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In this eighth edition of Human Anatomy, we have made a highly visual book even more visual in 
an effort to support student understanding of the intricacies of the human body. The new visuals are 
especially apparent in the new Spotlight Figures. Student learning is further supported by new highly 
visual and interactive activities in MasteringA&P®, the online homework, tutorial, and assessment 
system.

New to the Eighth Edition
To build on the strengths of previous editions while meeting the needs of today’s students, the author 
team and the publisher conducted student focus groups and gathered input from numerous instructors 
who teach the human anatomy course. The changes presented below reflect advancements resulting 
from the invaluable input of students and instructors.

•	 NEW Spotlight Figures are one- and two-page presentations that seamlessly integrate text and visuals to 
guide students through complex topics. With the explanations built directly into the illustrations, students 
can find everything they need to understand a topic in one place—with no page flipping. Students study the 
Spotlight Figures in the book, and then instructors can assign them in MasteringA&P. The 22 new Spotlight 
Figures are listed on the inside front cover of this book.

•	 NEW QR Codes in the chapters on the skeletal and muscular systems let students use their smartphones 
to link directly from figures in the book to figures in the Practice Anatomy Lab™ (PAL™) virtual anatomy 
program, giving students additional views to help them learn bones (Chapters 6 and 7) and muscles 
(Chapters 10 and 11).

•	 NEW Learning Outcomes on each chapter-opening page indicate to students what they should be able 
to do after studying the chapter. These Learning Outcomes are coordinated by number to the main 
chapter headings, creating a predictable one-to-one correspondence and allowing students to check their 
understanding by both Learning Outcomes and chapter topics. The Learning Outcomes correlate with 
the Concept Check questions that close out each main section and ask students to pause and check their 
understanding before moving to the next section. (The answers are at the back of the book.) Additionally, 
the assessments in MasteringA&P are organized by these Learning Outcomes, allowing instructors to assign 
homework, assess understanding, and demonstrate teaching results by Learning Outcomes.

•	 NEW Visual Study Outlines at the end of each chapter have memory-triggering visuals to help students 
remember chapter content.

•	 NEW MasteringA&P activities include the following:
•	 NEW Spotlight Figure Coaching Activities are highly visual, assignable activities designed to bring 

interactivity to the one- and two-page Spotlight Figure presentations in the book. Multi-part activities 
include the ranking and sorting types that ask students to manipulate the visuals.

•	 NEW Dynamic Study Modules help students acquire, retain, and recall information faster and more 
effectively than before. The modules are available as a self-study tool or can be assigned by the instructor. 
They can be easily accessed with smartphones.

•	 NEW Bone Videos (29 total) and Dissection Videos (16 total) Coaching Activities with hints and 
specific wrong answer feedback help students preview or review for lab exercises involving bone and 
dissection identification.

Preface
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Chapter-by-Chapter Revisions
Specific chapter-by-chapter revisions include:

1 Foundations: An Introduction to Anatomy

•	 Eight	new	or	significantly	revised	illustrations	were	added.
•	 Presentation	of	the	material	throughout	the	chapter	was	revised	to	

better facilitate student learning and comprehension.

2 Foundations: The Cell

•	 Three	new	Spotlight	Figures	were	added.
•	 The	Hot	Topics	feature	was	updated	with	new	research	information.
•	 Ten	new	or	significantly	revised	illustrations	were	added.
•	 The	presentation	of	material	throughout	the	chapter	was	revised	to	

better facilitate student learning and comprehension.

3 Foundations: Tissues and Early Embryology

•	 One	new	Spotlight	Figure	was	added.
•	 The	Hot	Topics	feature	was	updated	with	new	research	information.
•	 Ten	new	or	significantly	revised	illustrations	were	added.
•	 Changes	were	made	in	terminology	according	to	the	Terminologia 

Anatomica (TA) and Terminologia Histologica (TH).
•	 The	presentation	order	of	some	material	was	rearranged	in	order	to	

facilitate student learning.
•	 New	material	was	added	to	update	the	chapter	according	to	current	

histological research.

4 The Integumentary System

•	 Eight	new	or	significantly	revised	illustrations	were	added.
•	 The	Hot	Topics	feature	was	updated	with	new	research	information.
•	 Changes	were	made	in	terminology	according	to	the	TA and TH.
•	 Existing	chapter	material	was	revised	for	easier	comprehension	and	

to better facilitate student learning.

5 The Skeletal System: Osseous Tissue and Skeletal 
Structure

•	 Two	new	Spotlight	Figures	were	added.
•	 The	Hot	Topics	feature	was	updated	with	new	research	information.
•	 Four	new	or	significantly	revised	illustrations	were	added.
•	 New	material	was	added	to	the	discussion	of	bone	remodeling	and	

repair, and the existing material was revised for easier reading and 
comprehension.

•	 New	material	was	added	to	the	discussion	of	the	cells	of	bone	to	
match current histological terminology and research.

6 The Skeletal System: Axial Division

•	 Three	new	or	significantly	revised	illustrations	were	added.
•	 Seventeen	QR	codes	linking	to	related	Practice	Anatomy	Lab	(PAL)	

human cadaver images were added to figures throughout the chapter.
•	 Chapter	material	was	revised	for	easier	comprehension	and	to	better	

facilitate student learning.

7 The Skeletal System: Appendicular Division

•	 Five	illustrations	are	either	new	or	have	been	significantly	revised.
•	 Eight	QR	codes	linking	to	related	Practice	Anatomy	Lab	(PAL)	

human cadaver images were added to figures throughout the chapter.
•	 New	material	was	added,	and	existing	material	has	been	clarified	to	

better facilitate student learning.

8 The Skeletal System: Articulations

•	 One	new	Spotlight	Figure	was	added.
•	 Three	illustrations	are	either	new	or	have	been	significantly	revised.
•	 New	material	was	added	and	existing	material	clarified	for	better	

student comprehension.

9 The Muscular System: Skeletal Muscle Tissue and 
Muscle Organization

•	 Two	new	Spotlight	Figures	were	added.
•	 Eleven	illustrations	are	either	new	or	have	been	significantly	revised.
•	 Material	within	the	chapter	was	revised	to	better	facilitate	student	

comprehension and learning.

10 The Muscular System: Axial Musculature

•	 Eleven	illustrations	are	either	new	or	have	been	significantly	revised.
•	 Four	QR	codes	linking	to	related	Practice	Anatomy	Lab	(PAL)	

human cadaver images were added to figures throughout the chapter.
•	 The	Hot	Topics	feature	was	updated	with	new	research	information.
•	 The	presentation	of	all	the	material	within	this	chapter	was	revised	

and reorganized to better facilitate student comprehension and 
learning.

vi Preface
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11 The Muscular System: Appendicular Musculature

•	 One	new	Spotlight	Figure	was	added.
•	 Eighteen	QR	codes	linking	to	related	Practice	Anatomy	Lab	(PAL)	

human cadaver images were added to figures throughout the chapter.
•	 Three	QR	codes	linking	to	related	A&P	Flix	animations	were	added	

to the Spotlight Figure 11.2.
•	 Twenty-six	illustrations	are	either	new	or	have	been	significantly	

revised.
•	 The	presentation	of	all	the	material	within	this	chapter	was	revised	 

and reorganized to better facilitate student comprehension and 
learning.

12 Surface Anatomy and Cross-Sectional Anatomy

•	 Four	illustrations	are	either	new	or	have	been	significantly	revised.
•	 Clinically	relevant	material	was	added	to	the	Surface	Anatomy	

illustrations throughout the chapter.

13 The Nervous System: Neural Tissue

•	 One	new	Spotlight	Figure	was	added.
•	 The	Hot	Topics	feature	was	updated	with	new	research	information.
•	 Nine	illustrations	are	either	new	or	have	been	significantly	revised.
•	 The	sections	entitled	“Neuroglia	of	the	CNS”	and	“Synaptic	

Communication” were updated in order to match current research 
findings in the field.

14 The Nervous System: The Spinal Cord and Spinal 
Nerves

•	 Two	new	Spotlight	Figures	were	added.
•	 Nine	illustrations	are	either	new	or	have	been	significantly	revised.
•	 The	discussion	of	the	sectional	anatomy	of	the	spinal	cord	was	

expanded, with particular emphasis on the revision of the section on 
“Organization of the Gray Matter.”

•	 The	section	on	“Spinal	Nerves”	has	been	rewritten	in	order	to	
facilitate student learning and comprehension.

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

•	 One	new	Spotlight	Figure	was	added.
•	 The	Hot	Topics	feature	was	updated	with	new	research	 

information.
•	 Five	illustrations	are	either	new	or	have	been	significantly	revised.
•	 All	sections	of	this	chapter	were	revised,	either	partially	or	totally,	to	

better facilitate student comprehension.
•	 At	the	request	of	reviewers,	a	section	dealing	with	Higher-Order	

Functions has been added to the chapter.

16 The Nervous System: The Brain and Cranial Nerves

•	 Eleven	illustrations	are	either	new	or	have	been	significantly	revised.
•	 The	Hot	Topics	feature	was	updated	with	new	research	information.

17 The Nervous System: Autonomic Nervous System

•	 One	new	Spotlight	Figure	was	added.
•	 Eight	illustrations	are	either	new	or	have	been	significantly	revised.
•	 All	sections	of	this	chapter	were	revised,	either	partially	or	totally,	to	

better facilitate student comprehension.

18 The Nervous System: General and Special Senses

•	 Fifteen	illustrations	are	either	new	or	have	been	significantly	revised.
•	 The	Hot	Topics	feature	was	updated	with	new	research	information.
•	 All	sections	of	this	chapter	were	revised,	either	partially	or	totally,	to	

better facilitate student comprehension.

19 The Endocrine System

•	 One	new	Spotlight	Figure	has	been	added.
•	 The	Hot	Topics	feature	was	updated	with	new	research	information.
•	 Five	illustrations	are	either	new	or	have	been	significantly	revised.
•	 All	sections	of	this	chapter	were	revised,	either	partially	or	totally,	to	

better facilitate student comprehension.

20 The Cardiovascular System: Blood

•	 Three	illustrations	are	either	new	or	have	been	significantly	revised.
•	 All	sections	of	this	chapter	were	updated	in	order	to	match	current	

research findings in the field.

21 The Cardiovascular System: The Heart

•	 One	new	Spotlight	Figure	was	added.
•	 The	Hot	Topics	feature	was	updated	with	new	research	information.
•	 Four	illustrations	are	either	new	or	have	been	significantly	revised.
•	 New	material	dealing	with	the	histology	of	cardiac	muscle	has	been	

rewritten in order to reflect new research findings.
•	 The	section	discussing	the	anatomy	of	the	mediastinum	and	

pericardial sac was revised in order to better facilitate student 
comprehension.

22 The Cardiovascular System: Vessels and Circulation

•	 One	new	Spotlight	Figure	was	added.
•	 A	new	Clinical	Note	on	Repair	of	an	Aortic	Aneurysm	was	added.
•	 Seven	illustrations	are	either	new	or	have	been	significantly	revised.
•	 All	sections	of	this	chapter	were	revised,	either	partially	or	totally,	in	

order to better facilitate student comprehension.
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23 The Lymphatic System

•	 One	new	Spotlight	Figure	was	added.
•	 The	Hot	Topics	feature	was	updated	with	new	research	information.
•	 Three	illustrations	are	either	new	or	have	been	significantly	revised.
•	 All	sections	of	this	chapter	were	revised,	either	partially	or	totally,	in	

order to better facilitate student comprehension.

24 The Respiratory System

•	 One	new	Spotlight	Figure	was	added.
•	 The	Hot	Topics	feature	was	updated	with	new	research	information.
•	 Six	illustrations	are	either	new	or	have	been	significantly	revised.
•	 Revisions	were	made	to	reflect	the	current	histological	information	

on the respiratory system.
•	 All	sections	of	this	chapter	were	revised,	either	partially	or	totally,	in	

order to better facilitate student comprehension.

25 The Digestive System

•	 One	new	Spotlight	Figure	was	added.
•	 The	Hot	Topics	feature	was	updated	with	new	research	information.
•	 Thirteen	illustrations	are	either	new	or	have	been	significantly	

revised.
•	 Revisions	were	made	to	reflect	the	current	histological	information	

on the various organs of the digestive system.

26 The Urinary System

•	 One	new	Spotlight	Figure	was	added.
•	 The	Hot	Topics	feature	was	updated	with	new	research	information.
•	 Three	illustrations	are	either	new	or	have	been	significantly	revised.
•	 Revisions	were	made	to	reflect	the	current	histological	information	

on the various organs of the urinary system.
•	 All	sections	of	this	chapter	were	revised,	either	partially	or	totally,	in	

order to better facilitate student comprehension.

27 The Reproductive System

•	 Twelve	illustrations	are	either	new	or	have	been	significantly	revised.
•	 The	Hot	Topics	feature	was	updated	with	new	research	information.
•	 Revisions	were	made	to	reflect	the	current	histological	information	

on the various organs of the male and female reproductive systems.
•	 All	sections	of	this	chapter	were	revised,	either	partially	or	totally,	in	

order to better facilitate student comprehension.

28 The Reproductive System: Embryology and Human 
Development

•	 All	of	the	Embryology	Summaries	have	been	revised.
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Myelination  
Chapter 13, page 352

Lymphocyte Formation and Immunity
Chapter 23, page 618

Peripheral Tissues

Thymus

Red Bone Marrow

As they mature, B cells 
and NK cells enter the 
bloodstream and migrate 
to peripheral tissues.

One type of mature T cell, 
called cytotoxic T cells, is 
responsible for cell-mediated 
immunity. These cells 
attack and destroy 
foreign cells or body 
cells infected by 
viruses.

When stimulated, B cells can 
differentiate into plasmocytes 
(plasma cells), which produce 
and secrete antibodies. These 
antibodies attach to pathogens, 
which starts a chain reaction 
that leads to the destruction of 
the pathogens.

NK (natural killer) cells 
attack foreign cells, 
body cells infected by 
viruses, and cancer 
cells. They secrete 
chemicals that lyse 
the plasmalemma of 
the abnormal cells.

Mature T cells enter 
the bloodstream and 
migrate to the red bone 
marrow, spleen, and other 
lymphoid tissues.

Production and
differentiation

of T cells

Plasmocyte

Antibodies

NK cells

Antibody-mediated immunity Cell-mediated immunityImmunological surveillance

Lymphoid stem cells

Migrate to
thymus

Transported 
by the 

bloodstream

Mature T cells Mature T cells

Cytotoxic T cell

Foreign or
abnormal cell

Foreign or
abnormal cell

Cell destroyedCell destroyed Cell destroyed

Thymic
hormones

B cellsNK cells Mature T cells

Pluripotential stem cell

Lymphoid stem cellsLymphoid stem cells

Interleukin-7

One group of lymphoid stem cells remains in the bone marrow, 
producing daughter cells that mature into NK (natural killer) cells 

and B cells under the in�uence 
of interleukin-7. The second group of lymphoid 

stem cells migrates to the 
thymus, where subsequent 
divisions produce daughter 
cells that mature into T cells 
under the in�uence of thymic 
hormones. 

All three types of 
lymphocytes 
circulate throughout 
the body, detecting 
and responding to 
toxins and patho-
gens that threaten 
homeostasis. Each 
type of lymphocyte 
makes a speci�c 
contribution to 
immunity.

Lymphocyte formation, or lymphopoiesis, involves the red bone marrow, 
thymus, and peripheral lymphoid tissues. Of these, the red bone marrow plays 
the primary role in the maintenance of normal lymphocyte populations. 
Pluripotential stem cells in the red bone marrow produce lymphoid stem cells 
with two distinct fates. 

B cell
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Figure 23.6
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Mitosis  
Chapter 2, page 45

Mitosis is the process that delivers replicated DNA to two daughter cells. It 
consists of four stages, but the transitions from stage to stage are seamless.

During interphase, the DNA strands are loosely coiled and chromosomes cannot be seen.

Early prophase

Prophase (PRŌ-fāz; pro-, before) begins only after DNA replication has been 
completed. During prophase the DNA strands coil so tightly that eventually the 
duplicated chromosomes become visible as individual structures. During early 
prophase, the two pairs of centrioles, which are connected by spindle fibers, 
move apart from each other. Smaller microtubules called astral rays radiate into 
the surrounding cytoplasm.

Late prophase

As the chromosomes finish their coiling, the nuclear membrane disintegrates. The 
two copies of each chromosome are called chromatids (KRŌ-ma-tids), and at this 
stage they are connected at a single point, the centromere (SEN-trō-mēr). The 
spindle fibers now extend among the chromosomes. Some of the spindle fibers 
bind to the centromeres; these fibers are called chromosomal microtubules. 

In metaphase (MET-a-fāz; meta-, after), the centromeres move along the chromo-
somal microtubules to a narrow central zone called the metaphase plate. 

Interphase 

Prophase

Metaphase

Anaphase (AN-a-fāz; ana-, apart) begins when the centromere of each chromatid 
pair splits apart. The two chromatids, now called daughter chromosomes, are 
then pulled toward opposite ends of the cell along the chromosomal microtu-
bules. Anaphase ends as the daughter chromosomes arrive near the centrioles 
at opposite ends of the dividing cell.

Anaphase

Telophase (TĒL-ō-fāz; telo-, end) is in many ways the reverse of prophase, for in it the cell 
prepares to return to the interphase state. The nuclear membranes form and the nuclei 
enlarge as the chromosomes gradually uncoil. Once the chromosomes uncoil and are 
no longer visible, nucleoli reappear and the nuclei resemble those of interphase cells.

Telophase

Telophase marks the end of mitosis proper, but before cell division can be 
completed the cytoplasm of the original cell must be apportioned between two 
daughter cells. This separation process, called cytokinesis (cyto-, cell + kinesis, 
motion), begins as the daughter chromosomes approach the ends of the spindle 
apparatus. The cytoplasm then constricts along the plane of the metaphase plate, 
forming a cleavage furrow that deepens until the two daughter cells are separated. 
This event marks the end of cell division and the beginning of the next interphase period.

Cytokinesis

Nucleus

Centrioles
(two pairs)

Nuclear
membrane

Astral rays

Spindle fibers

Chromosome
with two sister

chromatids

Centromere

Metaphase
plate

Chromosomal
microtubules

Chromosomal
microtubules

Daughter
chromosomes

Cleavage
furrow
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cells

 Figure 2.17
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All axons within the peripheral nervous system are shielded from 
contact with interstitial fluids by glial cells called Schwann cells. 
Schwann cells ensheath many axons in a layered phospholipid 
covering that is known as myelin. An axon wrapped in myelin is 
said to be myelinated. Myelin improves the speed at which an 
action potential, or nerve impulse, is propagated along the axon. 
An individual Schwann cell produces myelin by wrapping itself 
around the axon as diagrammed below.

In myelinating a peripheral axon, a Schwann 
cell first encloses a segment of the axon 
within a groove of its cytoplasm.

As the Schwann cell rotates, the inner 
membranous layers are compressed and 
the cytoplasm is forced into more superficial 
layers. When completed, the myelin sheath 
consists only of the phospholipid bilayers 
of the cell membrane, with the Schwann 
cell nucleus and cytoplasm at the surface.

The Schwann cell then begins to rotate 
around the axon.

Because each Schwann cell can 
myelinate only about 1 mm of an 
axon, it takes many Schwann cells to 
myelinate an entire axon. The narrow 
open region between two adjacent 
Schwann cells is called a node. The 
internodes are the areas myelinated 
by individual Schwann cells.

In this cross section of a myelinated 
axon, the myelin sheath appears as 
concentric dense lines around the axon.

A single Schwann cell can 
shield multiple unmyelinated 
axons within superficial grooves. 
However, a chain of Schwann 
cells is still needed to enclose an 
entire axon.

A Myelinated Axon in the PNS An Unmyelinated Axon in the PNS

Schwann cell
nucleus

Nodes

Nucleus

Axon hillock

Axon

Dendrite

Initial segment
(unmyelinated)

Myelinated
internode

TEM × 20,600Myelinated axon
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NEW There are 22 Spotlight Figures included in the Eighth Edition.

Histological Organization of Blood Vessels
The walls of arteries and veins contain three distinct layers: 
(1) an outer adventitia, (2) a middle media, 
and (3) an inner intima.

Structural Di�erences between Arteries and Veins

The outer adventitia (ad-ven-TISH-a) (tunica adventitia) 
forms a connective tissue sheath around the vessel. This 
layer is very thick, consisting of collagen �bers with scattered 
bands of elastic �bers. The connective tissue �bers of the 
adventitia typically blend into those of adjacent tissues, 
stabilizing and anchoring the blood vessel.

Large veins include the superior and inferior 
venae cavae (also termed the great veins) and 
their tributaries within the abdominopelvic 
and thoracic cavities. 

Medium-sized veins, such as the radial and ulnar 
veins, range from 2 to 9 mm in internal diameter and 
correspond in general size to muscular arteries. In 
these veins the media is thin, and 
it contains relatively few 
smooth muscle cells. 

Venules, the smallest veins, collect blood from 
capillaries. They vary widely in diameter and character, 
and the small venules are both innumerable and 
unnamed. The smallest venules resemble 
expanded capillaries, and venules 
smaller than 50 m in total diameter 
lack a media altogether. 

A typical muscular artery has a diameter of approximately 
4 mm (0.15 in.). Muscular arteries, such as the radial and 
ulnar arteries, have a thicker media with a greater 

percentage of smooth muscle cells 
than elastic arteries. 

Arterioles have an average diameter of about 30 m. They 
are considerably smaller than muscular arteries, and they are 
both innumerable and unnamed. Arterioles have a poorly 

de�ned adventitia, and the media consists of 
scattered smooth muscle cells that may not form 

a complete layer. 

The walls of elastic arteries, such as the aorta and 
brachiocephalic arteries, are not very thick relative to the 

vessel diameter, but they are extremely 
resilient. The media of these vessels 

contains relatively few smooth 
muscle cells and a high 

density of elastic �bers. 

Fenestrated capillaries are 
capillaries that contain 
“windows,” or pores in 
their walls, due to an 
incomplete or perforated 
endothelial lining.

Continuous capillaries are found in 
most regions of the body. In these 
capillaries the endothelium is a 
complete lining, and the endothelial 
cells are connected by tight junctions 
and desmosomes.

In general, when comparing two adjacent vessels, the walls of arteries are thicker than those of the corresponding veins, and the lumen is relatively smaller. 
Whereas in arteries the adventitia is usually thinner than the media, in veins the adventitia is typically the thickest layer of the vessel wall. Because the media 
of an artery contains more smooth muscle and elastic �bers than does that of a vein, when the wall of an artery is no longer stretched by blood pressure it 
constricts and the endothelium wrinkles as the luminal diameter decreases. As a result, in a cross section the arterial lining has a pleated appearance. In 
contrast, when venous blood pressure falls, veins simply collapse and in section the lining of a vein is relatively smooth.

The media (tunica media) is the middle layer. It contains 
layers of circularly arranged smooth muscle. These layers 
form sheets that are organized and supported by a frame-
work of elastic tissue.

The intima (tunica intima) is the innermost layer of the blood 
vessel. This layer includes the endothelial lining of the vessel 
and an underlying layer of areolar tissue containing variable 
amounts of elastic �bers and sometimes scattered smooth 
muscle cells.
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Histological Comparison of Arteries and Veins

Layers of the Blood Vessel Wall

AV bundle

The internal elastic 
membrane is a network of 
elastic �bers located between 
the intima and the media.

The media is separated from 
the adventitia by the 
external elastic membrane, 
a band of elastic tissue.

µ

µ

579 SP    TLIGHT   Figure 22.1  
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NEW Spotlight Figures 
are one- or two-page presentations 
that integrate text and art to 
communicate complex topics in a 
visually effective format.

The explanation is built directly 
into the  illustration for efficient 
and effective learning.

x

SPOTLIGHT FIGURES

# 109314   Cust: Pearson / BC / CA / SF   Au: Martini  Pg. No. x 
Title: Human Anatomy / 8e     Server:          

C/M/Y/K 
Short / Normal / Long

DESIGN SERVICES OF

S4carliSle
Publishing Services



SA node AV node

Time = 0

Bundle
branches

AV bundle

Elapsed time = 150 msec

Moderator
band

Elapsed time = 175 msec

Purkinje
�bers

Elapsed time = 225 msec

The Conducting System of the Heart
Cardiac muscle tissue contracts on its own, in the absence of neural 
or hormonal stimulation. This inherent ability to generate and 
conduct impulses is called automaticity or autorhythmicity. The 
conducting system of the heart is a network of specialized cardiac 
muscle cells responsible for initiating and distributing the stimulus 
to contract. The Phaases of the Cardiac Cycle

The period between the start of one heartbeat and the beginning of the next is a single 
cardiac cycle. The cardiac cycle therefore includes alternate periods of contraction and 
relaxation. For any one chamber in the heart, the cardiac 
cycle can be divided into two phases. During 
contraction, or systole, a chamber ejects 
blood either into another heart 
chamber or into an arterial trunk. 
Systole is followed by the 
second phase: relaxation, 
or diastole.

Each cardiac contraction follows a precise sequence: The atria contract 
rst and then the ventricles. 
The following sequence illustrates the spread of electrical activity through the heart, and shows how 
the conducting system coordinates the contractions of the cardiac cycle.

Internodal 
pathways

Atrioventricular 
(AV) node 

AV bundle

Left bundle 
branch 

Right bundle 
branch

Moderator 
band

Purkinje 
�bers

contains pacemaker cells that initiate the electrical impulse 
that results in a heartbeat.

are conducting 
bers in the atrial wall that conduct the 
impulse to the AV node while simultaneously 
stimulating cardiac muscle cells of both atria.

slows the electrical impulse when it arrives from the 
internodal pathways.

conducts the impulse from the AV node to the 
bundle branches.

extends toward the apex of the heart and then radiates 
across the inner surface of the left ventricle.

extends toward the apex of the heart and then radiates 
across the inner surface of the right ventricle.

relays the stimulus through the ventricle to the papillary 
muscles, which tense the chordae tendineae before the 
ventricles contract.

convey the impulses very rapidly to the contractile 
cells of the ventricular myocardium.

Atrial systole begins: Atrial contraction 
forces a small amount of blood into the 
relaxed ventricles. 

Atrial systole ends; 
atrial diastole begins: 
Atrial diastole continues 

until the start of the 
next cardiac cycle.

Ventricular systole—
�rst phase: Ventricular  
contraction pushes the 
AV  valves closed but 
does not create enough 
pressure   to open the 
semilunar valves.

Ventricular systole—
second phase: As ventricular 
pressure rises and exceeds the 
pressure in the arteries, the  
semilunar valves open 
and blood is ejected.Ventricular diastole—early: As the ventricles 

relax, the ventricular blood pressure drops 
until reverse blood 	ow pushes the cusps of 
the semilunar valves together. Blood now 
	ows into the relaxed atria.

Ventricular diastole—late: 
All chambers are relaxed. 
The AV valves open and the 
ventricles �ll passively.

Elapsed time = 50 msec
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The impulse is distributed by 
Purkinje �bers and relayed 
throughout the ventricular 
myocardium. Atrial contraction 
is completed and ventricular 
contraction begins. 

Impulses travel along the AV 
bundle within the interven-
tricular septum to the apex 
of the heart. Impulses also 
spread to the papillary 
muscles of the right ventricle 
by the moderator band.

Atrial contraction begins. 
The AV node delays the 
spread of electrical activity 
to the AV bundle by 100 
msecs.

Depolarization spreads 
across the atrial surfaces 
and reaches the AV node. 

The SA node depolarizes 
and atrial activation 
begins. 

Sinoatrial 
(SA) node

1 2 3 4 5

Components of the Conducting System

Movement of Electrical Impulses through the Conducting System

In this illustration, black arrows indicate the 
	ow of blood or movement of valves and 
green arrows indicate myocardial contraction.
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Figure 21.11
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The Conducting System and the Cardiac Cycle
Chapter 21, page 566 xi

Histological Organization of Blood Vessels
The walls of arteries and veins contain three distinct layers: 
(1) an outer adventitia, (2) a middle media, 
and (3) an inner intima.

Structural Di�erences between Arteries and Veins

The outer adventitia (ad-ven-TISH-a) (tunica adventitia) 
forms a connective tissue sheath around the vessel. This 
layer is very thick, consisting of collagen �bers with scattered 
bands of elastic �bers. The connective tissue �bers of the 
adventitia typically blend into those of adjacent tissues, 
stabilizing and anchoring the blood vessel.

Large veins include the superior and inferior 
venae cavae (also termed the great veins) and 
their tributaries within the abdominopelvic 
and thoracic cavities. 

Medium-sized veins, such as the radial and ulnar 
veins, range from 2 to 9 mm in internal diameter and 
correspond in general size to muscular arteries. In 
these veins the media is thin, and 
it contains relatively few 
smooth muscle cells. 

Venules, the smallest veins, collect blood from 
capillaries. They vary widely in diameter and character, 
and the small venules are both innumerable and 
unnamed. The smallest venules resemble 
expanded capillaries, and venules 
smaller than 50 m in total diameter 
lack a media altogether. 

A typical muscular artery has a diameter of approximately 
4 mm (0.15 in.). Muscular arteries, such as the radial and 
ulnar arteries, have a thicker media with a greater 

percentage of smooth muscle cells 
than elastic arteries. 

Arterioles have an average diameter of about 30 m. They 
are considerably smaller than muscular arteries, and they are 
both innumerable and unnamed. Arterioles have a poorly 

de�ned adventitia, and the media consists of 
scattered smooth muscle cells that may not form 

a complete layer. 

The walls of elastic arteries, such as the aorta and 
brachiocephalic arteries, are not very thick relative to the 

vessel diameter, but they are extremely 
resilient. The media of these vessels 

contains relatively few smooth 
muscle cells and a high 

density of elastic �bers. 

Fenestrated capillaries are 
capillaries that contain 
“windows,” or pores in 
their walls, due to an 
incomplete or perforated 
endothelial lining.

Continuous capillaries are found in 
most regions of the body. In these 
capillaries the endothelium is a 
complete lining, and the endothelial 
cells are connected by tight junctions 
and desmosomes.

In general, when comparing two adjacent vessels, the walls of arteries are thicker than those of the corresponding veins, and the lumen is relatively smaller. 
Whereas in arteries the adventitia is usually thinner than the media, in veins the adventitia is typically the thickest layer of the vessel wall. Because the media 
of an artery contains more smooth muscle and elastic �bers than does that of a vein, when the wall of an artery is no longer stretched by blood pressure it 
constricts and the endothelium wrinkles as the luminal diameter decreases. As a result, in a cross section the arterial lining has a pleated appearance. In 
contrast, when venous blood pressure falls, veins simply collapse and in section the lining of a vein is relatively smooth.

The media (tunica media) is the middle layer. It contains 
layers of circularly arranged smooth muscle. These layers 
form sheets that are organized and supported by a frame-
work of elastic tissue.

The intima (tunica intima) is the innermost layer of the blood 
vessel. This layer includes the endothelial lining of the vessel 
and an underlying layer of areolar tissue containing variable 
amounts of elastic �bers and sometimes scattered smooth 
muscle cells.
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The Structure of Blood Vessels         

Clear steps use text and art to 
guide  students through the topic.

The all-in-one-place presentation 
means no flipping back and 
forth between narrative and 
illustration to get the full story. 

NEW Spotlight Figure Coaching Activities 
Every Spotlight Figure has an assignable Coaching Activity in 
MasteringA&P.
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QR Codes let students link directly from figures in the book to figures in the Practice 

Anatomy Lab™ (PAL™) virtual anatomy program, giving them additional views to help them 

learn bones (Chapters 6 and 7) and muscles (Chapters 10 and 11). After students have 

downloaded a QR code reader app to their smartphones, they can use that app to scan the 

codes in the book and see the associated images on their smartphones. 
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  Figure 6.10       The Ethmoid.           Views of the ethmoid showing major anatomical landmarks.    Scan the code to see 
a figure from Practice Anatomy Lab (PAL).
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  Figure 7.6        The Humerus          Scan the code to see a figure from Practice Anatomy Lab (PAL).
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  Figure 7.6        The Humerus          Scan the code to see a figure from Practice Anatomy Lab (PAL).
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Factors Affecting Appendicular Muscle Function         
Flexion and ExtensionThe Anatomy of the Shoulder Joint Spurt and Shunt Muscles

Adduction  and Abduction

Action Lines at the Shoulder Joint

Medial and Lateral Rotation Action Lines at the Hip Joint

When an entire muscle or part of a large muscle contracts, it pulls the 
insertion in a specific direction. The direction of applied force is called 
an action line. The movement resulting at the associated joint depends 
on the relationship between the action line and the anatomical structure 
of the joint that determines its axes of motion. Knowing what move-
ments the anatomy of a particular joint allows will help you understand 
or predict the actions of a 
particular muscle at 
that joint.

We will begin by 
looking at muscles 
around the shoulder 
joint as seen in a lateral 
view. These muscles 
insert on the humerus to 
produce various movements, but to show the relationship between 
the action lines and the joint itself, the humerus has been removed.

Muscles whose action lines cross the anterior aspect of the shoulder 
joint are flexors of that joint, and muscles whose action lines cross the 
posterior aspect are extensors.
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joint are adductors of that joint, and muscles whose action lines cross 
the inferior aspect of the joint are abductors.

Muscles whose action lines cross the anterior aspect of the shoulder 
joint may produce medial rotation as well as flexion, and muscles 
whose action lines cross the posterior aspect of a joint may produce 
lateral rotation as well as extension.
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Determining the location of the insertion of a muscle relative to the axis 
of the joint will provide additional details about the functions of the 
muscle at that joint. The primary action of a muscle whose insertion is 
close to the joint will be the production of movement at that joint. Such 
a muscle is termed a spurt muscle, and spurt muscles are prime 
movers. However, a muscle whose insertion is considerably farther 
from the joint will generally help to stabilize that joint in addition to 
producing motion at that joint. This type of muscle, a synergist, is 
termed a shunt muscle.

The hip joint, like the shoulder joint, is a multiaxial synovial joint that permits flexion/extension, adduction/abduction, and 
medial/lateral rotation. Determining the action of a muscle on the hip is identical to the process utilized for the shoulder, in that 
the action of a muscle on the hip is determined by the structure of the joint and the location of the insertion of the muscle on 
the femur (not shown) relative to the permitted axes of motion at the joint.

Here is a superficial lateral view showing the action lines of the deltoid, 
biceps brachii, and triceps brachii muscles. As you have seen, 
analyzing how those action lines cross the shoulder joint enables one 
to determine the actions of these muscles on the humerus.
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muscle at that joint. The primary action of a muscle whose insertion is 
close to the joint will be the production of movement at that joint. Such 
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movers. However, a muscle whose insertion is considerably farther 
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  Figure 10.10       Muscles of the Vertebral Column.           
Collectively, these muscles adjust the position of the vertebral column, head, neck, and ribs. Selected 
origins and insertions are shown.    Scan the code to see a figure from Practice Anatomy Lab (PAL).

Spinous process
of vertebra

Intertransversarii

Rotatores

Interspinales

Transverse process
of vertebra

Deep Layer Superficial Layer

Spinal Flexors

Longissimus cervicis

Longissimus capitis

Iliocostalis cervicis

Iliocostalis thoracis

Longissimus thoracis

Spinalis thoracis

Iliocostalis lumborum

Quadratus lumborum

Multifidus

Semispinalis thoracis

Semispinalis cervicis

Spinalis cervicis

Splenius capitis

Semispinalis capitis

Thoracodorsal 
fascia

Intermediate Layer
Semispinalis Group

Intervertebral Muscles, 
Posterior View

Posterior view of superficial (right) and 
deeper (left) muscles of the vertebral column

a

  Figure 10.10       Muscles of the Vertebral Column.           
Collectively, these muscles adjust the position of the vertebral column, head, neck, and ribs. Selected 
origins and insertions are shown.    Scan the code to see a figure from Practice Anatomy Lab (PAL).

Select QR Codes in Chapter 11 link to A&P Flix 

animations on muscle movement.
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Practice Anatomy Lab™ 
(PAL™) 3.0 Assessments  
can be assigned to help students prepare 

for their lab practical quizzes and tests. 

xiv

NEW Bone and 
Dissection Video 
Coaching Activities 
with wrong-answer feedback and 
hints help students learn bone 
identification and organ dissection.

ASSIGNABLE CONTENT

A&P Flix™ Activities  
for Anatomy Topics  
allow instructors to assign animations 
on difficult anatomy topics.
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NEW Interactive and  
Adaptive Capabilities

•  Art-labeling Activities are drag and 
drop activities that allow  students to 
assess their knowledge of terms and 
structures.

•  Art-based Questions are conceptual 
questions related to art and instruct 
students with wrong-answer feedback.

•  Clinical Case Activities prepare 
students for future careers in allied 
health fields.

xv

NEW Spotlight Figure Coaching Activities  bring interactivity  

to the Spotlight Figures from the book by asking students to manipulate the visuals.
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Endochondral ossification begins with the formation of a hyaline cartilage model. 
The bones of the limbs form in this way. By the time an embryo is six weeks old, the 
proximal bones of the limbs, the humerus (upper limb) and femur (lower limb), 
have formed, but they are composed entirely of cartilage. These cartilage models 
continue to grow by expansion of the cartilage matrix (interstitial 
growth) and by the production of more cartilage at the 
outer surface (appositional growth).

Increasing the Length of the Developing Bone (Steps 5–7) 

During the initial stages of osteogenesis, osteoblasts move away from the primary ossification 
center toward the epiphyses. But they do not manage to complete the ossification of the model 
immediately, because the cartilages of the epiphyses continue to grow. The situation is like a 
pair of joggers, one in front of the other. As long as they are running at the same speed, they 
can run for miles without colliding. In this case, the osteoblasts and the epiphysis are both 
“running away” from the primary ossification center. As a result, the osteoblasts never catch up 
with the epiphysis, although the skeletal element continues to grow longer and longer. 

1

Initiation of Ossification in the Developing Bone (Steps 1–4)

As the cartilage enlarges, 
chondrocytes near the 
center of the shaft increase 
greatly in size, and the 
surrounding matrix begins 
to calcify. Deprived of 
nutrients, these chondro-
cytes die and disintegrate, 
leaving cavities within the 
cartilage.

2
Blood vessels grow around 
the edges of the cartilage, and 
the cells of the perichondrium 
begin differentiating into 
osteoblasts. The perichon-
drium has now been 
converted into a periosteum, 
and the inner osteogenic 
(os-te-o-JEN-ik) layer soon 
produces a bone collar, a thin 
layer of compact bone around 
the shaft of the cartilage.

3
While these changes are under 
way, the blood supply to the 
periosteum increases, and 
capillaries and osteoblasts migrate 
into the heart of the cartilage, 
invading the spaces left by the 
disintegrating chondrocytes. The 
calcified cartilaginous matrix then 
breaks down, and osteoblasts 
replace it with spongy bone. Bone 
development proceeds from this 
primary ossification center in the 
shaft, toward both ends of the 
cartilaginous model.

4
While the diameter is small, the entire 
shaft is filled with spongy bone, but as it 
enlarges, osteoclasts erode the central 
portion and create a medullary cavity. The 
bone of the shaft becomes thicker, and 
the cartilage of the metaphysis is invaded 
by osteoblasts that produce columns of 
bone. Further growth involves two distinct 
processes: an increase in length and an 
enlargement in diameter (Figure 5.9).

5
Capillaries and osteoblasts then migrate 
into the centers of the epiphyses, creating 
secondary ossification centers. The time 
of appearance of secondary ossification 
centers varies from one bone to another 
and from individual to individual. Second-
ary ossification centers may be present at 
birth in both ends of the humerus (arm), 
femur (thigh), and tibia (leg), but the 
epiphyses of some other bones remain 
cartilaginous through childhood.

6
The epiphyses eventually become filled with spongy 
bone. The epiphysis and diaphysis are now separated 
by a narrow epiphyseal cartilage, or epiphyseal plate, 
within the metaphysis. Osteoblasts invade the shaft 
side of the epiphyseal cartilage, replacing the cartilage 
with bone, at the same rate that the epiphyseal cartilage 
enlarges through interstitial growth. This enlargement 
pushes the epiphysis away from the diaphysis, and the 
length of the bone increases.

7
At maturity, the rate of epiphyseal cartilage 
enlargement slows and the rate of osteo-
blast activity accelerates. As a result, the 
epiphyseal cartilage gets narrower and 
narrower, until it ultimately disappears. This 
event is called epiphyseal closure. The 
former location of the epiphyseal cartilage 
becomes a distinct epiphyseal line that 
remains after epiphyseal growth has ended.
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A thin cap of the original cartilage model 
remains exposed to the joint cavity as the 
articular cartilage. This cartilage prevents 
damaging bone-to-bone contact within the 
joint.

Epiphyseal
cartilage

Diaphysis

Spongy
bone

Within the epiphyseal 
cartilage, the chondrocytes 
are organized into zones.

Chondrocytes at the 
epiphyseal side of the 
cartilage continue to divide 
and enlarge. 

Chondrocytes degenerate 
at the diaphyseal side.

Osteoblasts migrate 
upward from the diaphysis, 
and the degenerating 
cartilage is gradually 
replaced by bone. 
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• Clinical Note Questions
• Reading Quiz Questions
• Chapter Test Questions
• Test Bank Questions

•  Dynamic Study Modules help 
students acquire, retain, and recall 
information faster and more efficiently 
than ever before. The flashcard-style 
modules are available as a self-
study tool or can be assigned by the 
instructor. They can be easily accessed 
with smartphones.

•  Learning Catalytics is a “bring your 
own device” (laptop, smartphone, 
or tablet) student engagement, 
assessment, and classroom intelligence 
system. With Learning Catalytics, 
instructors can assess students in real 
time using open-ended tasks to probe 
student understanding.
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includes a Study Area that will help  

students get ready for tests with its simple three-step approach.  

Students can:

1. Take a pre-test and obtain a personalized study plan.

2. Learn and practice with animations, labeling activities, and  

interactive tutorials.

3. Self-test with quizzes and a chapter practice test.

xvi

STUDY AREA

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, anatomical 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. 

NEW The PAL 3.0 App lets you access PAL 3.0 on your iPad or  
Android tablet. With the pinch-to-zoom feature, images can instantly  
be enlarged in Self Review, Quiz, and Lab Practical activities.
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Bone and Dissection Videos
cover major bones and organ dissections to help 
students prepare for lecture and lab. 

A&P Flix™ for  
Anatomy Topics  
are 3D movie-quality animations on two sets 
of human anatomy topics:

• Origins, Insertions, Actions, and Innervations  
Over 60 animations on this topic

• Group Muscle Actions and Joints  
Over 50 animations on this topic

Also Available: eText
Students can access their textbook online and 
use additional functionality to create notes, 
highlight text, create bookmarks, zoom, click 
words to view definitions, link directly to 
animations, and search for specific content.
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eText with Whiteboard Mode 
The Human Anatomy eText comes with Whiteboard 
Mode, allowing instructors to use the eText for 
dynamic classroom presentations. Instructors can 
show one-page or two-page views from the book, 
zoom in or out to focus on select topics, and use the 
Whiteboard Mode to point to structures, circle parts 
of a process, trace pathways, and customize their 
presentations. 

Instructors can also add notes to guide students, 
upload documents, and share their custom-enhanced 
eText with the whole class.

Instructors can find the eText with Whiteboard Mode 
on MasteringA&P.

Instructor Resource DVD (IRDVD)
with Lecture Outlines and Clicker Questions 
by Steven Bassett 
978-0-321-90571-0 / 0-321-90571-7

The IRDVD organizes all instructor media 
resources by chapter into one convenient 
and easy-to-use package. Highlights  
include:

• Customizable PowerPoint Lecture 
Presentations that combine lecture  
notes, figures, tables, and links to 
animations

• All figures from the book in JPEG format 
and PowerPoint slides (with editable labels 
and without) plus figures from Martini’s 
Atlas of the Human Body and  
A&P Applications Manual

• Another set of JPEGs from the book 
featuring unlabeled figures with leader 
lines for quick and easy quizzing 

• A&P Flix for Anatomy Topics
• Clicker Questions in PowerPoint that  

check comprehension
• Quiz Show Questions in PowerPoint that 

engage students
• Bone and Dissection Videos
• Test Bank in TestGen and Microsoft Word 

formats
• Instructor’s Manual in Microsoft Word 

format
• Transparency Acetate masters for all 

figures and tables
• The IRDVD for Practice Anatomy Lab  

(PAL) 3.0

Printed Test Bank
by Michael Yard, Agnes Yard, and Jason LaPres
978-0-321-90570-3 / 0-321-90570-9

Instructor’s Manual 
978-0-321-90871-1 / 0-321-90871-6

SUPPORT FOR INSTRUCTORS

xviii

MyReadinessTest for A&P is a powerful online system that gets students 
prepared before their course starts. It assesses students’ proficiency in study 
skills and foundational science and math concepts and provides coaching in 
core areas where students need additional practice and review.
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ATLAS
of the human body

M A R T I N I ’ S 

ATLAS
M A R T I N I ’ S

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 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.

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.

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.

Laboratory Manual for 
Human Anatomy with Cat 
Dissections
by Michael G. Wood
978-0-805-37375-2 / 0-805-37375-6

This full-color laboratory manual combines 
illustrations (modified as needed) and 
photos from Human Anatomy with Michael 
G. Wood’s easy-to-follow writing style and 
student focused features, making it the 
most learner-centered Human Anatomy 
laboratory manual available.

Practice Anatomy Lab™  
(PAL™) 3.0 DVD
by Ruth Heisler, Nora Hebert, Jett Chinn, 
Karen Krabbenhoft, and Olga Malakhova 
978-0-321-68211-6 / 0-321-68211-4

PAL 3.0 is an indispensable virtual 
anatomy study and practice tool that 
gives students 24/7 access to the most 
widely used lab specimens, including 
the human cadaver, anatomical models, 
histology, cat, and fetal pig.

The Anatomy Coloring 
Book 
by Wynn Kapit and Lawrence M. Elson
978-0-321-83201-6 / 0-321-83201-9

This text features precise hand-drawn 
figures for easy coloring and interactive 
study. Organized according to body 
systems, each spread includes a color-
key system where anatomical terms are 
linked to detailed illustrations. Students 
make visual associations with key 
terminology, and assimilate information 
while engaging in kinesthetic learning. 
The Fourth Edition features enlarged 
art, clearer, text descriptions, and new 
boldface headings.

COLORING BOOK
ANATOMYThe

Wynn Kapit / Lawrence M. Elson

BONES OF THE SKULL
8 CRANIAL

14 FACIAL

4th Edition

of the Classic

Over 4 m
illion in print

3.0
Lab Guide

Heisler | Hebert
Krabbenhoft | Malakhova | Chinn

HUMAN CADAVER ANATOMICAL 
MODELS HISTOLOGY

Maximize your 
lab experience with 
this indispensable 

resource for 
PAL 3.0

Practice Anatomy Lab 
(PAL) 3.0 Lab Guide 
by Ruth Heisler, Nora Hebert, Jett Chinn, 
Karen Krabbenhoft, and Olga Malakhova 
978-0-321-84025-7 / 0-321-84025-9

The PAL 3.0 Lab Guide enhances 
students’ virtual anatomy lab experience 
by helping them explore anatomical 
structures through a series of labeling 
activities and quizzes using the images 
from PAL.

ISBN-13:
ISBN-10:

978-0-321-77735-5
0-321-77735-2

9 7 8 0 3 2 1 7 7 7 3 5 5

9 9 9 9 1

Trapsheet/Practice Anatomy Lab 3.0 DVD  ISBN-10: 0-321-77735-2
 ©2012 Designer: Riezebos Holzbaur  Trim: 5.078" x 7.203"  CMYK 

HUMAN CADAVER  •  ANATOMICAL MODELS  •  HISTOLOGY  •  CAT  •  FETAL PIG

ACE YOUR LAB PRACTICAL!
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MINIMUM SYSTEM REQUIREMENTS

Practice Anatomy Lab™ (PAL™) 3.0 is an indispensable virtual anatomy study and 
practice tool that gives you 24/7 access to the most widely used lab specimens including 
human cadaver, anatomical models, histology, cat, and fetal pig. Each module includes 
built-in audio pronunciations and hundreds of images and interactive tools for 
reviewing the specimens and taking practice quizzes and fill-in-the-blank lab practical exams.

PAL 3.0 DVD features:
•  Whole new interactive cadaver that allows you to peel back layers of the 

human cadaver and view hundreds of brand-new dissection photographs specially 
commissioned for 3.0. 

•  New interactive histology allows you to view the same tissue slide at different 
magnifications, thereby helping you identify structures and their characteristics. 

•  Expanded, randomizable quizzing gives you more opportunity to assess your learning—
each time you retake a quiz or lab practical, a new set of questions is generated.

www.pearsonhighered.com

Copyright ©2012 Pearson Education, Inc.

WINDOWS
• Windows XP, Vista, 7
• 955 x 600 screen resolution
• Internet Explorer 8.0
• Firefox 3.0
• Google Chrome 8.0
• Flashplayer 10.0

MACINTOSH
• Mac OS 10.5
• 955 x 600 screen resolution
• Safari 4.0
• Firefox 3.0
• Flashplayer 10.0

“PAL is an excellent way to prepare you for practicals and  
test your knowledge on specific parts of the body.”

— Megan Kidd, Student, Meridian Community College

3.0

Every item can be packaged 
with the main student text.SUPPORT FOR STUDENTS

xix

# 109314   Cust: Pearson / BC / CA / SF   Au: Martini  Pg. No. xix 
Title: Human Anatomy / 8e     Server:          

C/M/Y/K 
Short / Normal / Long

DESIGN SERVICES OF

S4carliSle
Publishing Services



Foundations:
Tissues and Early Embryology3

Foundations:
An Introduction to Anatomy1

 1.1  Microscopic Anatomy 2

 1.2  Gross Anatomy 2

 1.3  Other Perspectives on Anatomy 2

 1.4  Levels of Organization 5

 1.5  An Introduction to Organ Systems 7

 1.6  The Language of Anatomy 14
Superficial Anatomy 14

Anatomical Landmarks 14
Anatomical Regions 15
Anatomical Directions 16

Sectional Anatomy 18
Planes and Sections 18
Body Cavities 19

Clinical Notes
Disease, Pathology, and Diagnosis 4
The Diagnosis of Disease 7
The Visible Human Project 19
Clinical Anatomy and Technology 22

Clinical Terms 24
Study Outline 24
Chapter Review 26

 2.1  Cellular Anatomy 28
The Plasmalemma 30

Membrane Permeability: Passive and Active Processes 30
Extensions of the Plasmalemma: Microvilli 31

The Cytoplasm 31
The Cytosol 31
Organelles 34

Nonmembranous Organelles 34
The Cytoskeleton 34
Centrioles, Cilia, and Flagella 34
Ribosomes 35

Membranous Organelles 36
Mitochondria 36
The Nucleus 36
The Endoplasmic Reticulum 38
The Golgi Apparatus 40
Lysosomes 40
Peroxisomes 40

Membrane Flow 42

 2.2  Intercellular Attachment 42

 3.1  Epithelial Tissue 50
Functions of Epithelial Tissue 50
Specializations of Epithelial Cells 51
Maintaining the Integrity of the Epithelium 52

Intercellular Connections 52
Attachment to the Basal Lamina 52
Epithelial Maintenance and Renewal 53

Classification of Epithelia 53
Squamous Epithelia 53
Cuboidal Epithelia 54
Columnar Epithelia 55
Pseudostratified and Transitional Epithelia 55

Glandular Epithelia 56
Types of Secretion 56
Gland Structure 58
Mechanisms of Secretion 59

 3.2  Connective Tissues 59
Classification of Connective Tissues 61
Connective Tissue Proper 61

Cells of Connective Tissue Proper 61
Connective Tissue Fibers 63
Ground Substance 63
Embryonic Tissues 63
Loose Connective Tissues 64
Dense Connective Tissues 66

Fluid Connective Tissues 66
Supporting Connective Tissues 66

Cartilage 66
Bone 69

 3.3  Membranes 71
Mucous Membranes 72
Serous Membranes 72

 2.3  The Cell Life Cycle 43
Interphase 43

DNA Replication 43
Mitosis 44

Spotlights
Membrane Permeability: Active and Passive Processes 32
Functions of the Golgi Apparatus 41
Mitosis 45

Hot Topics
Targeting Lysosomes Beneficial in Breast Cancer Treatment 40

Clinical Note
Cell Division and Cancer 44

Clinical Terms 46
Study Outline 46
Chapter Review 48

C ONTENT S

1

Foundations:
The Cell2 27

49

# 109314   Cust: Pearson / BC / CA / SF   Au: Martini  Pg. No. xx 
Title: Human Anatomy / 8e     Server:          

C/M/Y/K 
Short / Normal / Long

DESIGN SERVICES OF

S4carliSle
Publishing Services



The Cutaneous Membrane 73
Synovial Membranes 73

 3.4  The Connective Tissue Framework of the Body 73

 3.5  Muscle Tissue 74
Skeletal Muscle Tissue 74
Cardiac Muscle Tissue 74
Smooth Muscle Tissue 74

 3.6  Neural Tissue 76

 3.7  Tissues and Aging 76

 3.8  Summary of Early Embryology 78

Spotlight
Mechanisms of Glandular Secretion 60

Clinical Notes
Liposuction 64
Cartilages and Knee Injuries 69
Tumor Formation and Growth 77

Hot Topics
Rebuilding the Damaged Heart 54

Clinical Terms 82
Study Outline 82
Chapter Review 85

Types of Hairs 98
Hair Color 98
Growth and Replacement of Hair 98

Glands in the Skin 98
Sebaceous Glands 98
Sweat Glands 99
Control of Glandular Secretions 101
Other Integumentary Glands 102

Nails 102

 4.6  Local Control of Integumentary Function 103

 4.7  Aging and the Integumentary System 104

Clinical Notes
Disorders of Keratin Production 90
Skin Cancer 93
Acne and Seborrheic Dermatitis 99
Repairing Injuries to the Skin 102

Hot Topics
Improvements in Skin Graft Surgery 94

Clinical Terms 105
Study Outline 106
Chapter Review 108

The Integumentary System4 86

 4.1  Integumentary Structure and Function 87

 4.2  The Epidermis 88
Layers of the Epidermis 88

Stratum Basale 89
Stratum Spinosum 89
Stratum Granulosum 89
Stratum Lucidum 90
Stratum Corneum 90

Thick and Thin Skin 91
Epidermal Ridges 91
Skin Color 91

 4.3  The Dermis 93
Dermal Organization 93

Wrinkles, Stretch Marks, and Lines of Cleavage 94
Other Dermal Components 95

The Blood Supply to the Skin 95
The Nerve Supply to the Skin 95

 4.4  The Subcutaneous Layer 95

 4.5  Accessory Structures 96
Hair Follicles and Hair 96

Hair Production 96
Follicle Structure 98
Functions of Hair 98

The Skeletal System:
Osseous Tissue and Skeletal Structure5 109

 5.1  Structure and Function of Bone 110
The Histological Organization of Mature Bone 110

The Matrix of Bone 110
The Cells of Mature Bone 110

Compact and Spongy Bone 111
Structural Differences between Compact and Spongy Bone 112
Functional Differences between Compact and Spongy Bone 112

The Periosteum and Endosteum 114

 5.2  Bone Development and Growth 115
Intramembranous Ossification 116

Endochondral Ossification 116
Epiphyseal Closure 116
Increasing the Diameter of a Developing Bone 116

Formation of the Blood and Lymphatic Supply 116
Bone Innervation 121
Factors Regulating Bone Growth 121

 5.3  Bone Maintenance, Remodeling, and Repair 122
Remodeling of Bone 123
Injury and Repair 123
Aging and the Skeletal System 123

 5.4  Anatomy of Skeletal Elements 126
Classification of Bones 126
Bone Markings (Surface Features) 126

 5.5  Integration with Other Systems 129

xxiContents

# 109314   Cust: Pearson / BC / CA / SF   Au: Martini  Pg. No. xxi 
Title: Human Anatomy / 8e     Server:          

C/M/Y/K 
Short / Normal / Long

DESIGN SERVICES OF

S4carliSle
Publishing Services



Spotlights
Intramembranous Ossification 117
Endochondral Ossification 118

Clinical Notes
Congenital Disorders of the Skeleton 120
Fractures and their Repair 124
Osteoporosis and Age-Related Skeletal Abnormalities 128
Examination of the Skeletal System 129

Hot Topics
New Research Findings May Help Osteoporosis 112

Clinical Terms 129
Study Outline 130
Chapter Review 132

The Articular Processes 160
Vertebral Articulation 160

Vertebral Regions 162
Cervical Vertebrae 164
The Atlas (C1) 164
The Axis (C2) 164
Vertebra Prominens (C7) 164
Thoracic Vertebrae 166
Lumbar Vertebrae 166
The Sacrum 166
The Coccyx 168

 6.8  The Thoracic Cage 168
The Ribs 169

The Sternum 171

Clinical Notes
Kyphosis, Lordosis, and Scoliosis 163
Spina Bifida 166
Cracked Ribs 169
The Thoracic Cage and Surgical Procedures 171

Clinical Terms 171
Study Outline 172
Chapter Review 174

The Skeletal System:
Axial Division6

 6.1  The Skull and Associated Bones 135

 6.2  Sutures of the Skull 142

 6.3  Bones of the Cranium 142
Occipital Bone 142

Parietal Bones 147

Frontal Bone 147

Temporal Bones 147

Sphenoid 150

Ethmoid 151

The Cranial Fossae 152

 6.4  Bones of the Face 152
The Maxillae 152

The Palatine Bones 154

The Nasal Bones 155

The Inferior Nasal Conchae 155

The Zygomatic Bones 155

The Lacrimal Bones 155

The Vomer 155

The Mandible 155

 6.5  The Orbital and Nasal Complexes and the Hyoid Bone 156
The Orbital Complex 156

The Nasal Complex 156
The Paranasal Sinuses 156

The Hyoid Bone 158

 6.6  The Skulls of Infants, Children, and Adults 158

 6.7  The Vertebral Column 160
Spinal Curves 160

Vertebral Anatomy 160
The Vertebral Body 160
The Vertebral Arch 160

133

The Skeletal System:
Appendicular Division7

 7.1  The Pectoral Girdle and Upper Limb 178
The Pectoral Girdle 178

The Clavicle 178
The Scapula 178

The Upper Limb 181
The Humerus 181
The Ulna 181
The Radius 181
The Carpal Bones 185
The Proximal Carpal Bones 186
The Distal Carpal Bones 186
The Metacarpal Bones and Phalanges 186

 7.2  The Pelvic Girdle and Lower Limb 188
The Pelvic Girdle 189

The Hip Bones 189
The Pelvis 189

The Lower Limb 194
The Femur 194
The Patella 197
The Tibia 197
The Fibula 200
The Tarsal Bones 200
The Metatarsal Bones and Phalanges 201

 7.3  Individual Variation in the Skeletal System 202

Clinical Notes
Scaphoid Fractures 186

176

xxii Contents

# 109314   Cust: Pearson / BC / CA / SF   Au: Martini  Pg. No. xxii 
Title: Human Anatomy / 8e     Server:          

C/M/Y/K 
Short / Normal / Long

DESIGN SERVICES OF

S4carliSle
Publishing Services



Women and Sports Injuries 202
Problems with the Ankle and Foot 203

Clinical Terms 204
Study Outline 204
Chapter Review 205

8.10  The Joints of the Ankle and Foot 232
The Ankle Joint 232

The Joints of the Foot 234

8.11  Aging and Articulations 234

8.12  Bones and Muscles 235

Spotlight
Joint Motion 212

Clinical Notes
Dislocation of a Synovial Joint 210
Problems with the Intervertebral Discs 218
Shoulder Injuries 222
Knee Injuries 229
Ankle Injuries 235

Clinical Terms 235
Study Outline 235
Chapter Review 238

The Skeletal System:
Articulations8

 8.1  Classification of Joints 208
Synarthroses (Immovable Joints) 208
Amphiarthroses (Slightly Movable Joints) 208
Diarthroses (Freely Movable Synovial Joints) 208

Synovial Fluid 208
Accessory Structures 209
Strength versus Mobility 210

 8.2  Articular Form and Function 211
Describing Dynamic Motion and the Structural Classification  

of Synovial Joints 211

Types of Movements 211
Angular Motion 211
Rotation 211
Special Movements 211

 8.3  The Temporomandibular Joint 216

 8.4  Intervertebral Articulations 216
Zygapophysial Joints 216

The Intervertebral Discs 217

Intervertebral Ligaments 219

Vertebral Movements 219

 8.5  The Shoulder Complex 220
The Sternoclavicular Joint 220
The Shoulder Joint 220

Ligaments 220
Skeletal Muscles and Tendons 222
Bursae 222

 8.6  The Elbow and Radioulnar Joints 222
The Elbow Joint 222

The Radioulnar Joints 224

 8.7  The Joints of the Wrist and Hand 224
The Joints of the Wrist 224

Stability of the Wrist 224
The Joints of the Hand 224

 8.8  The Hip Joint 225
The Articular Capsule 225

Stabilization of the Hip 225

 8.9  The Knee Joint 228
The Articular Capsule 228
Supporting Ligaments 228

Locking of the Knee 229

207

The Muscular System:
Skeletal Muscle Tissue and Muscle 
Organization9

 9.1  Functions of Skeletal Muscle 240

 9.2  Anatomy of Skeletal Muscles 240
Gross Anatomy 240

Connective Tissue of Muscle 240
Nerves and Blood Vessels 241

Microanatomy of Skeletal Muscle Fibers 241
Myofibrils and Myofilaments 242

Sarcomere Organization 245

 9.3  Muscle Contraction 247
The Sliding Filament Theory 247

The Neural Control of Muscle Fiber Contraction 247

Muscle Contraction: A Summary 247

 9.4  Motor Units and Muscle Control 251
Muscle Tone 251
Muscle Hypertrophy 251
Muscle Atrophy 251

 9.5  Types of Skeletal Muscle Fibers 252
Distribution of Fast, Slow, and Intermediate Fibers 252

 9.6  The Organization of Skeletal Muscle Fibers 254
Parallel Muscles 254
Convergent Muscles 254
Pennate Muscles 254
Circular Muscles 254

 9.7  Muscle Terminology 254
Origins and Insertions 254
Actions 255
Names of Skeletal Muscles 256

239

xxiiiContents

# 109314   Cust: Pearson / BC / CA / SF   Au: Martini  Pg. No. xxiii 
Title: Human Anatomy / 8e     Server:          

C/M/Y/K 
Short / Normal / Long

DESIGN SERVICES OF

S4carliSle
Publishing Services



 9.8  Levers and Pulleys: A System Designed for Movement 257

 9.9  Aging and the Muscular System 257

Spotlights
Sliding Filament Theory 248
Levers and Pulleys 258

Clinical Notes
Fibromyalgia 242
Rigor Mortis 247
Delayed-Onset Muscle Soreness 253

Clinical Terms 260
Study Outline 260
Chapter Review 262

The Muscular System:
Axial Musculature10

10.1  The Four Groups of Axial Muscles 265

10.2  Muscles of the Head and Neck 266
Muscles of Facial Expression 266
Extra-Ocular Muscles 268
Muscles of Mastication 270
Muscles of the Tongue 271
Muscles of the Pharynx 271
Anterior Muscles of the Neck 273

10.3  Muscles of the Vertebral Column 274
The Superficial Layer of the Intrinsic Back Muscles 274
The Intermediate Layer of the Intrinsic Back Muscles 274
The Deep Layer of the Intrinsic Back Muscles 277
Spinal Flexors 277

10.4  Oblique and Rectus Muscles 278
The Diaphragm 280

10.5  Muscles of the Perineum and the Pelvic Diaphragm 281

Clinical Note
Hernias 283

Hot Topics
Anatomy of Temporalis Muscle Revised 271

Clinical Terms 284
Study Outline 284
Chapter Review 286

12.1  A Regional Approach to Surface Anatomy 332
The Head and Neck 332
The Thorax 334
The Abdomen 335
The Upper Limb 336
The Arm, Forearm, and Wrist 337
The Pelvis and Lower Limb 338
The Leg and Foot 339

12.2  Cross-Sectional Anatomy 340
Level of the Optic Chiasm 340
Cross Section of the Head at the Level of C2 341
Cross Section at the Level of Vertebra T2 341
Cross Section at the Level of Vertebra T8 342
Cross Section at the Level of Vertebra T10 342
Cross Section at the Level of Vertebra T12 343
Cross Section at the Level of Vertebra L5 343

Clinical Notes
Heart Sounds 334
Lumbar Puncture 334
Venipuncture 337
Femoral Artery 338

263

Surface Anatomy and Cross-Sectional  
Anatomy 12 331

11.1  Factors Affecting Appendicular Muscle Function 289

11.2  Muscles of the Pectoral Girdle and Upper Limb 292
Muscles that Position the Pectoral Girdle 293

The Muscular System:
Appendicular Musculature11 288

Muscles that Move the Arm 296

Muscles that Move the Forearm and Hand 298

Muscles that Move the Hand and Fingers 302
Extrinsic Muscles of the Hand 302
Intrinsic Muscles of the Hand 304

11.3  Compartments and Sectional Anatomy of the Arm and Forearm 307

11.4  Muscles of the Pelvic Girdle and Lower Limbs 309
Muscles that Move the Thigh 310

Muscles that Move the Leg 312

Muscles that Move the Foot and Toes 318
Extrinsic Muscles of the Foot 318
Intrinsic Muscles of the Foot 322

11.5  Compartments and Sectional Anatomy of the Thigh and Leg 325

Spotlight
Factors Affecting Appendicular Muscle Function 290

Clinical Notes
Sports Injuries 300
Carpal Tunnel Syndrome 302
Hamstring Injuries 315
Compartment Syndrome 325

Clinical Terms 327
Study Outline 328
Chapter Review 330

xxiv Contents

# 109314   Cust: Pearson / BC / CA / SF   Au: Martini  Pg. No. xxiv 
Title: Human Anatomy / 8e     Server:          

C/M/Y/K 
Short / Normal / Long

DESIGN SERVICES OF

S4carliSle
Publishing Services



The Nervous System:
Sensory and Motor Tracts of the Spinal Cord15

15.1  Organization and Patterns of Spinal Cord Tracts 394

15.2  Sensory Tracts 394
The Posterior Columns 394

The Spinothalamic Tract 400

The Spinocerebellar Tracts 400

15.3  Motor Tracts 400
The Corticospinal Tracts 400

The Corticobulbar Tracts 400
The Anterior and Lateral Corticospinal Tracts 400
The Motor Homunculus 402

The Subconscious Motor Pathways 402

15.4  Levels of Somatic Motor Control 404

Spotlight
Organization of Spinal Cord Tracts 396

Clinical Note
Amyotrophic Lateral Sclerosis 403

Hot Topics
Experiments Demonstrate Restored Voluntary Control of Locomotion 
after Paralyzing Spinal Cord Injury 402

Clinical Terms 406
Study Outline 406
Chapter Review 407

393

The Nervous System:
Neural Tissue13

13.1  An Overview of the Nervous System 345

13.2  Cellular Organization in Neural Tissue 346

13.3  Neuroglia 348
Neuroglia of the CNS 348

Astrocytes 348
Oligodendrocytes 349
Microglia 349
Ependymal Cells 350

Neuroglia of the PNS 350
Satellite Cells 351
Schwann Cells 351

13.4  Neurons 354
Neuron Classification 355

Structural Classification of Neurons 355
Functional Classification of Neurons 355

13.5  Neural Regeneration 357

13.6  The Nerve Impulse 358

13.7  Synaptic Communication 358
Vesicular Synapses 358

Nonvesicular Synapses 359

13.8  Neuron Organization and Processing 360

13.9  Anatomical Organization of the Nervous System 361

Spotlight
Myelination 352

Clinical Note
The Symptoms of Neurological Disorders 362

Hot Topics
Altered Astrocyte Function and Brain Disorders 349

Study Outline 362
Chapter Review 365

344

The Nervous System:
The Spinal Cord and Spinal Nerves14

14.1  Gross Anatomy of the Spinal Cord 367

14.2  Spinal Meninges 367
The Dura Mater 367

The Arachnoid Mater 370

The Pia Mater 370

14.3  Sectional Anatomy of the Spinal Cord 371
Organization of Gray Matter 371

Organization of White Matter 371

366

14.4  Spinal Nerves 373
Peripheral Distribution of Spinal Nerves 373

14.5  Nerve Plexuses 374
The Cervical Plexus 375

The Brachial Plexus 375

The Lumbar and Sacral Plexuses 380

14.6  Reflexes 386
Classification of Reflexes 386

Spinal Reflexes 387

Higher Centers and Integration of Reflexes 388

Spotlights
The Cervical and Brachial Plexuses 376
The Lumbar and Sacral Plexuses 382

Clinical Notes
Spinal Cord Injuries 371
Peripheral Neuropathies 380
Spinal Taps and Spinal Anesthesia 381

Clinical Terms 388
Study Outline 389
Chapter Review 391

xxvContents

# 109314   Cust: Pearson / BC / CA / SF   Au: Martini  Pg. No. xxv 
Title: Human Anatomy / 8e     Server:          

C/M/Y/K 
Short / Normal / Long

DESIGN SERVICES OF

S4carliSle
Publishing Services



The Oculomotor Nerve (N III) 444
The Trochlear Nerve (N IV) 444
The Trigeminal Nerve (N V) 445
The Abducens Nerve (N VI) 446
The Facial Nerve (N VII) 446
The Vestibulocochlear Nerve (N VIII) 447
The Glossopharyngeal Nerve (N IX) 448
The Vagus Nerve (N X) 448
The Accessory Nerve (N XI) 449
The Hypoglossal Nerve (N XII) 450
A Summary of Cranial Nerve Branches and Functions 450

Clinical Notes
Traumatic Brain Injuries 414
Cerebellar Dysfunction 428
Hydrocephalus 432
Damage to the Integrative Centers 435
The Substantia Nigra and Parkinson’s Disease 437
Alzheimer’s Disease 440
Tic Douloureux 446
Bell’s Palsy 447
Cranial Reflexes 450

Hot Topics
Physical Activity Increases the Plasticity in the Brain 424

Clinical Terms 452
Study Outline 452
Chapter Review 455

The Nervous System:
The Brain and Cranial Nerves16

16.1  An Introduction to the Organization of the Brain 410
Embryology of the Brain 410

Major Regions and Landmarks 410
The Medulla Oblongata 410
The Pons 410
The Mesencephalon 410
The Diencephalon 410
The Cerebellum 412
The Cerebrum 412

Gray Matter and White Matter Organization 412

The Ventricular System of the Brain 412

16.2  Protection and Support of the Brain 412
The Cranial Meninges 415

The Dura Mater 415
The Arachnoid Mater 415
The Pia Mater 415

The Blood–Brain Barrier 415

Cerebrospinal Fluid 417
Formation of CSF 417
Circulation of CSF 418

The Blood Supply to the Brain 418

16.3  The Medulla Oblongata 419

16.4  The Pons 420

16.5  The Mesencephalon 421

16.6  The Diencephalon 423
The Epithalamus 423
The Thalamus 423

Functions of Thalamic Nuclei 423
The Hypothalamus 424

Functions of the Hypothalamus 424

16.7  The Cerebellum 428

16.8  The Cerebrum 430
The Cerebral Hemispheres 430

The Cerebral Lobes 430
Motor and Sensory Areas of the Cerebral Cortex 430
Association Areas 432

Higher-Order Functions 432
Integrative Regions of the Cerebral Cortex 434
Hemispheric Specialization 435

The Central White Matter 436

The Basal Nuclei 437
Functions of the Basal Nuclei 437

The Limbic System 437

16.9  The Cranial Nerves 440
The Olfactory Nerve (N I) 442

The Optic Nerve (N II) 443

409

The Nervous System:
Autonomic Nervous System17

17.1  A Comparison of the Somatic and Autonomic Nervous Systems 458
Sympathetic and Parasympathetic Subdivisions of the ANS 458

17.2  The Sympathetic Division 458
The Sympathetic Chain Ganglia 459

Functions of the Sympathetic Chain 459
Anatomy of the Sympathetic Chain 459

Splanchnic Nerves and Collateral Ganglia 459
Functions of the Splanchnic Nerves and the Collateral Ganglia 459
Anatomy of the Collateral Ganglia 459

The Suprarenal Medullae 462
Effects of Sympathetic Stimulation 462
Sympathetic Activation and Neurotransmitter Release 465
Plasmalemma Receptors and Sympathetic Function 465
A Summary of the Sympathetic Division 466

17.3  The Parasympathetic Division 467
Organization and Anatomy of the Parasympathetic Division 467
General Functions of the Parasympathetic Division 469
Parasympathetic Activation and Neurotransmitter Release 469

Plasmalemma Receptors and Responses 469
A Summary of the Parasympathetic Division 469

457

xxvi Contents

# 109314   Cust: Pearson / BC / CA / SF   Au: Martini  Pg. No. xxvi 
Title: Human Anatomy / 8e     Server:          

C/M/Y/K 
Short / Normal / Long

DESIGN SERVICES OF

S4carliSle
Publishing Services



18.1  Receptors 478
Interpretation of Sensory Information 478
Central Processing and Adaptation 478
Sensory Limitations 479

18.2  The General Senses 479
Nociceptors 479
Thermoreceptors 480

Mechanoreceptors 480
Tactile Receptors 480
Baroreceptors 480
Proprioceptors 482

Chemoreceptors 482

18.3  Olfaction (Smell) 483
Olfactory Receptors 483

Olfactory Pathways 483

Olfactory Discrimination 483

18.4  Gustation (Taste) 484
Gustatory Receptors 484

Gustatory Pathways 485

Gustatory Discrimination 485

18.5  Equilibrium and Hearing 486
The External Ear 486

The Middle Ear 486
The Auditory Ossicles 488

The Inner Ear 488
The Vestibular Complex and Equilibrium 491

Hearing 492
The Cochlea 492
Sound Detection 493

Auditory Pathways 496

The Nervous System:
General and Special Senses18 477

18.6  Vision 497
Accessory Structures of the Eye 497

Eyelids 497
The Lacrimal Apparatus 498

The Eye 498
The Fibrous Tunic 499
The Vascular Tunic 499
The Neural Tunic 502
The Chambers of the Eye 504
The Lens 504

Visual Pathways 504
Cortical Integration 506
The Brain Stem and Visual Processing 506

Clinical Notes
Otitis Media and Mastoiditis 488
Nystagmus 496
Hearing Loss 497
Disorders of the Eye 505

Hot Topics
Visual Cortex Reorganizes in Blind Individuals 506

Clinical Terms 508
Study Outline 508
Chapter Review 510

17.4   Relationships between the Sympathetic and Parasympathetic 
Divisions 469
Anatomy of Dual Innervation 469
A Comparison of the Sympathetic and Parasympathetic 

Divisions 471
Visceral Reflexes 471

Spotlight
An Introduction to the Autonomic Nervous System 460

Clinical Notes
Hypersensitivity and Sympathetic Function 466
Urinary Bladder Dysfunction following Spinal Cord Injury 473

Clinical Terms 473
Study Outline 473
Chapter Review 476

The Endocrine System19
19.1  An Overview of the Endocrine System 513

The Hypothalamus and Endocrine Regulation 514

19.2  The Pituitary Gland 514
The Neurohypophysis 514

The Adenohypophysis 514
The Hypophyseal Portal System 514
Hormones of the Adenohypophysis 515

19.3  The Thyroid Gland 518
Thyroid Follicles and Thyroid Hormones 520

The C Thyrocytes of the Thyroid Gland 520

19.4  The Parathyroid Glands 520

19.5  The Thymus 521

19.6  The Suprarenal Glands 522
The Cortex of the Suprarenal Gland 522

The Zona Glomerulosa 523
The Zona Fasciculata 523
The Zona Reticularis 523

The Medulla of the Suprarenal Gland 523

19.7  Endocrine Functions of the Kidneys and Heart 524

512

xxviiContents

# 109314   Cust: Pearson / BC / CA / SF   Au: Martini  Pg. No. xxvii 
Title: Human Anatomy / 8e     Server:          

C/M/Y/K 
Short / Normal / Long

DESIGN SERVICES OF

S4carliSle
Publishing Services



The Cardiovascular System:
Blood20

20.1  Functions and Composition of the Blood 535
Plasma 535

Differences between Plasma and Interstitial Fluid 535
The Plasma Proteins 537

20.2  Formed Elements 537
Red Blood Cells (RBCs) 537

Structure of RBCs 537
RBC Life Span and Circulation 538
RBCs and Hemoglobin 538
Blood Types 539

Leukocytes 540
Granular Leukocytes 541

Agranular Leukocytes 542
Platelets 542

20.3  Hemopoiesis 546
Erythropoiesis 546

Leukopoiesis 546

Clinical Note
Disorders of the Blood, Blood Doping, and Treatments for Blood 
Disorders 544

Clinical Terms 548
Study Outline 548
Chapter Review 550

534

The Cardiovascular System:
The Heart21

21.1 An overview of the Cardiovascular System 551

21.2  The Pericardium 552

21.3  Structure of the Heart Wall 554
Cardiac Muscle Tissue 554

The Intercalated Discs 554
The Fibrous Skeleton 554

21.4  Orientation and Superficial Anatomy of the Heart 556

21.5  Internal Anatomy and Organization of the Heart 558
The Right Atrium 558
The Right Ventricle 558
The Left Atrium 559
The Left Ventricle 559
Structural Differences between the Left and Right Ventricles 560
The Structure and Function of Heart Valves 560

Valve Function during the Cardiac Cycle 562

21.6  Coronary Blood Vessels 562
The Right Coronary Artery 562

The Left Coronary Artery 562

The Coronary Veins 565

21.7  The Coordination of Cardiac Contractions 565
The Sinoatrial and Atrioventricular Nodes 565

21.8  The Cardiac Cycle 568

21.9  Autonomic Control of Heart Rate 568

Spotlight
The Conducting System and the Cardiac Cycle 566

Clinical Notes
Infection and Inflammation of the Heart 557
Mitral Valve Prolapse 562
Coronary Artery Disease 564
Cardiac Arrhythmias, Artificial Pacemakers, and Myocardial 
Infarctions 569

Hot Topics
How Does the Heart Pump So Forcibly? 560

Clinical Terms 571
Study Outline 571
Chapter Review 573

551

The Cardiovascular System:
Vessels and Circulation2 2

22.1  Histological Organization of Blood Vessels 576
Distinguishing Arteries from Veins 576
Arteries 576

Elastic Arteries 576

575

19.8   The Pancreas and Other Endocrine Tissues of the  
Digestive System 524
The Pancreas 525

19.9  Endocrine Tissues of the Reproductive System 525
Testes 525

Ovaries 525

19.10  The Pineal Gland 529

19.11  Hormones and Aging 530

Spotlight
Neuroendocrine Integration: The Hypothalamus and  
Pituitary Gland 516

Clinical Notes
Diabetes Insipidus 515
Diabetes Mellitus 524
Endocrine Disorders 527

Hot Topics
Jet Lag in Athletes 529

Clinical Terms 530
Study Outline 530
Chapter Review 533

xxviii Contents

# 109314   Cust: Pearson / BC / CA / SF   Au: Martini  Pg. No. xxviii 
Title: Human Anatomy / 8e     Server:          

C/M/Y/K 
Short / Normal / Long

DESIGN SERVICES OF

S4carliSle
Publishing Services



The Lymphatic System23
23.1  An Overview of the Lymphatic System 612

Functions of the Lymphatic System 612

23.2  Structure of Lymphatic Vessels 614
Lymphatic Capillaries 614

Valves of Lymphatic Vessels 614

611

Muscular Arteries 580
Arterioles 580

Capillaries 580
Capillary Beds 580
Veins 582

Venules 582
Medium-Sized Veins 582
Large Veins 583
Venous Valves 583

22.2  The Distribution of Blood 583

22.3  Blood Vessel Distribution 584

22.4  The Pulmonary Circuit 584

22.5  Systemic Arteries 586
The Ascending Aorta 588

The Aortic Arch 588
The Subclavian Arteries 588
The Carotid Arteries and the Blood Supply to the Brain 591

The Descending Aorta 594
The Thoracic Aorta 594
The Abdominal Aorta 594
Arteries of the Pelvis and Lower Limbs 595

22.6  Systemic Veins 598
The Superior Vena Cava 598

Venous Return from the Cranium 598
Venous Return from the Upper Limb 601
The Formation of the Superior Vena Cava 602

The Inferior Vena Cava 602
Veins Draining the Abdomen 602
Veins Draining the Lower Limb 602
The Hepatic Portal System 602

22.7  Cardiovascular Changes at Birth 605

22.8  Aging and the Cardiovascular System 607

Spotlight
The Structure of Blood Vessels 578

Clinical Notes
Arteriosclerosis 577
Repair of an Aortic Aneurysm 586
Congenital Cardiovascular Problems 605
Clinical Terms 607
Study Outline 607
Chapter Review 609

23.3  Major Lymph-Collecting Vessels 615
The Thoracic Duct 615

The Right Lymphatic Duct 615

23.4  Lymphocytes 616
Types of Lymphocytes 616

T Cells 617
B Cells 617
NK Cells 617

Lymphocytes and the Immune Response 617
Distribution and Life Span of Lymphocytes 617
Lymphopoiesis: Lymphocyte Production 617

23.5  Lymphoid Tissues 619

23.6  Lymphoid Organs 620
Lymph Nodes 620

Distribution of Lymphoid Tissues and Lymph Nodes 622
The Thymus 625

The Spleen 626
Surfaces of the Spleen 627
Histology of the Spleen 627

23.7  Aging and the Lymphatic System 628

Spotlight
Lymphocyte Formation and Immunity 618

Clinical Notes
Infected Lymphoid Nodules 619
Lymphadenopathy and Metastatic Cancer 621
Lyme Disease 623
Lymphomas 627

Hot Topics
Research Tries to Develop Ways to Make the Thymus Young Again 626

Clinical Terms 629
Study Outline 629
Chapter Review 630

The Respiratory System24
24.1  An Overview of the Respiratory System and Respiratory Tract 633

Functions of the Respiratory System 634

The Respiratory Epithelium 634

24.2  The Upper Respiratory System 635
The Nose and Nasal Cavity 635

The Pharynx 637
The Nasopharynx 637
The Oropharynx 637
The Laryngopharynx 638

24.3  The Lower Respiratory System 638
The Larynx 638

Cartilages of the Larynx 638

632

xxixContents

# 109314   Cust: Pearson / BC / CA / SF   Au: Martini  Pg. No. xxix 
Title: Human Anatomy / 8e     Server:          

C/M/Y/K 
Short / Normal / Long

DESIGN SERVICES OF

S4carliSle
Publishing Services



The Digestive System2 5
25.1  An Overview of the Digestive System 659

Histological Organization of the Digestive Tract 659
The Mucosa 659
The Submucosa 659
The Muscularis Externa 660
The Serosa 660

658

Laryngeal Ligaments 639
The Laryngeal Musculature 640

24.4  The Trachea 640

24.5  The Primary Bronchi 641

24.6  The Lungs 641
Lobes and Fissures of the Lungs 643

Lung Surfaces 643

The Pulmonary Bronchi 643
Branches of the Right Primary Bronchus 643
Branches of the Left Primary Bronchus 643
Branches of the Secondary Bronchi 643
The Bronchopulmonary Segments 646

The Bronchioles 646

Alveolar Ducts and Alveoli 646
The Alveolus and the Respiratory Membrane 649

The Blood Supply to the Lungs 650

24.7  The Pleural Cavities and Pleural Membranes 650

24.8  Respiratory Muscles and Pulmonary Ventilation 650
Respiratory Muscles 650

Respiratory Movements 651

24.9  Respiratory Changes at Birth 651

24.10  Respiratory Centers of the Brain 653

24.11  Aging and the Respiratory System 654

Spotlight 
Respiratory Muscles and Pulmonary Ventilation 652

Clinical Notes
Cystic Fibrosis 635
Tracheal Blockage 646
Lung Cancer 646
Asthma and Chronic Obstructive Pulmonary Disease (COPD) 649
Respiratory Distress Syndrome (RDS) 650

Hot Topics
Role of Respiratory Tract Mucus in Combating Respiration 
Infections 649

Clinical Terms 654
Study Outline 654
Chapter Review 656

Muscularis Layers and the Movement of Digestive Materials 660
Peristalsis 661
Segmentation 662

The Peritoneum 663
Mesenteries 663

25.2  The Oral Cavity 665
Anatomy of the Oral Cavity 665

The Tongue 665
Salivary Glands 666
Regulation of the Salivary Glands 667
The Teeth 667

25.3  The Pharynx 669
The Swallowing Process 669

25.4  The Esophagus 670
Histology of the Esophageal Wall 670

25.5  The Stomach 671
Anatomy of the Stomach 671

Mesenteries of the Stomach 674
Blood Supply to the Stomach 674
Musculature of the Stomach 674

Histology of the Stomach 674
Gastric Secretory Cells 676

Regulation of the Stomach 676

25.6  The Small Intestine 677
Regions of the Small Intestine 677

The Duodenum 677
The Jejunum 677
The Ileum 677

Support of the Small Intestine 677
Histology of the Small Intestine 677

The Intestinal Epithelium 677
Intestinal Crypts 679
The Lamina Propria 679
Regional Specializations 679

Regulation of the Small Intestine 680

25.7  The Large Intestine 680
The Cecum 680
The Colon 680

Regions of the Colon 682
The Rectum 682
Histology of the Large Intestine 682
Regulation of the Large Intestine 683

25.8  Accessory Glandular Digestive Organs 683
The Liver 683

Anatomy of the Liver 685
Histological Organization of the Liver 686

The Gallbladder 686
Histological Organization of the Gallbladder 686

The Pancreas 686
Histological Organization of the Pancreas 688

xxx Contents

# 109314   Cust: Pearson / BC / CA / SF   Au: Martini  Pg. No. xxx 
Title: Human Anatomy / 8e     Server:          

C/M/Y/K 
Short / Normal / Long

DESIGN SERVICES OF

S4carliSle
Publishing Services



Pancreatic Enzymes 688
The Regulation of Pancreatic Secretion 689

25.9  Aging and the Digestive System 689

Spotlight
Anatomy of the Stomach 672

Clinical Notes
Peritonitis 663
Mumps 667
Achalasia, Esophagitis, and GERD 669
Radiologic Examination of the Stomach 673
Gastritis and Peptic Ulcers 676

Hot Topics
How Computer Software Can Assist Surgeons as They Prepare for  
Liver Surgery 688

Clinical Terms 690
Study Outline 690
Chapter Review 693

The Urinary System26
26.1  The Kidneys 696

Superficial Anatomy of the Kidney 697

Sectional Anatomy of the Kidney 697

The Blood Supply to the Kidneys 698

Innervation of the Kidneys 698

Histology of the Kidney 698
An Introduction to the Structure and Function of the Nephron 698
The Renal Corpuscle 701
The Proximal Convoluted Tubule 702
The Nephron Loop 705
The Distal Convoluted Tubule 705
The Collecting System 705

26.2  Structures for Urine Transport, Storage, and Elimination 706
The Ureters 706

Histology of the Ureters 706
The Urinary Bladder 706

Histology of the Urinary Bladder 709
The Urethra 709

Histology of the Urethra 710
The Micturition Reflex and Urination 710

26.3  Aging and the Urinary System 710

Spotlight
The Renal Corpuscle 704

Clinical Notes
Advances in the Treatment of Renal Failure 706
Problems with the Conducting System 710
Urinary Tract Infections 711

695

Hot Topics
Podocytes May Trigger Pathological Changes in Glomerular 
Capillaries 702

Clinical Terms 711
Study Outline 711
Chapter Review 713

The Reproductive System27
27.1  Organization of the Reproductive System 716

27.2  Anatomy of the Male Reproductive System 716
The Testes 716

Descent of the Testes 716
The Spermatic Cords 716
Structure of the Testes 719
Histology of the Testes 719
Spermatogenesis and Meiosis 719
Spermiogenesis 720
Nurse Cells 720

Anatomy of a Spermatozoon 722

The Male Reproductive Tract 722
The Epididymis 722
The Ductus Deferens 723
The Urethra 723

The Accessory Glands 723
The Seminal Glands 723
The Prostate Gland 724
The Bulbo-Urethral Glands 727

Semen 727

The Penis 727

27.3  Anatomy of the Female Reproductive System 728
The Ovaries 728

The Ovarian Cycle and Oogenesis 728
Age and Oogenesis 733

The Uterine Tubes 733
Histology of the Uterine Tube 733

The Uterus 734
Suspensory Ligaments of the Uterus 734
Internal Anatomy of the Uterus 735
The Uterine Wall 735
Blood Supply to the Uterus 735
Histology of the Uterus 735
The Uterine Cycle 736

The Vagina 737
Histology of the Vagina 738

The External Genitalia 740

The Mammary Glands 740

Development of the Mammary Glands during Pregnancy 741

Pregnancy and the Female Reproductive System 742

715

xxxiContents

# 109314   Cust: Pearson / BC / CA / SF   Au: Martini  Pg. No. xxxi 
Title: Human Anatomy / 8e     Server:          

C/M/Y/K 
Short / Normal / Long

DESIGN SERVICES OF

S4carliSle
Publishing Services



The Reproductive System:
Embryology and Human Development28

28.1  An Overview of Development 748

28.2  Fertilization 748
The Oocyte at Ovulation 748

Pronucleus Formation and Amphimixis 748

28.3  Prenatal Development 750
The First Trimester 750

Cleavage and Blastocyst Formation 751
Implantation 751
Placentation 755
Embryogenesis 755

The Second and Third Trimesters 755

28.4  Labor and Delivery 760
Stages of Labor 760

The Dilation Stage 760
The Expulsion Stage 760
The Placental Stage 762

Premature Labor 762

28.5  The Neonatal Period 763

28.6  Embryology of Organ Systems 764
The Development of the Integumentary System 764

The Development of the Skull 766

The Development of the Vertebral Column 768

The Development of the Appendicular Skeleton 770

747

The Development of the Muscles 772

The Development of the Nervous System 774

The Development of the Spinal Cord, Part I 775

The Development of the Spinal Cord, Part II 776

The Development of the Brain, Part I 777

The Development of the Brain, Part II 778

The Development of Special Sense Organs, Part I 779

The Development of Special Sense Organs, Part II 780

The Development of the Endocrine System, Part I 781

The Development of the Endocrine System, Part II 782

The Development of the Heart 783

The Development of the Cardiovascular System 784

The Development of the Lymphatic System 786

The Development of the Respiratory System, Part I 787

The Development of the Respiratory System, Part II 788

The Development of the Digestive System, Part I 789

The Development of the Digestive System, Part II 790

The Development of the Urinary System, Part I 791

The Development of the Urinary System, Part II 792

The Development of the Reproductive System 793

The Development of the Reproductive System 794

Clinical Notes
Complexity and Perfection 750
Teratogens and Abnormal Development 752
Forceps Deliveries and Breech Births 763

Hot Topics
Are Breech Births a Predictor of Congenital Anomalies? 763

Clinical Terms 796
Study Outline 796
Chapter Review 797

Answers to Concept Check and Chapter Review Questions 799 

Appendices  819
Foreign Word Roots, Prefixes, Suffixes, and Combining Forms 820

Eponyms in Common Use 821

Glossary of Key Terms 823 

Credits 835

Index 839 

27.4  Aging and the Reproductive System 742
Menopause 742

The Male Climacteric 742

Clinical Notes
Testicular Cancer 723
Ovarian Cancer 728
Uterine Cancers 736
Breast Cancer 740

Hot Topics
Blood-Testis Barrier Is More Complex than Originally Thought 722

Clinical Terms 742
Study Outline 743
Chapter Review 745

xxxii Contents

# 109314   Cust: Pearson / BC / CA / SF   Au: Martini  Pg. No. xxxii 
Title: Human Anatomy / 8e     Server:          

C/M/Y/K 
Short / Normal / Long

DESIGN SERVICES OF

S4carliSle
Publishing Services



1
Clinical Notes
4 Disease, Pathology, 

and Diagnosis

7 The Diagnosis of 
Disease

19 The Visible Human 
Project

22 Clinical Anatomy  
and Technology

An Introduction to Anatomy
Foundations

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

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

 1.2  Compare and contrast the various ways to approach 
gross anatomy.

 1.3 Define the various subspecialties of anatomy.

 1.4  Explain the major levels of organization in a living 
organism.

 1.5  Identify the various organ systems of the human body 
and compare and contrast their functions.

 1.6  Understand and correctly apply descriptive 
anatomical and directional terminology.

# 109314   Cust: Pearson / BC / CA / SF   Au: Martini  Pg. No. 1 
Title: Human Anatomy / 8e     Server:          

C/M/Y/K 
Short / Normal / Long

DESIGN SERVICES OF

S4carliSle
Publishing Services



Foundations2

WE ARE ALL anatomists in our daily lives, if not in the classroom. For example, 
we rely on our memories of specific anatomical features to identify our friends 
and family, and we watch for subtle changes in body movement or position that 
give clues to what others are thinking or feeling. To be precise, anatomy is the 
study of external and internal structures and the physical relationships between 
body parts. But in practical terms, anatomy is the careful observation of the 
human body. Anatomical information provides clues about probable func-
tions. Physiology is the study of function, and physiological mechanisms can 
be explained only in terms of the underlying anatomy. All specific physiological 
functions are performed by specific anatomical structures. For instance, filtering, 
warming, and humidifying inspired air are functions of the nasal cavity. The 
shapes of the bones projecting into the nasal cavity cause turbulence in the in-
haled air, making it swirl against the moist lining. This contact warms and hu-
midifies 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.

The link between structure and function is always present, but not always 
understood. For example, the superficial anatomy of the heart was clearly de-
scribed in the 15th century, but almost 200 years passed before the pumping 
action of the heart was demonstrated. On the other hand, many important cell 
functions were recognized decades before the electron microscope revealed the 
anatomical basis for those functions.

This text will discuss the anatomical structures and functions that make human 
life possible. The goals are to help you develop a three-dimensional understanding 
of anatomical relationships as well as prepare you for more advanced courses in 
anatomy, physiology, and related subjects, and to help you make informed decisions 
about your personal health.

 Microscopic Anatomy
Microscopic anatomy considers structures that cannot be seen without mag-
nification. The boundaries of microscopic anatomy, or fine anatomy, are es-
tablished 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 
demonstrates structural details that are less than one-millionth as large. As we 
proceed through the text, we will be considering details at all levels, from mac-
roscopic to microscopic.

Microscopic anatomy can be subdivided into specialties that consider fea-
tures within a characteristic range of sizes. Cytology (sī-TOL-ō-jē) analyzes the 
internal structure of cells, the smallest units of life. Living cells are composed of 
complex chemicals in various combinations, and our lives depend on the chem-
ical processes occurring in the trillions of cells that form our body.

Histology (his-TOL-ō-jē) takes a broader perspective and examines 
 tissues, groups of specialized cells and cell products that work together to per-
form specific functions. The cells in the human body can be assigned to four 
basic tissue types: epithelial, connective, muscle, and neural (which will be de-
scribed in Chapter 3).

Tissues in combination form organs such as the heart, kidney, liver, and 
brain. Organs are anatomical units that have 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 

 Other Perspectives on Anatomy
Other anatomical specialties will be encountered in this text.

●	 Developmental anatomy examines the changes in form that occur during 
the period between conception and physical maturity. Because it considers 
anatomical structures over such a broad range of sizes (from a single cell 
to an adult human), developmental anatomy involves the study of both 
microscopic and gross anatomy. Developmental anatomy is important in 
medicine because many structural abnormalities can result from errors 
that occur during development. The most extensive structural changes 
occur during the first two months of development. Embryology (em-brē-
OL-ō-jē) is the study of these early developmental processes.

●	 Comparative anatomy considers the anatomical organization of different 
types of animals. Observed similarities may reflect evolutionary relation-
ships. Humans, lizards, and sharks are all called vertebrates because they 
share a combination of anatomical features that is not found in any other 
group of animals. All vertebrates have a spinal column composed of indi-
vidual elements called vertebrae (Figure 1.2a). Comparative anatomy uses 
techniques of gross, microscopic, and developmental anatomy. Informa-
tion on developmental anatomy has demonstrated that related animals 
typically go through very similar  developmental stages (Figure 1.2b,c).

Several other gross anatomical specialties are important in medical 
diagnosis.

●	 Clinical anatomy focuses on anatomical features that may undergo recog-
nizable pathological changes during illness.

1.3 

 Gross Anatomy
The examination of relatively large structures and features visible to the un-
aided eye is termed gross anatomy, or macroscopic anatomy. There are many 
ways to approach gross anatomy:

●	 Surface anatomy refers to the study of general form, or morphology, and 
superficial anatomical markings.

●	 Regional anatomy considers all 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 spatial relationships among structures.

●	 Systemic anatomy considers the structure of major organ systems, such as 
the skeletal or muscular systems. Organ systems are groups of organs that 
function together to produce coordinated effects. For example, the heart, 
blood, and blood vessels form the cardiovascular system, which distrib-
utes oxygen and nutrients throughout the body. There are 11 organ sys-
tems in the human body, and they will be introduced later in the chapter. 
Introductory texts in anatomy, including this one, use a systemic approach 
because it provides a framework for organizing information about impor-
tant structural and functional patterns.

1.2 

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

1.1 Concept Check

1  Histologists study what structures?

2  Define the concept of an organ.

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

1.2 Concept Check

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

2  What is an organ system, and how does it apply to systemic 
anatomy?
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 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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Basic
Vertebrate
Body Plan

Skull
surrounds

brain in
cranial cavity

Somites
segmental blocks
forming muscles,

vertebrae, etc.

Vertebrae
surround

spinal cord
in spinal cavity

Dorsal, hollow nerve 
cord forming
 brain and 

spinal cord

Notochord
a stiffened rod below
spinal cord, usually

replaced by vertebrae

Muscular tail
extends beyond

exit of
digestive tract

Braincase
of cartilage or

bone surrounds
the brain

Pharyngeal (gill) arches
may persist or be modified

to form other structures
in adult

Ventral body cavity
contains thoracic

and abdominopelvic
organs

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

The similarities between vertebrates 
are most apparent when comparing 
embryos at comparable stages of 
development.

The similarities are less obvious 
when comparing adult 
vertebrates.

a

b c

Mouth Heart

Digestive 
tract

Anus

Embryo

Salmon (bony fish)

Adult

Chicken

Limb bud

Somites

Somites

Limb 
buds

Skull

Vertebrae

Human

Skull

Vertebrae

  Figure 1.2 Comparative Anatomy. Humans are classified as  
vertebrates, a group that also includes animals as different in appearance 
as fish, chickens, and cats.

Disease, Pathology, and Diagnosis

Clinical Note

THE FORMAL NAME FOR THE STUDY OF DISEASE is pathology. Differ-
ent diseases typically produce similar signs, the physical manifestation of a 
disease, and symptoms, the patient’s perception of a change in normal body 
function. For example, a person whose lips are paler than normal and who 
complains of a lack of energy and breathlessness might have (1) respiratory 
problems that prevent normal oxygen transfer to the blood (as in emphy-
sema); (2) cardiovascular problems that interfere with normal blood circu-
lation to all parts of the body (heart failure); or (3) an inability to transport 
adequate amounts of oxygen in the blood, due to blood loss or problems 

with blood formation. In such cases, doctors must ask questions and collect 
information to determine the source of the problem. The patient’s history 
and physical exam may be enough for a diagnosis in many cases, but labo-
ratory testing and imaging studies such as x-rays are often needed.

A diagnosis is a decision about the nature of an illness. The diagnos-
tic procedure is often a process of elimination, in which several potential 
causes are evaluated and the most likely one is selected. This brings us to 
a key concept: All diagnostic procedures presuppose an understanding of the 
normal structure and function of the human body.
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Thus, a chemical change in heart muscle cells may cause abnormal contractions 
or even stop the heartbeat. Physical damage to the muscle tissue, as in a chest 
wound, can make the heart ineffective even when most of the heart muscle cells 
are intact and uninjured. An inherited abnormality in heart structure can make 
it an ineffective pump, although the muscle cells and muscle tissue are perfectly 
normal.

Finally, it should be noted that something that affects the system will ul-
timately affect all its components. For example, the heart may not be able to 
pump blood effectively after a massive blood loss due to damage of a major 
blood vessel somewhere in the body. If the heart cannot pump and blood can-
not flow, oxygen and nutrients cannot be distributed. In a very short time, the 
tissue begins to break 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 will not be restricted to the cardiovascular system; all the cells, tissues,  
and organs in the body will be damaged. This observation brings us to another, 
higher level of organization, that of the organism, or in this case, a human being. 
This level reflects the interactions among organ systems. All are vital; every 
system must be working properly and in harmony with every other system, or 
survival will be impossible. When those systems are functioning normally, the 
characteristics of the internal environment will be relatively stable at all lev-
els. This vital state of affairs is called homeostasis (hō-mē-ō-STĀ-sis; homeo,  
unchanging + stasis, standing).

●	 Surgical anatomy studies anatomical landmarks important for surgical 
procedures.

●	 Radiographic anatomy involves the study of anatomical structures as 
they are visualized by x-rays, ultrasound scans, or other specialized proce-
dures performed on an intact body.

●	 Cross-sectional anatomy has emerged as a new subspecialty of gross 
anatomy as new advances in radiographic anatomy, such as CT (comput-
erized tomography) and spiral scans, have emerged.

 Levels of Organization
Our study of the human body will begin with an overview of cellular anatomy 
and then proceed to the anatomy, both gross and microscopic, of each organ 
system. When considering events from the microscopic to macroscopic scales, 
we are examining several interdependent levels of organization.

We begin at the chemical or molecular level of organization. The human 
body consists of more than a dozen different elements, but four of them (hy-
drogen, 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 compounds with distinctive properties. The major 
classes of compounds in the human body are indicated in Figure 1.3b.

Figure 1.4 presents an example of the relationships between the chemi-
cal level and higher levels of organization. The cellular level of organization 
includes cells, the smallest living units in the body. Cells contain internal 
structures called organelles. Cells and their organelles are made up of complex  
chemicals. (Cell structure and the function of the major organelles found 
within cells will be presented in Chapter 2.) 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 ex-
ample of the tissue level of organization. Layers of muscle tissue form the bulk 
of the wall of the heart, a hollow, three-dimensional organ. We are now at the 
organ level of organization.

Normal functioning of the heart depends on interrelated events at the 
chemical, cellular, tissue, and organ levels of organization. Coordinated contrac-
tions in the adjacent 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. Each time it contracts, the heart pushes blood into the circulatory 
system, a network of blood vessels. Together the heart, blood, and circulatory 
system form an organ system, the cardiovascular system (CVS).

Each level of organization is totally dependent on the others. For exam-
ple, damage at the cellular, tissue, or organ level may affect the entire system. 

1.4 

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

1.3 Concept Check

1  How does the study of surgical anatomy differ from the study of 
clinical anatomy?

2  Cross-sectional anatomy is a subspecialty of what other 
anatomical specialty?
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(see caption)
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Elemental composition of the body. 
Trace elements include silicon, fluorine, 
copper, manganese, zinc, selenium, 
cobalt, molybdenum, cadmium, 
chromium, tin, aluminum, and boron.

Molecular composition of 
the body.

a b

  Figure 1.3 Composition of the Body at the Chemical Level of 
Organization. The percent composition of elements and major molecules.

# 109314   Cust: Pearson / BC / CA / SF   Au: Martini  Pg. No. 5 
Title: Human Anatomy / 8e     Server:          

C/M/Y/K 
Short / Normal / Long

DESIGN SERVICES OF

S4carliSle
Publishing Services



Foundations6

Integumentary
Skeletal

Muscular
Nervous

Endocrine
Cardiovascular

Lymphatic
Respiratory

Digestive
Urinary

Reproductive

The cardiovascular system 
includes the heart, the blood 

and blood vessles.

All of the organ systems must
work together for a person to

remain alive and healthy.
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  Figure 1.4 Levels of Organization

# 109314   Cust: Pearson / BC / CA / SF   Au: Martini  Pg. No. 6 
Title: Human Anatomy / 8e     Server:          

C/M/Y/K 
Short / Normal / Long

DESIGN SERVICES OF

S4carliSle
Publishing Services



Chapter 1  •  Foundations: An Introduction to Anatomy 7

 An Introduction to Organ Systems
Figure 1.5 provides an overview of the 11 organ systems in the human body, 
and Figure 1.6 introduces the major organs in each system. All living organisms 
share vital properties and processes: 

●	 Responsiveness: The ability of an organism to respond to changes in its 
immediate environment is termed responsiveness; this property is also 
called irritability. You move your hand away from a hot stove; your dog 
barks at approaching strangers; fish are scared by loud noises; and amoe-
bas glide toward potential prey. Organisms also make longer-lasting 
changes as they adjust to their environments. For example, as winter ap-
proaches, an animal may grow a heavier coat or migrate to a warmer cli-
mate. The capacity to make such adjustments is termed adaptability.

●	 Growth and Differentiation: Over a lifetime, organisms grow larger, in-
creasing in size through an increase in 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 often 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 are capable of producing movement, which may 
be internal (transporting food, blood, or other materials inside the body) 
or external (moving through the environment).

1.5 

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

1.4 Concept Check

1  Cyanosis is a medical condition in which the lips and fingertips 
of an individual turn blue due to lack of adequate delivery of 
oxygen to tissues. If a patient is exhibiting cyanosis, why might 
the physician examine the patient’s heart in addition to the 
patient’s lungs?

The Diagnosis of Disease

Clinical Note

HOMEOSTASIS is the maintenance of a relatively constant internal 
 environment suitable for the survival of body cells and tissues. A failure 
to maintain homeostatic conditions constitutes disease. The disease 
process may initially affect a specific tissue, an organ, or an organ 
system, but it will ultimately lead to changes in the function or struc-
ture of cells throughout the body. Some diseases can be overcome by 
the body’s defenses. Others require intervention and assistance. For 
 example, when trauma has occurred and there is severe bleeding or 
damage to internal organs, surgical intervention may be necessary to 
restore homeostasis and prevent fatal complications.

Protection from environmental
hazards; temperature control

Support, protection of soft tissues;
mineral storage; blood formation

Locomotion, support, heat
production

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

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

Internal transport of cells and
dissolved materials, including
nutrients, wastes, and gases

Defense against infection and
disease

Delivery of air to sites where
gas exchange can occur between
the air and circulating blood

Processing of food and
absorption of organic nutrients,
minerals, vitamins, and water

Elimination of excess water,
salts, and waste products; control
of pH

Production of sex cells and
hormones

ORGAN SYSTEM MAJOR FUNCTIONS

Integumentary
system

Skeletal
system

Muscular
system

Nervous
system

Endocrine
system

Cardiovascular
system

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

●	 Metabolism and Excretion: Organisms rely on complex chemical reac-
tions to provide energy for responsiveness, growth, reproduction, and 
movement. They must also synthesize complex chemicals, such as pro-
teins. The term metabolism refers to all the chemical operations under 
way in the body: Catabolism is the breakdown of complex molecules into 
simple ones, and anabolism is the synthesis of complex molecules from 
simple ones. Normal metabolic operations require the absorption of ma-
terials from the environment. To generate energy efficiently, most cells re-
quire various nutrients, as well as oxygen, an atmospheric gas. The term 
respiration refers to the absorption, transport, and use of oxygen by cells. 
Metabolic operations often generate unneeded or potentially harmful 
waste products that must be removed through the process of excretion.
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Organ/Component Primary Functions

Bones, Cartilages,
and Joints

Axial skeleton (skull, 
vertebrae, sacrum, 
coccyx, sternum, ribs, 
supporting cartilages 
and ligaments)

Appendicular skeleton 
(limbs and supporting 
bones and ligaments)

Bone Marrow

The Skeletal System

Support; 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

Primary site of blood cell production (red
marrow); storage of energy reserves in fat
cells (yellow marrow)

Skull
AXIAL

SKELETON
APPENDICULAR

SKELETON

Supporting
bones
(scapula and
clavicle)Sternum

Ribs

Vertebrae

Sacrum

Upper
limb
bones

Lower
limb

bones

Pelvis (supporting
bones plus sacrum)

Provides support; protects tissues; 
stores minerals; forms blood cells

Organ/Component Primary Functions

Skin
Epidermis

Dermis

Hair Follicles

Sweat Glands

Hairs

Sebaceous glands

Nails

Sensory Receptors

Subcutaneous Layer

The Integumentary System

Epidermis and
associated
glands

Hair

Fingernail

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, pain

Stores lipids; attaches skin to deeper
structures and insulates against heat loss

Protects against environmental 
hazards; helps control body 
temperature

  Figure 1.6 The Organ Systems of the Body
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Organ/Component Primary Functions

Skeletal Muscles 

Axial muscles

Appendicular muscles

Tendons, Aponeuroses

The Muscular System

Support and position axial skeleton

Provide skeletal movement; control 
entrances to digestive and respiratory 
tracts and exits to digestive and urinary 
tracts; produce heat; support skeleton; 
protect soft tissues

Support, move, and brace limbs

Harness forces of contraction to perform 
specific tasks

Allows for locomotion; provides 
support; produces heat

Axial
muscles

Appendicular
muscles

Organ/Component Primary Functions

Central Nervous System 
(CNS)

Brain

Peripheral Nervous 
System (PNS)

Special senses

Spinal cord

The Nervous System

Acts as control center for nervous system; 
processes information; provides short-term 
control over activities of other systems

Performs complex integrative functions; 
controls both voluntary and autonomic 
activities

Relays information to and from brain; 
performs less-complex integrative activities

Provide sensory input to the brain relating to 
sight, hearing, smell, taste, and equilibrium

Links CNS with other systems and with 
sense organs

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

PERIPHERAL NERVOUS
SYSTEM

Peripheral
nerves

CENTRAL NERVOUS
SYSTEM

Brain

Spinal
cord

# 109314   Cust: Pearson / BC / CA / SF   Au: Martini  Pg. No. 9 
Title: Human Anatomy / 8e     Server:          

C/M/Y/K 
Short / Normal / Long

DESIGN SERVICES OF

S4carliSle
Publishing Services




