MARTINI
TALLITSCH
NATH

ANATOMY

NINTH EDITION

ebookbig.com

[=]

[=]!

[=]




Frederic (Ric) Martini
Author

Dr. Martini received his Ph.D. from Cornell
University in comparative and functional
anatomy for work on the pathophysiology

of stress. In addition to professional
publications that include journal articles

and contributed chapters, technical reports,
and magazine articles, he is the lead author

of ten undergraduate texts on anatomy and
physiology or anatomy. Dr. Martini is currently
affiliated with the University of Hawaii at
Manoa and has a long-standing bond with

the Shoals Marine Laboratory, a joint venture
between Cornell University and the University
of New Hampshire. He has been active in

the Human Anatomy and Physiology Society
(HAPS) for over 24 years and was a member

of the committee that established the course
curriculum guidelines for A&P. He is now a
President Emeritus of HAPS after serving as
President-Elect, President, and Past-President
over 2005-2007. Dr. Martini is also a member
of the American Physiological Society, the
American Association of Anatomists, the
Society for Integrative and Comparative Biology,
the Australia/New Zealand Association of
Clinical Anatomists, the Hawaii Academy of
Science, the American Association for the
Advancement of Science, and the International
Society of Vertebrate Morphologists.

Robert B. Tallitsch
Author

Dr. Tallitsch received his Ph.D. in physiology
with an anatomy minor from the University of
Wisconsin-Madison at the ripe old age of 24.
Dr. Tallitsch has been on the biology faculty

at Augustana College (Illinois) since 1975.

His teaching responsibilities include human
anatomy, neuroanatomy, histology, and cadaver
dissection. He is also a member of the Asian
Studies faculty at Augustana College, teaching
a course in traditional Chinese medicine.

Dr. Tallitsch has been designated as one of

the “unofficial teachers of the year” by the
graduating seniors at Augustana 19 out of

the last 20 years. Dr. Tallitsch is a member

of the American Association of Anatomists,
where he serves as a Career Development
Mentor; the American Association of Clinical
Anatomists; and the Human Anatomy and
Physiology Society. In addition to his teaching
responsibilities, Dr. Tallitsch currently serves
as a reviewer for the Problem-Based Learning
Clearinghouse and has served as a visiting
faculty member at the Beijing University of
Chinese Medicine and Pharmacology (Beijing,
PRC), the Foreign Languages Faculty at Central
China Normal University (Wuhan, PRC), and
in the Biology Department at Central China
Normal University (Wuhan, PRC).

Judi L. Nath
Author

Dr. Judi Nath is a biology professor and the
writer-in-residence at Lourdes University,

where she teaches at both the undergraduate
and graduate levels. Primary courses include
anatomy, physiology, pathophysiology, medical
terminology, and science writing. She received
her Bachelor’s and Master’s degrees from
Bowling Green State University, which included
study abroad at the University of Salzburg

in Austria. Her doctoral work focused on
autoimmunity, and she completed her Ph.D.
from the University of Toledo. Dr. Nath is
devoted to her students and strives to convey the
intricacies of science in captivating ways that are
meaningful, interactive, and exciting. She has
won the Faculty Excellence Award—an accolade
recognizing effective teaching, scholarship, and
community service—multiple times and in 2013
was named as an Ohio Memorable Educator.
She is active in many professional organizations,
notably the Human Anatomy and Physiology
Society (HAPS), where she has served several
terms on the board of directors. Dr. Nath is

a coauthor of Fundamentals of Anatomy &
Physiology, Visual Anatomy & Physiology, Visual
Essentials of Anatomy & Physiology, and Anatomy
& Physiology (published by Pearson); and she

is the sole author of Using Medical Terminology
and Stedman'’s Medical Terminology (published
by Wolters Kluwer). Her favorite charities are
those that have significantly affected her life,
including the local Humane Society, the Cystic
Fibrosis Foundation, and the ALS Association.

In 2015, she and her husband established the
Nath Science Scholarship at Lourdes University
to assist students pursuing science-based careers.
When not working, days are filled with family



William C. Ober

Art Coordinator and Illustrator

Dr. Ober received his
undergraduate degree
from Washington
and Lee University
and his M.D. from
the University of
Virginia. He also
studied in the
Department of

Art as Applied to
Medicine at Johns Hopkins University. After
graduation, Dr. Ober completed a residency in

Family Practice and later was on the faculty at
the University of Virginia in the Department
of Family Medicine and in the Department

of Sports Medicine. He also served as Chief

of Medicine of Martha Jefferson Hospital in
Charlottesville, VA. He is currently a Visiting
Professor of Biology at Washington and Lee
University, where he has taught several courses
and led student trips to the Galdpagos Islands.
He was on the Core Faculty at Shoals Marine
Laboratory for 24 years, where he taught
Biological Illustration every summer. Dr. Ober
has collaborated with Dr. Martini on all of his
textbooks in every edition.

Claire E. Ober

Ilustrator

Claire E. Ober,
R.N., B.A., practiced
family, pediatric,
and obstetric
nursing before
turning to medical
illustration as a
full-time career. She
returned to school
at Mary Baldwin
College, where she received her degree with

distinction in studio art. Following a five-year
apprenticeship, she has worked as Dr. Ober’s
partner at Medical & Scientific Illustration
since 1986. She was on the Core Faculty at
Shoals Marine Laboratory and co-taught the
Biological Illustration course with Dr. Ober for
24 years. The textbooks illustrated by Medical
& Scientific [llustration have won numerous
design and illustration awards.

Kathleen Welch

Clinical Consultant

Dr. Welch received
her B.A. from

the University of
Wisconsin-Madison
and her M.D. from
the University of
Washington in
Seattle, and did her
residency in Family
Practice at the
University of North Carolina in Chapel Hill.
Participating in the Seattle WWAMI regional
medical education program, she studied in
Fairbanks, Anchorage, and Juneau, Alaska,
with time in Boise, Idaho, and Anacortes,
Washington, as well. For two years, she served
as Director of Maternal and Child Health at
the LBJ Tropical Medical Center in American
Samoa and subsequently was a member of the
Department of Family Practice at the Kaiser
Permanente Clinic in Lahaina, Hawaii, and
on the staff at Maui Memorial Hospital. She
was in private practice from 1987 until her
retirement in 2012. Dr. Welch is a Fellow of
the American Academy of Family Practice and
a member of the Hawaii Medical Association,
the Maui County Medical Association, and
the Human Anatomy and Physiology Society
(HAPS). With Dr. Martini, she has coauthored
both a textbook on anatomy and physiology
and the A&P Applications Manual. She and
Dr. Martini were married in 1979, and they
have one son.

Ruth Anne O’Keefe

Clinical Consultant

Dr. O’Keefe did

her undergraduate
studies at Marquette
University, attended
graduate school

at the University

of Wisconsin,

and received her
M.D. from George
Washington
University. She was the first woman to study
orthopedic surgery at The Ohio State University.
She did fellowship training in trauma surgery

at Loma Linda University. She has always been
passionate about global health and has done
orthopedic surgery in high-need areas around the
world, taking her own surgical teams to places
such as the Dominican Republic, Honduras,
Peru, Burkina Faso, and New Zealand. She serves
on the board of Global Health Partnerships, a
group that partners with a clinic serving 50,000
very poor people in rural Kenya. Dr. O’Keefe

has enjoyed teaching at all levels and at all the
universities in places where she has lived. She
now lives in Albuquerque with her Sweet Ed. She
is mother of four, grandmother of thirteen, and
foster grandmother to many.

Ralph T. Hutchings
Biomedical Photographer

Mr. Hutchings was
associated with The
Royal College of
Surgeons of
England for

20 years. An engineer
by training, he has
focused for years

on photographing
the structure of

the human body. The result has been a series
of color atlases, including the Color Atlas of
Human Anatomy, the Color Atlas of Surface
Anatomy, and The Human Skeleton

(all published by Mosby-Yearbook Publishing).
For his anatomical portrayal of the human body,
the International Photographers Association
chose Mr. Hutchings as the best photographer
of humans in the twentieth century. He lives
in North London, where he tries to balance the
demands of his photographic assignments with
his hobbies of early motor cars and airplanes.



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:

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.

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.
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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.

» 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

Sk CAMCER, the sbnormad groweth of scon colly, 5 often
canrad Dy exporaaTs o U radiation, primarlly surdighs,

Hasnl cell carcimama coiginates i the dirstum basale, This s
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Srusme s cal EREInamn

Sejuamnous el carclnoma, the second medt comman shin
amncer 4 an uncpriroded graveth of aboaimal speseags ells in the
epidermis. They most often ooour @ Unpspoesd areas of skin, bt
Tabacod Lan also ba a trgger They can metastisize T3 Tuss, Bonms
pnd rearby lymph nodes, and they offen cawes focal disfgurement.

al 8 devedaps In meanoortes in the Dassd
Lyt Theas cardésoas melanodytes multiply sapidhys snd metaiasine
toodistant sites. Malignant melanomas cause the most deaths fBrom
im congmr.

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
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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






























































































































