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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.

Ready-To-Go
Teaching Modules
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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.

P 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
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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.
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p. 448
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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

| DONT KNOW YET

Submit
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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

e basic siroctyre od a musdde Bher i shorm s O The plasme sermbiase. o
wiretlemings (i -LEM-ult; doiod, fuib + doemiin, Badc], of o mpedld Shay surrmunds S
ertoplasm. = sarmoplisns (54 R-ks-plamm ), Openivgs soatiered acvies il sedlacy of the
sareslimuna luad dnts @ oetvork of parer fubules salled transverse Bebules, o T habules
Pkt arith semnceBadar fluid. the T tubules form paesageways therugh the aeeecle fibe, lilke

A sy of Esncls Sl § Sl
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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
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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!

°
b °
HUMAM
AMATDMY ]

°

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 (s-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

» 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.
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bone surrounds to form other structures and abdominopelvic

the brain in adult organs

Ventral body cavity

Bl Al 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
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in spinal cavity
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Somites Vertebrae
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Somites
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A The similarities between vertebrates B The similarities are less
are most apparent when comparing obvious when comparing
embryos at comparable stages of adult vertebrates.
development.
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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
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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.

Chapter 1 | Foundations: An Introduction to Anatomy 7




Figure 1.6 The Organ Systems of the Body
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Bone Marrow

Supports and protects tissues;
stores minerals; forms blood
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Support and protect soft tissues; bones store
minerals
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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

Chapter 1 | Foundations: An Introduction to Anatomy 9





