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Preface

Welcome to the ninth edition of Human Anatomy! This edition marks a significant change to the author
team with the retirement of Michael Timmons and the addition of a fine colleague and excellent writer,
Judi Nath.

We have made significant changes to every chapter of the text. As a result, this book—which was already
highly visual—is now even more visual and engaging. These changes will enhance students’ understanding
of the chapters and the intricacies of the human body. Our new and revised visuals will promote student
involvement with the figures.

In addition, the author team has revised the chapter narratives to be even more “student friendly” with a
lively writing style. We have repositioned figure callouts and tried to place all graphics on the same two-
page spread with their anatomical descriptions.

New to the Ninth Edition

Our goal is to build on the strengths of previous editions while meeting the needs of today’s students.

The author team has paid significant attention to the latest research on the science of teaching and
learning. Our reading of this research has informed the revision of both the art program and text narratives
in this edition. As a result, we believe this edition will prove even more effective for attracting students’
attention, enhancing their understanding, and promoting their retention of anatomical concepts.

@ EVERY ILLUSTRATION has been revised, either partially or totally.
©® EVERY CHAPTER has been extensively rewritten to

» Engage students with an informal, friendly approach

 Reposition figure callouts for easy reading and understanding

 Place figures in a logical design that is both attractive and effective

 Place figures as close to their anatomical descriptions as possible

 Increase the number of bullet lists and numbered lists to better facilitate student learning

» Use standardized terminology of the latest editions of Terminologia Anatomica, Terminologia Histologica,
Terminologia Embryologica, and Stedman’s Medical Dictionary

® NEW Chapter Opener Clinical Cases have been added to every chapter. These clinical cases increase student
interest in the topics and vividly demonstrate the importance of anatomical concepts in the health professions.
In addition, all of the existing Clinical Notes features, found within the chapters, have been updated or
replaced to reflect current topics and the latest research.

® NEW Tips & Tools boxes are concise, catchy memory devices to help students easily remember anatomical
facts and concepts.

® NEW Key Points boxes give students a quick summary of the material discussed in the upcoming section of
the chapter.

® Improved text-art integration throughout enhances the readability of figures with the text.

® NEW MasteringA&P features include the following:

¢ Ready to Go Teaching Modules, created by teachers for teachers, are organized around eight of the toughest
topics in human anatomy. They provide suggestions to instructors on which assets in MasteringA&P can best
be used before, during, and after class to effectively teach the topic.

« A Coaching Activity for the new Spotlight Figure in Chapter 17 on the sympathetic nervous system.

e Revised and updated Dynamic Study Modules.



Chapter-by-Chapter Revisions

In addition to a significant rewriting of every chapter within the
text, as outlined above, the following changes have been made in
each chapter of the ninth edition of Human Anatomy:

vi

1 Foundations: An Introduction to Anatomy

Nine illustrations either are new or have been significantly revised.

All Clinical Notes within this chapter have been revised.
One new Tips & Tools box was added to this chapter.

The section dealing with sectional anatomy was extensively
revised to better facilitate student learning

2 Foundations: The Cell

Eight illustrations either are new or have been significantly
revised.

The sections dealing with the plasma membrane, cellular
cytoskeleton and intercellular attachments were reorganized
and revised to better facilitate student learning.

3 Foundations: Tissues and Early Embryology

Sixteen illustrations either are new or have been significantly
revised.

Four new Tips & Tools boxes were added to this chapter.

The Integumentary System
Nine illustrations either are new or have been significantly
revised.

One new Tips & Tools box was added to this chapter.

The Skeletal System: Osseous Tissue and Bone
Structure
Nine illustrations either are new or have been significantly
revised.

The sections dealing with blood and nerve supply to bones
and factors regulating growth were reorganized and revised to
better facilitate student learning.

The Skeletal System: Axial Division

Twenty-nine illustrations either are new or have been
significantly revised.

Two new Tips & Tools boxes were added to this chapter.

The Skeletal System: Appendicular Division

Twenty-four illustrations either are new or have been
significantly revised.

One new Tips & Tools box was added to this chapter.

Preface

The Skeletal System: Joints
The chapter title has been changed from Articulations to
Joints.

Twenty-one illustrations either are new or have been
significantly revised.

The sections dealing with darthroses (freely movable synovial
joints) and the elbow and radio-ulnar joints were reorganized
and revised.

The Muscular System: Skeletal Muscle Tissue and
Muscle Organization
Thirteen illustrations either are new or have been significantly
revised.

All sections dealing with the microanatomy and the physiology
of skeletal muscle contraction were extensively revised.

One new Tips & Tools box was added to this chapter.

The Muscular System: Axial Musculature
Fourteen illustrations either are new or have been significantly
revised.

The organization of the sections dealing with muscles of
the vertebral column and muscles of the perineum and the
pelvic diaphragm was changed to better facilitate student
learning.

One new Tips & Tools box was added to this chapter.

The Muscular System: Appendicular
Musculature
Thirty illustrations either are new or have been significantly
revised.

Five new Tips & Tools boxes were added to this chapter.

Surface Anatomy and Cross-Sectional

Anatomy
Eighteen illustrations either are new or have been significantly
revised.

Four Clinical Note illustrations have been added to this
chapter.

The Nervous System: Nervous Tissue
The chapter title has been changed from Neural Tissue to
Nervous Tissue.
Sixteen illustrations either are new or have been significantly
revised.
The section dealing with synaptic transmission was reorganized
and revised to better facilitate student learning.



The Nervous System: The Spinal Cord and Spinal
Nerves

Seventeen illustrations either are new or have been
significantly revised.

The sections dealing with the spinal meninges and the
peripheral distribution of spinal nerves were reorganized and
revised to better facilitate student learning.

The Nervous System: Sensory and Motor Tracts
of the Spinal Cord

Seven illustrations either are new or have been significantly revised.

The entire chapter was significantly revised to better facilitate
student learning.

The Nervous System: The Brain and Cranial Nerves
Thirty-four illustrations either are new or have been
significantly revised.

One new Tips & Tools box was added to this chapter.

The Nervous System: Autonomic Nervous System
Eleven illustrations either are new or have been significantly
revised.

All material describing the anatomy of the sympathetic
nervous system was revised to better facilitate student learning

A new Spotlight Figure on the sympathetic nervous system has
been added.

New material was added to clarify the anatomy of the
sympathetic ganglia

The Nervous System: General and Special Senses
Twenty-eight illustrations either are new or have been
significantly revised.

All sections dealing with the physiology of the general and
special senses were extensively revised.

The Endocrine System
Eleven illustrations either are new or have been significantly
revised.

All sections dealing with the physiology of the endocrine
glands were extensively revised.

All material describing the anatomy of the pituitary gland was
reorganized and revised to better facilitate student learning.

The Cardiovascular System: Blood

Eight illustrations either are new or have been significantly
revised.

One new Tips & Tools box was added to this chapter.

The Cardiovascular System: The Heart
Twelve illustrations either are new or have been significantly
revised.

All material describing the anatomy of the pericardium
and the surface anatomy of the heart were revised to better
facilitate student learning.

The Cardiovascular System: Vessels and
Circulation
Twenty-six illustrations either are new or have been
significantly revised.

One new Tips & Tools box was added to this chapter.

The Lymphatic System
Seventeen illustrations either are new or have been
significantly revised.

All sections dealing with the development and immunological
functions of the lymphatic cells, lymphatic vessels, and lymph
nodes were extensively revised.

The Respiratory System
Eighteen illustrations either are new or have been significantly
revised.

The organization of several sections was changed to better
facilitate student learning.

The Digestive System

Twenty-three illustrations either are new or have been
significantly revised.

The Urinary System
Thirteen illustrations either are new or have been significantly
revised.

All sections dealing with the anatomy of the nephron were
revised to better facilitate student learning

All sections dealing with the physiology of the urinary system
were extensively revised.

The Reproductive System

Twenty-two illustrations either are new or have been
significantly revised.

All sections dealing with the physiology of the male and
female reproductive systems were extensively revised

The Reproductive System: Embryology and
Human Development

All of the Embryology Summaries have been revised.

Preface vii
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Get Ready for a Whole New

Human Anatomy Experience

Celebrated author Judi Nath (Fundamentals of Anatomy & Physiology and
Visual Anatomy & Physiology) brings a fresh voice and a clear, engaging writing
style to the Ninth Edition of Human Anatomy. The Ninth Edition continues the
Martini legacy of a visually stunning presentation with exceptionally clear
photographs, detailed illustrations, and captivating clinical content.

help instructors find the best assets to use before,
during, and after class to teach the toughest
topics in Human Anatomy. Created by teachers for
teachers, these curated sets of teaching tools save
you time by highlighting the most effective and
engaging animations, videos, quizzing, coaching
and active learning activities from MasteringA&P.
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Prepare for the Classroom

New Study Tools
throughout each chapter help students understand and navigate the content.

NEW'! Summary Boxes

P KEY POINT Dermal ridges form friction ridges, ensuring a secure grip on objects.
Dermal ridges also form fingerprints, a unique genetic identifier of an individual.

» KEY POINT The position of the wrist affects the functioning of the hand.
Many muscles of the forearm, therefore, affect the actions of the wrist because
(1) all of the muscles that flex or extend the wrist originate on the humerus, ra-
dius, and/or ulna and (2) many muscles that flex or extend the fingers originate
on the radius and/or ulna.

TIPS & TOOLS

Remembering the names of the epidermal layers
of thick skin
A mnemonic to help you remember the names of the epidermal layers of

thick skin, from decp to superficial, is “Brent Spiner gained Licutenant NEW! Tips & Tools
Commander” (basale, spinosum, granulosum, lucidum, corneum).

Here is a simple trick to remember the four anterior superficial fore-
arm muscles originating from the medial epicondyle of the humerus.
Hold both arms out, palms touching. Then slide your right hand prox-
imally until your palm reaches your elbow with your fingers pointing
toward your wrist. With each finger representing one of the four
muscles, think PFPF: Pronator teres (index finger), Flexor carpi radi-
alis {middle finger), Palmaris longus (ring finger), and Flexor carpi
ulnaris (little finger).



and Future Careers

NEW! Clinical Cases

CLINICAL NOTE

Skin Cancer
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Clinical Notes appear within
every chapter, expand upon topics
just discussed, and present diseases
and pathologies along with their
relationship to normal function.

SFE CLINICAL CASE

A Neuroanatomist’s Stroke of Insight

br )l Taylor, a neurcanatemist, is 37 and at the 1op of her field. One
merning she develops a throbbing headache behind her laft eye. She then
motices that her thoughts and movements are glowing down. Soan she
realizes her right arm is paralyzed, and she is barely able to call for help.
When she arrives at the hospital, she cannot walk, talk, read, write, or recall
anything. She fesls her spirit surrender and braces for death.

Dr. Taylor awakes later that day, shocked to be alive. She still cannot
speak or understand speech, or recognize or use numbers, She can, however,
appreciate the ireny of her situation; a neuroscentist (scientist who studies the
brain) witnessing her very own brain emergency, an evabving cerebrovascular
acchdent (CVAY or stroke, Doctors perform open train surgery to remove
a large blood dot that was pressing on the left side of her Brain near her
language area.

will Mﬂ to the Clinical Case Wrap-Up an
p. 448

A Neuroanatomist's Stroke of Insigit

Wil Free viroke aTTacted U laf? gade o Dy Tagloos Dl theright
side contiraed funciioning. Becouse language ad thoughis ore
tpphesily comireiled-in the left hem bpiere [bhe dominert Femiphes
af a night-hereled gersonl, Or, Taslor *sat v oan absolutely silent
wimrrd® Tod the Bl il Siocw 1he Senler Toe ialwirmalical
calodation & sibuated in the left hambprere, the had oo dearn o

sz numbers all over again. And becauss the primarg motor ooeres
gaverning e right seie of the body resides in the precentral gyrus of
1ha lofs hamiipbare, iha had 1o bsars to cae her right arm sgae Full

rocovery ook & pEar

The stroke desirowed sorme brain cols, bt others wene abe - to
form new nearonal comneciions. Nesroplesiciy. this shilty of nsrve 1. How woold you knove based on Signs and symptome, which side of
:{: ik e dnnecinn, gllras the hrain tn reopanicn e i st Dl s Iryhuresd by e strpkied

T iEjury, G

Dir. Ty hoor wadint analonmy sbuder:s 16 ko't Eninge A I L What B noaropdasticity, s wihy was @ impartant in Dr. Tayiors
wou sudy the beain pou will rewer se boesd " Sacend, T gou rapt renieTyT
stk gty Bl dhey will e, they are mors likely bo oerover* o O DTV it ek A e

Sl Fran wrilber @ b —velling e sbeeat e weps v, S5 Sicke
of Iskpht. & Beain Scieotists Pareonal detiay:

Clinical Terms end every chapter with a list of relevant
clinical terms and definitions.

Related Clinical Terms

aphasia: 4 neurological condition caused by disorders, personality changes, and impaired
darrrage Lo the portions of the brain that reasoning.
are resporsible for language. epidural hematoma: The accumulation of

ataxia: Loss of muscle eoordination in the blood between the Inner table of the skull
arms or legs due to cerebellar dysfunction. and the dura mater,

chronic traumatic encephalopathy (CTE): hydrocaphalus: A condition marked Ly an

& traumatic brain injury resulting from excessive accumulation of cerebraspinal
repested sports-related head trauma. fluid within the brain ventricles.

concussion: A mild traumatic hrain injury microcephaly: A birth defect in whidh the
that may be accompanied by 2 period ot fead circomference 1 much smaller than
LNCONECiousness. expected for the age and sex ol the child.

dementia: A chronic or persistent disorder Parkinson's disease; A neuralogical disorder

resulting from a degeneration of the
dopaminergic neurarns A the substamla nigra.

of the memtal processes caused by brain
disease or injury and marked by memaory



Continuous Learning

Before, During, and After Class

{ = Sections8.3-8.12

Which of the following Is a general term that
indicates pain and stiffness affecting the
skeletal system, the muscular system, or
both?

O Pelvic fracture

Osteoporosis

Rheumatism

Arthritis
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Bone and Dissection Videos
help students identify bones and
learn how to do organ dissections.

enable students to study more effectively on
their own. With the Dynamic Study Modules
mobile app, students can quickly access and learn
the concepts they need to be more successful on
quizzes and exams.

Instructors can now select which questions
to assign to students.




with MasteringA&P™

Practice Anatomy Lab (PAL™ 3.0)
is a virtual anatomy study and practice
tool that gives students 24/7 access to
the most widely used lab specimens,
including the human cadaver, anatom-
ical models, histology, cat, and fetal
pig. PAL 3.0 is easy to use and includes
built-in audio pronunciations, rotatable
bones, and simulated fill-in-the-blank
lab practical exams.

Additional assignable MasteringA&P
activities include:
Bone & Dissection Coaching Activities
A&P Flix Activities for Anatomy Topics
Spotlight Figure Coaching Activities
Clinical Case Activities

PAL Assessments
Art-Labeling Questions
And More!
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MasteringA&P™

Learning Catalytics is a “bring your
own device” (laptop, smartphone, or
tablet) engagement, assessment, and
classroom intelligence system. Students
use their device to respond to open-
ended questions and then discuss answers
in groups based on their responses.
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Access the Complete Textbook

on or offline with eText 2.0

New! The Ninth Edition is available in Pearson’s fully-accessible eText 2.0 platform.*

offers offline access and can be downloaded
for most iOS and Android phones and tablets

from the iTunes or Google Play stores The Sarcolemma and Transverse Tubules
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Elgiire 7-2 Toe Organization of o Skeletal Musols Fiber

The Satcolemma and Trans-
verse Tubules

Thie basic stricture of & muscle fiber is
shown in Figure 7-2a5, The plasma
membrane, or sarcolemma (sar-ki-
LEM-uh; sarkos. Resh = lemna, husk), of
& missche fiber surrounds the cytoplaam,
or sareoplasm (SAR-kd-plazm). Open-

ings scalbered across the surface of (he
sarcolemma lead (nto 8 nebaark of par-
row tubiules called transverse tubules, or
T tubules ', Filled with extracellular flu-
id, the T tubules form passagewiys

through the musde fiber, like a series of =3 = . yu
T'he Sarcolemma and Transverse Tubules

tunnzls through & mountain,
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include
instructor and student
note-taking, highlighting,
bookmarking, search, and
links to glossary terms.

*The eText 2.0 edition will be live for Fall 2017 classes.



Instructor and Student Support

A complete package of instructor resources includes:
* Customizable PowerPoint slides

All figures from the book in JPEG format

A&P Flix 3D movie-quality animations on tough topics

Test Bank

And more!
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Martini’s Atlas of the Human Body by Frederic H. Martini
978-0-321-94072-8 / 0-321-94072-5

The Atlas offers an abundant collection of anatomy photographs,
radiology scans, and embryology summaries, helping students visualize
structures and become familiar with the types of images seen in a clinical
setting. Free when packaged with the textbook.

A&P Applications Manual by Frederic H. Martini

and Kathleen Welch

978-0-321-94973-8 / 0-321-94973-0

This manual contains extensive discussions on clinical topics and disorders
to help students apply the concepts of anatomy and physiology to daily
life and their future health professions. Free when packaged with the
textbook.

Get Ready for A&P by Lori K. Garrett

978-0-321-81336-7 / 0-321-81336-7

This book and online component were created to help students be better
prepared for their A&P course. Features include pre-tests, guided
explanations followed by interactive quizzes and exercises, and
end-of-chapter cumulative tests. Also available in the Study Area of
MasteringA&P. Free when packaged with the textbook.

D con vt P oA Study Card for Martini: Body Systems Overview
978-0-321-92930-3 / 0-321-92930-6

A six-panel laminated card showing all body systems and their organs and
functions. Free when packaged with the textbook
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An Introduction to Anatomy

These Learning Outcomes correspond by number to
this chapter’s sections and indicate what you should
be able to do after completing the chapter.

Define the limits of microscopic anatomy
and compare and contrast cytology and
histology. p. 2

Compare and contrast the various ways to
approach gross anatomy. p. 2

Define the various subspecialties
of anatomy. p. 2

Explain the major levels of organization in a
living organism. p. 5

Identify the organ systems of the human body
and compare and contrast their functions. p. 7

Understand and correctly apply descriptive
anatomical and directional terminology. p. 14

I
I
i)

1) CLINICAL CASE

Using Anatomy to Save a Life

Zach, a 20-year-old college sophomore, is late for his anatomy class, so

he decides to ride his bike to class instead of walking. As he enters an
intersection, he is struck by a speeding pickup truck. The impact throws him
50 feet, and he lands on his head and left side.

Emergency medical technicians (EMTs) arrive within minutes. They roll
the unconscious Zach onto his back for initial assessment. He has an obvious
open skull fracture (bone break with pierced skin), open fractures of his left
upper and lower extremities, and multiple rib fractures on his left side, and
he exhibits rapid, shallow breathing. Assuming he has neck and back injuries,
the EMTs splint him carefully for transport to the nearest Level | (highest
designation) trauma center.

En route, an EMT calls the triage nurse in the emergency room (who
assigns medical priority) and reports that he is arriving with a young male
trauma victim with an Injury Severity Score (ISS) of 57. The nurse tells him to
immediately report to the trauma room and sounds the alert for the trauma
team.

With an ISS of 57, what are Zach’s chances of survival? To find out, turn
to the Clinical Case Wrap-Up on p. 26.



WE ALL USE our knowledge of human anatomy in our daily lives: We remem-
ber specific anatomical features to identify friends and family, and we observe
changes in body movements and facial expressions for clues to what others
are thinking. Anatomy is the study of the external and internal structures of
the body and the physical relationships between body parts. In practical terms,
anatomy is the careful observation of the human body.

Anatomical information provides clues about probable functions.
Physiology is the study of the function of bodily structures, and we explain
physiological mechanisms in terms of the underlying anatomy. All specific phys-
iological functions are performed by specific anatomical structures. For instance,
functions of the nasal cavity include filtering, warming, and humidifying
inhaled air. The shapes of the bones projecting into the nasal cavity cause tur-
bulence in the inhaled air. As the air swirls, it contacts the moist lining of the
nasal cavity, which warms and humidifies the air, and any suspended particles
stick to the moist surfaces. In this way, the air is conditioned and filtered before
it reaches the lungs.

This text discusses the anatomical structures and functions that make
human life possible. Our goals are to help you

@ develop a three-dimensional understanding of anatomical relationships,

© prepare for more advanced courses in anatomy, physiology, and related
subjects, and

© make informed decisions about your personal health.

1.1 | Microscopic Anatomy

» KEY POINT Microscopic anatomy—the study of structures too small to be
seen by the naked eye—includes the specialties of cytology and histology.

Microscopic anatomy is the study of structures that cannot be seen without
magnification. The boundaries of microscopic anatomy are established by the
limits of the equipment used (Figure 1.1). A simple hand lens shows details
that barely escape the naked eye, while an electron microscope shows structural
details that are more than a million times smaller. As we proceed through the
text, we will consider details at various size levels.

Microscopic anatomy is subdivided into two specialties that consider fea-
tures within a characteristic range of sizes:

Cytology (s1-TOL-0-jé) analyzes the internal structure of cells, the small-
est units of life. Living cells are composed of complex chemicals in various
combinations, and our lives depend on the chemical processes occurring
in the trillions of cells that form our body.

Histology (his-TOL-0-jé) takes a broader perspective and examines
tissues, groups of specialized cells and cell products that work together
and perform specific functions. The human body has four basic tissue
types: epithelial tissue, connective tissue, muscle tissue, and neural tissue
(which will be described in Chapter 3).

Tissues combine to form organs such as the heart, kidney, liver, and
brain. An organ is an anatomical structure that has multiple functions.
Many tissues and most organs are examined easily without a microscope, and
at this point we cross the boundary from microscopic anatomy into gross
anatomy.

1.1 CONCEPT CHECK

1 Histologists study what structures?
2 Define an organ.

See the blue Answers tab at the back of the book.

2 Foundations

1.2 | Gross Anatomy

P KEY POINT We study gross anatomy—the study of structures visible to the
naked eye—by examining surface anatomy, regional anatomy, or systemic
anatomy.

Gross anatomy (macroscopic anatomy) is the study of structures and features
that are visible to the unaided (naked) eye. There are several ways to approach
gross anatomy:

Surface anatomy is the study of general anatomical form, or morphology,
and how superficial (surface) anatomical markings relate to deeper ana-
tomical structures.

Regional anatomy is the study of the superficial and internal features
in a specific area of the body, such as the head, neck, or trunk. Advanced
courses in anatomy often stress a regional approach because it emphasizes
the relationships among structures.

Systemic anatomy is the study of anatomy based upon the body’s organ
systems. An organ system is a group of organs that function together to
produce coordinated effects. For example, the heart, blood, and blood ves-
sels form the cardiovascular system, which distributes oxygen and nutri-
ents throughout the body. There are 11 organ systems in the human body,
which we will introduce later in the chapter. Introductory anatomy texts,
including this one, usually use a systemic approach to organize informa-
tion about important structural and functional patterns.

1.2 CONCEPT CHECK

v

3 How does the work of a gross anatomist differ from
that of a histologist?

4 \What is an organ system, and how does it apply to
systemic anatomy?

See the blue Answers tab at the back of the book.

1.3 | Other Types of Anatomical Studies

P> KEY POINT Other anatomical specialties that are important in the under-
standing of the human body are developmental, comparative, clinical, surgical,
radiographic, and cross-sectional anatomy.

Other anatomical specialties you will read about in this text include the
following:

Developmental anatomy studies the changes in form that take place
between conception and physical maturity. Because it considers anatom-
ical structures with a broad range of sizes (from a single cell to an adult
human), developmental anatomy involves both microscopic and gross
anatomy. Developmental anatomy is important in medicine because many
structural abnormalities result from errors that occur during development.
The most extensive structural changes occur during the first two months
of development; embryology (em-bré-OL-0-j€) is the study of these early
developmental processes.

Comparative anatomy studies the anatomical organization of different
types of animals. Observed similarities may reflect evolutionary relation-
ships. For example, humans, chickens, and salmon are all called vertebrates
because they share a combination of anatomical features not found in
any other group of animals, including a spinal column composed of indi-
vidual structures called vertebrae (Figure 1.2a). Comparative anatomy
uses the techniques of gross, microscopic, and developmental anatomy.



Figure 1.1 The Study of Anatomy at Different Scales. The amount of detail recognized depends
on the method of study and the degree of magnification.
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Research shows that related animals typically go through similar develop-
mental stages (Figure 1.2b,c).

Several other gross anatomical specialties are important in medical
diagnosis:

© Clinical anatomy focuses on anatomical features that may undergo
recognizable pathological changes during illness.

@ Surgical anatomy studies anatomical landmarks important for surgical
procedures.

© Radiographic anatomy utilizes x-rays, ultrasound scans, or other special-
ized procedures performed on an intact body to visualize and study ana-
tomical structures.

@ Cross-sectional anatomy has emerged due to advances in radiographic
anatomy, such as computerized tomography (CT) and spiral CT scans.

CLINICAL NOTE

® The Diagnosis of Disease

Homeostasis is the maintenance of a relatively constant
internal environment suitable for the survival of cells, tissues,
and organs. It is achieved by a system of control mechanisms acti-
vated by negative feedback. Disease is the failure to maintain
homeostatic conditions. The disease process may affect any aspect
of physiology from the cellular to the organismic level. The body’s
defenses can overcome some diseases, but others require medical
intervention.

Figure 1.2 Comparative Anatomy. Humans are classified as vertebrates, a group that also includes

animals as different in appearance as salmon and chickens.

Dorsal, hollow nerve Notochord, Muscular tail
cord forms a stiffened rod below extends beyond
brain and spinal cord, is usually exit of
spinal cord replaced by vertebrae digestive tract
Digestive
tract

Basic
Vertebrate
Body Plan

Braincase Pharyngeal (gill) arches
of cartilage or may persist or be modified contains thoracic
bone surrounds to form other structures and abdominopelvic

the brain in adult organs

Ventral body cavity

Bl All vertebrates share a basic pattern
of anatomical organization that
differs from that of other animals.

Embryo Adult
Salmon (bony fish)

Somites Skull Vertebrae
are segmental blocks surrounds surround
forming muscles, brain in spinal cord

vertebrae, etc.

cranial cavity

in spinal cavity

Limb bud

Somites Vertebrae

Human

Skull
Somites

Vertebrae
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1.3 CONCEPT CHECK

v

5 How does surgical anatomy differ from clinical
anatomy?

6 Cross-sectional anatomy is a subspecialty of which
anatomical specialty?

See the blue Answers tab at the back of the book.

1.4 | Levels of Organization

» KEY POINT The levels of structural organization in the human body range
from the chemical/molecular level (the simplest level) to the entire organism (the
most complex level).

Our study of the human body begins at the chemical, or molecular, level of
organization. The human body consists of more than a dozen different ele-
ments, but four of them (hydrogen, oxygen, carbon, and nitrogen) account for
more than 99 percent of the total number of atoms (Figure 1.3a). At the
chemical level, atoms interact to form three-dimensional molecules with dis-
tinctive properties. The major classes of molecules in the human body are indi-
cated in Figure 1.3b.

The next level of organization, the cellular level, includes cells, the smallest
living units in the body (Figure 1.4). Cells contain internal structures called
organelles. Cells and their organelles are made of complex chemicals. (Cell
structure and the function of the major organelles found within cells are pre-
sented in Chapter 2.) As shown in Figure 1.4, chemical interactions produce
complex proteins within a muscle cell in the heart. Muscle cells are unusual
because they can contract powerfully, shortening along their longitudinal axis.

Heart muscle cells are connected to form a distinctive muscle tissue, an
example of the tissue level of organization. Layers of muscle tissue form most

Figure 1.3 Composition of the Body at the Chemical Level of Organization.

Oxygen
Hydrogen 26%
62%

Carbon
10%
I‘ Nitrogen

1.5%
OTHER ELEMENTS
Calcium 0.2%
Phosphorus 0.2%
Potassium 0.06%
Sodium 0.06%
Sulfur 0.05%
Chlorine 0.04%
Magnesium 0.03%
Iron 0.0005%
lodine 0.0000003%

Trace elements (see caption)

E] Elemental composition of the body.
Trace elements include silicon, fluorine,
copper, manganese, zinc, selenium,

cobalt, molybdenum, cadmium,

chromium, tin, aluminum, and boron.

of the wall of the heart, a hollow, three-dimensional organ. We are now at the
organ level of organization (Figure 1.4).

Normal functioning of the heart depends on interrelated events at the
chemical, cellular, tissue, and organ levels of organization. Coordinated con-
tractions in the muscle cells of cardiac muscle tissue produce a heartbeat. When
that beat occurs, the internal anatomy of the organ enables it to function as a
pump. With each contraction, the heart pushes blood into the vascular system,
a network of blood vessels. Together, the heart, blood, and vascular system form
an organ system: the cardiovascular system (CVS).

Each level of organization is dependent on the others. Damage at any level
may affect the entire system. A chemical change in heart muscle cells may cause
abnormal contractions or even stop the heartbeat. Physical damage to muscle
tissue, such as a chest wound, can make the heart ineffective even when most
of the heart muscle cells are intact. An inherited abnormality in heart structure
can make it an ineffective pump even if muscle cells and tissues are normal.

Note that anything affecting a system ultimately affects all the compo-
nents of that system. For example, damage to a major blood vessel somewhere
else in the body can cause the heart to lose the ability to pump blood effectively.
If the heart cannot pump and blood cannot flow, oxygen and nutrients cannot
be distributed to tissues. In a very short time, the tissue breaks down as heart
muscle cells die from oxygen and nutrient starvation.

Of course, the changes that occur when the heart is not pumping effec-
tively are not limited to the cardiovascular system; all the cells, tissues, and
organs in the body will be damaged. This observation brings us to the highest
level of organization, an organism—in this case, a human. The organism level
reflects the interactions among organ systems (Figure 1.4). All are vital; every
system must be working properly and in harmony with every other system, or
survival will be impossible.

When all systems are functioning normally, the characteristics of the
internal environment are relatively stable at all levels. This tendency toward
stability, called homeostasis (hd-mé-6-STA-sis; homeo, unchanging, + stasis,
standing), is maintained by physiological processes.

Molecular composition
of the human body

Water
66%
Proteins
Lipids'  20%
KI 10%
Other
1%
Carbohydrates
3%

] Molecular composition
of the body.
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Figure 1.4 Levels of Organization

AL Chemical or Molecules are formed I » .
Molecular Level from interacting N
atoms.
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Complex contractile protein fibers
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Contractile protein fibers
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1 mm Cellular Level

Interlocking cardiac
muscle cells form
cardiac muscle tissue.

1 mm Tissue Level

Cardiac muscle tissue
makes up most of
the heart walls.

12l Organ Level

The heart is a complex
three-dimensional organ.

Organ System Level

The cardiovascular system includes
the heart, blood, and blood vessels.

1.7m Organism Level
All organ systems work

together to keep the
body healthy and alive.
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1.4 CONCEPT CHECK

V 7 Cyanosis is a medical condition in which a person’s
lips and fingertips turn blue due to the inadequate
delivery of oxygen to tissues. If a patient is exhibiting
cyanosis, why should the patient’s heart be examined
in addition to the patient’s lungs?

See the blue Answers tab at the back of the book.

CLINICAL NOTE

® Disease, Pathology, and Diagnosis

Pathology is the study of disease. Diseases produce signs
(objective evidence that the health provider can detect, such
as fever or limited motion) and symptoms (subjective indications
that the patient perceives, such as pain or fatigue). A diagnosis is
an identification of the nature of an illness based on its signs and
symptoms.

The World Health Organization (WHO) developed the Interna-
tional Classification of Diseases (ICD) as an international diagnostic
standard. The ICD is important for health management and epide-
miology (the study of disease occurrence, distribution, and cause).
The current ICD-10 contains 69,823 diseases.

1.5 | An Introduction to Organ Systems

P KEY POINT The 11 organ systems of the human body enable us to carry out
vital life functions such as responsiveness, growth and differentiation, reproduc-
tion, movement, and metabolism and excretion.

Figure 1.5 summarizes the functions of the 11 organ systems of the human
body. Figure 1.6 details the components and primary functions of each organ
system. Like all living organisms, humans share vital characteristics and processes:

= Responsiveness: The ability of an organism to respond to changes in its
immediate environment is termed responsiveness. Examples include you
jerking your hand away from a hot stove, your dog barking at approach-
ing strangers, and amoebas gliding toward potential prey. Organisms also
make longer-lasting responses as they adjust to their environments. For
example, as winter approaches, an animal grows a heavier coat or migrates
to a warmer climate. Adaptability is the capacity to make longer-lasting
adjustments.

© Growth and Differentiation: Over a lifetime, organisms grow larger,
increasing in size by increasing the size or number of their cells. In
multicellular organisms, the individual cells become specialized to per-
form particular functions. This specialization is called differentiation.
Growth and differentiation in cells and organisms produce changes in
form and function. For example, the anatomical proportions and physi-
ological capabilities of an adult human are quite different from those of
an infant.

© Reproduction: Organisms reproduce, creating subsequent generations of
their own kind, whether unicellular or multicellular.

© Movement: Organisms produce movement, which may be internal
(transporting food, blood, or other materials inside the body) or external
(moving through the environment).

Figure 1.5 An Introduction to Organ Systems. An overview of the
11 organ systems and their major functions.

ORGAN SYSTEM MAJOR FUNCTIONS
Y
- Int t Protects against environmental
!h; niegumentary | ., ards; controls temperature
/} Supports and protects soft tissues;
: Skeletal stores minerals; forms blood

Provides movement and support;
generates heat

Directs immediate responses to
stimuli, usually by coordinating the
activities of other organ systems

Directs long-term changes
in the activities of other organ
systems

Distributes cells and dissolved
materials, including nutrients,
wastes, and gases

Defends against infection and
disease

Delivers air to sites where gas
exchange occurs between
the air and circulating blood

Processes and digests food;
absorbs nutrients; stores energy
reserves

Eliminates excess water, salts,
and wastes; controls pH;
regulates blood pressure

Produces sex cells and hormones

© Metabolism and Excretion: Organisms rely on chemical reactions

to provide energy for responsiveness, growth, reproduction, and move-
ment. They also synthesize complex chemicals, such as proteins. The
term metabolism refers to all the chemical operations under way in the
body. Types of metabolic reactions include catabolism (the breakdown
of complex molecules into simple ones) and anabolism (the synthesis
of complex molecules from simple ones). Normal metabolic operations
require the absorption (taking in) of materials from the environment.
To generate energy efficiently, cells require various nutrients, as well
as oxygen, an atmospheric gas. The term respiration refers to cells’
absorption, transport, and use of oxygen. Metabolic operations generate
potentially harmful wastes that must be removed through the process of
excretion.
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Figure 1.6 The Organ Systems of the Body

Protects against

environmental hazards;

helps control body
temperature

Hair

Cutaneous
membrane

Toenail

Skin (Cutaneous
Membrane)

Epidermis
Dermis

Hair Follicles

Hairs
Sebaceous glands

Sweat Glands
Nails

Sensory Receptors

Subcutaneous Layer

Covers surface; protects deeper tissues

Nourishes epidermis; provides strength; contains
glands

Produce hair; innervation provides sensation
Provide protection for head

Secrete lipid coating that lubricates hair shaft and
epidermis

Produce perspiration for evaporative cooling

Protect and stiffen distal tips of digits

Provide sensations of touch, pressure,
temperature, and pain

Stores lipids; attaches skin to deeper structures

cells

AXIAL SKELETON

Skull

Sternum

Ribs

Vertebrae

Sacrum

Bones, Cartilages,
and Joints
Axial skeleton (skull,
vertebrae, sacrum,
coccyx, sternum,
supporting cartilages
and ligaments)

Appendicular skeleton
(limbs and supporting
bones and ligaments)

Ligaments

Bone Marrow

Supports and protects tissues;
stores minerals; forms blood

APPENDICULAR SKELETON

Pectoral girdle
(clavicle and
scapula)

Upper limb

Pelvic girdle
(supporting bones
plus sacrum)

Lower limb

Support and protect soft tissues; bones store
minerals

Protects brain, spinal cord, sense organs, and
soft tissues of thoracic cavity; supports the
body weight over lower limbs

Provides internal support and positioning of
the limbs; supports and moves axial skeleton

Connect bone to bone, bone to cartilage, or
cartilage to cartilage

Primary site of blood cell production (red
bone marrow); storage of energy reserves in
fat cells (yellow bone marrow)
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Allows for locomotion; provides Directs immediate responses

support; produces heat to stimuli, usually by
coordinating the activities

of other organ systems

Appendicular
muscles

Axial
muscles

PERIPHERAL
NERVOUS SYSTEM

Skeletal Muscles Provide skeletal movement; control Central Nervous System Control center for nervous system; processes
entrances to digestive and respiratory tracts (CNS) information; short-term control over activities
and exits to digestive and urinary tracts; of other systems
pr(;tdtgce heat; support skeleton; protect Brain Performs complex integrative functions;
softtissues controls both voluntary and autonomic

Axial muscles Support and position axial skeleton activities
Appendicular muscles Support, move, and brace limbs Spinal cord Relays information to and from brain;
performs less-complex integrative activities

Tendons and Aponeuroses = Transmit the coqtractile forces of skeletal Special senses Provide sensory input to the brain relating to
muscle to bone in order to move sight, hearing, smell, taste, and equilibrium

Peripheral Nervous Links CNS with other systems and with
System (PNS) sense organs
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Figure 1.6 (continued)

Transports cells and dissolved
materials, including nutrients,
wastes, and gases

Directs long-term changes
in activities of other organ
systems

sommam —— Pineal gland
Pituitary gland

Thyroid and parathyroid
glands
Thymus

Pancreas Heart
Adrenal gland

Ovary in
female

Testis in male

Organ/Component Primary Functions

Pineal Gland May control timing of reproduction and set
day-night rhythms

Pituitary Gland Controls other endocrine glands; regulates
growth and fluid balance

Thyroid Gland Controls tissue metabolic rate; regulates

Parathyroid Glands Regulate calcium levels (with thyroid) o
Heart Propels blood; maintains blood pressure
Thymus Controls maturation of lymphocytes
) ) Blood Vessels Distribute blood around the body
Adrenal Glands Regulate water balance, tissue metabolism, Arteries Carry blood from the heart to capillaries
and cardiovascular and respiratory activity . T
Capillaries Permit diffusion between blood and
Kidneys Control red blood cell production and interstitial fluids
elevate blood pressure Veins Return blood from capillaries to the heart
Pancreas Regulates blood glucose levels Blood Transports oxygen, carbon dioxide,
Gonads and blood cells; delivers nutrients and
Testes Support male sexual characteristics and hormones; removes wastes; assists in
reproductive functions temperatgre regulation and defense
against disease
Ovaries Support female sexual characteristics and

reproductive functions
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Defends against infection
and disease; returns tissue
fluid to the bloodstream

Thymus

> Lymph nodes

Spleen

MALT

Lymphatic Vessels Carry lymph (fluid with cells and proteins)
and lymphocytes from peripheral tissues to
veins of the cardiovascular system

Lymph Nodes Monitor the composition of lymph; engulf

pathogens; stimulate immune response

Spleen Monitors circulating blood; engulfs
pathogens and recycles red blood cells;
stimulates immune response

Thymus Controls development and maintenance of

one class of lymphocytes (T cells)

o ——— Lymphatic vessel

Delivers air to sites where gas

exchange can occur between
the air and circulating blood;
produces sound

Diaphragm

Nasal Cavities and

Nasal cavity

Sinus

Larynx
Trachea

Bronchi
Lung

Filter, warm, humidify air; detect smells

Paranasal Sinuses

Pharynx

Larynx

Trachea

Bronchi

Lungs

Alveoli

Conducts air to larynx, a chamber shared
with the digestive tract

Protects opening to trachea and contains
vocal cords

Filters air, traps particles in mucus, conducts
air to lungs; cartilages keep airway open

Same functions as trachea; diameter
decreases as branching occurs

Responsible for air movement during
movement of ribs and diaphragm; include
airways and alveoli

Blind pockets at the end of the smallest
branches of the bronchioles; sites of gas
exchange between air and blood
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Figure 1.6 (continued)

Eliminates excess water,
salts, and wastes

Processes food and
absorbs nutrients

Salivary gland
Pharynx

ESophagus — e

Liver

Gallbladder ﬁ

Pancreas -

Stomach
Kidney

Small intestine ! Large intestine Ureter

Urinary
bladder N\

Urethra

Oral Cavity Receptacle for food; works with associated
structures (teeth, tongue) to break up food
and pass food and liquids to pharynx

Salivary Glands Provide buffers and lubrication; produce
enzymes that begin digestion

Pharynx Conducts solid food and liquids to
esophagus; chamber shared with

respiratory tract

) Kidneys Form and concentrate urine; regulate blood

Esophagus Delivers food to stomach pH, ion concentrations, blood pressure;
Stomach Secretes acids and enzymes perform endocrine functions
Small Intestine Secretes digestive enzymes, buffers, and Ureters Conduct urine from kidneys to urinary

hormones; absorbs nutrients

bladder

Liver Secretes bile; regulates nutrient

composition of blood Urinary Bladder Stores urine for eventual elimination
Gallbladder Stores and concentrates bile for release Ureth Cond . )

into small intestine rethra onducts urine to exterior
Pancreas Secretes digestive enzymes and buffers;

contains endocrine cells
Large Intestine Removes water from fecal material; stores

wastes
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Produces sex cells and
hormones; supports
embryonic and fetal

Produces sex cells
and hormones

Prostate

Seminal gland

Ductus deferens

Urethra

Epididymis

Testis

Penis

Scrotum

Testes

Accessory Organs

Produce sperm and hormones

development from
fertilization to birth

Ovaries

Uterine Tubes

Mammary
gland

Uterine

tube

Ovary

Uterus

Vagina

External
genitalia

Produce oocytes and hormones

Deliver oocyte or embryo to uterus; normal
site of fertilization

Epididymis Site of sperm maturation Uterus Site of embryonic and fetal development;

Ductus deferens Conducts sperm from the epididymis and ?'tte Ioglexcéhetl?g?nbetween maternal and
merges with the duct of the seminal gland etal bloodstreams

Seminal glands Secrete fluid that makes up much of the Vagina Site of sperm deposition; birth canal

Prostate
Urethra

External Genitalia
Penis

Scrotum

volume of semen
Secretes fluid and enzymes
Conducts semen to exterior

Contains erectile tissue; deposits sperm in
vagina of female; produces pleasurable
sensations during sexual activities

Surrounds the testes and controls their
temperature

External Genitalia
Clitoris

Labia

Mammary Glands

during delivery; provides passageway for
fluids during menstruation

Contains erectile tissue; provides
pleasurable sensations during sexual
activities

Contain glands that lubricate entrance to
vagina

Produce milk that nourishes newborn infant
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For very small organisms, absorption, respiration, and excretion involve
the movement of materials across exposed surfaces. But creatures larger than
a few millimeters seldom absorb nutrients directly from their environment.
For example, we cannot absorb steaks, apples, or ice cream directly—our bodies
must first alter the foods’ chemical structure. That processing, called digestion,
occurs in specialized areas where complex foods are broken down into simpler
components that are absorbed easily. Respiration and excretion are also more
complicated for large organisms, so we have specialized organs responsible for
gas exchange (the lungs) and waste excretion (the kidneys). Finally, because
absorption, respiration, and excretion are performed in different portions of the
body, we have an internal transportation system, or cardiovascular system.

1.5 CONCEPT CHECK

V 8 What is differentiation?

9 Which organ system includes the following
components: sweat glands, nails, and hair follicles?

See the blue Answers tab at the back of the book.

1.6 | The Language of Anatomy

P KEY POINT Learning the specialized terminology of human anatomy will
make it easier to understand anatomical concepts.

If you discovered and then fully explored a new continent, how would you
describe it to others in a way that everyone would understand? One method
would be to construct a specific, detailed map of the territory. Your map would
identify prominent landmarks, such as mountains, valleys, and rivers; the dis-
tance between these landmarks; and the direction you would need to travel to
get from one landmark to another using compass bearings (north, south, north-
east, southwest, and so on). With such a map, anyone could find a specific
location on that continent.

Early anatomists faced a similar challenge when trying to communicate their
findings. Identifying a particular location on the human body proved to be difficult.
Stating that a bump is “on the back,” for instance, does not specify its exact loca-
tion. So anatomists created maps of the human body. The landmarks are the prom-
inent anatomical structures, and distances are measured in centimeters or inches.

Anatomy uses a special language that you must learn at the start. It will take
some time and effort, but it is absolutely essential if you want to avoid a situa-
tion like that shown in Figure 1.7.

New anatomical terms are introduced as technology advances, but many
older words and phrases persist. Latin and Greek words form the basis for an
impressive number of anatomical terms. Many Latin names assigned to spe-
cific structures 2000 years ago are still in use today.(For more information,
see the Appendix “Foreign Word Roots, Prefixes, Suffixes, and Combining
Forms.”)

Some anatomical structures and clinical conditions were named after the
discoverer or, in the case of diseases, after the most famous victim. Over time,
most of these commemorative names, or eponyms, have been replaced by more
descriptive terms. (For information about commemorative names still being
used today, see the Appendix “Eponyms in Common Use.”)

Superficial Anatomy

P KEY POINT Learning anatomical landmarks, regions, and directions will help
you create “mental maps" of internal structures.

14 Foundations

Figure 1.7 The Importance of Precise Vocabulary. Would you want
to be this patient? [© The New Yorker Collection 1990 Ed Fisher from
cartoonbank.com. All Rights Reserved.]

-+ OR, WAY
INSIDE, DOWN

TUMMY
ALHE ?

EENSY
KIDNEY STONE?

Except for the skin, hair, and nails (which are parts of the integumentary sys-
tem), you cannot see any of the organ systems from the body surface. To under-
stand structures that are deep to (internal to) the integument, it is important
to create your own mental maps based on the illustrations and discussions
throughout this text. The following sections discuss anatomical landmarks and
regions that will help you create these mental maps.

Anatomical Landmarks

Figure 1.8 presents important anatomical landmarks. Become familiar with
both the anatomical term (for instance, nasus) and its adjective form (nasal).
Learning these terms will help you remember the location of a particular struc-
ture as well as its name. For example, the term brachium refers to the arm, and
in later chapters you will learn about the brachialis muscle and the brachial
artery, both of which are located in the arm.

Standard anatomical illustrations show a human figure in the anatomical
position: standing with legs together, feet flat on the floor, with hands at the
sides and palms facing forward. Figure 1.8a shows the anatomical position
from the anterior (front) view, and Figure 1.8b shows it from the posterior
(back) view. The anatomical position is the standard by which the language of
anatomy is communicated. Therefore, unless otherwise noted, all the descriptions
in this text refer to the body in the anatomical position. A person lying down in
the anatomical position is said to be supine (sii -PIN) when lying face up and
prone when lying face down.

TIPS & TOOLS

Remembering Supine Position

When you are in the supine position, you can hold a bowl of soup in the
palm of your hand or on your navel without spilling it.



Figure 1.8 Anatomical Landmarks. Anatomical terms are shown in boldface type, common names are in

plain type, and anatomical adjectives are in parentheses.

Frons or

forehead (frontal) Nasus or nose (nasal)

Oculus or
eye (orbital or ocular)

Auris or
Cranium ear (otic)

or skull

Cephalon (cranial)
or head Bucca or
(cephalic) Facies cheek (buccal)

Cervicis or neck (cervical)

or face
(facial) T
Oris or mouth (oral) J
Mentis or chin

Thoracis or
(mental) / thorax, chest
thoracic;
Axilla or armpit ( )
(axillary) x __— Mamma
or breast
Brachium (mammary)
orarm j‘
(brachial) Abdomen — Trunk
Antecubitis abdommal)
or frolrl;t of o Umblllcus
elbow or navel
(antecubital) (umbilical)
Antebrachium ——— PeIV|s
or forearm peIV|c
(antebrachial) -
Carpus
or wrist (carpal)
Palma
or palm Manus
(palmar) or hand
(manual)

Inguen
Pollex Digits or grgin
orthumb  or fingers (digital) (inguinal)
Pubis
(pubic)
Patella Femur or
or kneecap thigh (femoral)
(patellar)
Crus or
leg (crural)
Tarsus or
ankle
(tarsal)

Digits
or toes (digital) § :

J :|~ Pes or foot
2 (pedal)
Hallux or great toe

B} Anatomical position: anterior view

Shoulder
(acromial)

Dorsum or
back
(dorsal)

Olecranon
or back

of elbow
(olecranal)

Lumbus
or loin
(lumbar)

Gluteus
or buttock
(gluteal)

Popliteus or —— =
back of knee
(popliteal)

Sura
or calf (sural)

Calcaneus or
heel of foot
(calcaneal)

Planta or —— &3
sole of foot (plantar)

I Anatomical position: posterior view
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— Lower
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Table 1.1 | Regions of the Human Body*
Anatomical
Anatomical Name | Region Area Indicated
Cephalon Cephalic Head
Cervicis Cervical Neck
Thoracis Thoracic Chest
Brachium Brachial Segment of the upper limb
closest to the trunk; the arm
Antebrachium Antebrachial Forearm
Carpus Carpal Wrist
Manus Manual Hand
Abdomen Abdominal Abdomen
Pelvis Pelvic Pelvis (in general)
Pubis Pubic Anterior pelvis
Inguen Inguinal Groin (crease between thigh
and trunk)
Lumbus Lumbar Lower back
Gluteus Gluteal Buttock
Femur Femoral Thigh
Patella Patellar Kneecap
Crus Crural Leg, from knee to ankle
Sura Sural Calf
Tarsus Tarsal Ankle
Pes Pedal Foot
Planta Plantar Sole region of foot

* See Figure 1.8.

Anatomical Regions

Table 1.1 summarizes the major regions of the body, and Figure 1.9 labels
these regions (additional regions and anatomical landmarks are noted in
Figure 1.8). Anatomists and clinicians use special terminology to describe spe-
cific areas of the abdominal and pelvic regions. There are two different methods
in use. In the first, the abdominopelvic surface is divided into four sections, called
the abdominopelvic quadrants, using a pair of imaginary lines (one horizon-
tal and one vertical) that intersect at the umbilicus (navel) (Figure 1.9a).
This simple method is useful for describing pain and injuries. Knowing the
location of an ache or pain helps a clinician determine the possible cause; for
example, tenderness in the right lower quadrant (RLQ) is a symptom of appen-
dicitis, whereas tenderness in the right upper quadrant (RUQ) may indicate
gallbladder or liver problems.

In the second method, nine abdominopelvic regions are used to more
precisely describe the location and orientation of internal organs (Figure 1.9b).
Figure 1.9c shows the relationship between abdominopelvic quadrants, regions,
and internal organs.

Anatomical Directions

Figure 1.10 shows the principal directional terms used in anatomy and exam-
ples of their use. There are many different directional terms, and some can be
used interchangeably. As you learn these terms, it is important to remember that all
anatomical directions use the anatomical position as the standard point of reference.
When following anatomical descriptions, it is useful to remember that the terms
left and right refer to the left and right sides of the subject, not the observer. You should
also note that although some reference terms are equivalent, such as posterior and
dorsal and anterior and ventral, anatomical descriptions do not mix the terms of
the opposing pairs. For example, a discussion would reference either posterior ver-
sus anterior or dorsal versus ventral; it would not reference posterior versus ventral.
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Figure 1.9 Abdominopelvic Quadrants and Regions. The abdominopelvic
surface is separated into sections to identify anatomical landmarks more
clearly and to define the location of contained organs more precisely.

Right Upper Quadrant (RUQ) Left Upper Quadrant (LUQ)

Left lobe of liver, stomach,
pancreas, left kidney, spleen,
portions of large intestine

Right lobe of liver, gallbladder,
right kidney, portions of stomach,
small and large intestine

Left Lower Quadrant (LLQ)

Right Lower Quadrant (RLQ)

Cecum, appendix,
portions of small intestine,
reproductive organs (right
ovary in female and right
spermatic cord in male),
and right ureter

Most of small intestine
Z_| portions of large intestine,
left ureter, and reproductive
organs (left ovary in female

and left spermatic cord
in male)

Bl Abdominopelvic quadrants divide the area into
four sections.

i
Right Epigastiic W By
hypochondriac - _reg'|on ‘ hypochondriac
region
Right lumbar

region

] region
"‘Umbilical
regiion | - Left lumbar

region 1
Right inguinal Left inguinal
= | il W -

I} More precise anatomical descriptions are provided by
reference to the appropriate abdominopelvic region.

Stomach

|

Spleen
Gallbladder

Large intestine
Small intestine

Appendix

mmmm U'inary bladder

B Dividing the abdominal/pelvic area into quadrants or
regions is useful because there is a known relationship
between superficial anatomical landmarks and the
underlying organs.



Figure 1.10 Directional References. The arrows indicate important directional references used in this text.

Cranial or Cephalic

Right Left Toward the head

“The cranial, or cephalic, border of the
pelvis is superior to the thigh.”

Toward an
attached base

“The shoulder is
proximal to the
wrist.”

Anterior or Ventral

Anterior: The front;
before

Posterior or Dorsal

Posterior: The back;
behind

Dorsal: The back
(equivalent to posterior when
referring to human body)

Ventral: The abdominal side
(equivalent to anterior when
referring to human body)

“The navel is on the
anterior (or ventral)
surface of the trunk.”

“The scapula (shoulder
blade) is located posterior

'i ! to the rib cage.”
[ Lateral | Medial

Away from “ ard

the midline
Proximal

Away from an
attached base

“The fingers are
distal to the wrist.”

OTHER DIRECTIONAL TERMS

At, near, or relatively close
to the body surface

Distal

“The skin is superficial to
underlying structures.”

Toward the interior of the body;
farther from the surface

“The bone of the thigh is deep to
the surrounding skeletal muscles.”

B Anterior view [ Lateral view
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Sectional Anatomy

P KEY POINT The word anatomy comes from a Greek word meaning “to cut
apart.” To fully understand anatomy, you must understand how the plane of
section—how something is cut apart—changes the appearance of a structure.

The development of electronic imaging techniques that enable us to see
inside the living body without resorting to surgery makes it important to
understand sectional anatomy. A sectional view is sometimes the only way to
illustrate the relationships between the parts of a three-dimensional object.

Planes and Sections

You can describe a slice through a three-dimensional object by referencing one
of three sectional planes: frontal, sagittal, or transverse (Figure 1.11).

The frontal plane, or coronal plane, parallels the longitudinal axis of the
body. The frontal plane extends from side to side, dividing the body into
anterior and posterior sections.

The sagittal plane also parallels the longitudinal axis of the body. The sagittal
plane extends from anterior to posterior, dividing the body into left and right
sections. A section passing along the midline that divides the body into roughly
equal left and right halves is a midsagittal section, or a median sagittal section.
A section that runs parallel to the midsagittal line is a parasagittal section.

The transverse plane, or horizontal or cross-sectional plane, lies at right
angles to the longitudinal axis of the part of the body being studied. A divi-
sion along this plane is a transverse section, or horizontal or cross section.

Each sectional plane gives a different perspective on the structure of the
body. When combined with observations of external anatomy, they create a rea-
sonably complete picture. You could develop an even more complete picture by
choosing one sectional plane and making a series of sections at small intervals.
This process, called serial reconstruction, allows us to analyze complex struc-
tures. Figure 1.12 shows the serial reconstruction of a simple bent tube, such
as a piece of elbow macaroni. This procedure can show the path of a small blood
vessel or follow a loop of the intestine. Serial reconstruction is an important
method for studying histological structure and analyzing the images produced by
sophisticated clinical procedures (see the Clinical Note on pp. 20-21).

Body Cavities

The human body is not a solid object; many organs are suspended in internal
chambers called body cavities* that protect and cushion them. The ventral body
cavity contains organs of the respiratory, cardiovascular, digestive, urinary, and
reproductive systems (Figure 1.13). The ventral body cavity is subdivided into
the thoracic cavity and the abdominopelvic cavity; the diaphragm (DI-a-fram) is
a dome-shaped sheet of skeletal muscle that separates them (Figure 1.13). The
internal organs that project into these cavities are called viscera (VIS-er-a). Many
of the organs within these cavities change size and shape as they perform their

*In the human adult, the thoracic, abdominal, and pelvic cavities share a common embryological
origin. The term dorsal body cavity is sometimes used to refer to the internal chamber of the

skull and the space enclosed by the vertebral arches. These chambers, which are defined by bony
structures, are anatomically and embryologically distinct from true body cavities, and the term
dorsal body cavity is not encountered in either clinical anatomy or comparative anatomy.

Figure 1.11 Sectional Planes. The three primary planes of section are frontal, sagittal, and transverse.

Frontal, or coronal,
plane

A frontal (or coronal)
section separates
anterior and posterior
portions of the body.
Coronal usually refers
to sections passing
through the skull.

Plane is oriented
parallel to long axis

Directional term:
frontally or coronally

o

Frontal plane
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Sagittal plane

A sagittal section separates
right and left portions. You
examine a sagittal section,
but you section sagittally.

In a midsagittal section, the
plane passes through the
midline, dividing the body
in half and separating right
and left sides.

A parasagittal section
misses the midline,
separating right and left
portions of unequal size.

Plane is oriented parallel to
long axis

Midsagittal plane Directional term: Sagittally

Transverse, horizontal, or
cross-sectional plane

A transverse (or horizontal
or cross) section is at right
angles to the frontal and
sagittal planes. Sections
typically pass through head
and trunk regions.

Transverse plane

Plane is oriented
perpendicular to long axis

Directional term:
transversely or horizontally



Figure 1.12 Sectional Planes and Visualization. This diagram shows

the serial reconstruction of a bent tube (like a piece of elbow macaroni).
Notice how the sectional views change as the plane approaches the curve.
Keep the effects of sectioning in mind when looking at slides under the
microscope. Sectional views of internal organs, such as those taken via a CT
or MRl scan (see pp. 20-21), can vary widely. For example, although it is a
simple tube, the small intestine can look like a pair of tubes, a dumbbell, an
oval, or a solid, depending on where the section was taken.

0
0

functions. For example, the stomach swells at each meal, and the heart contracts
and expands with each beat. These organs project into moist internal chambers
that allow expansion and limited movement, but prevent friction.

The Thoracic Cavity The thoracic cavity contains organs of the respi-
ratory, cardiovascular, and lymphatic systems, as well as the thymus and infe-
rior portions of the esophagus. The muscles and bones of the chest wall and
the diaphragm form the boundaries of the thoracic cavity. The thoracic cavity
is subdivided into the left and right pleural cavities, which are separated by the
mediastinum (Look ahead to Figure 1.13a—c).

Each pleural cavity contains a lung. A shiny, slippery serous membrane
called a pleura (pliir-ah) lines each pleural cavity and reduces friction as the
lung expands and recoils during breathing. The visceral pleura covers the outer
surfaces of each lung, and the parietal pleura covers the opposing mediastinal
surface and the inner body wall.

The mediastinum (mé-dé-as-TI-num) is connective tissue that surrounds,
stabilizes, and supports the esophagus, trachea, thymus, and major blood vessels
that originate or end at the heart. The mediastinum also contains the pericardial
cavity, a small chamber that surrounds the heart. The serous membrane covering
the heart is called the pericardium (peri, around, + kardia, heart). To visualize
the relationship between the heart and pericardial cavity, think of a fist pushing
into a balloon (Figure 1.13d): The wrist corresponds to the base (attached por-
tion) of the heart, and the balloon corresponds to the pericardium.

The pericardium is composed of two parts: an outer sac of tough, fibrous
connective tissue termed the parietal layer of the serous pericardium an
inner visceral layer of the serous pericardium. During each beat, the heart
changes in size and shape. The pericardial cavity permits these changes, and the
slippery pericardial lining prevents friction between the heart and adjacent struc-
tures in the mediastinum.

The Abdominopelvic Cavity The abdominopelvic cavity is divided into
(1) a superior abdominal cavity, (2) an inferior pelvic cavity, and (3) an internal
chamber called the peritoneal (per-i-t5-NE-al) cavity (Figure 1.13a,c).

The peritoneal cavity is lined by a serous membrane called the peritoneum
(per-i-t5-NE-um). The parietal peritoneum lines the body wall. A narrow, flu-
id-filled space separates the parietal peritoneum from the visceral peritoneum,
which covers the enclosed organs. Double sheets of peritoneum, called
mesenteries (MES-en-ter-és), suspend organs such as the stomach, small
intestine, and portions of the large intestine within the peritoneal cavity. Mes-
enteries provide blood supply, support, lubrication, and stability while permit-
ting limited movement.

The abdominal cavity extends from the inferior surface of the dia-
phragm to an imaginary plane extending from the inferior surface of the low-
est spinal vertebra to the anterior and superior margins of the pelvic girdle
(Figure 1.13a,c). The abdominal cavity contains the liver, stomach, spleen,
kidneys, pancreas, and small intestine, and most of the large intestine. (Refer
to Figure 1.9a,c on page 16 for the positions of many of these organs.) These
organs project partially or completely into the peritoneal cavity, much as the
heart and lungs project into the pericardial and pleural cavities, respectively.

The inferior portion of the abdominopelvic cavity is the pelvic cavity
(Figure 1.13a,c). The pelvic cavity is enclosed by the bones of the pelvis and con-
tains the last segments of the large intestine, the urinary bladder, and various repro-
ductive organs: The pelvic cavity of a female contains the ovaries, uterine tubes, and
uterus; in a male, it contains the prostate and seminal glands. The inferior portion
of the peritoneal cavity extends into the pelvic cavity. The peritoneum covers the
uterine tubes, the ovaries, and the superior portion of the uterus in females, as well
as the superior portion of the urinary bladder in both males and females.

The Clinical Note on pp. 20-21 summarizes modern methods of visualizing
anatomical structures in living people. A true understanding of anatomy involves
integrating the information provided by sectional images, interpretive artwork
based on sections and dissections, and direct observation. It is up to you to inte-
grate these views and develop your ability to observe and visualize anatomical
structures. Remember that every structure you encounter has a specific function.
The goal of anatomy isn’t simply to identify structural details, but to understand
the three-dimensional relationships between bodily structures and how those
structures interact to perform the varied functions of the human body.

CLINICAL NOTE

® Pericarditis and Peritonitis

The suffix —itis means “inflammation.” Thus, pericarditis means
inflammation of the pericardium. Pericarditis can be caused by
any disease-causing agent or trauma, and it can severely restrict the
function of the heart. Peritonitis is an inflammation of the perito-
neum (the serous membrane lining the abdomen). It may be due

to bacterial infection, liver failure, kidney failure, or many other
causes. Peritonitis affects all the organs within the peritoneal cavity.

1.6 CONCEPT CHECK

v

10 You fall and break your antebrachium. What part
of your body is affected?

11 What is the anatomical name for each of the
following areas: groin, buttock, and hand?

12 What type of section would separate the two eyes?
13 What is the general function of the mesenteries?

14 If a surgeon makes an incision just inferior to the
diaphragm, which body cavity will be opened?

See the blue Answers tab at the back of the book.
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CLINICAL NOTE

® Clinical Anatomy and Technology

Color-enhanced x-ray

X-ray

Radiological procedures
include various noninvasive techniques
that use radioisotopes, radiation, and
magnetic fields to produce images of
internal structures. Physicians who
specialize in the performance and
analysis of these diagnostic images
are called radiologists. Radiological
procedures can provide detailed
information about internal systems

and structures.

of gray to black.

Stomach

Right kidney

Vertebra

The relative position and orientation of the scans shown to the right.

Note that when anatomical diagrams or scans present cross-sectional
views, the sections are presented as though the observer were standing
at the feet of a person in the supine position and looking toward the
head of the subject.

Foundations

X-rays are a form of high-energy radiation that can
penetrate living tissues. In the most familiar procedure,
a beam of x-rays travels through the body and strikes
a photographic plate. Not all of the projected x-rays
arrive at the film; some are absorbed or deflected as
they pass through the body. The resistance to x-ray
penetration is called radiodensity. In the human body,
the order of increasing radiodensity is as follows: air,
fat, liver, blood, muscle, bone. The result is an image
with radiodense tissues, such as bone, appearing
white, while less dense tissues are seen in shades

Stomach

Small intestine
\‘l

——

Barium-contrast x-ray

A barium-contrast x-ray of the
upper digestive tract. Barium is very
radiodense, and the contours of the
gastric and intestinal lining can be
seen outlined against the white of
the barium solution.

Stomach

Aorta

Vertebra

CT scan of the abdomen

CT scans, formerly called CAT (computerized axial tomography),
use a single x-ray source rotating around the body. The x-ray beam
strikes a sensor monitored by a computer. The source completes
one revolution around the body every few seconds; it then moves
a short distance and repeats the process. By comparing the
information obtained at each point in the rotation, the computer
reconstructs the three-dimensional structure of the body. The
result is usually displayed as a sectional view in black and white,
but it can be colorized.



Arteries of ,Z)—LI

the heart e’ il

Digital subtraction angiography

Digital subtraction angiography (DSA) is used to
monitor blood flow through specific organs, such as the
brain, heart, lungs, and kidneys. X-rays are taken before
and after radiopaque dye is administered, and a computer
“subtracts” details common to both images. The result is
a high-contrast image showing the distribution of the dye.

Liver

Vertebra

MRI scan of the abdomen

An MRI (magnetic resonance imaging) scan surrounds part or
all of the body with a magnetic field about 3000 times as strong
as that of Earth. This field affects protons within atomic nuclei
throughout the body, which line up along the magnetic lines of
force like compass needles in Earth’s magnetic field. When
struck by a radio wave of the proper frequency, a proton will
absorb energy. When the pulse ends, that energy is released,
and the energy source of the radiation is detected by the MRI
computers.

Femoral condyle

Joint space

Head of fibula — e =

Tibial tuberosity

Femur S —

Patella \

Spiral scan

A spiral CT scan (also termed a helical CT scan) is a new
form of three-dimensional imaging technology that is
becoming increasingly important in clinical settings. With
a spiral CT scan the patient is placed on a platform that
advances at a steady pace through the scanner while the
imaging source, usually x-rays, rotates continuously around
the patient. Because the x-ray detector gathers data quickly
and continuously, a higher quality image is generated, and
the patient is exposed to less radiation as compared to a
standard CT scanner, which collects data more slowly and
only one slice of the body at a time.

Ultrasound scan of the abdomen

In ultrasound procedures, a small transmitter contacting the
skin broadcasts a brief, narrow burst of high-frequency sound
and then picks up the echoes. The sound waves are reflected
by internal structures, and a picture, or echogram, can be
assembled from the pattern of echoes. These images lack the
clarity of other procedures, but no adverse effects have been
attributed to the sound waves, and fetal development can be
monitored without a significant risk of birth defects.
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Figure 1.13 Body Cavities. Relationships, contents, and selected functions of the subdivisions of the thoracic and abdominopelvic body cavities.

~ Thoracic
., Cavity
Surrounded subdivided
by chest wall oto
and diaphragm
Body Cavities
Provide
protection and Sepgr;‘ted
allow organ diaphragm
movement; into
lining prevents
friction
Abdominopelvic
Cavity includes
< Contains the die
peritoneal cavity

Study Outline

Introduction p. 2

@ Anatomy is the study of internal and external structures and the
physical relationships between body parts. Specific anatomical
structures perform specific functions.

1.1 | Microscopic Anatomy p. 2

® The boundaries of microscopic anatomy are established by the
limits of the equipment used. Cytology is the study of the internal
structure of individual cells, the smallest units of life. Histology
examines tissues, groups of cells that work together to perform
specific functions. Specific arrangements of tissues form an organ,
an anatomical unit with multiple functions. A group of organs that
function together forms an organ system. (See Figure 1.1.)

22 Foundations

Left Pleural Cavity

Surrounds left lung

Mediastinum

Contains the trachea,
esophagus, and major vessels

also contains

Pericardial Cavity

Surrounds heart

Right Pleural Cavity

Surrounds right lung

Abdominal Cavity

Contains many digestive
glands and organs

Pelvic Cavity

Bl Anterior view of the body cavities.
The muscular diaphragm separates
the superior thoracic cavity from the
inferior abdominopelvic cavity.

Contains urinary bladder,
reproductive organs, last
portion of digestive tract

1.2 | Gross Anatomy p.2

® Gross (macroscopic) anatomy considers features visible without
a microscope. It includes surface anatomy (general form and
superficial markings), regional anatomy (superficial and internal
features in a specific area of the body), and systemic anatomy
(structure of major organ systems).

1.3 | Other Types of Anatomical Studies p.2

» Developmental anatomy examines the changes in form that occur
between conception and physical maturity. Embryology studies the
processes that occur during the first two months of development.

» Comparative anatomy considers the similarities and relationships
in anatomical organization of different animals. (See Figure 1.2.)



Mediastinum Sternum Pleura

Pleural cavity

POSTERIOR

ANTERIOR

Thoracic cavity

Pleural cavity

Spinal cord
Pericardial cavity

Mediastinum Pleura Pleural cavity

Visceral layer
of serous
pericardium

\

~i— Pericardial
cavity

~— Parietal layer
of serous
pericardium

Diaphragm

Abdominopelvic
cavity

Peritoneal cavity

Abdominal cavity

Pelvic cavity

Bl The heart projects into the
pericardial cavity like a fist

Section at the level of thoracic vertebra Tg

B Sectional view of the thoracic cavity. Unless otherwise
noted, all sectional views are presented in inferior
view. (See Clinical Note on pp. 20-21 for more details.)

®» Anatomical specialties important to clinical practice include
clinical anatomy (anatomical features that undergo characteristic
changes during illness), surgical anatomy (landmarks important
for surgical procedures), radiographic anatomy (anatomical
structures that are visualized by specialized procedures performed
on an intact body), and cross-sectional anatomy. (See Clinical
Note on pp. 20-21.)

1.4 | Levels of Organization p.5

®» Anatomical structures are arranged in a series of interacting
levels of organization ranging from the chemical/molecular level,
through cell/tissue levels, to the organ/organ system/organism
levels. (See Figures 1.3 and 1.4.)

® When the body’s internal environment is relatively stable, this is
called homeostasis.

pushed into a balloon.

B Lateral view of the subdivisions
of the body cavities.

1.5 | An Introduction to Organ Systems p. 7

» All living organisms share a set of vital properties and processes:
responsiveness to changes in their environment, growth and
differentiation, reproduction, movement, and metabolism
and excretion. Organisms absorb and consume oxygen during
respiration and discharge waste products during excretion.
Digestion breaks down complex foods for use by the body. The
cardiovascular system forms an internal transportation system

between areas of the body. (See Figures 1.5 and 1.6.)

The 11 organ systems of the human body perform these vital
functions. (See Figure 1.5.)

1.6 | The Language of Anatomy p. 14

®» Anatomy usess a specialized language. (See Figures 1.7 to 1.13.)
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Superficial Anatomy p. 14

Standard anatomical illustrations show the body in the anatomical
position. (See Figures 1.8 and 1.10.)

A person lying down in the anatomical position may be supine
(face up) or prone (face down).

Specific terms identify specific anatomical regions. (See Figure 1.8
and Table 1.1.)

Abdominopelvic quadrants and abdominopelvic regions
represent two different approaches to describing locations in the
abdominal and pubic areas of the body. (See Figure 1.9.)

Specific directional terms are used to indicate relative location on
the body. (See Figure 1.10.)

Sectional Anatomy p. 18

There are three sectional planes: frontal plane or coronal
plane (anterior versus posterior), sagittal plane (right versus
left sides), and transverse plane (superior versus inferior).
These sectional planes and related reference terms describe
relationships between the parts of the three-dimensional human
body. (See Figure 1.11.)

Serial reconstruction is an important technique for studying
histological structure and analyzing images produced by
radiological procedures. (See Figure 1.12.)

Chapter Review

Level 1 Reviewing Facts and Terms

Match each numbered item with the most

closely related lettered item.
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. supine
. cytology
. homeostasis

. prone
. metabolism
. histology. oo

NouAWN =

lumbar

. study of tissues
. face down
. all chemical activity in body
. study of cells
. face up
constant internal environment
. lower back

(a)
(b)
(9]

Q@ 0 00 Tw
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8. Label the planes on the diagram below.

Body cavities protect delicate organs and permit changes in the
size and shape of visceral organs.

The diaphragm separates the superior thoracic cavity from the
inferior abdominopelvic cavity. (See Figure 1.13.)

The abdominal cavity extends from the inferior surface of the
diaphragm to an imaginary line drawn from the inferior surface
of the most inferior spinal vertebra to the anterior and superior
margin of the pelvic girdle. Inferior to this imaginary line is the
pelvic cavity. (See Figure 1.13.)

The thoracic and abdominopelvic cavities contain narrow, fluid-
filled spaces lined by a serous membrane. The thoracic cavity
contains two pleural cavities (each surrounding a lung) separated
by the mediastinum. (See Figure 1.13.)

The mediastinum contains the thymus, trachea, esophagus, blood
vessels, and the pericardial cavity, which surrounds the heart.
The membrane lining the pleural cavities is called the pleura;
the membrane lining the pericardial cavity is called the serous
pericardium. (See Figure 1.13.)

The abdominopelvic cavity contains the peritoneal cavity,
which is lined by the peritoneum. Many digestive organs are
supported and stabilized by mesenteries. (See Figure 1.13.)

Important radiological procedures, which can provide detailed
information about internal systems, include x-rays, CT scans,
MRI, and ultrasound. Physicians who perform and analyze these
procedures are called radiologists. (See Clinical Note on pp. 20-21.)

For answers, see the blue Answers tab at the back of the book.

9. Label the abdominal, pleural, pelvic, and
pericardial cavities on the diagram below.

(a)
(b)
(o]
(d)
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