students cannot properly learn anat-
omy if they cannot “talk the talk”—that is, pronounce the words
and know what the words mean. Pronunciation guides and word
origins are included throughout the book to teach students how to
say the terms and give them helpful, memorable hints for decod-
ing meaning. These vocabulary aids were derived from Stedman’s
Medical Dictionary.

Pedagogy

Learning human anatomy is often seen as an endeavor of rote
memorization. In Human Anatomy, we have employed many peda-
gogical techniques that aim to take students beyond memorization
and engage them in a thought-provoking discovery of facts that will
lead to well-rounded understanding. Individuals learn in a variety
of ways—some learn best by reading text, others by using visuals,
and still others by studying information organized in tables. We
have been careful to cover the concepts using all three of these
media. These multifaceted concept presentations are then organized



within a framework of pedagogical tools that help students build
their knowledge base, challenge them to continue expanding their
growing understanding of anatomy, and encourage them to actively
apply the information they read. Question sets within each chapter
and review activities at the end of each chapter provide a balanced
combination of simple retention-based questions and more complex
critical-thinking activities. Study Tip! boxes offer practical advice for
understanding and remembering the material. Clinical View essays
promote a deeper understanding of the material discussed in the text
by demonstrating how basic concepts play out in disease processes.
All of these pedagogical elements work together, sparking students
to practice, remember, apply, and understand. The “Guided Tour”
beginning on page xviii offers more specifics about the learning
features in Human Anatomy.

What’s New?

Although we have retained much of what made the first edition of
Human Anatomy so successful, our second edition revisions were
not superficial. New research findings, shifting terminology, tech-
nological advancements, and the evolving needs of students and
instructors in the classroom require textbook authors to continually
monitor and revise their content. To meet this demand, we have sys-
tematically revised the writing, artwork, and pedagogy using input
from students and instructors to fine-tune our second edition.

Content and Writing Updates

Medical science is a dynamic and ever-changing field, with continual
new discoveries and sometimes reversals in traditional ways of think-
ing about disease. We carefully scrutinized each chapter and updated
material as new scientific advances became public. In addition, we
read every word of this text from a student perspective and rewrote or
reorganized passages as needed to facilitate better understanding of dif-
ficult topics. The many instructors who reviewed our first edition were
helpful in this endeavor as well, pointing out spots where writing clar-
ity or accuracy could be improved. We tried to incorporate all reviewer
comments and suggestions when applicable and appropriate.

Illustration and Photo Updates

Every single figure in the book was carefully reviewed for label-
ing and anatomic accuracy and corrected when needed. In several
cases, illustrations were reorganized to better present the material.
Descriptive labels were added beneath most images to clarify the
intent of the illustration. Terminology was updated in figures as
needed to align with Terminologia Anatomica, and we carefully
checked that items mentioned in the text were shown in the illus-
trations, and vice versa. Some figures were enlarged to better show
important anatomic features. Some figures that were somewhat
“static” in our first edition were redrawn as more dynamic process
figures in the second edition to show particular events more clearly,
and the associated descriptive steps were aligned more seamlessly
with the text descriptions. Additional cadaver photographs have
been added for clarity, and many of the micrographs have been
replaced by images of superior quality.

Pedagogy Updates

Along with content and writing updates, we also enhanced the
pedagogical aids in our second edition. Several students and faculty
members provided us with new study tips that we incorporated into

the text. We also streamlined the summaries for most chapters and
revised many end-of-chapter questions to better test higher-order
thinking skills. More “Developing Critical Reasoning” questions were
also added to many chapters. We’ve tried to emphasize in this edition
that anatomy is not just a subject for memorization—that students
must also learn important concepts and applications in order to gain
a complete understanding of the workings of the human body.

These overall enhancements, combined with the specific
content updates throughout, make the second edition of Human
Anatomy a revision we are proud to publish. The following list
is by no means exhaustive, but it highlights some of the changes
made in each chapter.

Chapter 1—A First Look at Anatomy Expanded the dis-
cussion of the history of anatomy. Added posterior body cavities to
table 1.4.

Chapter 2—The Cell: Basic Unit of Structure and
Function Reorganized table 2.2 (Components of the Cell).
Clarified the terms “extracellular fluid” and “interstitial fluid.”
Converted figure 2.9 into a process figure showing the movement
and packaging of materials in the Golgi apparatus. Rearranged the
Life Cycle of the Cell section to define cell division before defining
the cell cycle.

Chapter 3—Embryology Included measurements of the
zygote, blastocyst, and crown-rump lengths at major stages in
embryologic development. Expanded the discussion of the effects
of teratogens on organogenesis, and included a discussion of fetus
susceptibility to a toxin and dose-dependent issues.

Chapter 4—Tissue Level of Organization Per reviewer
request, reorganized the discussion about glandular secretions into
“anatomic” classifications (structure of the gland) and “physiologic”
classifications (method of secretion). Added a new micrograph of
osteons in compact bone (table 4.12). Relocated coverage of tissue
repair and tissue death to chapter 5.

Chapter S5—Integumentary System Clarified the descrip-
tion of calcitriol function. Rewrote the entire section on the stratum
basale. Added new clinical information about sunless tanners.
Incorporated sections on tissue repair and tissue death formerly
included in chapter 4.

Chapter 6—Cartilage and Bone Connective Tissue
Included a discussion of epiphyseal arteries and veins. Expanded
the discussion of the effects of certain hormones on bone growth
and development. Included a new Clinical View on costochondritis.
Revised figure 6.15 to better show the “dinner-fork deformity” of a
Colles fracture and to more clearly differentiate spiral versus oblique
fractures.

Chapters 7 and 8—Axial Skeleton and Appendicular
Skeleton Made some minor label and leader adjustments for
better precision. Updated any terms that weren’t already part of the
accepted TA terminology.

Chapter 9—Articulations Reorganized the presentation of
movements at synovial joints to start with a discussion of simple
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movements (e.g., flexion and extension) and progress to lesser-
known movements (e.g., abduction, adduction, and circumduc-
tion). Incorporated pronation and supination into the discussion of
rotational movements. Renumbered and repositioned related figures,
and reworded table 9.2 to coincide with the new organization.

Chapter 10—Muscle Tissue and Organization Moved
the Exercise and Skeletal Muscle section to follow Skeletal Muscle
Fiber Organization. Clarified the differences between G-actin and F-
actin, the three functions of troponin, and the structure of I bands.
Upgraded a series of sarcomere micrographs in figure 10.7.

Chapters 11 and 12—Axial Muscles and Appendicular
Muscles  Added the corrugator supercilii and levator palpebrae
superioris to the discussion of facial muscles. Reorganized table 11.5
(pharyngeal and laryngeal muscles). Per reviewer requests, added
new tables (table 11.11 and table 12.13) that summarize certain
muscle actions.

Chapter 13—Surface Anatomy Revised the tracheotomy
Clinical View and included a discussion of the complication of tra-
cheal stenosis.

Chapter 14—Nervous Tissiie Revised and clarified the
description of myelination. Clarified artwork indicating impulse
“input” and “output” throughout the chapter.

Chapter 15—Brain and Cranial Nerves Replaced “ros-
tral” and “caudal” with “anterior” and “posterior” as primary terms.
Reorganized the coverage of the cranial meninges from deep (pia
mater) to superficial (dura mater), and then proceeded to the dural
septa to emphasize that cranial dural septa are derived from dura
mater. Expanded on specific hypothalamic nuclei and their indi-
vidual functions.

Chapter 16—Spinal Cord and Spinal Nerves Revised
the gross anatomy of the spinal cord section so that a lengthwise
description of the cord comes first, followed by a cross-sectional
description. Upgraded photos of the conus medullaris (figure 16.1c)
and a transverse section of the spinal cord (figure 16.3b). Included a
new Study Tip! (offered by a second edition reviewer) about somatic
motor neurons. Added a brief mention of the sympathetic trunk and
its ganglia (for those instructors who may not have time to assign
the more detailed discussion of the autonomic nervous system in
chapter 18).

Chapter 17—Pathways and Integrative Functions
Added new tables (17.1 and 17.4) summarizing sensory and motor
pathway neurons. Revised table 17.5 on principal motor spinal cord
pathways.

Chapter 18—Autonomic Nervous System Reorganized
the text within the Comparison of the Somatic vs. Autonomic
Nervous System section to introduce similarities first, followed by
differences.

Chapter 19—Senses: General and Special Clarified the

difference between tonic and phasic receptors. Added information
on primary and secondary odors, and added olfactory glands to fig-
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ure 19.9. Added new Clinical Views addressing (1) the relationship
between cochlear shape and function and (2) acoustic neuroma.

Chapter 20—Endocrine System Extensively revised the
tables listing the hormones of the endocrine organs and added
information on hormone targets, effects, and related disorders.
Rewrote and clarified the section on anterior pituitary hormones
and added the “FLAT PIG” mnemonic for remembering these hor-
mones. Revamped and simplified illustrations of the pituitary gland
throughout the chapter, and upgraded micrographs showing the
anterior and posterior pituitary (figure 20.5). Added new informa-
tion about oxytocin.

Chapter 21—Blood  Added a description of acidosis and alka-
losis. Per reviewer comments, revised the definition of hematocrit
and compared the differences in how clinicians and basic scientists
define this term.

Chapter 22—Heart Moved the overview of the cardiovascular
system to precede the description of heart anatomy. Added a new
section called “How the Heart Beats” to describe the characteristics
of cardiac muscle tissue and the heart’s conduction system. Added a
section called “Tying It All Together: The Cardiac Cycle” to describe
the steps in the cardiac cycle and summarize blood flow during the
cycle. Revised the cardiac cycle art (figure 22.14) to show the cyclical
pattern, and added the timing of various heart events.

Chapter 23—Vessels and Circulation Revised figures
23.19 and 23.20 to show the paired venous arches associated with
the arterial arches. Per reviewer suggestions, included a new Study
Tip! about arteries and veins.

Chapter 24—Lymphatic System Updated the AIDS clini-
cal view and included recent information about the “pill-a-day”
cocktail. Revised figure 24.5 (T-lymphocytes) to more clearly show
the cells undergoing mitosis after being presented with an antigen.
Added a cadaver photo of a lymph node to figure 24.10.

Chapter 25—Respiratory System Moved the discussion
of pulmonary ventilation to precede the coverage of changes in
thoracic wall dimensions during respiration. Revised and clarified
the section describing the general organization and functions of
the respiratory system. Added an explanation of the activity of the
trachealis muscle during swallowing.

Chapter 26—Digestive Systerm Revised the liver illustra-
tion (figure 26.18) to clarify the view orientation. Added coverage
of celiac disease, bilirubin and jaundice, and Barrett esophagus to
related Clinical Views.

Chapter 27—Urinary System Revised the explanation of
the tissue layers surrounding the kidney. Rewrote and reorganized
the description of the renal corpuscle. Moved the discussion of fil-
tration membranes to precede the coverage of filtration. Added new
clinical information and artwork about kidney transplants, as well
as a discussion of incontinence related to aging.

Chapter 28—Reproductive Systerm  Added mention of the
hormone inhibin to both the text and table 28.4. Revised figure 28.4 to



clarify that not all ovarian follicles are present in the ovary at the same
time, and reorganized the graphs of the ovarian and uterine cycles (fig-
ure 28.6). Relocated the discussion of the spermatic cord to fall before
the discussion of testis anatomy and sperm development. Included
information on interstitial cell androgen production. Added new clini-
cal information on Implanon, Plan B, tubal ligation, and vasectomy as
birth control methods; Gardasil and cervical cancer; and the associa-
tion between circumcision and reduced HIV transmission.

Wik 7)ol
Michael P. McKinley
Department of Biology
Glendale Community College
6000 W. Olive Avenue

Glendale, AZ 85302
michael. mckinley @gcmail. maricopa.edu

Your Feedback Is Welcome!

We are dedicated to producing the best materials available to help
students learn human anatomy and engender a love of this topic.
Your suggestions for improving this textbook are always welcome!

Vm,ﬁm@wﬁ

Valerie Dean O’Loughlin
Jordan Hall 010A
Medical Sciences
Indiana University
Bloomington, IN 47405
vdean@indiana.edu
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Accurate and Engaging

[1lustrations

he brilliant illustrations in Human Anatomy bring the study

of anatomy to life! Drawn by a team of medical illustrators,
all figures have been carefully rendered to convey realistic, three-
dimensional detail. Each drawing has been meticulously reviewed
for accuracy and consistency, and precisely labeled to coordinate
with the text discussions.
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View Orientation
Reference diagrams clarify
the view or plane an
illustration represents.

Color-Coding
Many illustrations use color-coding to organize
information and clarify concepts for visual learners.
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Multi-Level Perspective
Illustrations depicting complex structures
connect macroscopic and microscopic views to

show the relationships between increasingly
detailed drawings.




Atlas-Quality
Photographs

Human Anatomy features a beautiful collection of cadaver
dissection images, bone photographs, surface anatomy
shots, and histology micrographs. These detailed images capture
the intangible characteristics of human anatomy that can only be
conveyed in human specimens, and help familiarize students with
the appearance of structures they will encounter in lab.
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Deltoid

Pectoralis major

Biceps brachii,
long head

Complementary Views

Drawings are often paired with photographs to enhance
visualization of structures. Labels on art and photos mirror
each other whenever possible, making it easy to correlate
structures between views.
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Cadaver Dissections
Expertly dissected specimens are preserved in richly
colored photos that reveal incredible detail. Many

unique views show relationships between anatomic
structures from a new perspective.
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Bones
Crisp, clear bone photographs paired with

artist’s rendition and actual specimen.

detailed drawings offer dual perspectives—
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Surface Anatomy

Carefully posed and photographed,
these images clearly demonstrate
surface landmarks.
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Histology Micrographs

Light micrographs, as well as scanning
and transmission electron micrographs,
are used in conjunction with illustrations
to present a true picture of microscopic
anatomy. Magnifications provide a
reference point for the sizes of the
structures shown in the micrographs.
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Sound Pedagogical Aids

Human Anatomy is built around a pedagogical framework
designed to foster retention of facts and encourage the
application of knowledge that leads to understanding. The learning
aids in this book help organize studying, reinforce learning, and
promote critical-thinking skills.

Chapter Outline

Each chapter begins with a page-referenced
outline that provides a quick snapshot of the
chapter contents and organization.

OUTLINE

General and F of the i ¥
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Respiratory System Functions 746
Upper Respiratory Tract 748
Nose and Masal Cavity 748
Paranasal Sinuses 748
Pharynx 748
Lower Respiratory Tract 751
Larynx 751
Trachea 754
Bronchial Tree 755
Respiratory Bronchioles, Alveolar Ducts, and Alveoli 757

Lungs 759
Pleura and Pleural Cavitles 759
Gross Anatomy of the Lungs 759 i ™

Blood Supply To and From the Lungs 760 bt
Lymphatic Drainage 762

Pulmonary Ventilation 763

Thoracic Wall Dimensional Changes During External
Respiration 764

Innervation of the Respiratory System 766
Ventilation Controd by Respiratory Centers of the Brain 767

Aging and the Respiratory System 768
Development of the Respiralory System 771
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Respiratory System

Anatomy & Physiology | REVEALED
When applicable, icons indicate where content related
to the chapter can be found on McGraw-Hill’s
Anatomy & Physiology|REVEALED software.
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Key Topics

critical information.

Epidermal Accessory Organs

Key topics in this section:

Structure of nails

Components of a hair and a hair follicle

srowth, distributbon, and replacement of hairs

How hair changes throughout life

Characteristics of sweat glands, sebaceous glands, amd other
glands found in the skin

. hair, and sweat and sebaceous glands are derived from

keratinized cells
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tissues?
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functioning of a holocrine gland?

What Did You Learn?

website at aris.mhhe.com.

A brief list at the beginning of each section introduces the major
concepts students should understand after completing the section.
Reviewing these objectives before reading helps focus attention on
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Figure 5.8

Structure of a Fingernail, Nails, the hand derivative of the straum
comeum, prosect sensitive fingentips. (a) Sarface view of a fingernall,
(b) Sagintal section showing the inernal details of a fingernail

WHAT DID YOU LEARN?

What two main characteristics are used to classify epithelial

Why is one epithelium referred to as “pseudostratified”?
What are the two basic parts of a multicellular exocrine gland?

Why is epithelial cell regeneration important to the continued

Review questions at the end of each section prompt students
to test their comprehension of key concepts. These mini self-
tests help students determine whether they have a sufficient
grasp of the information before moving on to the next section
of the chapter. Answers to the What Did You Learn? questions
are provided on the McKinley/O’Loughlin Human Anatomy, 2e



Vocabulary Aids
Learning anatomy is, in
many ways, like learning

a new language. Human
Anatomy stresses the use of
proper anatomic terms, and
includes vocabulary aids
that help students master the
terminology.

446 Chapter Fifteen Brain and Cranial Nerves

Support and Protection of the Brain
Key topics in this section:
® Characteristics of the cranial meninges and the cranial
dural septa
®  Origin, function, and pattern of cerebrospinal fluid circulation
® Structure of the blood-brain barrier and how it protects
the brain

The brain is protected and isolated by multiple structures. The
bony cranium provides rigid support, while protective connective
tissue membranes called meninges surround, support, stabilize, and
partition portions of the brain, Cerebrospinal fluid (CSF) acts as a
cushioning fluid. Finally, the brain has a blood-brain barrier to pre-
vent harmful materials from entering the bloodstream.

Cranial Meninges

The cranial meninges (ménin‘jes, mé'nin-jéz; sing., meninx,
men‘ingks, méninks; membrane) are three connective tissue layers
that separate the soft tissue of the brain from the bones of the cra-
nium, enclose and protect blood vessels that supply the brain, and
contain and circulate cerebrospinal fluid. In addition, some pants of
the cranial meninges form some of the veins that drain blood from

and tightly adheres to the brain, following every contour of
the surface.

Arachnoid

The arachnoid (d-rak'noyd), also called the arachnoid mater or the
arachnoid membrane, lies external to the pia mater (figure 15.4). The
term arachnoid means “resembling a spider web,” and this meninx is
s0 named because it is partially composed of a delicate web of colla-
gen and elastic fibers, termed the arachnoid trabeculae. Immediately
deep to the arachnoid is the subarachnoid space. The arachnoid tra-
beculae extend through this space from the arachnoid to the underly-
ing pia mater. Between the arachnoid and the overlying dura mater is
ap I space, the subdural space. The | space becomes
an actual space if blood or fluid accumulates there, a condition called
a subdural hematoma (see Clinical View),

Dura Mater

The dura mater (doo’ra ma‘ter; dura = tough, mater = mother) is
an external tough, dense irregular connective tissue layer composed
of two fibrous layers. As its Latin name indicates, it is the strongest
of the meninges. Within the cranium, the dura mater is composed
of two layers. The meningeal (mi-nin‘je-al, men‘in-j¢al) layer lies
deep to the periosteal layer. The periosteal (per-é-ps'te-al; peri =
around, osteon = bone) layer, the more superficial layer, forms the

Key terms are set in
boldface where they
are defined in the
chapter, and many
terms are included
in the glossary at
the end of the book.
Pronunciation guides
are included for
difficult words.

© “WHAT DO YOU THINK?

© Try this experiment to determine the value of serous fluid: First,
rub the palms of your hands quickly against one another. The sound
you hear and the heat you feel are consequences of the friction
being produced. Now put lotion (our version of serous fluid) on the
palms of your hands and repeat the experiment. Do you still hear
the noise and feel heat from your hands? What do you think would
happen to your body organs if there were no serous fluid?

the brain. From deep (closest to the brain) to superficial (farthest periosteumn on the internal surface of the cranial bones.
away from the brain), the cranial meninges are the pia mater, the The meningeal layer is usually fused to the periosteal layer,
arachnoid, and the dura mater (figure 15.4). except in specific areas where the two layers separate to form large,
blood-filled spaces called dural venous sinuses. Dural venous sinuses
are typically triangular in cross section, and unlike most other veins,
Pia Mater they do not have valves to regulate venous blood flow. The dural
The pia mater (p&’d mah’ter, pi'd ma'ter; pia = tender, deli- venous sinuses are, in essence, large veins that drain blood from the
cate) is the innermost of the cranial meninges. It is a thin layer  brain and transpont this blood to the internal jugular veins that help
of delicate areolar connective tissue that is highly vascularized  drain blood circulation to the head.

Skin of scalp
Periosteum
Bone of skull
vill Periosteal layer |
. . Meningeal layer | Dura mater
Superior sagittal sinus Subdural space (potential space)
Arachnoid
Subarachnoid space
Arachnoid rabeculae
Pia mater
Cerebral cortex
White matter

Falx cerebri

Figure 15.4

Cranial Meninges. A coronal section of the head depicts the organization of the three meningeal layers: the dura mater, the arachnoid, and the
pia mater. In the midline, folds of the inner meningeal layer of the dura mater form the falx cerebri, which partitions the two cerebral hemispheres,
The inner meningeal layer and the outer periosteal layer sometimes separate to form the dural venous sinuses, such as the superior sagittal sinus
{shown here), which drain blood away from the brain,

Because knowing the derivation of a term can enhance
understanding and retention, word origins are given when
relevant. Furthermore, a handy list of prefixes, suffixes, and
combining forms is printed on the inside back cover as a quick
reference for commonly used word roots.

What Do You Think?

These critical-thinking questions actively engage students in application
or analysis of the chapter material and encourage students to think more
globally about the content. Answers to What Do You Think? questions are
given at the end of each chapter, allowing students to evaluate the logic
used to solve the problem.

xxiii



-

Study Tip!

The mnemonic “Never let monkeys eat bananas” is a simple way to
recall the leukocytes in order of their relative abundance:

Never = Neutrophil (most abundant) B
irculation

Let = Lymphocyte

es harmiul agents

blood vessels. The

he absorbed nutri-

system of vessels

Bananas = Basophil (least abundant) :'ujz‘:“‘fs'::f‘"r”ﬁf

\ ythrocyte destruc-
tion from the spleen, so that the liver can “recycle” some of these
components.

The hepatic portal vein is the large vein that receives deoxy-
genated (oxygen-poor) but nutrient-rich blood from the gastrointesti-
nal organs. Three main venous branches merge to form this vein: (1)
The inferior mesenteric vein, a vertically positioned vein draining
the distal part of the large intestine, receives blood from the superior
rectal vein, sigmoid veins, and left colic vein. The inferior mesenteric
vein typically (but not always) drains into the splenic vein. (2) The
splenic vein, a horizontally positioned vein draining the spleen,
receives blood from pancreatic veins, short gastric veins, and the right
gastroepiploic vein, (3) The superior mesenteric vein, another verti-
cally positioned vein on the right side of the body, drains the small
intestine and part of the large intestine. It receives blood from the
intestinal veins, pancreaticoduodenal v ileocolic vein, and right
and middle colic veins. Some small vei ich as the left and right
gastric veins, drain directly into the hepatic portal vein.

Figure 23.17 is a cadaver photo showing the arteries and
veins of the posterior abdominal wall region. Note in this example
that the inferior mesenteric vein drains into the superior mesenteric
vein, not the splenic vein. This figure illustrates that the hepatic
portal system can show great variation in some individuals,

Monkeys = Monocyte

Eat = Eosinophil

Celiac trunk
Hepatic portal vein
Left hepatic artary
Right hepatic artery
Hepatic artery proper
Cystic artery
Common hepatic artery

Gastroduodenal artery

Right testicular vein

Inferior vena cava

Study Tips

Many anatomy instructors provide students with everyday

analogies, mnemonics, and other useful tips to help them

understand and remember the information. Study Tip! boxes

throughout each chapter offer tried-and-tested practical learning
~ strategies that students can apply as they read. These tips are not
just useful—they can also be fun!

=
Study Tip!

Although the pattern of the veins of the hepatic portal system can
vary, together they typically resemble the side view of a chair. The front
leg of the "chair” the inferior ic vein, while the back
leg rep the superior ic vein. The seat of the chair is the
splenic vein, while the back represents the hepatic portal vein.

Hepatic Splenic vein
portal vein
Superior : Inferior
mesenteric vein friesenteric vein
- | - _

The configuration of the veins of the hepatic portal system resembles the
side view of a chair.

w J

The venous blood in the hepatic portal vein flows through
the sinusoids of the liver for absorption, processing, and storage of
nutrients. In these sinusoids, the venous blood mixes with some
arterial blood entering the liver in the hepatic arteries, Thus, liver

Splean

Left gastric arlery
Splenic artery
Splenic vain

Superior mesenteric
artery

Lelt renal vein
Inferior mesenteric
wein (cut)

Superior mesenteric
wvein {cut)

Ureter

Lelt testicular vein

Sympathetic trunk

Inferior mesanteric
artery

Ureter—

Common iliac veins

Figure 23.17

Major Vessels of the Posterior Abdominal Wall.
portal system pattern by draining into the superior mesenteric vein,
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Descending abdominal
aorta

Common iliac arteries

In this cadaver photo, note that the inferior mesenteric vein varies from the “average” hepatic



Clinical Coverage

ometimes, an example of what can go wrong in
the body helps crystallize understanding of the
“norm.” Clinical Views interspersed throughout each

CLINICAL VIEW

——— lliac crest
Gluteus medius

@ Gluteal Intramuscular |
Injections i

The gtuteallnfgw!l is a preferred site for intramus- Superior lateral
cular (IM) injections because the gluteal muscles  gquadrant: safest place Superior gluteal vessels

chapter provide insights into health or disease processes.
Carefully checked by a clinician for accuracy with respect

However, health-care personnel must be careful
not to accidentally inject the sciatic nerve or the

are quite thick and contain many blood vessels,  for a gluteal IM injection *

Gluteus maximus

® ———————————— Forensic Anthropology:

to patient care and the most recent treatments available,
these clinical boxes expand upon topics covered in the
text and provide relevant background information for
students pursuing health-related careers.

superior and inferior gluteal vessels and nerves that
supply the gluteal muscles. The sciatic nerve and
the gluteal nerves and vessels are located primar-
ily in the medial and inferior lateral part of the
buttock. Therefore, the iliac crest is an impertant
surface landmark for determining the safest place
for a gluteal IM injection. Usually the injection is
administered in the superior lateral quadrant of the
buttock, about 5-7 centimeters inferior to the iliac \
crest, By placing the injection in the superior lateral

Inferior gluleal vessels

Clinical View

quadrant, the healthcare worker can be reasonably
certain of not accidentally piercing an important
nerve or blood vessel.

I ¢

Proper placement of a gluteal intromuscular injection,

Interesting clinical sidebars reinforce or expand upon
the facts and concepts discussed within the narrative.

CLINICAL VIEW: 14y [icpsily

Determining Age at Death

When the epiphyseal plates ossify, they fuse to and unite with the
diaphysis. This process of epiphyseal plate ossification and fusion
occurs in an orderly manner, and the timings of such fusions are well
knawn. If an epiphyseal plate has not yet ossified, the diaphysis and
epiphysis are still two separate pieces of bone. Thus, a skeleton that
displays separate epiphyses and diaphyses (as opposed to whole fused
bones) is that of a juvenile rather than an adult. Forensic anthropalo-
gists utilize this anatemic information to help determine the age of
skeletal remains.

Fusion of an epiphyseal plate is progressive, and is wsually scored
as follows:

a. Open (no bory fusion or union between the epiphysis and the

other bone end) These two femurs came from individuwals of different ages. (Left) Tn partial

b. Partial union (some fusion between the epiphysis and
the fest of the bone, but a distinct line of separation may

to the rest of the bone)

When determining the age at death from skeletal remains, the

sketeton will be older than the oldest complete union and younger s

than the youngest open center. For example, if one epiphyseal plate

that typically fuses at age 17 is completely united, but anather plate Humeras,

that typically fuses at age 19 is open, the skeleton is that of a person Humerus, medial epicondyle

between the ages of 17 and 19,

Current standards for estimating age based on epiphyseal plate
fusion have primarily used male skeletal remains. Female epiphyseal
plates tend to fuse approximately 1-2 years eartier than those of males, Distal radius

Humerus, head

Proximal radius

50 this fact needs to be considered when estimating the age of a female Distal Abula and tiiia

skeleton. Further, population differences may exist with some epiphyseal
plate unions. With these caveats in mind, the accompanying table lists
standards for selected epiphyseal plate unians, Femur, head

Proximal tibia

Distal femur

wrrian {arows), the epiphyses are porticlly fused. This individuat kel was

batween the ages of 15 and 23 ot death. (Right) Mo fusion hos accurned
be seen) between the epiphyses and the diaphysis (see amows), o cotegory colled

. Complete unfon (all visible aspects of the epiphysis are united  OPen. This individunl likely was younger than 15 years of age.

~ Male Age at Epiphyseal Unlon
(years)

eral epicondyle

Clinical View: In Depth
These boxed essays explore topics of clinical interest
in detail. Subjects covered include pathologies, current

: research, treatments, forensics, and pharmacology.
11-16 (female: 9-13)

1-16 (female: 10-15)
14.5-23.5

14-19

17-22

14.5-19.5

15-22

14.5-23.%

Clavicle

Clinical Terms
Selected clinical terms are defined at
the end of each chapter.

CLINICAL TERMS

bradycardia (brad-e-kar'de-a; bradys = slow) Slowing of the
heartbeat, usually des
yopathy (kar'dé-o-mi-op"a-thé) Another term for
disease of the myocardium; causes vary and include
thickening of the ventricular septum (hypertrophy],
secondary disease of the myocardium, or sometimes a
disease of unknown cause,
endocarditis (en’do-kar-di'tis) Inflammation of the
endocardium. Types include bacterial (caused by
the direct invasion of bacteria), chorditis (affecting
the chordae tendineae), infectious (caused by

ed as less than 50 beats per minute,

microorganisms), mycotic (due to infection by fungi),
and rheumatic (due to endocardial involvement as part of
rheumatic heart disease).

ischemia (is-ké'me-a; ischo = to keep back) Inadequate blood
flow to a structure caused by obstruction of the blood
supply, usually due to arterial narrowing or disruption of
blood flow.

myocarditis (mi‘o-kar-di‘tis) Inflammation of the muscular walls
of the heart. This uncommon disorder is caused by viral,
bacterial, or parasitic infections, exposure to chemicals, or
allergic reactions to certain medications.
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End-of-Chapter Tools

carefully devised set of learning aids at the end of each

chapter helps students review the chapter content, evaluate

their grasp of key concepts, and utilize what they have learned.
Reading the chapter summary and completing the Challenge
Yourself exercises is a great way to assess learning.

Chapter Summary Tables

CHAPTER

Chapter Eight

SUMMARY

Appendicular Skeleton 247 ‘

= The appendicular skeletan includes the bany supports (girdles] that attach the upper and lower insbs (o the axial

skeleton. as well 25 the bones of those limbs.

Prctoral ®  The pectoral gindle is composed of the clivicle and scapula
. . . Gindle 219
Chapter summaries are presented in a concise, bulleted table format that Clavicle 219
® The clavicle forms the collarbone.
provides a basic overview of each chapter. Page references make it easy to e
look up topics for review. = The scapula foerms the “shoulder blade.
Upper Limb 223 = Each upper Himsb contains 4 bumeras, radius, ulna, § carpals, 5 metacarpals, and 14 phalanges
Humerus 223
= The bead of the humerus articulates with the glenodd cavity of the scapala,
®  The greater tubercle and lesser tubercle are important sites for muscle attachment. The trochlea and capitulum
anticulate with the radins and ulna at the elbow.
Radios and Ulna 223
®  The radius and ulna are the booes of the forearm,
Carpals, Metacarpals, and Phalanges 228
®  The carpal boses are the scaphoid, lunate, triquetram, and pisiform (proximal row) and the trapezium, trapezoid,
capitate, and hamate (distal row).
£ only 1w,
pand the coccyx.
Chapter One A First Look a1t Anatomy 21
ket that
CHALLENGE YOURSELF
| fabse {superior)
Matchin
Challenge Yourself i
March each numbered item with the most closely related lettered
This battery of matching, multiple choice, short item E
1. cramdal a. stusdy of tssues

answer, and critical-thinking questions is designed
to test students on all levels of learning, from basic )
comprehension to synthesis of concepts. Answers to 4
the Matching, Multiple Choice, and Developing Critical -
Reasoning questions are provided in the appendix. 6
Answers to the Content Review questions are found on
the McKinley/O’Loughlin Human Anatomy, 2e website
at aris.mhhe.com. 0

Multiple Choice

Select the best an

N}E Chapter Fourteen

Content Review

LW e the thi

nsory neurnsd

t from the four choices proy

Nervous Tissue

b tenward the tail

phy (CT)

pic and postsynaplic

9, Dhscuss the s

and paraliel

3. i i { glial cells, and beiefly discuss

ANSWERS ToO

“WHAT DO YO

slon tomography} scan

region is the “front” of the knee.

18 mear the head,

s-sectional

ehind upper limb

mines
ided cye is

gst

ning at the
oplex, Use

y?

¥y is the

Al terms sy

the fallawing
tigh, and foor,

ferior aspect,

ous membranes

re best suited
er suited for

Answers to What Do You Think?
The What Do You Think? questions are
answered at the end of each chapter.
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Teaching and Learning Supplements

FOR INSTRUCTORS

Instructors can obtain teaching aids to accompany this textbook
by visiting www.mhhe.com, calling 800-338-3987, or contacting
a McGraw-Hill sales representative.

Textbook Website

McGraw-Hill’s ARIS (Assessment, Review,
and Instruction System) website, found at

(CARIS

homework and course management system. Available upon

aris.mhhe.com, is a complete electronic

adoption of Human Anatomy, ARIS allows instructors to create
and share course materials and assignments with colleagues—or
disseminate them to students—with a few clicks of the mouse.
Instructors can edit questions, import their own content, and
create announcements and due dates for assignments. ARIS
features automatic grading and reporting of easy-to-assign
homework, quizzing, and testing. Once a student is registered
in the course, all student activity within McGraw-Hill’s ARIS is
automatically recorded and available to the instructor through a
fully integrated grade book that can be downloaded to Excel.

The instructors” ARIS site for McKinley/O’Loughlin also
houses book-specific instructor materials, such as image files,
question banks, and instructor’s manual files. To access ARIS,
request registration information from your McGraw-Hill sales
representative.

Resource Library

Build instructional materials
where-ever, when-ever, and how-
ever you want! McGraw-Hill’s
Presentation Center is an online digital library containing assets
such as illustrations, photographs, animations, PowerPoints, and
other media files that can be used to create customized lectures,
visually enhanced tests and quizzes, compelling course websites,
or attractive printed support materials.

Access to your book, access to all books! The Presentation
Center library includes thousands of assets from many McGraw-
Hill titles. This ever-growing resource gives instructors the power
to utilize assets specific to an adopted textbook as well as content
from all other books in the library.

Nothing could be easier! Accessed from the instructor side
of your textbook’s ARIS website, Presentation Center’s dynamic
search engine allows you to explore by discipline, course, textbook
chapter, asset type, or keyword. Simply browse, select, and
download the files you need to build engaging course materials.

All assets are copyright McGraw-Hill Higher Education but can be
used by instructors for classroom purposes.

Test Bank

A computerized test bank that uses testing software to quickly
create customized exams is available for this text. The user-friendly
program allows instructors to search for questions by topic or
format, edit existing questions or add new ones, and scramble
questions for multiple versions of the same test. Word files of the
test bank questions are provided for those instructors who prefer
to work outside the test-generator software.

Laboratory Manual

The Human Anatomy Laboratory Manual, by Christine Eckel

of Salt Lake Community College and the University of Utah
Medical School, is expressly written to supplement and expand
upon content covered in the lecture course—not to repeat it.
This hands-on learning tool guides students through human
anatomy lab exercises using observation, touch, dissection, and
practical activities such as sketching, labeling, and coloring.
The manual focuses on human specimens, and also includes
common animal dissections such as cow bone, cow eye, sheep
brain, and sheep heart.

elnstruction

McGraw-Hill has partnered with elnstruction to bring the
revolutionary Classroom Performance System (CPS) to the
classroom. An instructor using this interactive system can
administer questions electronically during class while students
respond via hand-held remote-control keypads. Individual
responses are logged into a grade book, and aggregated
responses can be displayed in graphic form to provide
immediate feedback on whether students understand a lecture
topic or more clarification is needed. CPS promotes student
participation, class productivity, and individual student
accountability.

Course Delivery Systems

With help from our partners—WebCT, Blackboard, Top-Class,
eCollege, and other course management systems—professors can
take complete control of their course content. Course cartridges
containing content from the ARIS textbook website, online testing,
and powerful student tracking features are readily available for use
within these platforms.
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FOR STUDENTS

Students can order supplemental study materials by calling
800-262-4729 or by contacting their campus bookstore.

Anatomy & Physiology| REVEALED

This amazing multimedia tool is
designed to help students learn
and review human anatomy
using cadaver specimens.
Detailed cadaver photographs
blended with a state-of-the-art
layering technique provide a
uniquely interactive dissection

www.aprevealed.com

m{nm

experience for the eleven body
systems. Anatomy & Physiology
Revealed 2.0 features the
following sections:

m Dissection Peel away layers of the human body to reveal
structures beneath the surface. Structures can be pinned and
labeled, just as in a real dissection lab. Each labeled structure
is accompanied by detailed information and an audio
pronunciation. Dissection images can be captured and saved.

= Animation Compelling animations demonstrate muscle
actions, clarify anatomic relationships, or explain difficult
concepts.

= Histology Labeled light micrographs presented with
each body system allow students to examine tissues at
their own pace.

= Imaging Labeled X-ray, MRI, and CT images familiarize
students with the appearance of key anatomic structures as
seen through different medical imaging techniques.

= Self-Test
ability to identify anatomic structures in a timed practical

Challenging exercises let students test their
exam format or via traditional multiple choice. A results

page provides analysis of test scores plus links back to all
incorrectly identified structures for review.
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= Anatomy Terms This visual glossary of general terms
includes directional and regional terms, as well as planes and

terms of movement.

Textbook Website

McGraw-Hill’s ARIS (Assessment, Review,
and Instruction System) for Human

(CARIS

access to a vast array of online content to fortify the learning

Anatomy at aris.mhhe.com offers students

experience.

m Text-Specific Study Tools The McKinley/O’Loughlin
ARIS site features quizzes, interactive learning games,
and study tools tailored to coincide with each chapter of
the text.

= Online Tutoring A 24-hour tutorial service moderated by
qualified instructors means help is only an email away.

= Course Assignments and Announcements Students of
instructors choosing to utilize McGraw-Hill’s ARIS tools for
course administration will receive a course code to log into
their specific course for assignments.

= Essential Study Partner This collection of interactive

study modules contains animations, learning activities,

and quizzes designed to help students grasp complex

concepts.

Virtual Anatomy Dissection Review

This multimedia program, created by John Waters of Pennsylvania
State University and Melissa Janssen and Donna White of Collin
County Community College, contains vivid, high-quality, labeled
cat dissection photographs. Available online or on CD, the program
helps students easily identify and compare cat structures with the
corresponding human structures.
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ou are about to embark on an exciting adventure in the world of

k human anatomy, investigating the structure and organization of

an incredible machine, the human body. Human anatomy is an applied

science that provides the basis for understanding health and physical

performance. In this book, you will find that structure and function

are inseparable, and you will discover what happens when the body
works normally, as well as how it is affected by injury or disease.

Study Tip!
Throughout these chapters, boxed elements like this provide helpful

analogies, mnemonics, and other “study tips” to help you better understand
and learn the material. Look for these boxes throughout each chapter.

History of Human Anatomy

Key topics in this section:

m Early scientists’ contributions to the field of human
anatomy

m Significant technological developments that helped expand
the study of human body structures and pass on that
knowledge

For several centuries B.C., the main centers of the scientific
world were in ancient Greece and Egypt. Around 400 B.c., the Greek
physician Hippocrates developed a medical practice based on obser-
vations and studies of the human body. Hippocrates worked to
accurately describe disease symptoms and thought that a physician
should treat the body as a whole rather than as a collection of indi-
vidual parts. Hippocrates is called the “Father of Medicine.”

The ancient Egyptians had developed specialized knowledge
in some areas of human anatomy, which they applied to efforts
to mummify their deceased leaders. In Alexandria, Egypt, one of
the great anatomy teachers in 300 B.c. was Herophilus, a Greek
scientist who was the first to publicly dissect and compare human
and animal bodies. Many of the early descriptions of anatomic
structures were a result of his efforts. He is known as the “Father
of Anatomy” because he based his conclusions (such as that blood
vessels carry blood) on human dissection. The work of Herophilus
greatly influenced Galen of Pergamum, who lived between 130
and 200 a.p. and was dubbed the “Prince of Physicians” because
he stressed the importance of experimentation in medicine. Galen
wrote many treatises, including On the movement of the chest and
of the lung, On anatomical procedure, and On the uses of the parts
of the body of man.

Advancements in anatomy were curtailed for almost a thou-
sand years from 200 to 1200 A.D. Western Europeans had lost the
anatomic treatises attributed to Galen. However, these works had
been translated into Arabic by Islamic scholars. After 1200 A.D.
Galen’s treatises began to be translated from Arabic into Latin. In
the mid-1200s the first European medical school was established
in Italy at Salerno. There, human bodies were dissected in pub-
lic. Importantly, in the mid-1400s, movable type and copperplate
engraving were invented, thus providing a means for disseminating
anatomic information on a larger scale. Just before 1500, in Padua,
Italy, an anatomic theater opened and became the centerpiece for
the study of human anatomy.

Illustrations became a way of recording anatomic findings
and passing on that knowledge (figure 1.1a). Leonardo da Vinci

began his study of the human body around 1500. He is considered
one of the greatest anatomists and biological investigators of all
time. Da Vinci became fascinated with the human body when he
performed dissections to improve his drawing and painting tech-
niques. In the mid-1500s, Andreas Vesalius, a Belgian physician
and anatomist, began a movement in medicine and anatomy that
was characterized by “refined observations.” He organized the
medical school classroom in a way that brought students close
to the operating table. His dissections of the human body and
descriptions of his findings helped correct misconceptions that
had existed for 2000 years. Vesalius was called the “Reformer of
Anatomy” because he promoted the idea of “living anatomy.” His
text, De Humani Corporis Fabrica, was the first anatomically accu-
rate medical textbook, and the fine engravings in the book were
produced from his personal sketches.

William Harvey was an Englishman who studied medicine at
the University of Padua in Italy in the early 1600s, a time when this
was the center for western European medical instruction. In 1628
he published a book, entitled An Anatomical Study of the Motion
of the Heart and of the Blood in Animals, that described how blood
was pumped from the heart to the body and then back to the heart.
His ideas on recirculation formed the basis for modern efforts to
study the heart and blood vessels. In a second publication, Essays
on the Generation of Animals, Harvey established the basis for
modern embryology.

A new art form for anatomy, called the preserved specimen,
appeared in the late 1600s when anatomists began to collect bod-
ies and body parts. Since these were real specimens, viewers of the
exhibits containing these specimens were astonished.

In the 1700s the quality of anatomic illustrations improved
dramatically with the simultaneous development of etching
and engraving techniques along with mezzotint that provided
beauty and texture. By the late 1700s to early 1800s, anatomists
began to ensure that scientific illustrations were as accurate and
realistic as possible by removing imaginative visual elements
from artistic efforts.

Anatomists discovered in the early 1800s that cross sections
obtained from frozen cadavers and parts of cadavers provided incred-
ible insight into the complexity of the human body. The nature of
the frozen specimens improved in the 1900s with advancements in
this field, which came to be called cryotechnology. In the late 1980s
the Visible Human Project began. Two donated bodies were deep-
frozen in blue gelatin, and then cut into extremely thin cross sec-
tions from head to toe. Each newly exposed layer was photographed
digitally for computer analysis.

Currently, a new technology to explore the wonders of human
anatomy is sweeping the world in the form of Gunther von Hagens’s
“Body Worlds: The Anatomical Exhibition of Real Human Bodies.”
Von Hagens is a German anatomist who invented plastination, a
unique technology that preserves specimens using reactive poly-
mers. He has remarked that he observed specimens embedded in
plastic and wondered, “Why not develop a way to force the plastic
into the cells?” His technique has produced fantastic examples of
preserved bodies for observation and study (figure 1.1b).

WHAT DID YOU LEARN?

@ What research method that is still used today formed the basis of
our earliest knowledge about human body structure?

© How did the invention of movable type and engraving techniques
contribute to the science of human anatomy?
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Study Tip!

.— The basic vocabulary used in anatomy is derived from Greek and
Latin. Actively using this vocabulary will enhance your understanding
and appreciation of normal body structure and function. Breaking a word
into smaller parts can help you understand and remember its meaning. In
this book, we frequently provide word derivations for new terms following
their pronunciations. For example, in the case of histology, the study of
tissues, we give (histos = web, tissue, logos = study). Many biological terms
share some of the same prefixes, suffixes, and word roots, so learning the
meanings of these can help you figure out the meanings of unfamiliar
terms the first time you encounter them. A review of prefixes, suffixes,
and word roots appears on the inside of the back cover of this book.

|\ J/

Definition of Anatomy

Key topics in this section:

m How anatomy differs from physiology
® Microscopic anatomy and its subdivisions
m Gross anatomy and some of its subdisciplines

Anatomy is the study of structure. The word anatomy is
derived from Greek and means “to cut apart.” Anatomists, scientists

Chapter One A First Look at Anatomy

(b)

Figure 1.1

Aids for Anatomical Study. (a) Early anatomists recorded the
findings from their dissections of the human body by making detailed
drawings. (b) Plastination is a recent technique that preserves body
parts for further observation and study. Image taken from Body Worlds.

who study anatomy, examine the relationships among parts of the
body as well as the structure of individual organs. Often the anatomy
of specific body parts suggests their functions. The scientific discipline
that studies the function of body structures is called physiology. A
special relationship exists between anatomy and physiology because
structure and function cannot be completely separated. The examples
in table 1.1 illustrate the differences and the interrelationships
between anatomy (structure) and physiology (function).

The discipline of anatomy is an extremely broad field that can
be divided into two general categories: microscopic anatomy and
gross anatomy.

Microscopic Anatomy
Microscopic anatomy examines structures that cannot be observed
by the unaided eye. For most such studies, scientists prepare indi-
vidual cells or thin slices of some part of the body and examine
them by microscope. Even so, there are limits to the magnification
possible based on the sophistication of the equipment used.
Figure 1.2 illustrates how the microscope has evolved from the
primitive form first developed in the seventeenth century to a mod-
ern microscope commonly found in anatomy labs today. Specialized
subdivisions of microscopic anatomy are defined by the dimensional
range of the material being examined. For example, cytology (si-tol©-
j€&; cyto = cell, logos = study), or cellular anatomy, is the study of single
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Table 1.1

Comparison of Anatomy and Physiology
Anatomy

The muscles of the thigh are composed of skeletal muscle tissue and
receive innervation from somatic motor neurons. These muscles include the
quadriceps and the hamstrings, which are designed to extend and flex the
knee, respectively.

The wall of the small intestine contains two layers of smooth muscle: an inner
circular layer and an outer longitudinal layer. The smooth muscle cells are
spindle shaped and lack the striations seen in skeletal muscle.

The esophageal wall is composed of an innermost nonkeratinized stratified
squamous epithelium, a middle layer of dense irregular connective tissue
external to the epithelium, and an outer layer of muscle tissue (sometimes
smooth muscle only, sometimes a combination of smooth and skeletal muscle
tissue, and sometimes skeletal muscle only). The lumen (the inside opening of
the esophagus) is thrown into folds.

The walls of blood capillaries are composed of a thin epithelium called simple
squamous epithelium. Some types of capillary walls also have fenestrations
(openings) between the epithelial cells.

Binocular
eyepieces
Lens
Specimen holder
Objective

Focusing screw

Handle

@

Figure 1.2

Microscopy.

(magnifying) lenses

Specimen stage

Focus adjustment
knobs

Light source

Physiology

The muscles of the thigh are able to voluntarily contract and provide
enough power to move the parts of the lower limbs during a foot race.

The muscles of the intestinal wall contract slowly and involuntarily to
gently squeeze and compress the internal chamber of the small intestine
during digestion, processing, and absorption of ingested food.

The esophageal wall is designed to withstand the abrasive activities
associated with swallowing food, and the muscle layers contract to propel
food toward the stomach.

The structure of the capillary walls promotes nutrient and waste exchange
between the blood and surrounding body fluid.

Coarse
Fine

(b)

Scientists use the microscope to magnify objects and structures that cannot be seen by the unaided eye. (a) Brass replica of the first

microscope, invented by Antoni van Leeuwenhoek. (b) A typical microscope used by students today.

body cells and their internal structures, while histology (his-tol'0-je;
histos = web or tissue, logos = study) is the study of tissues. Histology
takes a wider approach to microscopic anatomy by examining how
groups of specialized cells and their products function for a common
purpose.

Gross Anatomy

Gross anatomy, also called macroscopic anatomy, investigates the
structure and relationships of large body parts that are visible to
the unaided eye, such as the intestines, stomach, brain, heart, and
kidneys. In these macroscopic investigations, preserved specimens

or their parts are often cut open (dissected) for examination. There
are several approaches to gross anatomy:

Comparative anatomy examines the similarities and
differences in the anatomy of species.

Developmental anatomy investigates the changes in
structure within an individual from conception through
maturity.

Embryology (em-bre-ol'0-je; embryon = young one) is
concerned specifically with developmental changes occurring
prior to birth.



= Regional anatomy examines all the structures in a particular
region of the body as one complete unit—for example, the
skin, connective tissue and fat, bones, muscles, nerves, and
blood vessels of the neck.

m Surface anatomy examines both superficial anatomic
markings and internal body structures as they relate to
the skin covering them. Health-care providers use surface
features to identify and locate specific bony processes at
joints as well as to obtain a pulse or a blood sample from a
patient.

m Systemic anatomy studies the gross anatomy of each system
in the body. For example, studying the urinary system would
involve examining the kidneys, where ur